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Conventional Pollutants
BOD, TSS, fecal coliform, oil and grease, and pH

In the above photo, sampling equipment after being washed and being allowed to air
dry. You as a Sampler will spend up to 1-2 hours a day preparing your sample bottles.
This may include washing your sample tools, bottles and other equipment. Some bottles
will need to be washed in a three or four step process. Hydrochloric and other acids are
used for the cleaning of glass bottles. The Pickle or large jar is often re-used and
washed on a daily basis.

Pretreatment Inspectors and Stormwater Inspectors will often work in pairs. Usually one
Inspector will spend a lot of time setting up automatic samplers and programming flow
meters, while the other Inspector will calibrate pH meters and related laboratory
equipment, pre-preserve sample bottles, gather ice and calibrate the safety equipment
and gas meters.

Some POTWs will hire both Samplers and Inspectors and split these duties up. Other
POTWs will utilize Inspectors as Samplers.
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Parshall Fume and Ultrasonic Flow Meter.
Notice the debris, most POTW’s will write a NOV for uncleanness, the POTW'’s
that do write NOV’s will usually not have an ordinance in place.
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Professor Melissa Durbin in her water quality/pollution control days as a
pretreatment inspector. Since then she has taught thousands of operators the
skills necessary to become an effective inspector.
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Technical Learning College’s Scope and Function

Technical Learning College (TLC) offers affordable continuing education for today’s
working professionals who need to maintain licenses or certifications. TLC holds
approximately eighty different governmental approvals for granting of continuing
education credit.

TLC’s delivery method of continuing education can include traditional types of classroom
lectures and distance-based courses or independent study. Most of TLC’s distance
based or independent study courses are offered in a print based format and you are
welcome to examine this material on your computer with no obligation. Our courses are
designed to be flexible and for you to finish the material at your leisure. Students can
also receive course materials through the mail. The CEU course or e-manual will contain
all your lessons, activities and assignments. Most CEU courses allow students to submit
lessons using e-mail or fax; however some courses require students to submit lessons
by postal mail. (See the course description for more information.) Students have direct
contact with their instructor—primarily by e-mail. TLC’s CEU courses may use such
technologies as the World Wide Web, e-mail, CD-ROMs, videotapes and hard copies.
(See the course description.) Make sure you have access to the necessary equipment
before enrolling, i.e., printer, Microsoft Word and/or Adobe Acrobat Reader. Some
courses may require proctored exams depending upon your state requirements.

Flexible Learning

At TLC, there are no scheduled online sessions you need contend with, nor are you
required to participate in learning teams or groups designed for the "typical" younger
campus based student. You will work at your own pace, completing assignments in time
frames that work best for you. TLC's method of flexible individualized instruction is
designed to provide each student the guidance and support needed for successful
course completion.

We will beat any other training competitor’s price for the same CEU material or class-
room training. Student satisfaction is guaranteed.

Course Structure

TLC's online courses combine the best of online delivery and traditional university
textbooks. Online you will find the course syllabus, course content, assignments, and
online open book exams. This student-friendly course design allows you the most
flexibility in choosing when and where you will study.

Classroom of One

TLC Online offers you the best of both worlds--you learn on your own terms, on your
own time, but you are never on your own. Once enrolled, you will be assigned a
personal Student Service Representative who works with you on an individualized basis
throughout your program of study. Course specific faculty members are assigned at the
beginning of each course providing the academic support you need to successfully
complete each course.

Satisfaction Guaranteed
Our Iron-Clad, Risk-Free Guarantee ensures you will be another satisfied TLC student.
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We have many years of experience, dealing with thousands of students. We assure you,
our customer satisfaction is second to none. This is one reason we have taught more
than 20,000 students.

Our administrative staff is trained to provide outstanding customer service. Part of that
training is knowing how to solve most problems on the spot.

TLC Continuing Education Course Material Development

TLC’s continuing education course material development was based upon several
factors; extensive academic research, advice from subject matter experts, data analysis,
task analysis and training needs assessment process information gathered from other
states.

We teach this course in both a conventional classroom setting and in a distance
based educational CEU course. We welcome you to download and complete the
assignment in Microsoft Word. Simply complete the course assignment and
simply fax or e-mail your assignment back to us.

Pretreatment 101 ©TLC11/13/2012 8 (866) 557-1746 Fax (928) 468-0675



CEU Course Description

PRETREATMENT 101 CEU TRAINING COURSE

Intended Audience

Stormwater Inspectors, Wastewater Treatment Operators, Pretreatment and Industrial
Waste Inspectors--the target audience for this course is the person interested in working
in the stormwater/pretreatment field, wastewater treatment or pretreatment/industrial
wastewater facility, wishing to maintain CEUs for certification license, wanting to learn
how to do the job safely and effectively, and/or to meet education needs for promotion.
This CEU Course will review the Environmental Protection Agency’s Rules and
Regulation relating to Title 40 Code of Federal Regulations, Part 403, "General
Pretreatment Regulations for Existing and New Sources of Pollution," and other
applicable State and Federal laws, including but not limited to, the Clean Water Act and
the Industrial Pretreatment 40 CFR. This course will cover the fundamentals and basic
requirements of the Federal rule concerning the National Pretreatment Rule, POTW,
wastewater sampling and reporting information.

Final Examination for Credit
Opportunity to pass the final comprehensive examination is limited to three attempts per
course enrollment.

Course Procedures for Registration and Support

All of Technical Learning College’s distance learning courses have complete registration
and support services offered. Delivery of services will include, e-mail, web site,
telephone, fax and mail support. TLC will attempt immediate and prompt service.

When a student registers for a distance or correspondence course, he/she is assigned a
start date and an end date. It is the student's responsibility to note dates for assignments
and keep up with the course work. If a student falls behind, he/she must contact TLC
and request an end date extension in order to complete the course. It is the prerogative
of TLC to decide whether to grant the request.

All students will be tracked by their social security number or a unique number will be
assigned to the student.

R

Instructions for Written Assignments
The Pretreatment 101 CEU Training course uses a
multiple-choice style answer key.

Feedback Mechanism (examination procedures)
Each student will receive a feedback form as part of
his or her study packet. You will find this form in
the rear of the course or lesson.

Security and Integrity

All students are required to do their own work. All lesson sheets and final exams are not
returned to the student to discourage sharing of answers. Any fraud or deceit and the
student will forfeit all fees and the appropriate agency will be notified.
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Grading Criteria
TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC
is not notified, you will only receive a pass/fail notice.

Required Texts

The Pretreatment 101 CEU Training course comes complete with the Environmental
Protection Agency’s Rules and Regulation relating to Title 40 Code of Federal
Regulations, Part 403, "General Pretreatment Regulations for Existing and New Sources
of Pollution," and other applicable State and Federal laws, including but not limited to,
the Clean Water Act and Industrial Pretreatment 40 CFR.

This course will cover the fundamentals and basic requirements of the federal rule
concerning pretreatment, POTW, SIU responsibilities, wastewater sampling and
reporting information.

Recordkeeping and Reporting Practices

TLC will keep all student records for a minimum of seven years. It is the student’s
responsibility to give the completion certificate and any other forms to the appropriate
agencies. TLC will not release any records to any other party.

ADA Compliance

TLC will make reasonable accommodations for persons with documented disabilities.
Students should notify TLC and their instructors of any special needs. Course content
may vary from this outline to meet the needs of this particular group.

Mission Statement

Our only product is educational service. Our goal is to provide you with the best
possible education service possible. TLC will attempt to make your learning experience
an enjoyable opportunity.

Educational Mission

The educational mission of TLC is:

To provide TLC students with comprehensive and ongoing training in the theory and
skills needed for the environmental education field,

To provide TLC students with opportunities to apply and understand the theory and skills
needed for operator certification,

To provide opportunities for TLC students to learn and practice environmental
educational skills with members of the community for the purpose of sharing diverse
perspectives and experience,

To provide a forum in which students can exchange experiences and ideas related to
environmental education,

To provide a forum for the collection and dissemination of current information related to

environmental education, and to maintain an environment that nurtures academic and
personal growth.
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In this photo, the Chemist is waiting for the Sampler to return with samples. You can
see the small refrigerator with a lock on it. Samplers will normally release the samples
to the Chemist, but if the Chemist is out of the office, or after work hours, you will place
the samples in the refrigerator and lock it. Write on your chain-of-custody report that you
placed the samples in the locked refrigerator.

Chain-of-Custody (COC)

A record of each person involved in the possession of a sample from the person who
collects the sample to the person who analyzes the sample in the laboratory.
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Important Information about this Manual

This manual has been prepared to help students gain or increase awareness of the Environmental
Protection Agency’s Rules and Regulation relating to Title 40 Code of Federal Regulations, Part 403,
"General Pretreatment Regulations for Existing and New Sources of Pollution," and other applicable
State and Federal laws, including but not limited to, the Clean Water Act, Industrial pretreatment 40 CFR.
This course will cover the fundamentals and basic requirements of the federal rule concerning the national
pretreatment rule, POTW, wastewater sampling and reporting information.

The scope of the material is quite large, requiring a major effort to bring it under control. Employee health
and safety, as well as that of the public, depends upon careful application of federal and state regulations
and safe working procedures. This manual will cover federal laws, regulations, required procedures and
work rules relating to general pretreatment and wastewater sampling. It should be noted, however, that the
federal and state regulations are an ongoing process and subject to change over time. For this reason, a list
of resources is provided to assist in obtaining the most up-to-date information on various subjects and
regulations

This manual is an educational document for employees who are involved with water quality and pollution
control. It is not designed to meet the full requirements of the United States Environmental Protection
Agency (EPA) or the Department of Labor-Occupational Safety and Health Administration (OSHA), or your
State pretreatment rules and regulations. This course manual will provide general guidance and should not
be used as a basis for developing general pretreatment, enforcement, reporting or wastewater sampling
plans. This document is not a detailed pretreatment, pollution control, pollution prevention, wastewater
treatment textbook or a comprehensive source book on water/wastewater rules and regulations.

Technical Learning College or Technical Learning Consultants, Inc. makes no warranty, guarantee or
representation as to the absolute correctness or appropriateness of the information in this manual and
assumes no responsibility in connection with the implementation of this information. It cannot be assumed
that this manual contains all measures and concepts required for specific conditions or circumstances. This
document should be used for education and is not considered a legal document. Individuals who are
responsible for pretreatment programs and/or water/wastewater sampling and the health and safety of
workers at hazardous waste sites should obtain and comply with the most recent federal, state, and local
regulations relevant to these sites and are urged to consult with OSHA, the EPA and other appropriate
federal, state and local agencies.

Copyright Notice

©2005 Technical Learning College (TLC) No part of this work may be reproduced or distributed in any form
or by any means without TLC’s prior written approval. Permission has been sought for all images and text
where we believe copyright exists and where the copyright holder is traceable and contactable. All material
that is not credited or acknowledged is the copyright of Technical Learning College. This information is
intended for educational purposes only. Most unaccredited photographs have been taken by TLC instructors
or TLC students. We will be pleased to hear from any copyright holder and will make good on your work if
any unintentional copyright infringements were made as soon as these issues are brought to the editor's
attention.

Every possible effort is made to ensure that all information provided in this course is accurate. All written,
graphic, photographic or other material is provided for information only. Therefore, Technical Learning
College accepts no responsibility or liability whatsoever for the application or misuse of any information
included herein. Requests for permission to make copies should be made to the following address:

TLC

P.O. Box 420

Payson, AZ 85547-0420

Information in this document is subject to change without notice. TLC is not liable for errors or omissions
appearing in this document.

Pretreatment 101 ©TLC11/13/2012 13 (866) 557-1746 Fax (928) 468-0675



Monthly Average

The arithmetic average value of all samples taken in a calendar month for an individual
pollutant parameter. The monthly average may be the average of all grab samples taken
in a given calendar month, or the average of all composite samples taken in a given
calendar month.
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Preface

The industrial boom in the United States during the 1950s and 60s brought with it a level
of pollution never before seen in this country. Scenes of dying fish, burning rivers, and
thick black smog engulfing major metropolitan areas were images and stories repeated
regularly on the evening news. In December of 1970, the President of the United States
created the U.S. Environmental Protection Agency (EPA) through an executive order in
response to these critical environmental problems.

In 1972, Congress passed the Clean Water Act (CWA) to restore and maintain the
integrity of the nation’s waters. Although prior legislation had been enacted to address
water pollution, those previous efforts were developed with other goals in mind. For
example, the 1899 Rivers and Harbors Act protected navigational interests while the
1948 Water Pollution Control Act and the 1956 Federal Water Pollution Control Act
merely provided limited funding for State and local governments to address water
pollution concerns on their own.

The CWA required the elimination of the discharge of pollutants into the nation’s waters
and the achievement of fishable and swimmable water quality levels. The EPA’s
National Pollutant Discharge Elimination System (NPDES) Permitting Program
represents one of the key components established to accomplish this feat.

The NPDES program requires that all point source discharges to waters of the U.S. (i.e.,
“direct discharges”) must be permitted. To address “indirect discharges” from
industries to Publicly Owned Treatment Works (POTWs), the EPA, through CWA
authorities, established the National Pretreatment Program as a component of the
NPDES Permitting Program. The National Pretreatment Program requires industrial and
commercial dischargers to treat or control pollutants in their wastewater prior to
discharge to POTWs.

In 1986, more than one-third of all toxic pollutants entered the nation’s waters from
publicly owned treatment works (POTWSs) through industrial discharges to public sewers.
Certain industrial discharges, such as slug loads, can interfere with the operation of
POTWs, leading to the discharge of untreated or inadequately treated wastewater into
rivers, lakes, etc. Some pollutants are not compatible with biological wastewater
treatment at POTWs and may pass through the treatment plant untreated.

This “pass through” of pollutants impacts the surrounding environment, occasionally
causing fish kills or other detrimental alterations of the receiving waters. Even when
POTWs have the capability to remove toxic pollutants from wastewater, these toxins can
end up in the POTW’s sewage sludge, which in many places is land applied to food
crops, parks, or golf courses as fertilizer or soil conditioner.

The National Pretreatment Program is unique in that the General Pretreatment
Regulations require all large POTWs (i.e., those designed to treat flows of more than 5
million gallons per day) and smaller POTWs with significant industrial discharges to
establish local pretreatment programs. These local programs must enforce all national
pretreatment standards and requirements in addition to any more stringent local
requirements necessary to protect site-specific conditions at the POTW.
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More than 1,500 POTWs have developed and are implementing local pretreatment
programs designed to control discharges from approximately 30,000 significant industrial
users. Since 1983, the Pretreatment Program has made great strides in reducing the
discharge of toxic pollutants to sewer systems and to waters of the U.S. In the eyes of
many, the Pretreatment Program, implemented as a partnership between the EPA,
States, and POTWs, is a notable success story in reducing impacts to human health and
the environment. These strides can be attributed to the efforts of many Federal, State,
local, and industrial representatives who have been involved with developing and
implementing the various aspects of the Pretreatment Program.

The EPA has supported the Pretreatment Program through development of numerous
guidance manuals. The EPA has released more than 30 manuals that provide guidance
to the EPA, States, POTWs, and industry on various pretreatment program requirements
and policy determinations. Through the EPA’s guidance, the Pretreatment Program has
maintained national consistency in interpretation of the regulations. Nevertheless,
turnover in pretreatment program staff has diluted historical knowledge, leaving new staff
and other interested parties unaware of existing materials.

The intent of this correspondence course, Pretreatment 101, is to:

(1) provide a reference for anyone interested in understanding the basics of
pretreatment program requirements, and

(2) provide a roadmap to additional and more detailed guidance materials for those
trying to implement specific elements of the Pretreatment Program.

While the Pretreatment Program has demonstrated significant reductions in pollutants
discharged to POTWs, Congress’ goals of zero discharge of toxic pollutants and
fishable/swimmable water quality have not been realized. The EPA is currently working
to establish more cost-effective and common sense approaches to environmental
protection (e.g., using watershed, streamlining, and reinvention concepts), creating new
responsibilities for all those involved in the National Pretreatment Program. Many current
challenges remain, while many new ones likely lie ahead.

This course is intended to provide an understanding of the basic concepts that drive the
Program, the current status of the Program and program guidance, and an insight into
what the future holds for all those involved with implementing the Pretreatment Program.

Two lab techs examine various samples, including QA/QC and Trip Blanks to
ensure both sample integrity and lab equipment/sample equipment quality.
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List of Pretreatment Acronyms used in this Course

Acronym Full Phrase

AA Approval Authority

AO Administrative Order

BAT Best Available Technology Economically Achievable
BCT Best Conventional Pollutant Control Technology

BMP Best Management Practices

BMR Baseline Monitoring Report

BOD5 5-day Biochemical Oxygen Demand

BPJ Best Professional Judgment

BPT Best Practicable Control Technology Currently Available
CA Control Authority

CFR Code of Federal Regulations

Clu Categorical Industrial User

CSO Combined Sewer Overflow

CWA Clean Water Act (formerly referred to as the Federal Water

Pollution Control Act or Federal Water Pollution Control Act
Amendments of 1972) Pub. L. 92-500, as amended by Pub. L. 95-
217, Pub. L. 95-576, Pub. L. 96-483, Pub. L. 97-117, and Pub. L.
100-4, 33 U.S.C. 1251 et seq.

CWF Combined Wastestream Formula

CWT Centralized Waste Treater

DMR Discharge Monitoring Report

DSE Domestic Sewage Exclusion

DSS Domestic Sewage Study

ELG Effluent Limitations Guideline

EPA Environmental Protection Agency

EPCRA Emergency Preparedness and Community Right to Know Act

ERP Enforcement Response Plan

FDF Fundamentally Different Factors

FR Federal Register

FWA Flow Weighted Average

GPD Gallons per Day

U Industrial User

LEL Lower Explosive Limit

MAHL Maximum Allowable Headworks Loading

MAIL Maximum Allowable Industrial Loading

MGD Million Gallons per Day

MSDS Material Safety Data Sheet

NAICS North American Industry Classification System (replaces SIC
coding in 1998)

NOV Notice of Violation

NPDES National Pollutant Discharge Elimination System

NRDC Natural Resources Defense Council

NSPS New Source Performance Standard
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0&G
Oo&M
OCPSF
P2
PCI
PCS
PIRT
POTW
PSES
PSNS
QA/QC
RCRA
SIC
SIU
SPCC
SNC
SSO
SUO
TCLP
TIE
TOMP
TRE
TRI
TSS
TTO
USC
UST
WET
WWTP

Oil and Grease

Operations and Maintenance

Organic Chemicals, Plastics, and Synthetic Fibers
Pollution Prevention

Pretreatment Compliance Inspection

Permit Compliance System

Pretreatment Implementation Review Task Force
Publicly Owned Treatment Works
Pretreatment Standards for Existing Sources
Pretreatment Standards for New Sources
Quiality Assurance/Quality Control

Resource Conservation and Recovery Act
Standard Industrial Classification

Significant Industrial User

Spill Prevention Control and Countermeasures
Significant Noncompliance

Sanitary Sewer Overflow

Sewer Use Ordinance

Toxicity Characteristic Leaching Procedure
Toxicity Identification Evaluation

Toxic Organic Management Program

Toxicity Reduction Evaluation

Toxic Release Inventory

Total Suspended Solids

Total Toxic Organics

United States Code

Underground Storage Tank

Whole Effluent Toxicity

Wastewater Treatment Plant
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Glossary of Terms

This glossary includes a collection of terms used in this course and an explanation of each term.

Act or “the Act” [40 CFR §403.3(b)]
The Federal Water Pollution Control Act, also known as the Clean Water Act, as amended, 33 USC
1251et.seq.

Approval Authority [40 CFR §403.3(c)]
The Director in an NPDES State with an approved State Pretreatment Program and the appropriate EPA
Regional Administrator in a non-NPDES State or State without an approved pretreatment program.

Approved POTW Pretreatment Program or Program [40 CFR §403.3(d)]
A program administered by a POTW that meets the criteria established in 40 CFR Part 403 and which has
been approved by a Regional Administrator or State Director.

Approved State Pretreatment Program
A program administered by a State that meets the criteria established in 40 CFR §403.10 and which has
been approved by a Regional Administrator

Approved/Authorized State
A State with an NPDES permit program approved pursuant to section 402(b) of the Act and an approved
State Pretreatment Program.

Baseline Monitoring Report (BMR) [paraphrased from 40 CFR §403.12(b)]

A report submitted by categorical industrial users (ClUs) within 180 days after the effective date of an
applicable categorical standard, or at least 90 days prior to commencement of discharge for new sources,
which contains specific facility information, including flow and pollutant concentration data. For existing
sources, the report must also certify as to the compliance status of the facility with respect to the categorical
standards.

Best Available Technology Economically Achievable (BAT)
A level of technology based on the best existing control and treatment measures that are economically
achievable within the given industrial category or subcategory.

Best Management Practices (BMPs)

Schedules of activities, prohibitions of practices, maintenance procedures, and other management practices
to prevent or reduce the pollution of waters of the U.S. BMPs also include treatment requirements, operating
procedures and practices to control plant site runoff, spillage or leaks, sludge or waste disposal, or drainage
from raw material storage.

Best Practicable Control Technology Currently Available (BPT)

A level of technology represented by the average of the best existing wastewater treatment performance
levels within an industrial category or subcategory.

Best Professional Judgment (BPJ)

The method used by a permit writer to develop technology-based limitations on a case-by-case basis using
all reasonably available and relevant data.

Blowdown

The discharge of water with high concentrations of accumulated solids from boilers
to prevent plugging of the boiler tubes and/or steam lines. In cooling towers,
blowdown is discharged to reduce the concentration of dissolved salts in the
recirculating cooling water.

Bypass [40 CFR §403.17(a)] (ERPAY
The intentional diversion of wastestreams from any portion of an Industrial User’s 3
treatment facility.

Categorical Industrial User (CIU)
An industrial user subject to National categorical pretreatment standards.
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Categorical Pretreatment Standards [40 CFR § 403.6 and 40 CFR Parts 405-471]
Limitations on pollutant discharges to POTWs promulgated by the EPA in accordance with Section 307 of
the Clean Water Act, that apply to specific process wastewater discharges of particular industrial categories.

Chain of Custody (COC)
A record of each person involved in the possession of a sample from the person who collects the sample to
the person who analyzes the sample in the laboratory.

Chronic

A stimulus that lingers or continues for a relatively long period of time, often one-tenth of the life span or
more. Chronic should be considered a relative term depending on the life span of an organism. The
measurement of chronic effect can be reduced growth, reduced reproduction, etc., in addition to lethality.

Clean Water Act (CWA)
The common name for the Federal Water Pollution Control Act. Public law 92-500; 33 U.S.C. 1251 et seq.;
legislation which provides statutory authority for both NPDES and Pretreatment Programs.

Code of Federal Regulations (CFR)
A codification of Federal rules published annually by the Office of the Federal Register National Archives
and Records Administration. Title 40 of the CFR contains the regulations for Protection of the Environment.

Combined Sewer Overflow (CSO)

A discharge of untreated wastewater from a combined sewer system at a point prior to the headworks of a
publicly owned treatment works. CSOs generally occur during wet weather (rainfall or snowfall). During
periods of wet weather, these systems become overloaded, bypass treatment works, and discharge directly
to receiving waters.

Combined Wastestream Formula (CWF) [paraphrased from 40 CFR §403.6(e)]
Procedure for calculating alternative discharge limits at industrial facilities where a regulated wastestream
from a categorical industrial user is combined with other wastestreams prior to treatment.

Compliance Schedule

A schedule of remedial measures included in a permit or an enforcement order, including a sequence of
interim requirements (for example, actions, operations, or milestone events) that lead to compliance with the
CWA and regulations.

Composite Sample
Sample composed of two or more discrete samples. The aggregate sample will reflect the average water
quality covering the compositing or sample period.

Concentration-based Limit
A limit based upon the relative strength of a pollutant in a wastestream, usually expressed in mg/l.

Continuous Discharge
A discharge that occurs without interruption during the operating hours of a facility, except for infrequent
shutdowns for maintenance, process changes or similar activities.

Control Authority [paraphrased from 40 CFR § 403.12(a)]
A POTW with an approved pretreatment program or the approval authority in the absence of a POTW
pretreatment program.

Conventional Pollutants
BOD, TSS, fecal coliform, oil and grease, and pH

Daily Maximum Limitations

The maximum allowable discharge of pollutants during a 24-hour period. Where daily maximum limitations
are expressed in units of mass, the daily discharge is the total mass discharged over the course of the day.
Where daily maximum limitations are expressed in terms of a concentration, the daily discharge is the
arithmetic average measurement of the pollutant concentration derived from all measurements taken that
day.

Detection Limit
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The minimum concentration of an analyte (substance) that can be measured and reported with a 99%
confidence that the analyte concentration is greater than zero as determined by the procedure set forth in 40
CFR Part 136, Appendix B.

Development Document
Detailed report of studies conducted by the U.S. EPA for the purpose of establishing effluent guidelines and
categorical pretreatment standards.

Dilute Wastestream [paraphrased from 40 CFR §403.6(e)(1)(i)]

For purposes of the combined wastestream formula, the average daily flow (at least a 30-day average) from
: (a) boiler blowdown streams, non-contact cooling streams, storm water streams, and demineralized
backwash streams; provided, however, that where such streams contain a significant amount of a pollutant,
and the combination of such streams, prior to treatment, with an industrial user's regulated process
wastestream(s) will result in a substantial reduction of that pollutant, the Control Authority, upon application
of the industrial user, may exercise its discretion to determine whether such stream(s) should be classified
as diluted or unregulated. In its application to the Control Authority, the industrial user must provide
engineering, production, sampling and analysis, and such other information so the control authority can
make its determination; or (b) sanitary wastestreams where such streams are not regulated by a categorical
pretreatment standard; or (c) from any process wastestreams which were, or could have been, entirely
exempted from categorical pretreatment standards pursuant to paragraph 8 of the NRDC v. Costle Consent
Decree (12 ERC 1833) for one more of the following reasons (see Appendix D of 40 CFR Part 403):

a. the pollutants of concern are not detectable in the effluent from the industrial user (paragraph(8)(a)(iii));

b. the pollutants of concern are present only in trace amounts and are neither causing nor likely to cause
toxic effects (paragraph (8)(a)(iii));

c. the pollutants of concern are present in amounts too small to be effectively deduced by technologies
known to the Administrator (paragraph (8)(a)(iii)); or

d. the wastestream contains only pollutants which are compatible with the POTW (paragraph (8)(b)(1)).

Effluent Limitations Guideline

Any effluent limitations guidelines issued by the EPA pursuant to Section 304(b) of the CWA. These
regulations are published to adopt or revise a national standard prescribing restrictions on quantities, rates,
and concentrations of chemical, physical, biological, and other constituents which are discharged from point
sources, in specific industrial categories (e.g., metal finishing, metal molding and casting, etc.).

Enforcement Response Plan [paraphrased from 40 CFR §403.8(f)(5)]
Step-by-step enforcement procedures followed by Control Authority staff to identify, document, and respond
to violations.

Existing Source

Any source of discharge, the construction or operation of which commenced prior to the publication by the
EPA of proposed categorical pretreatment standards, which will be applicable to such source if the standard
is thereafter promulgated in accordance with Section 307 of the Act.

Federal Water Pollution Control Act (FWPCA)
The title of Public law 92-500; 33 U.S.C. 1251 et seq., also known as the Clean Water Act (CWA),enacted
October 18, 1972.

Flow Weighted Average Formula (FWA) [paraphrased from 40 CFR §403.6(e)]
A procedure used to calculate alternative limits where wastestreams regulated
by a categorical pretreatment standard and nonregulated wastestreams combine N
after treatment but prior to the monitoring point. R
Flow Proportional Composite Sample

Combination of individual samples proportional to the flow of the wastestream at
the time of sampling.

Fundamentally Different Factors [paraphrased from 40 CFR §403.13] =TT
Case-by-case variance from categorical pretreatment standards based on the
factors considered by the EPA in developing the applicable
category/subcategory being fundamentally different than factors relating to a
specific industrial user.
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General Prohibitions [40 CFR §403.5(a)(1)]
No user shall introduce into a POTW any pollutant(s) which cause pass through or interference.

Grab Sample

A sample which is taken from a wastestream on a one-time basis with no regard to the flow of the
wastestream and without consideration of time. A single grab sample should be taken over a period of time
not to exceed 15 minutes.

Indirect Discharge or Discharge [40 CFR §403.3(g)]
The introduction of pollutants into a POTW from any non-domestic source regulated under section 307(b),
(c), or (d) of the Act.

Industrial User (IU) or User [40 CFR §403.3(h)]
A source of indirect discharge.

Industrial Waste Survey
The process of identifying and locating industrial users and characterizing their industrial discharge.

Inhibition Concentration
Estimate of the toxicant concentration that would cause a given percent reduction (e.g., IC25) in a nonlethal
biological measurement of the test organisms, such as reproduction or growth.

Interference [paraphrased from 40 CFR §403.3(i)]

A discharge which, alone or in conjunction with a discharge or discharges from other sources, both:
(1inhibits or disrupts the POTW, its treatment processes or operations, or its sludge processes, use or
disposal; and (2) therefore is a cause of a violation of any requirement of the POTW's NPDES permit
(including an increase in the magnitude or duration of a violation) or of the prevention of sewage sludge use
or disposal in compliance with ... [applicable] statutory provisions and regulations or permits issued there
under (or more stringent State or local regulations)

Local Limits [paraphrased 40 CFR § 403.5(c)]
Specific discharge limits developed and enforced by POTWSs upon industrial or commercial facilities to
implement the general and specific discharge prohibitions listed in 40 CFR §§403.5(a)(1) and (b).

Monthly Average

The arithmetic average value of all samples taken in a calendar month for an individual pollutant parameter.
The monthly average may be the average of all grab samples taken in a given calendar month, or the
average of all composite samples taken in a given calendar month.

National Pollutant Discharge Elimination System (NPDES)

The national program for issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing
discharge permits from point sources to waters of the United States, and imposing and enforcing
pretreatment requirements, under sections 307, 402, 318, and 405 of the CWA.

National Pretreatment Standard or Pretreatment Standard or Standard

[40 CFR §403.3(j)] Any regulation containing pollutant discharge limits promulgated by the EPA in
accordance with section 307(b) and (c) of the Act, which applies to Industrial Users. This term includes
prohibitive discharge limits established pursuant to §403.5.

New Source [40 CFR §403.3(k)]

Any building, structure, facility or installation from which there is or may be a discharge of pollutants, the
construction of which commenced after the publication of proposed Pretreatment Standards under section
307(c) of the Act which will be applicable to such source if such standards are thereafter promulgated in
accordance with that section provided that:

(a) The building, structure, facility or installation is constructed at a site at which no other discharge source is
located; or

(b) The building, structure, facility or installation totally replaces the process or production equipment that
causes the discharge of pollutants at an existing source; or

(c) The production or wastewater generating processes of the building, structure, facility, or installation are
substantially independent of an existing source at the same site. In determining whether these are
substantially independent, factors such as the extent to which the new facility is integrated with the existing
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plant, and the extent to which the new facility is engaged in the same general type of activity as the existing
source, should be considered.

Construction on a site at which an existing source is located results in a modification rather than a new
source if the construction does not create a new building, structure, facility, or installation meeting the criteria
of paragraphs (k)(1)(ii), or (k)(1)(ii) of this section but otherwise alters, replaces, or adds to existing
processor production equipment.

Construction of a new source, as defined under this paragraph has commenced if the owner or operator
has:

(i) Begun, or caused to begin as part of a continuous onsite construction program:

(A) Any placement, assembly, or installation of facilities or equipment; or

(B) Significant site preparation work including clearing, excavation, or removal of existing buildings,
structures, or facilities which is necessary for the placement, assembly, or installation of new source facilities
or equipment, or

(C) Entered into a binding contractual obligation for the purchase of facilities or equipment which are
intended to be used in its operation within a reasonable time. Options to purchase or contracts which can be
terminated or modified without substantial loss, and contracts for feasibility, engineering, and design studies
do not constitute a contractual obligation under this paragraph.

90-Day Final Compliance Report [40 CFR §403.12(d)]

A report submitted by categorical industrial users within 90 days following the date for final compliance with
the standards. This report must contain flow measurement (of regulated process streams and other
streams), measurement of pollutants, and a certification as to whether the categorical standards are being
met.

Nonconventional Pollutants
Any pollutant that is neither a toxic pollutant nor a conventional pollutant (e.g., manganese, ammonia, etc.)

Non-Contact Cooling Water
Water used for cooling which does not come into direct contact with any raw material, intermediate product,
waste product, or finished product. The only pollutant contributed from the discharge is heat.

Non-Regulated Wastestream
Unregulated and dilute wastestreams (not regulated by categorical standards).

Pass Through [40 CFR §403.3(n)]

A discharge which exits the POTW into waters of the United States in quantities or concentrations which,
alone or in conjunction with a discharge or discharges from other sources, is a cause of a violation of any
requirement of the POTW's NPDES permit (including an increase in the magnitude or duration of a
violation).

Periodic Compliance Report [paraphrased from 40 CFR §403.12(e) & (h)]
A report on compliance status submitted by categorical industrial users and significant noncategorical
industrial users to the control authority at least semiannually (once every six months).

Point Source [40 CFR 122.2]

Any discernible, confined, and discrete conveyance, including but
not limited to any pipe, ditch, channel, tunnel, conduit, well,
discrete fixture, container, rolling stock concentrated animal
feeding operation vessel, or other floating craft from which
pollutants are or may be discharged. e

Pollutant [40 CFR 122.2]
Dredged spoil, solid waste, incinerator residue, filter backwash, ( (.
sewage, garbage, sewage sludge, munitions, chemical wastes, / / \\; \ )
biological materials, radioactive materials (except those regulated ’/ ' \

under the Atomic Energy Act of 1954, as amended (42 U.S.C.
2011 et seq.)), heat, wrecked or discarded equipment, rock, sand, N —
cellar dirt, and industrial, municipal and agricultural waste . o =T Tt ;;.-ﬁj
discharged into water. o L ':=\~\' s
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Pretreatment [paraphrased from 40 CFR §403.3(q)]

The reduction of the amount of pollutants, the elimination of pollutants, or the alteration of the nature of
pollutant properties in wastewater prior to or in lieu of discharging or otherwise introducing such pollutants
into a POTW.

Pretreatment Requirements [40 CFR §403.3(r)]
Any substantive or procedural requirement related to Pretreatment, other than a National Pretreatment
Standard, imposed on an Industrial User.

Pretreatment Standards for Existing Sources (PSES)

Categorical Standards and requirements applicable to industrial sources that began construction prior to the
publication of the proposed pretreatment standards for that industrial category. (see individual standards at
40 CFR Parts 405-471.)

Pretreatment Standards for New Sources (PSNS)

Categorical Standards and requirements applicable to industrial sources that began construction after the
publication of the proposed pretreatment standards for that industrial category. (see individual standards at
40 CFR Parts 405-471.)

Priority Pollutant
Pollutant listed by the Administrator of the EPA under Clean Water Act section 307(a). The list of the current
126 Priority Pollutants can be found in 40 CFR Part 423 Appendix A.

Process Wastewater
Any water which, during manufacturing or processing, comes into contact with or results from the production
or use of any raw material, intermediate product, finished product, byproduct, or waste product.

Production-Based Standards
A discharge standard expressed in terms of pollutant mass allowed in a discharge per unit of product
manufactured.

Publicly Owned Treatment Works (POTW) [40 CFR §403.3(0)]

A treatment works as defined by section 212 of the Act, which is owned by a State or municipality (as
defined by section 502(4) of the Act). This definition includes any devices or systems used in the storage,
treatment, recycling, and reclamation of municipal sewage or industrial wastes of a liquid nature. It also
includes sewers, pipes or other conveyances only if they convey wastewater to a POTW Treatment Plant.

The term also means the municipality as defined in section 502(4) of the Act, which has jurisdiction over the
Indirect Discharges to and the discharges from such a treatment works.

Regulated Wastestream
For purposes of applying the combined wastestream formula, a wastestream from an industrial process that
is requlated by a categorical standard.

Removal Credit [paraphrased from 40 CFR §403.7]
Variance from a pollutant limit specified in a categorical pretreatment standard to reflect removal by the
POTW of said pollutant.

Representative Sample

A sample from a wastestream that is as nearly identical as possible in composition to that in the larger
volume of wastewater being discharged and

typical of the discharge from the facility on a

normal operating day. "\" s F
A If I Jj
- am.,, i
Sanitary Sewer Overflow (SSO) A ( ) +
Untreated or partially treated sewage overflows e / (s 1
from a sanitary sewer collection system. . BPE g 1’ At '_j/ \l-”: = ]l
T 59 ¢ < i ,@p;f(%

Self-Monitoring e R v =

. . =] (1 ) j 7
Sampling and analyses performed by a facility to V. H \__ s S A Raa==rr
ensure compliance with a permit or other . ! T et c ol e g
regulatory requirements. - ; -
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Sewer Use Ordinance (SUO)
A legal mechanism implemented by a local government entity which sets out, among others, requirements
for the discharge of pollutants into a publicly owned treatment works.

Significant Industrial User (SIU) [paraphrased from 40 CFR §403.3(t)]

(1) All users subject to Categorical Pretreatment Standards under 40 CFR 403.6 and 40 CFR chapter |,
subchapter N; and (2) Any other industrial user that: discharges an average of 25,000 gallons per day or
more of process wastewater to the POTW (excluding sanitary, noncontact cooling and boiler blowdown
wastewater); contributes a process wastestream which makes up 5 percent or more of the average dry
weather hydraulic or organic capacity of the POTW treatment plant; or is designated as such by the Control
Authority as defined in 40 CFR 403.12(a) on the basis that the industrial user has a reasonable potential for
adversely affecting the POTW’s operation or for violating any pretreatment standard or requirement (in
accordance with 40 CFR 403.8(f)(6)].

Significant Noncompliance (SNC) [40 CFR §403.8(f)(2)(vii)]

Industrial user violations meeting one or more of the following criteria:

1) Chronic violations of wastewater discharge limits, defined here as those in which sixty-six percent or more
of all of the measurements taken during a six month period exceed (by any magnitude) the daily maximum
limit or the average limit for the same pollutant parameter;

2) Technical Review Criteria (TRC) violations, defined here as those in which thirty-three percent or more of
all of the measurements for each pollutants parameter taken during a six-month period equal or exceed the
product of the daily maximum limit or the average limit multiplied by the applicable TRC (TRC=1.4 for BOD,
TSS, fats, oil, and grease, and 1.2 for all other pollutants except pH);

3) Any other violation of a pretreatment effluent limit (daily maximum or longer-term average) that the
Control Authority determines has caused, alone or in combination with other dischargers, interference or
pass through (including endangering the health of POTW personnel or the general public);

4) Any discharge of a pollutant that has caused imminent endangerment to human health, welfare or to the
environment or has resulted in the POTW’s exercise of its emergency authority under paragraph (f)(1)(vi)(B)
of this section to halt or prevent such a discharge;

5) Failure to meet, within 90 days after the schedule date, a compliance schedule milestone contained in a
local control mechanism or enforcement order for starting construction, completing construction, or attaining
final compliance;

6) Failure to provide, within 30 days after the due date, required reports such as baseline

monitoring reports, 90-day compliance reports, periodic self-monitoring reports, and reports on compliance
with compliance schedules;

7) Failure to accurately report noncompliance;

8) Any other violation or group of violations which the Control Authority determines will adversely affect the
operation or implementation of the local pretreatment program.

Slug Discharge [40 CFR §403.8(f)(2)(v)]
Any discharge of a non-routine, episodic nature, including but not limited to, an accidental spill or a
noncustomary batch discharge.

Specific Prohibitions [40 CFR §403.5(b)]

The following pollutants shall not be introduced ; ——

intoa POTW: il |'__ O @) | ———
1) Pollutants which create a fire or explosion il = ' '
hazard in the POTW, including but not limited to, -
wastestreams with a closed cup flashpoint of less ) A
than 140 degrees Fahrenheit or 60 degrees Iy T o |
Centigrade using the test methods specified in 40 nagl
CFR Part 261.21;

2) Pollutants which will cause corrosive structural
damage to the POTW, but in no case discharges - -
with pH lower than 5.0, unless the works is ) @
specifically designed to accommodate such
discharges; s .
3) Solid or viscous pollutants in amounts which | € ) |
will cause obstruction to the flow in the POTW | " - { |l
resulting in interference; | ~ e
4) Any pollutant, including oxygen-demanding
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pollutants (BOD, etc.) Released in a discharge at a flow rate and/or concentration which will cause
interference with the POTW;

5) Heat in amounts which will inhibit biological activity in the POTW resulting in interference, but in no case
heat in such quantities that the temperature at the POTW treatment plant exceeds 40°C (104°F) unless the
Approval Authority, upon request of the POTW, approves alternative temperature limits;

6) Petroleum oil, nonbiodegradable cutting oil, or products of mineral oil origin in amounts that will cause
interference or pass through;

7) Pollutants which result in the presence of toxic gases, vapors, or fumes within the POTW in a quantity
that may cause acute worker health and safety problems;

8) Any trucked or hauled pollutants, except at discharge points designated by the POTW.

Standard Industrial Classification (SIC)

A system developed by the U.S. Office of Management and Budget that is used to classify various types of
business entities. Effective in 1998, the SIC scheme is replace by the North American Industry Classification
System (NAICS), although the EPA has not yet implemented this change.

Storm Water
Rain water, snowmelt, and surface runoff and drainage.

Time Proportional Composite Sample
A sample consisting of a series of aliquots collected from a representative point in the discharge stream at
equal time intervals over the entire discharge period on the sampling day.

Toxic Pollutant
Any pollutant listed as toxic under section 307(a)(1) of the CWA, or in the case of sludge use or disposal
practices, any pollutant identified in regulations implementing section 405(d) of the CWA.

Toxicity Reduction Evaluation
A site-specific study conducted in a stepwise process designed to identify the causative agent(s) of effluent
toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity control options, and then confirm
the reduction in effluent toxicity.

Toxicity Test
A procedure to determine the toxicity of a chemical or an effluent using living organisms. A toxicity test
measures the degree of effect on exposed test organisms of a specific chemical or effluent.

Toxicity Identification Evaluation
Set of procedures to identify the specific chemicals responsible for effluent toxicity.

Unregulated Wastestream
For purposes of applying the combined wastestream formula, a wastestream not regulated by a categorlcal
standard nor considered a dilute wastestream.

Upset [paraphrased from 40 CFR §403.16(a)] A
An exceptional incident in which there is unintentional and temporary S
noncompliance with categorical Pretreatment Standards because of factors beyond o
the reasonable control of the Industrial User. An Upset does not include ‘ '
noncompliance to the extent caused by operational error, improperly designed
treatment facilities, inadequate treatment facilites, lack of preventative
maintenance, or careless or improper operation.

Water Quality Criteria

Comprised of both numeric and narrative criteria. Numeric criteria are scientifically
derived ambient concentrations developed by EPA or States for various pollutants :
of concern to protect human health and aquatic life. Narrative criteria are A - T o
statements that describe the desired water quality goal. AN s

Water Quality Standard Uy S
A statute or regulation that consists of the beneficial designated use or uses of a \§ :_y

waterbody, the numeric and narrative water quality criteria that are necessary to D) B

protect the use or uses of that particular waterbody, and an antidegradation

statement.
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Clean Water Act Summary
33 U.S.C. s/s 1251 et seq. (1977)

The Clean Water Act is a 1977 amendment to the Federal Water Pollution Control Act of
1972, which set the basic structure for regulating discharges of pollutants to waters of
the United States.

The law gave the EPA the authority to set effluent standards on an industry basis
(technology-based) and continued the requirements to set water quality standards for all
contaminants in surface waters. The CWA makes it unlawful for any person to discharge
any pollutant from a point source into navigable waters unless a permit (NPDES) is
obtained under the act.

The 1977 amendments focused on toxic pollutants. In 1987, the PCA was reauthorized
and again focused on toxic substances, authorized citizen suit provisions, and funded
sewage treatment plants (POTW's) under the Construction Grants Program.

The CWA made provisions for the delegation by the EPA of many permitting,
administrative, and enforcement aspects of the law to state governments. In states with
the authority to implement CWA programs, the EPA still retains oversight
responsibilities.

In 1972, Congress enacted the first comprehensive national clean water legislation in
response to growing public concern for serious and widespread water pollution. The
Clean Water Act is the primary federal law that protects our nation’s waters, including
lakes, rivers, aquifers and coastal areas.

Lake Erie was dying. The Potomac River was clogged with blue-green algae blooms that
were a nuisance and a threat to public health. Many of the nation's rivers were little more
than open sewers and sewage frequently washed up on shore. Fish kills were a
common sight. Wetlands were disappearing at a rapid rate.

Today, the quality of our waters has improved dramatically as a result of a cooperative
effort by federal, state, tribal and local governments to implement the pollution control
programs established in 1972 by the Clean Water Act.

The Clean Water Act's primary objective is to restore and maintain the integrity of the
nation's waters. This objective translates into two fundamental national goals:

¢ eliminate the discharge of pollutants into the nation's waters, and

e achieve water quality levels that are fishable and swimmable.

The Clean Water Act focuses on
improving the quality of the nation’s
waters. It provides a comprehensive
framework of standards, technical tools
and financial assistance to address the
many causes of pollution and poor water
quality. It includes municipal and
industrial wastewater discharges,
polluted runoff from urban and rural s .
areas, and habitat destruction. i
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For example, the Clean Water Act requires major industries to meet performance
standards to ensure pollution control; charges states and tribes with setting specific
water quality criteria appropriate for their waters and developing pollution control
programs to meet them; provides funding to states and communities to help them meet
their clean water infrastructure needs; protects valuable wetlands and other aquatic
habitats through a permitting process that ensures development and other activities are
conducted in an environmentally sound manner.

After 25 years, the Act continues to provide a clear path for clean water and a solid
foundation for an effective national water program.

In 1972:
Only a third of the nation's waters were safe for fishing and swimming. Wetlands losses
were estimated at about 460,000 acres annually.

Agricultural runoff resulted in the erosion of 2.25 billion tons of soil and the deposit of
large amounts of phosphorus and nitrogen into many waters. Sewage treatment plants
served only 85 million people.

Today:
Two-thirds of the nation's waters are safe for fishing and swimming.

The rate of annual wetlands losses is estimated at about 70,000-90,000 acres according
to recent studies. The amount of soil lost due to agricultural runoff has been cut by one
billion tons annually, and phosphorus and nitrogen levels in water sources are down.
Modern wastewater treatment facilities serve 173 million people.

The Future:

All Americans will enjoy clean water safe for fishing and swimming. We will achieve a net
gain of wetlands by preventing additional losses and restoring hundreds of thousands of
acres of wetlands. Soil erosion and runoff of phosphorus and nitrogen into watersheds
will be minimized, helping to sustain the nation's farming economy and aquatic systems.
The nation's waters will be free of effects of sewage discharges.

Bt e R M S
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Chapter 1 What is a Pretreatment Program?

The term "pretreatment" refers to the requirement that non-domestic sources
discharging wastewater to POTWSs control their discharges, and meet limits established
by the EPA, and/or your state or the local municipality (Control Authority) on the
amount of pollutants allowed to be discharged. The control of the pollutants may
necessitate treatment prior to discharge to the POTW (therefore the term
"pretreatment").

Limits may often be met by the non-domestic source through pollution prevention
techniques (product substitution, recycle and reuse of materials, more efficient
production practices, improved environmental management systems, etc.), pretreatment
of wastewater, or implementation of best management practices.

The National Pretreatment Program is a cooperative effort of federal, state, and local
regulatory environmental agencies established to protect water quality. The program is
designed to reduce the level of pollutants discharged by industry and other non-domestic
wastewater sources into municipal sewer systems, and thereby, reduce the amount of
pollutants released into the environment from these sources.

The national pretreatment program was established by Congress under authority of the
Federal Water Pollution Control Act of 1972 (Pub. L. 92-500) as amended by the Clean
Water Act of 1977 (Pub. L. 95-217). Implementation requirements of the pretreatment
portions of these laws were first codified into 40 Code of Federal Regulations (CFR) Part
403 in 1978.

Objectives of the pretreatment program:

1. Protect publicly owned treatment works (POTW) from pollutants that may cause
interference with sewage treatment plant operations.

2. Prevent introducing pollutants into a POTW that could cause pass through of
untreated pollutants to receiving waters.

3. Manage pollutant discharges into a POTW to improve opportunities for reuse of
POTW wastewater and residuals (sewage sludge).

4. Prevent introducing pollutants into a POTW that could cause worker health or
safety concerns, or that could pose a potential endangerment to the public or to
the environment.

POTWs

Publicly owned treatment works (POTWSs) collect wastewater from homes, commercial
buildings, and industrial facilities and transport it via a series of pipes, known as a
collection system, to the treatment plant. Here, the POTW removes harmful organisms
and other contaminants from the sewage so it can be discharged safely into the
receiving stream. Generally, POTWSs are designed to treat domestic sewage only.

However, POTWs also receive wastewater from industrial (non-domestic) users. The
General Pretreatment Regulations establish responsibilities of Federal, State, and local
government, industry and the public to implement Pretreatment Standards to control
pollutants from the industrial users which may pass through or interfere with POTW
treatment processes or which may contaminate sewage sludge.

Pretreatment 101 ©TLC11/13/2012 29 (866) 557-1746 Fax (928) 468-0675



National Pretreatment Program

The National Pretreatment Program identifies specific requirements that apply to all 1Us,
additional requirements that apply to all SIUs, and certain requirements that only apply
to ClUs.

The objectives of the National Pretreatment Program are achieved by applying and
enforcing three types of discharge standards:

= prohibited discharge standards
= categorical Pretreatment standards
* Jocal limits

Prohibited Discharge Standards

Prohibited discharge standards are somewhat general, national standards are applicable
to all industrial users to a POTW, regardless of whether or not the POTW has an
approved pretreatment program or the industrial user has been issued a permit.

These standards are designed to protect against pass through and interference, protect
the POTW collection system, and to promote worker safety and beneficial biosolids use.
These standards are listed in 40 CFR 403.5

For Final Regulations pertaining to the Pretreatment Program, refer to 40 CFR Part 403
general pretreatment regulations (Located in the rear of this course).

Categorical Pretreatment Standards

Categorical Pretreatment Standards are limitations on pollutant discharges to publicly
owned treatment works (POTWSs), promulgated by the EPA in accordance with Section
307 of the Clean Water Act that apply to specific process wastewaters of particular
industrial categories.

These are national, technology-based standards that apply regardless of whether or not
the POTW has an approved pretreatment program or the industrial user has been issued
a permit. Such industries are called Categorical Industrial Users. The standards
applicable to industrial discharges to a POTW collection system are designated in the
Effluent Guidelines & Limitations [Parts 405-471] by the terms "Pretreatment Standards
for Existing Sources" (or "PSES") and "Pretreatment Standards for New Sources"
(or "PSNS").

Note: The Effluent Guidelines & Limitations designated by the terms "Best Practicable
Control Technology Currently Available (BPT)", "Best Available Technology
Economically Achievable (BAT)", "Best Conventional Pollutant Control
Technology (BCT)", and "New Source Performance Standards (NSPS)" apply to
industries that discharge process wastewater to waters of the U.S. and should have a
National Pollutant Discharge Elimination System (NPDES) Permit.

Regulations for all Effluent Guidelines and Standards are located at:
http://www.epa.gov/docs/epacfr40/chapt-l.info/subch-N.htm

Additional information on ongoing Categorical Standards Projects and recently published
rules is located at: http://www.epa.gov/ost/guide/
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Local Limits

Local limits are developed to reflect specific needs and capabilities at individual POTWs
and designed to protect the POTW receiving waters. Regulations at 40 CFR 403.8(f)(4)
state that POTW Pretreatment Programs must develop local limits or demonstrate that
they are unnecessary; 40 CFR 403.5(c) states that local limits are needed when
pollutants are received that could result in pass through or interference at the POTW.
Essentially, local limits translate the general prohibited discharge standards of 40 CFR
403.5 to site-specific needs.

Assistance on how to develop local limits may be found in the Guidance Manual for the
Development and Implementation of Local Discharge Limitations Under the
Pretreatment Program, December 1987 (EPA#833-B-87-202, ERIC#W107, NTIS#PB92-
129188). Information related to ordering this publication from the Office of Wastewater
Management is located at: http://www.epa.gov/owm/inpub.htm.

The EPA Supplemental Manual on the Development And Implementation of Local
Discharge Limitations Under the Pretreatment Program: Residential and
Commercial Toxic Pollutant Loadings and POTW Removal published May 1, 1991
provides information related to residential and commercial sources of toxic pollutants
and estimated removal efficiencies of municipal treatment processes.

Two automatic wastewater samplers, one for Local Limits or compliance and the
other for the wastewater plant operator to determine plant efficiency.
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The Need for the Pretreatment Program

The average American uses roughly 100 to 200 gallons of water a day, with less than
one percent of that water actually being consumed. The rest is used for activities such
as washing, preparing food, watering lawns, heating and cooling, transporting wastes,
and fire protection. The public is very conscious about the quality of water that comes
out of their tap each day, quickly notifying authorities of changes in appearance, odor,
and taste.

These same Americans, on average, discharge about the same amount of wastewater
to local sewage treatment plants daily. This wastewater (commonly referred to as
“‘domestic sewage”) receives much less attention than drinking water, likely the result of
an “out of sight, out of mind” attitude.

Most people take it for granted that once down the drain, wastes will be handled
appropriately. In fact, this attitude has carried over to industry as well, as can be seen by
reading the labels of many household products. These labels often recommend that
waste or excess product be disposed of down the drain. Other toxic or hazardous
products are actually designed to be disposed of down the drain (e.g., drain clog
remover).

Recall the phosphate detergent problems of the late 1960s and early 70s; large doses of
phosphate, found in most detergents at the time, were passing through municipal
treatment plants and overloading lakes, causing large algal blooms to form and
subsequently reducing available light, food and oxygen for fish and other aquatic
organisms. While great strides have been taken to address the phosphate problem, it is
possible that other problematic pollutants are being dumped down the drain at the
expense of human health and the environment.

Rotifer
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Sewage Collection System

Publicly owned treatment works (POTWSs) collect wastewater from homes, commercial
buildings, and industrial facilities and transport it via a series of pipes, known as a
collection system, to the treatment plant.

Collection systems may flow entirely by gravity, or may include lift stations that pump the
wastewater via a force main to a higher elevation where the wastewater can then
continue on via gravity. Ultimately, the collection system delivers this sewage to the
treatment plant facility. Here, the POTW removes harmful organisms and other
contaminants from the sewage so it can be discharged safely into the receiving stream.

New sewer manhole with sewer mains before final burial.

Without treatment, sewage creates bad odors, contaminates water supplies, and
spreads disease. Today, more than 16,000 sewage treatment plants exist in the
U.S. treating more than 32 billion gallons per day of wastewater.

Modern sewer vactor or Camel. It is wise to make friends with the collection
crews. The collection crews can greatly assist you in your enforcement efforts
and can tell you lots of information, only if you develop a relationship with them.
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POTWS

Generally, POTWs are designed to treat domestic sewage only. Simply defined, the
typical POTW treatment process consists of primary and secondary treatment, along
with some form of solids handling. Primary treatment is designed to remove large solids
(e.g., rags and debris) and smaller inorganic grit. Typical primary treatment operations
include screening and settling. Secondary treatment removes organic contaminants
using microorganisms to consume biodegradable organics.

Odor control facility at a modern wastewater treatment plant--the picture on the
right is of an enclosed “headworks” to help lower odor complaints.

Activated sludge, ftrickling filters, and rotating biological contactors are examples of
common secondary treatment operations. Depending on effluent discharge
requirements, POTWs may perform other “advanced treatment”’ operations such as
nitrification (to convert ammonia and nitrite to the less toxic nitrate), denitrification (to
convert nitrate to molecular nitrogen).

Aerated Wastewater

Pretreatment 101 ©TLC11/13/2012 35 (866) 557-1746 Fax (928) 468-0675



Conventional Pollutants rigure 1
» Biochemical Oxygen Demand (BOD)
» Total Suspended Solids (TSS)
» Fecal Coliform
> pH
» Oil and Grease (0&G)

A small wastewater treatment operator’s lab.

Physical-Chemical Treatment

Physical-chemical treatment (to remove dissolved metals and organics), and disinfection (to
kil any remaining pathogens). After treatment is complete, effluent is discharged to the
receiving stream, typically a creek, river, lake, estuary or ocean. Some POTWs may apply
treated effluent directly to golf courses, parkland, or croplands.

Both primary and secondary treatment processes generate waste solids, known as sewage
sludge or biosolids. Sludges from the treatment process may be used productively (i.e., as
fertilizer or soil conditioner), disposed of in a landfill or incinerated in a dedicated sewage
sludge incinerator with the ash also disposed of in a landfill.

As described above, POTWs are designed to treat typical household wastes and
biodegradable commercial and biodegradable industrial wastes. The Clean Water Act
(CWA) and the EPA define the contaminants from these sources as conventional pollutants.
Conventional pollutants are identified in Figure 1 above and include those specific pollutants
that are expected to be present in domestic discharges to POTWs.

Commercial and industrial facilities may, however, discharge toxic pollutants that the
treatment plant is neither designed for nor able to remove.
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What is in Wastewater?

Wastewater is mostly water by weight. Other materials make up only a small portion of
wastewater, but can be present in large enough quantities to endanger public health and the
environment. Because practically anything that can be flushed down a toilet, drain, or sewer
can be found in wastewater, even household sewage contains many potential pollutants.
The wastewater components that should be of most concern to homeowners and
communities are those that have the potential to cause disease or detrimental
environmental effects.

Organisms

Many different types of organisms live in wastewater and some are essential contributors to
treatment. A variety of bacteria, protozoa, and worms work to break down certain carbon-
based (organic) pollutants in wastewater by consuming them. Through this process,
organisms turn wastes into carbon dioxide, water, or new cell growth.

Bacteria and other microorganisms are particularly plentiful in wastewater and accomplish
most of the treatment. Most wastewater treatment systems are designed to rely in large part
on biological processes.

Pathogens

Many disease-causing viruses, parasites, and bacteria are also present in wastewater and
enter from almost anywhere in the community. These pathogens often originate from people
and animals that are infected with or are carriers of a disease. Graywater and blackwater
from typical homes contain enough pathogens to pose a risk to public health. Other likely
sources in communities include hospitals, schools, farms, and food processing plants.

Some illnesses from wastewater-related sources are relatively common. Gastroenteritis can
result from a variety of pathogens in wastewater, and cases of illnesses caused by the
parasitic protozoa Giardia lambia and Cryptosporidium are not unusual in the U.S. Other
important wastewater-related diseases include hepatitis A, typhoid, polio, cholera, and
dysentery.

Outbreaks of these diseases can occur as a result of drinking water from wells polluted by
wastewater, eating contaminated fish, or recreational activities in polluted waters. Some
illnesses can be spread by animals and insects that come in contact with wastewater.

Even municipal drinking water sources are not completely immune to health risks from
wastewater pathogens. Drinking water treatment efforts can become overwhelmed when
water resources are heavily polluted by wastewater. For this reason, wastewater treatment
is as important to public health as drinking water treatment.

Organic Matter

Organic materials are found everywhere in the environment. They are composed of the
carbon-based chemicals that are the building blocks of most living things. Organic materials
in wastewater originate from plants, animals, or synthetic organic compounds, and enter
wastewater in human wastes, paper products, detergents, cosmetics, foods, and from
agricultural, commercial, and industrial sources.
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Organic compounds normally are some combination of carbon, hydrogen, oxygen, nitrogen,
and other elements. Many organics are proteins, carbohydrates, or fats and are
biodegradable, which means they can be consumed and broken down by organisms.
However, even biodegradable materials can cause pollution. In fact, too much organic
matter in wastewater can be devastating to receiving waters.

Large amounts of biodegradable materials are dangerous to lakes, streams, and oceans,
because organisms use dissolved oxygen in the water to break down the wastes. This can
reduce or deplete the supply of oxygen in the water needed by aquatic life, resulting in fish
kills, odors, and overall degradation of water quality. The amount of oxygen organisms need
to break down wastes in wastewater is referred to as the biochemical oxygen demand
(BOD) and is one of the measurements used to assess overall wastewater strength.

Some organic compounds are more stable than others and cannot be quickly broken down
by organisms, posing an additional challenge for treatment. This is true of many synthetic
organic compounds developed for agriculture and industry.

In addition, certain synthetic organics are highly toxic. Pesticides and herbicides are toxic to
humans, fish, and aquatic plants and often are disposed of improperly in drains or carried in
stormwater. In receiving waters, they kill or contaminate fish, making them unfit to eat. They
can also damage processes in treatment plants. Benzene and toluene are two toxic organic
compounds found in some solvents, pesticides, and other products. New synthetic organic
compounds are being developed all the time, which can complicate treatment efforts.

Oil and Grease

Fatty organic materials from animals, vegetables, and petroleum also are not quickly broken
down by bacteria and can cause pollution in receiving environments. When large amounts of
oils and greases are discharged to receiving waters from community systems, they increase
BOD and they may float to the surface and harden, causing aesthetically unpleasing
conditions. They also can trap trash, plants, and other materials, causing foul odors,
attracting flies, mosquitoes and other disease vectors. In some cases, too much oil and
grease causes septic conditions in ponds and lakes by preventing oxygen from the
atmosphere from reaching the water.

Onsite systems also can be harmed by too much oil and grease, which can clog onsite
system drainfield pipes and soils, adding to the risk of system failure. Excessive grease also
adds to the septic tank scum layer, requiring more frequent tank pumping. Both possibilities
can result in significant costs to homeowners.

Petroleum-based waste oils used for motors and industry are considered hazardous waste
and should be collected and disposed of separately from wastewater.

Inorganics

Inorganic minerals, metals, and compounds, such as sodium, potassium, calcium,
magnesium, cadmium, copper, lead, nickel, and zinc are common in wastewater from both
residential and nonresidential sources. They can originate from a variety of sources in the
community including industrial and commercial sources, stormwater, inflow and infiltration
from cracked pipes and leaky manhole covers. Most inorganic substances are relatively
stable, and cannot be broken down easily by organisms in wastewater.
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Large amounts of many inorganic substances can contaminate soil and water. Some are
toxic to animals and humans and may accumulate in the environment. For this reason, extra
treatment steps are often required to remove inorganic materials from industrial wastewater
sources. For example, heavy metals which are discharged with many types of industrial
wastewaters are difficult to remove by conventional treatment methods. Although acute
poisonings from heavy metals in drinking water are rare in the U.S., potential long-term
health effects from ingesting small amounts of some inorganic substances over an extended
period of time are possible.

Nutrients

Wastewater often contains large amounts of the nutrients nitrogen and phosphorus in the
form of nitrate and phosphate, which promote plant growth. Organisms only require small
amounts of nutrients in biological treatment, so there is normally an excess available in
treated wastewater. In severe cases, excessive nutrients in receiving waters cause algae
and other plants to grow quickly depleting oxygen in the water. Deprived of oxygen, fish and
other aquatic life die, emitting foul odors.

Nutrients from wastewater have also been linked to ocean "red tides" that poison fish and
cause illness in humans. Nitrogen in drinking water may contribute to miscarriages in
pregnant women and is the cause of a serious illness in infants called methemoglobinemia
or "blue baby syndrome."

Solids

Solid materials in wastewater can consist of organic and/or inorganic materials and
organisms. The solids must be significantly reduced by treatment or they can increase BOD
when discharged to receiving waters and provide places for microorganisms to escape
disinfection. They also can clog soil absorption fields in onsite systems. Listed are the
characteristics of solids.

* Settleable solids-Certain substances, such as sand, grit, and heavier organic and inorganic
materials settle out from the rest of the wastewater stream during the preliminary stages of
treatment. On the bottom of settling tanks and ponds, organic material makes up a
biologically active layer of sludge that aids in treatment.

* Suspended solids-Materials that resist setting may remain suspended in wastewater.
Suspended solids in wastewater must be treated, or they will clog soil absorption systems or
reduce the effectiveness of disinfection systems.

* Dissolved solids-Small particles of certain wastewater materials can dissolve like salt in
water. Some dissolved materials are consumed by microorganisms in wastewater, but
others, such as heavy metals, are difficult to remove by conventional treatment. Excessive
amounts of dissolved solids in wastewater can have adverse effects on the environment.

Gases

Certain gases in wastewater can cause odors, affect treatment, or are potentially
dangerous. Methane gas, for example, is a byproduct of anaerobic biological treatment and
is highly combustible. Special precautions need to be taken near septic tanks, manholes,
treatment plants, and other areas where wastewater gases can collect.

The gases hydrogen sulfide and ammonia can be toxic and pose asphyxiation hazards.

Ammonia as a dissolved gas in wastewater also is dangerous to fish. Both gases emit
odors, which can be a serious nuisance.
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Unless effectively contained or minimized by design and location, wastewater odors can
affect the mental well-being and quality of life of residents. In some cases, odors can even
lower property values and affect the local economy.

Dispose of Household Hazardous Wastes Safely

Many household products are potentially hazardous to people and the environment and
never should be flushed down drains, toilets, or storm sewers. Treatment plant workers can
be injured and wastewater systems can be damaged as a result of improper disposal of
hazardous materials.

Other hazardous chemicals cannot be treated effectively by municipal wastewater systems
and may reach local drinking water sources. When flushed into septic systems and other
onsite systems, they can temporarily disrupt the biological processes in the tank and soil
absorption field, allowing hazardous chemicals and untreated wastewater to reach
groundwater.

Some examples of hazardous household materials include motor oil, transmission fluid,
antifreeze, paint, paint thinner, varnish, polish, wax, solvents, pesticides, rat poison, oven
cleaner, and battery fluid. Many of these materials can be recycled or safely disposed of at
community recycling centers.

Other Important Wastewater Characteristics

In addition to the many substances found in wastewater, there are other characteristics
system designers and operators use to evaluate wastewater. For example, the color, odor,
and turbidity of wastewater give clues about the amount and type of pollutants present and
treatment necessary. The following are some other important wastewater characteristics that
can affect public health and the environment, as well as the design, cost, and effectiveness
of treatment.

Temperature

The best temperatures for wastewater treatment probably range from 77 to 95 degrees
Fahrenheit. In general, biological treatment activity accelerates in warm temperatures and
slows in cool temperatures, but extreme hot or cold can stop treatment processes
altogether. Therefore, some systems are less effective during cold weather and some may
not be appropriate for very cold climates.

Wastewater temperature also affects receiving waters. Hot water, for example, which is a
byproduct of many manufacturing processes, can be a pollutant. When discharged in large
quantities, it can raise the temperature of receiving streams locally and disrupt the natural
balance of aquatic life.

pH

The acidity or alkalinity of wastewater affects both treatment and the environment. Low pH
indicates increasing acidity; while a high pH indicates increasing alkalinity (a pH of 7 is
neutral). The pH of wastewater needs to remain between 6 and 9 to protect organisms.
Acids and other substances that alter pH can inactivate treatment processes when they
enter wastewater from industrial or commercial sources.
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Flow

Whether a system serves a single home or an entire community, it must be able to handle
fluctuations in the quantity and quality of wastewater it receives to ensure proper treatment
is provided at all times. Systems that are inadequately designed or hydraulically overloaded
may fail to provide treatment and allow the release of pollutants to the environment.

To design systems are as safe and as cost-effective as possible, engineers must estimate
the average and maximum (peak) amount of flows generated by various sources. Because
extreme fluctuations in flow can occur during different times of the day and on different days
of the week, estimates are based on observations of the minimum and maximum amounts of
water used on an hourly, daily, weekly, and seasonal basis. The possibility of instantaneous
peak flow events that result from several or all water-using appliances or fixtures being used
at once is also taken into account.

The number, type, and efficiency of all water-using fixtures and appliances at the source is
factored into the estimate (for example, the number and amount of water normally used by
faucets, toilets, and washing machines), as is the number of possible users or units that can
affect the amount of water used (for example, the number of residents, bedrooms,
customers, students, patients, seats, or meals served). According to studies, water use in
many homes is lowest from about midnight to 5 a.m., averaging less than one gallon per
person per hour, but then rises sharply in the morning around 6 a.m. to a little over 3 gallons
per person per hour. During the day, water use drops off moderately and rises again in the
early evening hours.

Weekly peak flows may occur in some homes on weekends, especially when all adults work
during the week. In U.S. homes, average water use is approximately 45 gallons per person
per day, but may range from 35 to 60 gallons or more.

Peak flows at stores and other businesses typically occur during business hours and during
meal times at restaurants. Rental properties, resorts, and commercial establishments in
tourist areas may have extreme flow variations seasonally.

Estimating flow volumes for centralized treatment systems is a complicated task, especially
when designing a new treatment plant in a community where one has never existed
previously.

Engineers must allow for additional flows during wet weather due to inflow and infiltration of
extra water into sewers. Excess water can enter sewers through leaky manhole covers and
cracked pipes and pipe joints, diluting wastewater, which affects its overall characteristics.
This can increase flows to treatment plants sometimes by as much as three or four times the
original design load.

The main focus of wastewater treatment plants is to reduce the BOD and COD in the
effluent discharged to natural waters, meeting state and federal discharge criteria.
Wastewater treatment plants are designed to function as "microbiology farms," where
bacteria and other microorganisms are fed oxygen and organic waste.

Treatment of wastewater usually involves biological processes such as the activated sludge

system in the secondary stage after preliminary screening to remove coarse particles and
primary sedimentation that settles out suspended solids.
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These secondary treatment steps are generally considered environmental biotechnologies
that harness natural self-purification processes contained in bioreactors for the
biodegradation of organic matter and bioconversion of soluble nutrients in the wastewater.

Application Specific Microbiology

Each wastewater stream is unique, and so too are the community of microorganisms that
process it. This "application-specific microbiology" is the preferred methodology in
wastewater treatment affecting the efficiency of biological nutrient removal. The right
laboratory prepared bugs are more efficient in organics removal if they have the right growth
environment. This efficiency is multiplied if microorganisms are allowed to grow as a layer of
biofilm on specifically designed support media. In this way, optimized biological processing
of a waste stream can occur. To reduce the start-up phase for growing a mature biofilm one
can also purchase "application-specific bacterial cultures" from appropriate microbiology
vendors.

Bacteria <

Bacteria are one of the most ancient of K ) ' (i
living things and some scientists believe
they have been on this planet for nearly
4,000 million years. During this time
they have acquired lots of fascinating
and different ways of living. They also - O:_“:'i';fm
come in a variety of shapes.
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The simplest shape is a round sphere or
ball. Bacteria formed like this are called
cocci (singular coccus). The next
simplest shape is cylindrical. Cylindrical
bacteria are called rods (singular rod).
Some bacteria are basically rods but BACTERIA TYPES

instead of being straight they are twisted or bent or curved, sometimes in a spiral. These
bacteria are called spirilla (singular spirillum). Spirochaetes are tightly coiled up bacteria.

Cocci Rods Ovoids Spira
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Curved Rods Curved Rods Spirochaetes

Bacteria are friendly creatures; you never find one bacteria on
its own. They tend to live together in clumps, chains or planes. §
When they live in chains, one after the other, they are called §
filamentous bacteria that often have long thin cells. When they & )

object they are called a biofilm. Many bacteria exist as a
biofilm and the study of biofilms is very important. Biofilm
bacteria secrete sticky substances that form a sort of gel in - i e 11
which they live. The plaque on your teeth that causes tooth decay is a biofilm.

Filamentous Bacteria

Filamentous Bacteria are a type of bacteria that can be found in a wastewater treatment
system. They function similar to floc forming bacteria in that they degrade BOD quite well. In
small amounts, they are quite good to a biomass.

They can add stability and a backbone to the floc
structure that keeps the floc from breaking up or
shearing due to turbulence from pumps, aerationor £
transfer of the water. In large amounts they can cause &
many problems. Filaments are bacteria and fungi that
grow in long thread-like strands or colonies.

Site Specific Bacteria

Aeration and biofilm building are the key operational parameters that contribute to the
efficient degradation of organic matter (BOD/COD removal). Over time the application-
specific bacteria become site specific as the biofilm develops and matures and is even more
efficient in treating that site-specific waste stream.

Facultative Bacteria

Most of the bacteria absorbing the organic material in a wastewater treatment system are
facultative in nature. This means they are adaptable to survive and multiply in either
anaerobic or aerobic conditions. The nature of individual bacteria is dependent upon the
environment in which they live. Usually, facultative bacteria will be anaerobic unless there is
some type of mechanical or biochemical process used to add oxygen to the wastewater.
When bacteria are in the process of being transferred from one environment to another, the
metamorphosis from anaerobic to aerobic state (and vice versa) takes place within a couple
of hours.
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Anaerobic Bacteria

Anaerobic bacteria live and reproduce in the absence of free oxygen. They utilize
compounds such as sulfates and nitrates for energy and their metabolism is substantially
reduced. In order to remove a given amount of organic material in an anaerobic treatment
system, the organic material must be exposed to a significantly higher quantity of bacteria
and/or detained for a much longer period of time. A typical use for anaerobic bacteria would
be in a septic tank. The slower metabolism of the anaerobic bacteria dictates the
wastewater be held several days in order to achieve even a nominal 50% reduction in
organic material. That is why septic tanks are always followed by some type of effluent
treatment and disposal process. The advantage of using the anaerobic process is that
electromechanical equipment is not required. Anaerobic bacteria release hydrogen sulfide
as well as methane gas, both of which can create hazardous conditions. Even as the
anaerobic action begins in the collection lines of a sewer system, deadly hydrogen sulfide or
explosive methane gas can accumulate and be life threatening.

Aerobic Bacteria

Aerobic bacteria live and multiply in the presence of free oxygen. Facultative bacteria
always achieve an aerobic state when oxygen is present. While the name "aerobic" implies
breathing air, dissolved oxygen is the primary source of energy for aerobic bacteria. The
metabolism of aerobes is much higher than for anaerobes. This increase means that 90%
fewer organisms are needed compared to the anaerobic process, or that treatment is
accomplished in 90% less time. This provides a number of advantages including a higher
percentage of organic removal. The by-products of aerobic bacteria are carbon dioxide and
water. Aerobic bacteria live in colonial structures called floc and are kept in suspension by
the mechanical action used to introduce oxygen into the wastewater. This mechanical action
exposes the floc to the organic material while treatment takes place. Following digestion, a
gravity clarifier separates and settles out the floc. Because of the mechanical nature of the
aerobic digestion process, maintenance and operator oversight are required.

Activated Sludge

Aerobic floc in a healthy state are referred to as activated sludge. While aerobic floc has a
metabolic rate approximately ten times higher than anaerobic sludge, it can be increased
even further by exposing the bacteria to an abundance of oxygen. Compared to a septic
tank, which takes several days to reduce the organic material, an activated sludge tank can
reduce the same amount of organic material in approximately 4-6 hours. This allows a much
higher degree of overall process efficiency. In most cases treatment efficiencies and
removal levels are so much improved, additional downstream treatment components are
dramatically reduced or totally eliminated.

Filamentous Organisms

The majority of filamentous organisms are bacteria, although some of them are classified as
algae, fungi or other life forms. There are a number of types of filamentous bacteria which
proliferate in the activated sludge process. Filamentous organisms perform several different
roles in the process, some of which are beneficial and some of which are detrimental. When
filamentous organisms are in low concentrations in the process, they serve to strengthen the
floc particles. This effect reduces the amount of shearing in the mechanical action of the
aeration tank and allows the floc particles to increase in size.

Larger floc particles are more readily settled in a clarifier. Larger floc particles settling in the

clarifier also tend to accumulate smaller particulates (surface adsorption) as they settle,
producing an even higher quality effluent.
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Conversely, if the filamentous organisms reach too high a concentration, they can extend
dramatically from the floc particles and tie one floc particle to another (interfloc bridging) or
even form a filamentous mat of extra-large size. Due to the increased surface area without a
corresponding increase in mass, the activated sludge will not settle well. This results in less
solids separation and may cause a washout of solid material from the system. In addition,
air bubbles can become trapped in the mat and cause it to float, resulting in a floating scum
mat. Due to the high surface area of the filamentous bacteria, once they reach an excess
concentration, they can absorb a higher percentage of the organic material and inhibit the
growth of more desirable organisms.

Protozoans and Metazoans

In a wastewater treatment system, the next higher life form above bacteria is protozoans.
These single-celled animals perform three significant roles in the activated sludge process.
These include floc formation, cropping of bacteria and the removal of suspended material.
Protozoans are also indicators of biomass health and effluent quality. Because protozoans
are much larger in size than individual bacteria, identification and characterization is readily
performed. Metazoans are very similar to protozoans except they are usually multi-celled
animals. Macroinvertebrates such as nematodes and rotifers, are typically found only in a
well-developed biomass. The presence of protozoans and metazoans and the relative
abundance of certain species can be a predictor of operational changes within a treatment
plant. In this way, an operator is able to make adjustments and minimize negative
operational effects simply by observing changes in the protozoan and metazoan population.

Dispersed Growth

Dispersed growth is material suspended within the activated sludge process that has not
been adsorbed into the floc particles. This material consists of very small quantities of
colloidal (too small to settle out) bacteria as well as organic and inorganic particulate
material. While a small amount of dispersed growth in between the floc particles is normal,
excessive amounts can be carried through a secondary clarifier. When discharged from the
treatment plant, dispersed growth results in higher effluent solids.

Other Wastewater Treatment Components

Biochemical Oxygen Demand

Biochemical Oxygen Demand (BOD or BODS5) is an indirect measure of biodegradable
organic compounds in water, and is determined by measuring the dissolved oxygen
decrease in a controlled water sample over a five-day period.

During this five-day period, aerobic (oxygen-consuming) bacteria decompose organic
matter in the sample and consume dissolved oxygen in proportion to the amount of organic
material that is present. In general, a high BOD reflects high concentrations of substances
that can be biologically degraded, thereby consuming oxygen and potentially resulting in low
dissolved oxygen in the receiving water.

The BOD test was developed for samples dominated by oxygen-demanding pollutants like

sewage. While its merit as a pollution parameter continues to be debated, BOD has the
advantage of a long period of record.

Pretreatment 101 ©TLC11/13/2012 45 (866) 557-1746 Fax (928) 468-0675



Nutrients

Nutrients are chemical elements or compounds essential for plant and animal growth.
Nutrient parameters include ammonia, organic nitrogen, Kjeldahl nitrogen, nitrate nitrogen
(for water only) and total phosphorus. High amounts of nutrients have been associated with
eutrophication, or over fertilization of a water body, while low levels of nutrients can reduce
plant growth and (for example) starve higher level organisms that consume phytoplankton.

Organic Carbon

Most organic carbon in water occurs as partly degraded plant and animal materials, some of
which are resistant to microbial degradation. Organic carbon is important in the estuarine
food web and is incorporated into the ecosystem by photosynthesis of green plants, then
consumed as carbohydrates and other organic compounds by higher animals. In another
process, formerly living tissue containing carbon is decomposed as detritus by bacteria and
other microbes.

Total organic carbon (TOC)
TOC bears a direct relationship with biological and chemical oxygen demand. High levels of
TOC can result from human sources, high oxygen demand being the main concern.

Priority Pollutants

Priority Pollutants refer to a list of 126 specific pollutants that includes heavy metals and
specific organic chemicals. The priority pollutants are a subset of “toxic pollutants” as
defined in the Clean Water Act.

These 126 pollutants were assigned a high priority for development of water quality criteria
and effluent limitation guidelines because they are frequently found in wastewater. Many of
the heavy metals, pesticides, and other chemicals listed on the following page are on the
priority pollutant list.

Heavy Metals (Total and Dissolved)

Heavy metals are elements from a variety of natural and human sources. Some key metals of
concern and their primary sources are listed below:

e Arsenic from fossil fuel combustion and industrial discharges;

e Cadmium from corrosion of alloys and plated surfaces, electroplating wastes, and industrial
discharges;

e Chromium from corrosion of alloys and plated surfaces, electroplating wastes, exterior paints
and stains, and industrial discharges;

e Copper from corrosion of copper plumbing, anti-fouling paints, and electroplating wastes;
e Lead from leaded gasoline, batteries, exterior paints and stains;
e Mercury from natural erosion and industrial discharges; and

e Zinc from tires, galvanized metal, and exterior paints and stains.
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Discharge to POTW

As noted above, POTWs are not designed to treat toxics in industrial waste. As such, these
discharges, from both industrial and commercial sources, can cause serious problems. The
undesirable outcome of these discharges can be prevented using treatment techniques or
management practices to reduce or eliminate the discharge of these contaminants. The act
of treating wastewater prior to discharge to a POTW is commonly referred to as
“‘pretreatment.” The National Pretreatment Program, published in Title 40 Code of Federal
Regulations (CFR) Part 403, provides the regulatory basis to require non-domestic
dischargers to comply with pretreatment standards (effluent limitations) to ensure that the
goals of the CWA are attained.

As noted in 40CFR §403.2, the objectives of the National Pretreatment Program are to:
a. Prevent the introduction of pollutants into POTWs which will interfere with the operation of
a POTW, including interference with its use or disposal of municipal sludge;

b. Prevent the introduction of pollutants into POTWs which will pass through the treatment
works or otherwise be incompatible with such works; and

¢. Improve opportunities to recycle and reclaim municipal and industrial wastewaters and
sludges.

The two key terms used in the EPA’s objectives for the National Pretreatment Program,
‘interference” and “pass through,” are defined below.

Definitions

Interference - a discharge which, alone or in conjunction with a discharge or discharges
from other sources, both inhibits or disrupts the POTW, its treatment processes or
operations, or its sludge processes, use or disposal, and- therefore is a cause of a violation
of any NPDES permit requirement or of the prevention of sewage sludge use or disposal in
compliance with any applicable requirements.

Pass Through - a discharge which exits the POTW into waters of the U.S. in quantities or
concentrations which, alone or in conjunction with a discharge or discharges from other
sources, is a cause of a violation of any NPDES permit requirement.

As outlined in the EPA’s objectives, toxic pollutants may pass through the treatment plant
into the receiving stream, posing serious threats to aquatic life, to human recreation, and to
consumption of fish and shellfish from these waters. Pass through can make waters
unswimmable or unfishable in direct contrast to the goals of the CWA. Or, these discharges
can interfere with the biological activity of the treatment plant causing sewage to pass
through the treatment plant untreated or inadequately treated.

Problems Associated With Toxic Discharges Figure 3

Air pollution can occur from volatilization of toxic chemicals in the POTW collection
system or treatment plant, or through incineration of sewage sludge.

Corrosion of collection system and treatment plant from acidic discharges or
discharges containing elevated levels of sulfate (forming toxic and corrosive hydrogen
sulfide).

Groundwater pollution can occur from leaks in the collection system or pollutants from
contaminated sewage sludge.
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Toxic Emissions

Even where the POTW has the capability to remove these toxics, the pollutants may end up
in the sewage sludge, thereby limiting sludge disposal options or escalating the cost of
disposal. Incinerated contaminated sludge may release toxic emissions into the atmosphere.
Toxic metals removed in primary treatment, while itself not an inhibitory process, can impact
sludge digestion, a process that utilizes bacteria to stabilize sludge solids.

For example, chromium can inhibit reproduction of aerobic digestion microorganisms,
thereby disrupting sludge treatment and producing sludges that must be disposed of with
special treatment. Uncontaminated sludge, on the other hand, can be used as fertilizer or
soil conditioner, thereby improving the productivity of our land. Many municipalities apply
sewage sludge to pastureland or parkland that they could not do if the sludge were
contaminated.

Tools of the Trade... Above photos, the Refrigerated Automatic Sampler will have a Data
programmer which will allow you to set the time to collect the sample or samples. This
machine can also measure the amount of the sample.

These can also be used for the collection of composite samples. Sometimes you will see a
pH probe with real-time reads sent to the Operator's Command Center. A common site on
most wastewater plants and SIUs.

One big disappointment, expect sampler failures. Dead batteries, wrong sample times and
over and under filling the sampler is common.
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VOCs

Volatile organics discharged to sewers can accumulate in the headspace of sewers,
increasing the likelihood of explosions that can cause significant damage. Probably the most
well-known impact from industrial discharges to POTWs in the U.S. is the explosion in
Louisville, KY that occurred in 1981 as the result of excessive discharges of hexane into the
collection system, eventually igniting and destroying more than 3 miles of sewers and
causing $20 million in damage. Discharge limitations and management practices to control
slug discharges have significantly reduced the likelihood of future catastrophes such as the
explosion in Louisville.

Discharges of toxic organics can also result in the release of poisonous gas. This occurs
most often when acidic wastes react with other wastes in the discharge. For example,
cyanide and acid, both present in many electroplating operations, react to form highly toxic
hydrogen cyanide gas. Similarly, sulfides from leather tanning can combine with acid to form
hydrogen sulfide, another toxic gas. These can be highly dangerous to POTW collection
system operators exposed to such conditions in the performance of their duties.

Other problems associated with toxic discharges were summarized in Figure 3 and further
document the urgency of keeping toxics out of collection systems and POTWs.

The National Pretreatment Program is charged with controlling the 129 Priority Pollutants
from industries that discharge into sewer systems as described in the CWA (see Figure 4).

These pollutants fall into two categories; metals and organics:

» Metals, including lead, mercury, chromium, and cadmium that cannot be destroyed
or broken down through treatment or environmental degradation. Toxic metals can
cause different human health problems such as lead poisoning and cancer.
Additionally, consumption of contaminated seafood and agricultural food crops has
resulted in exposures exceeding recommended safe levels.

» Toxic organics, including solvents, pesticides, dioxins, and polychlorinated biphenyls
(PCBs) can be cancer-causing and lead to other serious ailments, such as kidney
and liver damage, anemia, and heart failure. In 1996, the EPA’s Office of Science
and Technology (OST) identified 2,193 water bodies with fish and wildlife advisories,
up more than 25 percent from 1995.

Reductions in pollutants can ensure that industrial development vital to the economic well-
being of a community is compatible with a healthy environment.

Many POTWs are responsible for ensuring that industrial and commercial facilities do not
cause problems resulting from their discharges. In 1991, the EPA estimated that 190 to 204
million pounds of metals and 30 to 108 million pounds of organics were removed each year
as a result of pretreatment program requirements.

This is substantiated by many POTWs that report significant reductions in the loadings of

toxics to their treatment plants that is directly attributable to implementation of the National
Pretreatment Program.
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Priority Pollutants
001 Acenaphthene

002 Acrolein

003 Acrylonitrile

004 Benzene

005 Benzidine

006 Carbon tetrachloride
007 Chlorobenzene

008 1,2,4-trichlorobenzene
009 Hexachlorobenzene
010 1,2-dichloroethane
011 1,1,1-trichloreothane
012 Hexachloroethane
013 1,1-dichloroethane
014 1,1,2-trichloroethane
015 1,1,2,2-tetrachloroethane
016 Chloroethane

018 Bis(2-chloroethyl) ether
019 2-chloroethyl vinyl ethers
020 2-chloronaphthalene
021 2,4,6-trichlorophenol
022 Parachlorometa cresol
023 Chloroform

024 2-chlorophenol

025 1,2-dichlorobenzene
026 1,3-dichlorobenzene
027 1,4-dichlorobenzene
028 3,3-dichlorobenzidine
029 1,1-dichloroethylene
030 1,2-trans-dichloroethylene
031 2,4-dichlorophenol
032 1,2-dichloropropane
033 1,2-dichloropropylene
034 2,4-dimethylphenol
035 2,4-dinitrotoluene

036 2,6-dinitrotoluene

037 1,2-diphenylhydrazine
038 Ethylbenzene

039 Fluoranthene

040 4-chlorophenyl phenyl
ether

041 4-bromophenyl phenyl
ether

042 Bis(2-chloroisopropyl)
ether

Figure 4
043 Bis(2-chloroethoxy)
methane
044 Methylene chloride
045 Methyl chloride
046 Methyl bromide
047 Bromoform
048 Dichlorobromomethane
051 Chlorodibromomethane
052 Hexachlorobutadiene
053
Hexachlorocyclopentadiene
054 Isophorone
055 Naphthalene
056 Nitrobenzene
057 2-nitrophenol
058 4-nitrophenol
059 2,4-dinitrophenol
060 4,6-dinitro-o-cresol
061 N-nitrosodimethylamine
062 N-nitrosodiphenylamine
063 N-nitrosodi-n-propylamine
064 Pentachlorophenol
065 Phenol
066 Bis(2-ethylhexyl) phthalate
067 Butyl benzyl phthalate
068 Di-N-Butyl Phthalate
069 Di-n-octyl phthalate
070 Diethyl Phthalate
071 Dimethyl phthalate
072 benzo(a) anthracene
073 Benzo(a)pyrene
074 Benzo(b) fluoranthene
075 Benzo(b) fluoranthene
076 Chrysene
077 Acenaphthylene
078 Anthracene
079 Benzo(ghi) perylene
080 Fluorene
081 Phenanthrene
082 Dibenzo(,h) anthracene
083 Indeno (1,2,3-cd) pyrene
084 Pyrene
085 Tetrachloroethylene
086 Toluene
087 Trichloroethylene
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088 Vinyl chloride
089 Aldrin

090 Dieldrin

091 Chlordane

092 4,4-DDT

093 4,4-DDE

094 4,4-DDD

095 Alpha-endosulfan
096 Beta-endosulfan
097 Endosulfan sulfate
098 Endrin

099 Endrin aldehyde
100 Heptachlor

101 Heptachlor epoxide
102 Alpha-BHC

103 Beta-BHC

104 Gamma-BHC
105 Delta-BHC

106 PCB-1242

107 PCB-1254

108 PCB-1221

109 PCB-1232

110 PCB-1248

111 PCB-1260

112 PCB-1016

113 Toxaphene

114 Antimony

115 Arsenic

116 Asbestos

117 Beryllium

118 Cadmium

119 Chromium

120 Copper

121 Cyanide, Total
122 Lead

123 Mercury

124 Nickel

125 Selenium

126 Silver

127 Thallium

128 Zinc

129 2,3,7,8-TCDD
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Section 101 of the Clean Water Act (CWA)

To restore and maintain the chemical, physical, and biological integrity of the Nation's
waters:

(1) it is the national goal that the discharge of pollutants into the navigable waters be
eliminated by 1985;

(2) it is the national goal that wherever attainable, an interim goal of water quality which
provides for the protection and propagation of fish, shellfish, and wildlife and provides for
recreation in and on the water be achieved by July 1, 1983;

(3) it is the national policy that the discharge of toxic pollutants in toxic amounts be
prohibited;

(4) it is the national policy that Federal financial assistance be provided to construct publicly
owned waste treatment works;

(5) it is the national policy that Area wide waste treatment management planning processes
be developed and implemented to assure adequate control of sources of pollutants in each
State;

(6) it is the national policy that a major research and demonstration effort be made to
develop technology necessary to eliminate the discharge of pollutants into the navigable
waters, waters of the contiguous zone, and the oceans; and

(7) it is the national policy that programs for the control of nonpoint sources of pollution be
developed and implemented in an expeditious manner so as to enable the goals of this
Chapter to be met through the control of both point and nonpoint sources of pollution.

Treated wastewater outfall.
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Covered wastewater basins to help prevent or control odors.
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Chapter 2
Overview of the National Pretreatment Program
The Clean Water Act

On October 18, 1972, the 92™ Congress of the United States passed the Federal Water
Pollution Control Act Amendments of 1972, declaring the restoration and maintenance of the
chemical, physical, and biological integrity of the Nation's water as a National Objective.
While procedures for implementing this act (more commonly referred to as the Clean Water
Act (CWA)) have been re-evaluated and modified over time, the 1972 objective has
remained unchanged in its 31 year history.

The 1972 Amendments to the CWA established a water quality regulatory approach along
with the EPA-promulgated industry-specific technology-based effluent limitations. The
National Pollutant Discharge Elimination System (NPDES) permit program was established
under the CWA to control the discharge of pollutants from point sources and served as a
vehicle to implement the industrial technology-based standards. To implement pretreatment
requirements, the EPA promulgated 40 CFR Part 128 in late 1973, establishing general
prohibitions against treatment plant interference and pass through and pretreatment
standards for the discharge of incompatible pollutants from specific industrial categories.

In 1975, several environmental groups filed suit against the EPA, challenging it's criteria for
identifying toxic pollutants, the EPA’s failure to promulgate effluent standards, and the EPA’s
failure to promulgate pretreatment standards for numerous industrial categories.

As a result of this litigation, the EPA promulgated the General Pretreatment Regulations at
40 CFR Part 403 on June 26, 1978, replacing the 40 CFR Part 128 requirements.
Additionally, as a result of the suit, the EPA agreed to regulate the discharge of 65
categories of pollutants (making up the 126 priority pollutants presented in Figure 4) from 21
industrial categories. The list of priority pollutants is still in effect today (the original list
actually had 129 pollutants, three of which have since been removed from that list) while the
list of regulated industrial categories has grown to more than 51 distinct industries.
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Modern wastewater treatment plant.
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The National Pretreatment Program is unique in that the General Pretreatment
Regulations require all large POTWs (i.e., those designed to treat flows of more than
5 million gallons per day) and smaller POTWs with significant industrial discharges
to establish local pretreatment programs. These local programs must enforce all
national pretreatment standards and requirements in addition to any more stringent
local requirements necessary to protect site-specific conditions at the POTW.
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General Pretreatment Regulations at 40 CFR Part 403§ 403.1
Purpose and Applicability

Figure 6. The General Pretreatment Regulations

§ 403.2 Objectives of general pretreatment regulations

§ 403.3 Definitions

§ 403.4 State or local law

§ 403.5 National pretreatment standards: Prohibited discharges

§ 403.6 National pretreatment standards: Categorical pretreatment standards

§ 403.7 Removal credits

§ 403.8 Pretreatment program requirements: Development and implementation by POTW
§ 403.9 POTW pretreatment programs and/or authorization to revise pretreatment
standards: Submission for approval

§ 403.10 Development and submission of NPDES State pretreatment programs

§ 403.11 Approval procedures for POTW pretreatment programs and POTW granting of
removal credits

§ 403.12 Reporting requirements for POTW's and industrial users

§ 403.13 Variances from categorical pretreatment standards for fundamentally different
factors

§ 403.14 Confidentiality

§ 403.15 Net/Gross calculation

§ 403.16 Upset provision

§ 403.17 Bypass

§ 403.18 Modification of POTW pretreatment programs

Appendix A: Program Guidance Memorandum

Appendix B: [Reserved]

Appendix C: [Reserved]

Appendix D: Selected Industrial Subcategories Considered Dilute for

Purposes of the Combined Wastestream Formula

Appendix E: Sampling Procedures

Appendix F: [Reserved]

Appendix G: Pollutants Eligible for a Removal Credit

The General Pretreatment Regulations

1. The General Pretreatment Regulations establish responsibilities of Federal, State,
and local government, industry and the public to implement Pretreatment Standards
to control pollutants which pass through or interfere with POTW treatment processes
or which may contaminate sewage sludge. The regulations, which have been revised
numerous times since originally published in 1978, consist of 18 sections and several
appendices.

2. The General Pretreatment Regulations apply to all non-domestic sources which

introduce pollutants into a POTW. These sources of “indirect discharge” are more
commonly referred to as industrial users (IUs).
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3. Since IUs can be as simple as an unmanned coin operated car wash to as complex
as an automobile manufacturing plant or a synthetic organic chemical producer, EPA
developed four criteria that define a Significant Industrial User (SIU). Many of the
General Pretreatment Regulations apply to SIUs as opposed to IUs, based on the
fact that control of SIUs should provide adequate protection of the POTW.

These four criteria are as follows:

» An |U that discharges an average of 25,000 gallons per day or more of process
wastewater to the POTW;

» An IU that contributes a process wastestream making up 5 percent or more of the
average dry weather hydraulic or organic capacity of the POTW treatment plant;

» An U designated by the Control Authority as such because of its reasonable
potential to adversely affect the POTW's operation or violate any pretreatment
standard or requirement; or

» An U subject to Federal categorical pretreatment standards.

Unlike other environmental programs that rely on Federal or State governments to
implement and enforce specific requirements, the Pretreatment Program places the majority
of the responsibility on local municipalities. Specifically, section 403.8(a) of the General
Pretreatment Regulations states that any POTW (or combination of treatment plants
operated by the same authority) with a total design flow greater than 5 million gallons per
day (MGD) and smaller POTWs with SIUs must establish a local pretreatment program.

As of early 1998, 1,578 POTWs are required to have local programs. While this represents
only about 15 percent of the total treatment plants nationwide, these POTWs account for
more than 80 percent (i.e., approximately 30 billion gallons a day) of the national wastewater
flow.

Control Authority

The General Pretreatment Regulations define the term “Control Authority” as a POTW that
administers an approved pretreatment program since it is the entity authorized to control
discharges to its system.

Section 403.10(e) provides States authority to implement POTW pretreatment programs in
lieu of POTWSs. Five States have elected to assume this responsibility (Vermont,
Connecticut, Alabama, Mississippi, and Nebraska). In these instances, the State is defined
as the Control Authority. As described above, all Control Authorities must establish a local
pretreatment program to control discharges from non-domestic sources.

Approval Authority
These programs must be approved by the “Approval Authority” who is also responsible for
overseeing implementation and enforcement of these programs.

A total of 44 States /Territories are authorized to implement State NPDES Permit Programs,
but only 27 are authorized to be the Pretreatment Program Approval Authority (i.e., those
with approved State pretreatment programs excluding the five §403.10(e) States). In all
other States and Territories (including the 403.10(e) States), the EPA is considered to be
the Approval Authority.
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POTW Pretreatment Programs

The actual requirement for a POTW to develop and implement a local pretreatment program
is a condition of its NPDES permit. Once the Approval Authority determines that a POTW
needs a pretreatment program, the POTW’'s NPDES permit is modified to require
development of a local program and submission of the program to the Approval Authority for
review and approval. Consistent with §403.8(f), POTW pretreatment programs must contain
the six minimum elements.

In addition to the six specific elements, pretreatment program submissions must include:
¢ a statement from the City Solicitor (or the like) declaring the POTW has adequate
authority to carry out program requirements;

e copies of statutes, ordinances, regulations, agreements, or other authorities the
POTW relies upon to administer the pretreatment program including a statement
reflecting the endorsement or approval of the bodies responsible for supervising
and/or funding the program;

e a brief description and organizational chart of the organization administering the
program; and

e adescription of funding levels and manpower available to implement the program.

Pretreatment program submissions found to be complete proceed to the public notice
process, Public Participation and POTW Reporting. Upon program approval, the Approval
Authority is responsible for modifying the POTW’s NPDES permit to require implementation
of the approved pretreatment program. Once approved, the Approval Authority oversees
POTW pretreatment program implementation via receiving annual reports and conducting
periodic audits and inspections.

As of early 1998, of the 1,578 POTWs required to develop pretreatment programs, 97
percent (1,535) have been approved. The National Pretreatment Program regulates 1Us
through three types of regulatory entities: the EPA, Approval Authorities, and Control
Authorities. As noted above, Approval Authorities oversee Control Authorities while Control
Authorities regulate IUs.

Using an extension pole with a sample attachment to grab a sample.
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Approved State NPDES Permit Program Approved State Pretreatment Program

Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Illinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maryland
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Jersey
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah
Vermont
Virgin Islands
Virginia
Washington
West Virginia
Wisconsin
Wyoming

10/19/79
Has program
11/01/86
05/14/73
03/27/75
09/26/73
04/01/74
05/01/95
06/28/74
11/28/74
10/23/77
01/01/75
08/10/78
06/28/74
09/30/83
08/27/96
09/05/74
10/17/73
06/30/74
05/01/74
10/30/74
06/10/74
06/12/74
09/19/75
04/13/82
10/28/75
10/19/75
06/13/75
03/11/74
11/19/96
09/26/73
06/30/78
09/17/84
06/10/75
12/30/93
12/28/77
09/14/98
07/07/87
03/11/74
06/30/76
03/31/75
11/14/73
05/10/82
02/04/74
01/30/75

* - Denotes 403.10(e) State Approval
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10/19/79*

11/01/86
09/22/89

06/03/81*

05/01/95
03/12/81
08/12/83

06/03/81

09/30/83
08/27/96
09/30/85
04/16/85
07/16/79
05/13/82*
06/03/81

09/07/84*
04/13/82
06/14/82

07/27/83
11/19/96
03/12/81

09/17/84
04/09/82
12/30/93
08/10/83
09/14/98
07/07/87
03/16/82*
04/14/89
09/30/86
05/10/82
12/24/80
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Six Minimum Pretreatment Program Elements

1. Legal Authority (see ordinance example in the rear)

The POTW must operate pursuant to legal authority enforceable in Federal, State or
local courts, which authorizes or enables the POTW to apply and enforce any
pretreatment regulations developed pursuant to the CWA. At a minimum, the legal
authority must enable the POTW to:

|. deny or condition discharges to the POTW;

ii. require compliance with pretreatment standards and requirements;

iii. control IU discharges through permits, orders, or similar means;

iv. require IU compliance schedules when necessary to meet applicable
pretreatment standards and/or requirements and the submission of reports to
demonstrate compliance;

v. inspect and monitor |Us;

vi. obtain remedies for IlU noncompliance; and

vii. comply with confidentiality requirements.

2. Procedures

The POTW must develop and implement procedures to ensure compliance with
pretreatment requirements, including:

l. identify and locate all I[Us subject to the pretreatment program;

ii. identify the character and volume of pollutants contributed by such users;

iii. notify users of applicable pretreatment standards and requirements;

iv. receive and analyze reports from IUs;

v. sample and analyze IU discharges and evaluate the need for IU slug control
plans;

vi. investigate instances of noncompliance; and

vii. comply with public participation requirements.

3. Funding
The POTW must have sufficient resources and qualified personnel to carry out the
authorities and procedures specified in its approved pretreatment program.

4. Local limits
The POTW must develop local limits or demonstrate why these limits are not
necessary.

5. Enforcement Response Plan (ERP)

The POTW must develop and implement an ERP that contains detailed procedures
indicating how the POTW will investigate and respond to instances of |U
noncompliance.

6. List of SlUs

The POTW must prepare, update, and submit to the Approval Authority a list of all
Significant Industrial Users (SlUs).
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Pretreatment Roles and Responsibilities

EPA Headquarters

< Oversees program implementation at all levels

< Develops and modifies regulations for the program

< Develops policies to clarify and further define the program
< Develops technical guidance for program implementation
< Initiates enforcement actions as appropriate

Regions

< Fulfill Approval Authority responsibilities for States without a State pretreatment
program

< Oversee State program implementation

< Initiate enforcement actions as appropriate.

Approval Authorities (EPA Regions and delegated States)

< Notify POTWs of their responsibilities

< Review and approve requests for POTW pretreatment program approval or
modification

< Review requests for site-specific modifications to categorical pretreatment
standards

< Oversee POTW program implementation

< Provide technical guidance to POTWs

< Initiate enforcement actions, against noncompliant POTWs or industries.

Control Authorities (POTWs, States, or EPA Regions)

< Develop, implement, and maintain approved pretreatment program
< Evaluate compliance of regulated IUs

< Initiate enforcement action against industries as appropriate

< Submit reports to Approval Authorities

< Develop local limits (or demonstrate why they are not needed)

< Develop and implement enforcement response plan.

Industrial Users
< Comply with applicable pretreatment standards and reporting requirements.
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What Types of Businesses are Subject to Pretreatment
Regulations?

Pretreatment regulations apply to a variety of
businesses discharging wastewater from industrial and
commercial processes.

Certain types of industries with the potential to
discharge pollutants are regulated through an industrial
discharge permit system. Industries are considered
Significant Industrial Users and therefore require a
discharge permit if the user:

e Is subject to the Environmental Protection Agency's Categorical Pretreatment
Standards. Categorical users receive increased scrutiny due to their potential to
pollute. Examples of categorical users are metal finishers and pharmaceutical
manufacturers.

e Is discharging an average of 25,000 gallons per day or more of process wastewater.

o Has the potential to adversely affect the wastewater utility.

Industry-Specific Guides
Aluminum, Copper, And Nonferrous Metals Forming And Metal Powders

» Pretreatment Standards: A Guidance Manual

Guidance Manual For Battery Manufacturing Pretreatment Standards
Guidance Manual for Electroplating and Metal Finishing Pretreatment Standard
Guidance Manual For Iron And Steel Manufacturing Pretreatment Standards
Guidance Manual for Leather Tanning and Finishing Pretreatment Standards

Guidance Manual for Pulp, Paper, Paperboard, Builders’ Paper, and

YV Vv VY VYV VY V¥V

Board Mills Pretreatment Standards

Pretreatment Standards

The National Pretreatment Program identifies specific requirements that apply to all 1Us,
additional requirements that apply to all SIUs, and certain requirements that only apply to
ClUs. The objectives of the National Pretreatment Program are achieved by applying and
enforcing three types of discharge standards:

< prohibited discharge standards
< categorical standards
<local limits.
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Prohibited Discharge Standards

All 1Us, whether or not subject to any other National, State, or local pretreatment
requirements, are subject to the general and specific prohibitions identified in 40 CFR
§8403.5(a) and (b), respectively. General prohibitions forbid the discharge of any
pollutant(s) to a POTW that cause pass through or interference (Figure 10). Specific
prohibitions forbid eight categories of pollutant discharges as follows:

(1) discharges containing pollutants which create a fire or explosion hazard in the POTW,
including but not limited to, wastestreams with a closed cup flashpoint of less than 140°F
(60°C) using the test methods specified in 40 CFR §261.21;

(2) discharges containing pollutants causing corrosive structural damage to the POTW, but
in no case discharges with a pH lower than 5.0, unless the POTW is specifically designed to
accommodate such discharges;

(3) discharges containing pollutants in amounts causing obstruction to the flow in the POTW
resulting in interference;

(4) discharges of any pollutants released at a flow rate and/or concentration which will cause
interference with the POTW;

(5) discharges of heat in amounts which will inhibit biological activity in the POTW resulting
in interference, but in no case heat in such quantities that the temperature at the POTW
treatment plant exceeds 40°C (104°F) unless the Approval Authority, upon request of the
POTW, approves alternative temperature limits;

(6) discharges of petroleum oil, nonbiodegradable cutting oil, or products of mineral oil origin
in amounts that will cause interference or pass through;

(7) discharges which result in the presence of toxic gases, vapors, or fumes within the
POTW in a quantity that may cause acute worker health and safety problems; and

(8) discharges of trucked or hauled pollutants, except at discharge points designated by the
POTW.

Compliance with the general and specific prohibitions is mandatory for all 1Us, although a
facility may have an affirmative defense in any action brought against it alleging a violation
of the general prohibitions or of certain specific prohibitions [(3), (4), (5), (6) and (7) above]
where the IU can demonstrate it did not have reason to know that its discharge, alone or in
conjunction with a discharge or discharges from other sources, would cause pass through or
interference, and the IU was in compliance with a technically-based local limit developed to
prevent pass through or interference. These prohibited discharge standards are intended to
provide general protection for POTWs. However, their lack of specific pollutant limitations
creates the need for additional controls, namely categorical pretreatment standards and
local limits.

Interference and Pass Through

Pass through - A discharge which exits the POTW into waters of the US in quantities or
concentrations which, alone or in conjunction with a discharge or discharges from other
sources, is a cause of a violation of any requirement of the POTW’'s NPDES permit
(including an increase in the magnitude or duration of a violation).

Interference - A discharge which, alone or in conjunction with a discharge or discharges
from other sources, both (1) inhibits or disrupts the POTW, its treatment processes or
operations, or its sludge processes, use or disposal; and (2) therefore is a cause of a
violation of any requirement of the POTW’s NPDES permit or of the prevention of sewage
sludge use or disposal.
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Categorical Pretreatment Standards

Categorical pretreatment standards (i.e., categorical standards) are national, uniform,
technology-based standards that apply to discharges to POTWs from specific industrial
categories (i.e., indirect dischargers) and limit the discharge of specific pollutants.
Categorical pretreatment standards for both existing and new sources (PSES and PSNS,
respectively) are promulgated by the EPA pursuant to Section 307(b) and (c) of the CWA.
Limitations developed for indirect discharges are designed to prevent the discharge of
pollutants that could pass through, interfere with, or otherwise be incompatible with POTW
operations. Effluent limitations guidelines (ELGs), developed in conjunction with categorical
standards, limit the discharge from facilities directly to waters of the U.S. (i.e., direct
dischargers) and do not apply to indirect dischargers.

ELGs include Best Practicable Control Technology Currently Available (BPT), Best
Conventional Pollutant Control Technology (BCT), and Best Available Technology
Economically Achievable (BAT) limitations and New Source Performance Standards
(NSPS). ELGs (i.e., BPT, BCT, BAT, and NSPS) do not apply to indirect dischargers. The
significant difference between categorical standards and effluent limitations guidelines is
that categorical standards account for any pollutant removal that may be afforded through
treatment at the POTW, while effluent limitations guidelines do not. Industries identified as
major sources of toxic pollutants are typically targeted for effluent guideline and categorical
standard development.

If limits are deemed necessary, the EPA investigates affected |Us and gathers information
regarding process operations as well as treatment and management practices accounting
for differences in facility size and age, equipment age, and wastewater characteristics.

Sub categorization within an industrial category is evaluated based on variability in
processes employed, raw materials used, types of items produced, and characteristics of
wastes generated. Availability and cost of control technologies, non-water quality
environmental impacts, available pollution prevention measures, and economic impacts are
then identified prior to the EPA’s presentation of findings in proposed development
documents and publishing a notice of the proposed regulations in the Federal Register.
Based on public comments on the proposed rule, the EPA promulgates (i.e., publishes) the
standards.
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Self-Monitoring

Sampling and analyses performed by a facility to ensure compliance with a permit or
other regulatory requirements.

Suspension
T
v

Supernatant

Solution

N

Precipitate
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Definition of New Source (40 CFR 403.3(k))

New Source is defined at 40 CFR §403.3 (k)(1) to mean any building, structure, facility or
installation from which there is or may be a discharge of pollutants, the construction of which
commenced after publication of proposed Pretreatment Standards under Section 307(c) of
the Act which will be applicable to such source if Standards are thereafter promulgated in
accordance with that section, provided that:

(i) the building, structure, facility, or installation is constructed at a site at which no other
source is located; or

(i) the building, structure, facility, or installation totally replaces the process or production
equipment that causes the discharge of pollutants at an existing source; or

(iii) the production or wastewater generating processes of the building, structure, facility

or installation are substantially independent of an existing source at the same site. In
determining whether these are substantially independent, factors such as the extent to
which the new facility is integrated with the existing plant, and the extent to which the new
facility is engaged in the same general type of activity as the existing source should be
considered.

(2) Construction on a site at which an existing source is located results in a modification
rather than a new source if the construction does not create a new building, structure,
facility, or installation meeting the criteria of paragraphs (k)(1)(ii), or (k)(1)(iii) of this

section but otherwise alters, replaces, or adds to existing process or production equipment.
(3) Construction of a new source as defined under this paragraph has commenced if the
owner or operator has:

(i) begun, or caused to begin as part of a continuous onsite construction program:

(ii) any placement, assembly or installation of facilities or equipment, or

(B) significant site preparation work, including clearing, excavation, or removal of existing
buildings, structures, or facilities which is necessary for the placement, assembly, or
installation of new source facilities or equipment; or

(ii) entered into a binding contractual obligation for the purchase of facilities or equipment
which are intended to be used in its operation within a reasonable time.

Options to purchase or contracts which can be terminated or modified without substantial
loss, and contracts for feasibility, engineering, and design studies do not constitute a
contractual obligation under this paragraph.

New Source

As noted above, categorical pretreatment standards are developed both for existing (PSES)
and new sources (PSNS). Facilities are classified as either PSES or PSNS based on the
definition of “new source" set out in 40 CFR§403.3(k) of the General Pretreatment
Regulations. Dischargers subject to PSES are required to comply with those standards by a
specified date, typically no more than three years after the effective date of the categorical
standard. Users subject to PSNS, however, are required to achieve compliance within the
shortest feasible time, not to exceed 90 days from commencement of discharge. PSNS are
often more stringent than PSES based on the opportunity for new sources to install the best
available demonstrated technology and operate the most efficient production processes.

Congress established an initial list of 21 categorical industries under Section 306 of the
CWA of 1972. As a result of various court decrees and settlement agreements resulting from
litigation, and from the EPA's internal work plan development process, the EPA has
developed effluent guidelines (for direct dischargers) and/or categorical pretreatment
standards (for indirect dischargers) for 51 industrial categories.
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Of these industrial categories, the EPA implements pretreatment standards for 32
categories, and either requires compliance solely with 40 CFR Part 403 General
Pretreatment Regulations or does not address pretreatment standards for the remaining
categories.

Plans for the EPA’s expansion and modification of the list is detailed in the Effluent
Guidelines Plan, published in the Federal Register biennially as required in section 304(m)
of the CWA. A list of the industrial categories that have categorical standards is provided as
Figure 13. Categorical pretreatment standards developed can be concentration-based or
mass-based.

Concentration-based standards are expressed as milligrams of pollutant allowed per liter
(mg/l) of wastewater discharged and are issued where production rates for the particular
industrial category do not necessarily correlate with pollutant discharges. Mass-based
standards are generally expressed on a mass per unit of production (e.g., milligrams of
pollutant per kilogram of product produced, pounds of pollutant per million cubic feet of air
scrubbed, etc.) and are issued where water conservation is an important component in the
limitation development process.

For a few categories where reducing a facility's flow volume does not provide a significant
difference in the pollutant load discharged, the EPA has established both mass and
concentration-based standards. Generally, both a daily maximum limitation and a long-term
average limitation (e.g., average daily values in a calendar month) are established for every
regulated pollutant.

.

Primary Wastewater Treatment Clarifier.
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Summary of Categorical Pretreatment Standards Figure 13

Category 40 CFR Subparts Type of Standard Overview of Pretreatment Standards
Part
Aluminum Forming 467 A-F PSES Limits are production-based, daily maximums and monthly
PSNS averages. Subpart C prohibits discharges from certain operations.
Battery Manufacturing 461 A-G PSES Limits are production-based, daily maximums and monthly
PSNS averages. No discharge is allowed from any process not
specifically identified in the regulations.

Builders' Paper and Board | 431 A PSES Limits are production-based daily maximums. These facilities may

Mills PSNS certify they do not use certain compounds in lieu of performing
monitoring to demonstrate compliance.

Carbon Black 458 A-D PSNS Limits are for Oil & Grease only (no limit duration specified).

Manufacturing

Coil Coating 465 A-D PSES Limits are production-based, daily maximums and monthly

PSNS averages.
Copper Forming 468 A PSES Limits are production-based, daily maximums and monthly
PSNS averages.

Electrical and Electronic 469 A-D PSES Limits are concentration-based, daily maximums and 30 day

Components PSNS averages or monthly averages (varies per subpart and pollutant
parameter). Certification is allowed in lieu of monitoring for certain
pollutants when a management plan is approved and
implemented.

Electroplating 413 A-B, PSES Limits are concentration-based (or alternative mass-based

D-H equivalents), daily maximums and four consecutive monitoring
days averages. Two sets of limits exist, depending on if facility
discharges more or less than 10,000 gallons per day of process
wastewater. Certification is allowed in lieu of monitoring for certain
pollutants when a management plan is approved and
implemented.

Feedlots 412 B PSNS Discharge of process wastewater is prohibited, except when there
is an overflow resulting from a chronic or catastrophic rainfall
event.

Fertilizer Manufacturing 418 A-G PSNS Limits may specify zero discharge of wastewater pollutants
(Subpart A), production-based daily maximums and 30-day
averages (Subparts B-E) or concentration-based (Subparts F-G)
with no limit duration specified.

Glass Manufacturing 426 H, K- | PSNS Limits are either concentration- or production-based, daily

M maximums and monthly averages.

Grain Mills 406 A PSNS Discharge of process wastewater is prohibited at a flow rate or
mass loading rate which is excessive over any time period during
the peak load at a POTW.

Ink Formulating 447 A PSNS Regulations specify no discharge of process wastewater pollutants
to the POTW.

Inorganic Chemicals 415 A- PSES Limits vary for each subpart with a majority of the limits

Manufacturing BO PSNS concentration-based, daily maximums and 30-day averages, or
may specify no discharge of wastewater pollutants. Numerous
subparts have no pretreatment standards.

Iron and Steel 420 A-F, PSES Limits are production-based, daily maximums and 30 day

Manufacturing H-J, L PSNS averages.

Leather Tanning and 425 A-l PSES Limits are concentration-based, daily maximums and monthly

Finishing PSNS averages. In certain instances, production volume dictates
applicable pretreatment standards.

Metal Finishing 433 A PSES Limits are concentration-based, daily maximums and monthly

PSNS averages. Certification is allowed for certain pollutants where a
management plan is approved and implemented.

Metal Molding and 464 A-D PSES Limits are primarily production-based, daily maximums and

Casting PSNS monthly averages. Discharges from certain processes are
prohibited (Subparts A-C).

Nonferrous Metals 471 A-J PSES Limits are production-based, daily maximums and monthly

Forming and Metal PSNS averages. In some instances, the regulations prohibit the discharge

Powders of wastewater pollutants.

Nonferrous Metals 421 B- PSES Limits are production-based, daily maximums and monthly

Manufacturing AE PSNS averages. The majority of the Subparts have both existing and new

source limits, with others having solely new source requirements.
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Summary of Categorical Pretreatment Standards Figure 13

Organic Chemicals, 414 B-H, | PSES Limits are mass-based (concentration-based standards multiplied
Plastics, and Synthetic K PSNS by process flow), daily maximums and monthly averages.
Fibers Standards for metals and cyanide apply only to metal- or cyanide-
bearing wastestreams.
Paint Formulating 446 A PSNS Regulations specify no discharge of process wastewater pollutants
to the POTW.
Paving and Roofing 443 A-D PSNS Limits are for Oil & Grease only (no limit duration specified).
Materials (Tars and
Asphalt)
Pesticide Chemicals 455 A, C, | PSES Limits are mass-based (concentration-based standards multiplied
E PSNS by process flow), daily maximums and monthly averages. Subpart
C specifies no discharge of process wastewater pollutants but
provides for pollution prevention alternatives. Subpart E specifies
no discharge of process wastewater pollutants.
Petroleum Refining 419 A-E PSES Limits are concentration-based (or mass based equivalent), daily
PSNS maximums.
Pharmaceutical 439 A-D PSES Limits are concentration-based, daily maximums and monthly
Manufacturing PSNS averages. These facilities may certify they do not use or generate
cyanide in lieu of performing monitoring to demonstrate
compliance.
Porcelain Enameling 466 A-D PSES Limits are concentration-based (or alternative production-based),
PSNS daily maximums and monthly averages. Subpart B prohibits
discharges certain operations.
Pulp, Paper, and 430 A-G, | PSES Limits are production-based daily maximums and monthly
Paperboard I-L PSNS averages. These facilities may certify they do not use certain
compounds in lieu of performing monitoring to demonstrate
compliance. Facilities subject to Subparts B and E must also
implement Best Management Practices as identified.
Rubber Manufacturing 428 E-K PSNS Limits are concentration- or production-based, daily maximums
and monthly averages.
Soap and Detergent 417 O-R PSNS Regulations specify no discharge of process wastewater pollutants
Manufacturing to the POTW.
Steam Electric Power 423 N/A PSES Limits are either concentration-based, daily maximums, or
Generating PSNS “maximums for any time”, or compliance can be demonstrated
through engineering calculations.
Timber Products 429 F-H PSES All PSNS (and PSES for Subpart F) prohibit the discharge of
Processing PSNS wastewater pollutants. PSES for Subparts G and H are

concentration-based, daily maximums (with production-based
alternatives).
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CWF vs. FWA

Categorical standards apply to regulated wastewaters, i.e. wastewater from an industrial
process that is regulated for a particular pollutant by a categorical pretreatment standard.
Therefore, demonstrating compliance with categorical pretreatment standards is intended to
be based on measurements of wastestreams containing only the regulated process
wastewater. However, recognizing isolation of regulated wastestreams from nonregulated
wastestreams was not always practicable or desirable, the EPA developed the combined
wastestream formula (CWF) and flow weighted average (FWA) approach for determining
compliance with combined wastestreams.

Pursuant to 40 CFR §403.6(e), the CWF is applicable where a regulated wastestream
combines with one or more unregulated or dilute wastestreams prior to treatment. Where
nonregulated wastestreams combine with process streams after pretreatment, the more
stringent approach (whether CWF or FWA) is used to adjust the limits. The CWF and FWA
approaches differ primarily in their allowances for nonregulated wastestreams. While the
CWEF provides a “full credit” (i.e., same pollutant levels as regulated wastestreams) for
unregulated wastestreams yet no credit for dilute wastestreams, the FWA requires sampling
and analysis of the untreated, nonregulated wastestreams to determine the credit to be
granted (not to exceed that allowed for the regulated wastestreams).

Application of the CWF and FWA requires proper identification, classification, and
quantification of the three wastestream types (Figure 16.) Note: in circumstances where
boiler blowdown, noncontact cooling water, stormwater, or demineralized wastestreams
contain a significant amount of a regulated pollutant, and the treatment of the wastewater
with the regulated wastestream results in substantial reduction of the regulated pollutant, the
Control Authority can classify the wastestream as unregulated rather than as a dilute
wastestream.

Measuring device known as a “Parshall Flume”.
Several POTW’s are requiring the SIU to cover the flume inside the vault to
lower the hazard of a permit required confined space.
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Ultra-sonic measuring device at the entrance of the flume. Data is stored directly to
the computer or data recording device.

Parshall Flumes

Parshall Flume provides both accuracy and rangeability. Dimensions and capacities are in
accordance with those published in the U.S. Department of the Interior's Water
Measurement Manual.

Parshall Flumes are a primary flow element for flow measurement in open channels. The
big advantages of Parshall Flumes are their self-cleaning capabilities, low head loss, single-
head measurement, and wide operating range.

While commonly used in rectangular channels, they can also be adapted for use in circular
channels. Flumes feature stiffening ribs, braces and anchor clips. Options include stilling
well, staff gauge, flow sensors, adaptors, etc.

Clarification

Clarification on category-specific wastestream classifications may be provided by consulting
the applicable regulation(s) and associated development documents, since wastestream
types are addressed in the effluent guideline and categorical standard development
process. When in doubt, the Control Authority can always require the CIU to monitor the
wastestream(s) in question to quantify the presence (or lack thereof) of categorically
regulated pollutants.

Reasonably accurate flow data must also be obtained for each wastestream type flowing

through the monitoring point to ensure categorical pretreatment standards are adjusted
accordingly.
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Proper application of the CWF or FWA will result in:

» alternative limits being established for each regulated pollutant in each regulated
process;

» both daily maximum and long-term average (i.e., 4-day, 30-day, or monthly)
alternative limits being calculated for each regulated pollutant;

Figure 16. Wastestream Types

Regulated

Wastewater from an industrial process that is regulated for a particular pollutant by a
categorical pretreatment standard.

Nonregulated, Unregulated

Wastestreams from an industrial process that are not regulated for a particular pollutant by a
categorical pretreatment standard and are not defined as a dilute wastestream, e.g.:

< a process wastestream for which categorical standards have been promulgated but for
which the deadline for compliance has not yet been reached.

< a process wastestream that currently is not subject to categorical pretreatment standards
< a process wastestream that is not regulated for the pollutant in question but is regulated
for other pollutants.

Dilute

Wastestreams which have no more than trace or non-detectable amounts of the regulated
pollutant. Defined in 40 CFR § 403.6(e)(1) of the General Pretreatment Regulations to
include sanitary wastestreams, demineralized backwash streams, boiler blowdown,
noncontact cooling water, storm water, and process wastestreams from certain standards
based on the findings that these wastewaters contained none of the regulated pollutant or
only trace amounts of it.

The EPA’s Guidance Manual for the Use of Production Based Pretreatment Standards and
the Combined Wastestream Formula should be consulted for more information on the
proper application and adjustment of categorical pretreatment standards.

Although categorical standards are established based on a particular industrial category, the

EPA provides several options for unique circumstances that justify adjustment of categorical
standards for an individual facility:
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CHECKLIST EXAMPLE FOR ASSESSMENT OF
PERMANENTLY INSTALLED FLOWMETERS

COMPANY NAME: TYPE OF PRIMARY DEVICE:
SITE CODE # SIZE:
ADDRESS:

DIMENSIONS OF VAULT: DEPTH OF VAULT:

TAKE PICTURES!
IS FLUME LEVEL?

HEIGHT MEASUREMENT FROM TOP OF FLUME TO BOTTOM OF PERMANENT
TRANSDUCER:

HOW HIGH DOES THE LEVEL GET IN FLUME?
DAILY MAXIMUM FLOW (CONVERTED TO LEVEL):

CAN YOU SETUP OUR TRANSDUCER UNDER OR NEXT TO THEIRS, WITHOUT
DISTURBING THEIRS?

IS THEIR PERMANENT TRANSDUCER SETUP OVER THE PROPER
MEASURING POINT ON THE FLUME?

RECORD ANY PROBLEMS WITH THE WAY THE PERMANENT TRANSDUCER /
FLOWMENTER IS SETUP:

COMMENTS
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Removal Credits

40 CFR §403.7 details the conditions by which a Control Authority may demonstrate
consistent removal of pollutants regulated by categorical standards at their POTW, and in so
doing, may extend removal credits to industries on a pollutant-specific basis to prevent
redundant treatment. Removal credits are available for a pollutant if the pollutant is
regulated by the sewage sludge use or disposal option employed by the POTW making the
application request, or if the pollutant is listed in 40 CFR Part 403, Appendix G.

Also, the availability of removal credits is not limited to Appendix G pollutants for POTWs
that dispose of sewage sludge in municipal solid waste landfills. Steps for developing such a
request are in the EPA’s Guidance Manual for the Preparation and Review of Removal
Credit Applications.

Fundamentally Different Factors Variance Section 301(n) of the CWA authorizes
adjustments of categorical pretreatment standards for existing sources who demonstrate
they have factors which are fundamentally different from the factors the EPA considered
during standards development (40 CFR §403.13). Variance requests must be based solely
on information and data submitted during the development of the categorical standards and
the adjusted effluent limitations must neither be more nor less stringent than justified by the
fundamental difference nor result in a non-water quality environmental impact markedly
more adverse than the impact considered by the EPA when developing the categorical
standard.

Successful requests must detail factors well outside the range considered by the EPA in
establishing the standard and not merely factors deviating from the average. Further,
differences must not be similar to a significant number of other facilities in the category. A
facility must request a variance in writing no later than 180 days after publication of a
categorical Pretreatment Standard in the Federal Register.

Net/Gross Adjustment Categorical Pretreatment Standards

Net/Gross Adjustment Categorical pretreatment standards can be adjusted to reflect the
presence of pollutants in a ClIU’s intake waters (40 CFR §403.15). To obtain a net/gross
credit, the CIU must submit a formal written request to the Control Authority that
demonstrates:

» Its intake water is drawn from the same body of water that the POTW discharges into
(this can be waived if the Control Authority finds no environmental degradation will
result);

» The pollutants present in the intake water will not be entirely removed by the
treatment system operated by the CIU; and

» The pollutants in the intake water do not vary chemically or biologically from the
pollutants limited by the applicable standard.

Inherent in this provision is the requirement that the CIU employ a treatment technology
capable of meeting the categorical pretreatment standard(s). Net/gross adjustments should
not be granted to ClUs that have no treatment. Further, credits are only granted to the
extent necessary to meet the applicable standard(s), up to a maximum value equal to the
influent value.
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Innovative Technology--in accordance with 307(e) of the CWA, existing ClUs choosing to
install an innovative treatment system may receive approval from the Control Authority for
up to a two year extension to their applicable categorical pretreatment standards compliance
deadline, provided:
¢ The innovative treatment has a reasonable potential to result in significantly greater
pollutant removal or equivalent removal at a substantially lower cost than the
technologies considered by the EPA when developing the categorical standard;
¢ The innovative technique has the potential for industry-wide application; and
The proposed compliance extension will not cause or contribute to the violation of
the POTW's NPDES permit.

While policy has been established for universal categorical variance requests, occasionally,
a Control Authority may merely need assistance to classify a CIU and/or to determine
applicable categorical limitations. Provisions in the General Pretreatment Regulations allow
POTWs and IUs to request an EPA category determination for a specific IU within 60 days
after the effective date of the standard in question [40 CFR §403.6(a)].

Even after the formal timeframe for requesting a categorical determination, the EPA (and
states) will assist POTWSs and IUs with categorization issues. Such requests, however, do
not affect applicable reporting requirements, including timely requests submitted under 40
CFR §403.6(a). Additionally, the EPA has addressed universal CIU questions posed by
Control Authorities in various memoranda and guidance:

Research and Development (R&D) Facilities

Unless specifically addressed in the categorical regulation or associated development
document, R&D facilities where there is no commercial sale of products from the facility, are
not subject to categorical standards.

Should an R&D facility need pollution controls to comply with prohibited discharge standards
and/or local limits, the development documents may serve as guidance on the performance
of pollution control technologies.

Certification Statements

In lieu of requiring self-monitoring, some standards allow ClUs to certify that they do not use,
generate or discharge a regulated pollutant [e.g. Pulp, Paper and Paperboard facilities can
certify that chlorophenolic compounds are not used (40 CFR Part 430) and Pharmaceutical
Manufacturing facilities can certify that cyanide is not used or generated (40 CFR Part 439)].
Facilities providing such certifications are still considered ClUs, and therefore are subject to
other pretreatment standards and requirements.

Lack of specific categorical effluent limitations IUs subject to PSES or PSNS that merely
require compliance with 40 CFR Part 403 are not considered ClUs. However, these users
may still be classified as SIUs and are still subject to the general and specific prohibitions
and any local limits.
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Total Toxic Organics (TTO)

Seven categorical regulations currently limit the discharge of TTO:

40 CFR Part 413 - Electroplating

40 CFR Part 433 - Metal Finishing

40 CFR Part 464 - Metal Molding and Casting

40 CFR Part 465 - Coil Coating

40 CFR Part 467 - Aluminum Forming

40 CFR Part 468 - Copper Forming

40 CFR Part 469 - Electrical and Electronic Components (Phase | and Il)

For each of these standards, TTO refers to the sum of the masses or concentrations of
certain toxic organic pollutants found in the regulated discharge at a concentration greater
than 0.01 milligrams per liter (mg/l).

However, the toxic organic pollutants regulated by the TTO limit are specific to each
industrial category. Further, industrial categories may provide some flexibility with regard to
monitoring and/or reporting requirements as follows:

40 CFR Parts 413 and 433 allow development and implementation of a Toxic Organic
Management Plan (TOMP) in lieu of routine monitoring while 40 CFR Part 469 allows
development and implementation of a Solvent Management Plan. Upon approval of these
plans by the Control Authority, the CIU can demonstrate compliance with TTO requirements
by certifying that the facility is adhering to this Plan to prevent organics from being
discharged to the POTW. A specific certification statement must be signed

and provided to the Control Authority on a regular basis.

&-tx)

40 CFR Parts 464, 465, 467, and
468 allow an option to demonstrate
compliance with an Oil and Grease
limit in lieu of demonstrating
compliance with a TTO limit. The
option chosen by the CIU must be
utilized for all reports required (i.e.,
BMR, 90-daycompliance report, and
periodic compliance reports).

The EPA’s Guidance Manual for
Implementing Total Toxic Organics
(TTO) Pretreatment Standards
should be consulted for more information on TTO.
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MAHL MAIL

Maximum Allowable Headworks Loading Method (MAHL)

Pollutant by pollutant, treatment plant data are used to calculate removal efficiencies, before
applying the most stringent criteria (i.e., water quality, sludge quality, NPDES permit, or
pollutant inhibition levels) to back-calculate the MAHLs. Subtracting out contributions from
domestic sources, the available industrial loading is then either evenly distributed among the
IUs, or allocated on an as needed basis to those |Us discharging the pollutant above

background levels.

Maximum Allowable Industrial Load (MAIL)
The MAIL is the total daily mass that a POTW can accept from all permitted IUs and ensure

the POTW is protecting against pass through and interference.

Headworks’ “Rotating Barscreens”

B 1111 1]]
A '.,_ g |

Headworks flooding or overflowing because of high grease loading.
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LOCAL LIMITS OBSERVATION SHEET Example

SITE DESCRIPTION:
SITE CODE #:

DATE:

TIME

pH

TEMP. RES.CL, INITIALS

0900

1200

1430

1700

2000

2230

0100

0430

DAILY TOTAL FLOW:

PICKLE JAR IW#

FIELD COMP IW#

VOC's IW#
TPH IW#
SAMPLES COLLECTED

PARAMETER YES | NO PARAMETER YES | NO
601/602 (HOW MANY) BOD, COD, TSS
8240 (HOW MANY) NO,/NO;
SULFIDES METALS
TKN 608
AMMONIA (NH,) 1657
CN 625
TPH  (HOW MANY) 8270
8140 8080

IF NO SAMPLE COLLECTED, RECORD ON BACK AS TO WHY.




More on Local Limits

Prohibited discharge standards are designed to protect against pass-through and interference
generally. Categorical pretreatment standards, on the other hand, are designed to ensure that IUs
implement technology-based controls to limit the discharge of pollutants. Local limits, however,
address the specific needs and concerns of a POTW and its receiving waters.

Federal regulations at 40 CFR §8§403.8(f)(4) and 122.21(j)(4) require Control Authorities to
evaluate the need for local limits and, if necessary, implement and enforce specific limits as part
of pretreatment program activities. Local limits are developed for pollutants (e.g. metals, cyanide,
BOD5 TSS, oil and grease, organics) that may cause interference, pass through, sludge
contamination, and/or worker health and safety problems if discharged in excess of the receiving
POTW treatment plant’s capabilities and/or receiving water quality standards.

Typically, local limits are developed to regulate the discharge from all 1Us, not just to ClUs, and
are usually imposed at the “end-of-pipe” discharge from an IU (i.e., at the point of connection to
the POTW's collection system). In evaluating the need for local limit development, it is
recommended that Control Authorities:

» Conduct an industrial waste survey to identify all I[Us that might be subject to the
pretreatment program;

» Determine the character and volume of pollutants contributed to the POTW by these
industries;

» Determine which pollutants have a reasonable potential for pass through, interference, or
sludge contamination;

» Conduct a technical evaluation to determine the maximum allowable POTW treatment
plant headworks (influent) loading for at least arsenic, cadmium, chromium, copper,
cyanide, lead, mercury, nickel, silver, and zinc (Figure19);

» ldentify additional pollutants of concern;

> Determine contributions from unpermitted sources to determine the maximum allowable
treatment plant headworks loading from “controllable” industrial sources (Figure 20);

» Implement a system to ensure these loadings will not be exceeded.

Other local limit approaches available to Control Authorities include:

Collection System Approach Pollutants found to be present which may cause fire and explosion
hazards or other worker health and safety concerns, are evaluated for their propensity to volatilize
and are modeled to evaluate their expected concentration in air. Comparisons are made with
worker health exposure criteria and lower explosive limits. Where values are of concern, the
Control Authority may set limits or require development of management practices to control
undesirable discharges. The collection system approach may also consider the prohibition of
pollutants with specific flashpoints to prevent discharges of ignitable wastes. The EPA’s Guidance
to Protect POTW Workers from Toxic and Reactive Gases and Vapors details strategies for
developing such local limits.

Industrial User Management Practice Plans

These plans typically consist of narrative local limits requiring IUs to develop management
practices (e.g., chemical management practices, best management practices, and spill prevention
plans) for the handling of chemicals and wastes.

The need for and suggested contents of such plans may be found in the EPA’s Control of Slug

Loadings to POTWs: Guidance Manual, and Spill Prevention, Control, and Countermeasure
(SPCC) Information Guide.
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Case-by-Case Discharge Limits

These numeric local limits are based on best professional judgment (BPJ) and available pollution
prevention and treatment technologies which are known to be economically feasible. This
approach is most often used when insufficient data are available to employ the methods outlined
above.

Local Specific Prohibitions
POTW specific prohibitions may be imposed in addition to the prohibitions detailed in 40 CFR §
403.5 (a) & (b) to address hydraulic, pollutant specific, and/or aesthetic concerns; e.qg.:

Noxious or malodorous liquids, gases, or solids creating a public nuisance.
Wastestreams which impart color and pass through the POTW treatment plant.
Storm water, roof runoff, swimming pool drainage.

Wastewaters containing radioactive wastes or isotopes.

Removed substances from pretreatment of wastewater.

VVVYYVY

Regardless of the approaches taken by a Control Authority, local limits should correct existing
problems, prevent potential problems, protect the receiving waters, improve sludge use options,
and protect POTW personnel. Additional existing EPA guidance on the subject includes:

> Guidance for Preventing Interference at POTWs

> Guidance Manual |
on the
Development and
Implementation
of Local
Discharge
Limitations Under
the Pretreatment
Program

> Supplemental -_l__
Manual on the A =1
Development and -
Implementation S
of Local !
Discharge o=

B

P

Limitations Under |
the Pretreatment
Program:
Residential and
Commercial Toxic Pollutant Loadings and POTW Removal Efficiency Estimation
» Toxicity Identification Evaluation: Characterization of Chronically Toxic Effluents.

Additionally, many EPA Regions and States have developed local limits guidance to address
regional and state issues.
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Summary of Standards

A summary of all of the pretreatment standards, including general and specific prohibitions, categorical
pretreatment standards, and local limits.

General and Specific | Categorical Local Limits
Prohibitions Pretreatment
Standards
Development Established at the Established at the Developed by Control
Federal level Federal level Authorities
Reference 40 CFR 403.5(a) & (b) | 40 CFR Parts 405-471 | Requirements for
development found in
40 CFR §§403.5(c) &
403.8(f)(4)
Applicability All lUs ClUs Commonly all IUs or all
SlUs, but
depends on allocation
method used
when developing limits.
Purpose Provide for general Minimum standards Provide site specific

protection of the
POTW. May be
superseded by
more stringent
categorical
pretreatment
standards or local
limits.

based on available
treatment technology
and pollution
prevention

measures for
controlling non-
conventional and
toxic pollutants that
may cause pass
through,
interference, etc. at the
POTW. May be
superseded by more
stringent local limits.

protection for a
POTW and its
receiving waters. May
be superseded by
more stringent
categorical standards.

All standards are considered pretreatment standards for the purpose of section 307(d) of the Clean
Water Act. A POTW is responsible for identifying standard(s) applicable to each industrial user and
applying the most stringent requirements where multiple provisions exist. Compliance with imposed
standards can be achieved through implementation of best management practices, development of a
pollution prevention program, and/or installation of pretreatment.
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I0C Section

Periodic Table of the Elements
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Common water sample bottles for distribution systems.

Radiochems, VOCs, (Volatile Organic Compounds), TTHMs, Total Trihalomethanes), Nitrate,
Nitrite.

Most of these sample bottles will come with the preservative already inside the bottle.
Some bottles will come with a separate preservative (acid) for the field preservation.

Slowly add the acid or other preservative to the water sample; not water to the acid or
preservative.
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Inorganic Chemicals

Contaminant

Antimony

Arsenic

Asbestos
(fiber >10
micrometers)

Barium

Beryllium

Cadmium

Chromium
(total)

Copper

Cyanide (as

MCLG!
(mg/L)?

0.006

7 million
fibers
per liter

0.004

0.005

0.1

1.3

MCL or TT?
(mg/Ly?

0.006

0.010 as of
01/23/06

7 MFL

0.004

0.005

0.1

TTZ; Action
Level=1.3

0.2
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Potential Health Effects from Long-
Term Exposure Above the MCL
(unless specified as short-term)

Increase in blood cholesterol;
decrease in blood sugar

Skin damage or problems with
circulatory systems, and may have
increased risk of getting cancer

Increased risk of developing benign
intestinal polyps

Increase in blood pressure

Intestinal lesions

Kidney damage

Allergic dermatitis

Short term exposure:
Gastrointestinal distress

Long term exposure: Liver or kidney
damage

People with Wilson's Disease should
consult their personal doctor if the
amount of copper in their water
exceeds the action level

Nerve damage or thyroid problems

Sources of Contaminant
in Drinking Water

Discharge from
petroleum refineries; fire
retardants; ceramics;
electronics; solder

Erosion of natural
deposits; runoff from
orchards, runoff from
glass & electronics
production wastes

Decay of asbestos
cement in water mains;
erosion of natural
deposits

Discharge of drilling
wastes; discharge from
metal refineries; erosion
of natural deposits

Discharge from metal
refineries and coal-
burning factories;
discharge from electrical,
aerospace, and defense
industries

Corrosion of galvanized
pipes; erosion of natural
deposits; discharge from
metal refineries; runoff
from waste batteries and
paints

Discharge from steel and
pulp mills; erosion of
natural deposits

Corrosion of household
plumbing systems;
erosion of natural
deposits

Discharge from
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Inorganic Chemicals

Contaminant

free cyanide)

Fluoride

Lead

Mercury
(inorganic)

Nitrate
(measured as
Nitrogen)

Nitrite
(measured as
Nitrogen)

Selenium

Thallium

MCLG!
(mg/L)?

4.0

zZero

0.002

0.05

0.0005

MCL or TT?
(mg/Ly?

4.0

TTZ; Action
Level=0.015

0.002

10

0.05

0.002
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Potential Health Effects from Long-
Term Exposure Above the MCL
(unless specified as short-term)

Bone disease (pain and tenderness
of the bones); Children may get
mottled teeth

Infants and children: Delays in
physical or mental development;
children could show slight deficits in
attention span and learning abilities

Adults: Kidney problems; high blood
pressure

Kidney damage

Infants below the age of six months
who drink water containing nitrate in
excess of the MCL could become
seriously ill and, if untreated, may
die. Symptoms include shortness of
breath and blue-baby syndrome.

Infants below the age of six months
who drink water containing nitrite in
excess of the MCL could become
seriously ill and, if untreated, may
die. Symptoms include shortness of
breath and blue-baby syndrome.

Hair or fingernail loss; numbness in
fingers or toes; circulatory problems

Hair loss; changes in blood; kidney,
intestine, or liver problems

Sources of Contaminant
in Drinking Water

steel/metal factories;
discharge from plastic
and fertilizer factories

Water additive which
promotes strong teeth;
erosion of natural
deposits; discharge from
fertilizer and aluminum
factories

Corrosion of household
plumbing systems;
erosion of natural
deposits

Erosion of natural
deposits; discharge from
refineries and factories;
runoff from landfills and
croplands

Runoff from fertilizer use;
leaking from septic tanks,
sewage; erosion of
natural deposits

Runoff from fertilizer use;
leaking from septic tanks,
sewage; erosion of
natural deposits

Discharge from
petroleum refineries;
erosion of natural
deposits; discharge from
mines

Leaching from ore-
processing sites;
discharge from
electronics, glass, and
drug factories
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Antimony - Inorganic Contaminant 0.006 mg/L Water MCL
Metalloid

Antimony is a toxic chemical element with symbol Sb and atomic number 51. A lustrous gray
metalloid, it is found in nature mainly as the sulfide mineral stibnite (Sb,S3). Antimony compounds
have been known since ancient times and were used for cosmetics; metallic antimony was also
known, but it was erroneously identified as lead. It was established to be an element around the
17th century.

For some time, China has been the largest producer of
antimony and its compounds, with most production
coming from the Xikuangshan Mine in Hunan. The
industrial methods to produce antimony are roasting |
and subsequent carbothermal reduction or direct
reduction of stibnite with iron.

What are EPA's drinking water regulations for
antimony?

In 1974, Congress passed the Safe Drinking Water Act.
This law requires EPA to determine the level of
contaminants in drinking water at which no adverse
health effects are likely to occur. These non-enforceable
health goals, based solely on possible health risks and
exposure over a lifetime with an adequate margin of
safety, are called maximum contaminant level goals (MCLG). Contaminants are any physical,
chemical, biological or radiological substances or matter in water.

The MCLG for antimony is 0.006 mg/L or 6 ppb. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for antimony, called a maximum contaminant level (MCL), at 0.006 mg/L or 6 ppb.
MCLs are set as close to the health goals as possible, considering cost, benefits and the ability of
public water systems to detect and remove contaminants using suitable treatment technologies.
In this case, the MCL equals the MCLG, because analytical methods or treatment technology do
not pose any limitation.

The Phase V Rule, the regulation for antimony, became effective in 1994. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed antimony as part of the
Six Year Review and determined that the 0.006 mg/L or 6 ppb MCLG and 0.006 mg/L or 6 ppb
MCL for antimony are still protective of human health.

Applications

The largest applications for metallic antimony are as alloying material for lead and tin and for lead
antimony plates in lead-acid batteries. Alloying lead and tin with antimony improves the properties
of the alloys which are used in solders, bullets and plain bearings. Antimony compounds are
prominent additives for chlorine- and bromine-containing fire retardants found in many
commercial and domestic products. An emerging application is the use of antimony in
microelectronics.
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Antimony is in the nitrogen group (group 15) and has an electronegativity of 2.05. As expected by
periodic trends, it is more electronegative than tin or bismuth, and less electronegative than
tellurium or arsenic. Antimony is stable in air at room temperature, but reacts with oxygen if
heated to form antimony trioxide, Sb,O;. Antimony is a silvery, lustrous gray metal that has a
Mohs scale hardness of 3. Therefore, pure antimony is not used to make hard objects: coins
made of antimony were issued in China's Guizhou province in 1931, but because of their rapid
wear, their minting was discontinued. Antimony is resistant to attack by acids.

Four allotropes of antimony are known, a stable metallic form and three metastable forms,
explosive, black and yellow. Metallic antimony is a brittle, silver-white shiny metal. When molten
antimony is slowly cooled, metallic antimony crystallizes in a trigonal cell, isomorphic with that of
the gray allotrope of arsenic. A rare explosive form of antimony can be formed from the
electrolysis of antimony (lll) trichloride. When scratched with a sharp implement, an exothermic
reaction occurs and white fumes are given off as metallic antimony is formed; when rubbed with a
pestle in a mortar, a strong detonation occurs.

Black antimony is formed upon rapid cooling of vapor derived from metallic antimony. It has the
same crystal structure as red phosphorus and black arsenic; it oxidizes in air and may ignite
spontaneously. At 100 °C, it gradually transforms into the stable form. The yellow allotrope of
antimony is the most unstable. It has only been generated by oxidation of stibine (SbH3) at —90
°C. Above this temperature and in ambient light, this metastable allotrope transforms into the
more stable black allotrope.

Metallic antimony adopts a layered structure (space group R3m No. 166) in which layers consist
of fused ruffled six-membered rings. The nearest and next-nearest neighbors form a distorted
octahedral complex, with the three atoms in the same double-layer being slightly closer than the
three atoms in the next. This relatively close packing leads to a high density of 6.697 g/cm?®, but
the weak bonding between the layers leads to the low hardness and brittleness of antimony.

Isotopes

Antimony exists as two stable isotopes, '¥'Sb with a natural abundance of 57.36% and '®Sb with
a natural abundance of 42.64%. It also has 35 radioisotopes, of which the longest-lived is '*°Sb
with a half-life of 2.75 years. In addition, 29 metastable states have been characterized. The most
stable of these is '**Sb with a half-life of 60.20 days, which has an application in some neutron
sources. Isotopes that are lighter than the stable '*Sb tend to decay by B* decay, and those that
are heavier tend to decay by B~ decay, with some exceptions.

Occurrence

The abundance of antimony in the Earth's crust is estimated at 0.2 to 0.5 parts per million,
comparable to thallium at 0.5 parts per million and silver at 0.07 ppm. Even though this element is
not abundant, it is found in over 100 mineral species. Antimony is sometimes found natively, but
more frequently it is found in the sulfide stibnite (Sb,S3) which is the predominant ore mineral.

Antimony compounds are often classified into those of Sb(lll) and Sb(V). Relative to its congener
arsenic, the +5 oxidation state is more stable.
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Oxides and hydroxides

Antimony trioxide (Sb4Og) is formed when antimony is burnt in air. In the gas phase, this
compound exists as Sb,Og, but it polymerizes upon condensing. Antimony pentoxide (Sb4O10)
can only be formed by oxidation by concentrated nitric acid. Antimony also forms a mixed-valence
oxide, antimony tetroxide (Sb,0,), which features both Sb(lll) and Sb(V). Unlike phosphorus and
arsenic, these various oxides are amphoteric, do not form well-defined oxoacids and react with
acids to form antimony salts.

Antimonous acid Sb(OH); is unknown, but the conjugate base sodium antimonite ([Na3SbOs],)
forms upon fusing sodium oxide and SbyOg. Transition metal antimonites are also known.
Antimonic acid exists only as the hydrate HSb(OH)e, forming salts containing the antimonate
anion Sb(OH)-6. Dehydrating metal salts containing this anion yields mixed oxides. Many
antimony ores are sulfides, including stibnite (Sb,S;3), pyrargyrite (AgsSbS;), zinkenite,
jamesonite, and boulangerite. Antimony pentasulfide is non-stoichiometric and features antimony
in the +3 oxidation state and S-S bonds. Several thioantimonides are known, such as [SbeS1]*
and [SbgS+s]?.

Halides

Antimony forms two series of halides, SbX; and SbXs. The trihalides SbF;, SbCl;, SbBr;, and Sbl;
are all molecular compounds having trigonal pyramidal molecular geometry. The trifluoride SbF;
is prepared by the reaction of Sb,0O; with HF:

Sb,03 + 6 HF — 2 SbF; + 3 H,0

It is Lewis acidic and readily accepts fluoride ions to form the complex anions SbF-
4 and SbF2-5. Molten SbF; is a weak electrical conductor. The trichloride SbCl; is prepared by
dissolving Sb,S; in hydrochloric acid:

szSg + 6 HCl — 2 SbC|3 + 3 HZS

The pentahalides SbFs and SbCls have trigonal bipyramidal molecular geometry in the gas
phase, but in the liquid phase, SbFs is polymeric, whereas SbCls is monomeric. SbFs is a
powerful Lewis acid used to make the super acid fluoroantimonic acid ("HSbFg").

Oxyhalides are more common for antimony than arsenic and phosphorus. Antimony trioxide
dissolves in concentrated acid to form oxoantimonyl compounds such as SbOCI and (SbO),SO,.

Antimonides, hydrides, and organoantimony compounds

Compounds in this class generally are described as derivatives of Sb*. Antimony forms
antimonides with metals, such as indium antimonide (InSb) and silver antimonide (AgsSb). The
alkali metal and zinc antimonides, such as NazSb and Zn3;Sb,, are more reactive. Treating these
antimonides with acid produces the unstable gas stibine, SbHj:

Sb> + 3 H" — SbH;
Stibine can also be produced by treating Sb*" salts with hydride reagents such as sodium
borohydride. Stibine decomposes spontaneously at room temperature. Because stibine has a

positive heat of formation, it is thermodynamically unstable and thus antimony does not react with
hydrogen directly.
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Organoantimony compounds are typically prepared by alkylation of antimony halides with
Grignard reagents. A large variety of compounds are known with both Sb(lll) and Sb(V) centers,
including mixed chloro-organic derivatives, anions, and cations. Examples include Sb(CgsHs)s
(triphenylstibine), Sb,(CeHs)s (with an Sb-Sb bond), and cyclic [Sb(CsHs)].. Pentacoordinated
organoantimony compounds are common, examples being Sb(CsHs)s and several related halides.

History
Antimony(lll) sulfide, Sb,S3;, was recognized in predynastic Egypt as an eye cosmetic (kohl) as
early as about 3100 BC, when the cosmetic palette was invented.

An artifact, said to be part of a vase, made of antimony dating to about 3000 BC was found at
Telloh, Chaldea (part of present-day Iraq), and a copper object plated with antimony dating
between 2500 BC and 2200 BC has been found in Egypt. Austen, at a lecture by Herbert
Gladstone in 1892 commented that "we only know of antimony at the present day as a highly
brittle and crystalline metal, which could hardly be fashioned into a useful vase, and therefore this
remarkable 'find' (artifact mentioned above) must represent the lost art of rendering antimony
malleable."

Moorey was unconvinced the artifact was indeed a vase, mentioning that Selimkhanov, after his
analysis of the Tello object (published in 1975), "attempted to relate the metal to Transcaucasian
natural antimony" (i.e. native metal) and that "the antimony objects from Transcaucasia are all
small personal ornaments." This weakens the evidence for a lost art "of rendering antimony
malleable."

The first European description of a procedure for isolating antimony is in the book De /a
pirotechnia of 1540 by Vannoccio Biringuccio; this predates the more famous 1556 book by
Agricola, De re metallica. In this context Agricola has been often incorrectly credited with the
discovery of metallic antimony. The book Currus Triumphalis Antimonii (The Triumphal Chariot of
Antimony), describing the preparation of metallic antimony, was published in Germany in 1604. It
was purported to have been written by a Benedictine monk, writing under the name Basilius
Valentinus, in the 15th century; if it were authentic, which it is not, it would predate Biringuccio.

The first natural occurrence of pure antimony in the Earth's crust was described by the Swedish

scientist and local mine district engineer Anton von Swab in 1783; the type-sample was collected
from the Sala Silver Mine in the Bergslagen mining district of Sala, Vastmanland, Sweden.

Pretreatment 101 ©TLC11/13/2012 88 (866) 557-1746 Fax (928) 468-0675



Arsenic- Inorganic Contaminant 0.010 mg/L Water MCL
Metalloid

Arsenic is a chemical element with symbol As and the atomic number is 33. Arsenic occurs in
many minerals, usually in conjunction with sulfur and metals, and also as a pure elemental
crystal. It was first documented by Albertus Magnus in 1250. Arsenic is a metalloid. It can exist in
various allotropes, although only
the gray form has important use in
industry.

In 1974, Congress passed the
Safe Drinking Water Act. This law
requires EPA to determine the
level of contaminants in drinking
water at which no adverse health
effects are likely to occur. These
non-enforceable health goals,
based solely on possible health
risks and exposure over a lifetime
with an adequate margin of
safety, are called maximum
contaminant level goals (MCLG).
Contaminants are any physical,
chemical, biological or radiological substances or matter in water.

The MCLG for arsenic is zero. EPA has set this level of protection based on the best available
science to prevent potential health problems. Based on the MCLG, EPA has set an enforceable
regulation for arsenic, called a maximum contaminant level (MCL), at 0.010 mg/L or 10 ppb.
MCLs are set as close to the health goals as possible, considering cost, benefits and the ability of
public water systems to detect and remove contaminants using suitable treatment technologies.

The Arsenic and Clarifications to Compliance and New Source Contaminants Monitoring Final
Rule, the regulation for arsenic, became effective in 2002. The Safe Drinking Water Act requires
EPA to periodically review and revise contaminants, if appropriate, based on new scientific data.
The regulation for arsenic will be included in a future review cycle.

The main uses of metallic arsenic is for strengthening alloys of copper and especially lead (for
example, in car batteries). Arsenic is a common n-type dopant in semiconductor electronic
devices, and the optoelectronic compound gallium arsenide is the most common semiconductor
in use after doped silicon. Arsenic and its compounds, especially the trioxide, are used in the
production of pesticides (treated wood products), herbicides, and insecticides. These applications
are declining, however.

Arsenic is notoriously poisonous to multicellular life, although a few species of bacteria are able to

use arsenic compounds as respiratory metabolites. Arsenic contamination of groundwater is a
problem that affects millions of people across the world.
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Arsenic, a naturally occurring element, is found throughout the environment; for most people,
food is the major source of exposure. Acute (short-term) high-level inhalation exposure to arsenic
dust or fumes has resulted in gastrointestinal effects (nausea, diarrhea, abdominal pain); central
and peripheral nervous system disorders have occurred in workers acutely exposed to inorganic
arsenic. Chronic (long-term) inhalation exposure to inorganic arsenic in humans is associated
with irritation of the skin and mucous membranes. Chronic oral exposure has resulted in
gastrointestinal effects, anemia, peripheral neuropathy, skin lesions, hyperpigmentation, and liver
or kidney damage in humans. Inorganic arsenic exposure in humans, by the inhalation route, has
been shown to be strongly associated with lung cancer, while ingestion of inorganic arsenic in
humans has been linked to a form of skin cancer and also to bladder, liver, and lung cancer. EPA
has classified inorganic arsenic as a Group A, human carcinogen.

Contamination of Groundwater

Arsenic contamination of groundwater is often due to naturally occurring high concentrations of
arsenic in deeper levels of groundwater. It is a high-profile problem due to the use of deep
tubewells for water supply in the Ganges Delta, causing serious arsenic poisoning to large
numbers of people. In addition, mining techniques such as hydraulic fracturing mobilize arsenic in
groundwater and aquifers due to enhanced methane 28 transport and resulting changes in redox
conditions, and inject fluid containing additional arsenic.

A 2007 study found that over 137 million people in more than 70 countries are probably affected
by arsenic poisoning of drinking water. Arsenic contamination of ground water is found in many
countries throughout the world, including the USA.

Approximately 20 incidents of groundwater arsenic contamination have been reported from all
over the world. Of these, four major incidents were in Asia, including locations in Thailand,
Taiwan, and Mainland China. In South America, Argentina and Chile are affected. There are also
many locations in the United States where the groundwater contains arsenic concentrations in
excess of the Environmental Protection Agency standard of 10 parts per billion adopted in 2001.
Millions of private wells have unknown arsenic levels, and in some areas of the US, over 20% of
wells may contain levels that are not safe.

Arsine

Arsine is a gas consisting of arsenic and hydrogen. It is extremely toxic to humans, with
headaches, vomiting, and abdominal pains occurring within a few hours of exposure. EPA has
not classified arsine for carcinogenicity.

Drinking water regulations require public water systems to monitor for arsenic at the entry point to
the distribution system. There is no federal requirement for systems to monitor for arsenic within
the distribution system. You may, however, want to test your distribution system water for arsenic
to be sure that the water being delivered has arsenic levels below the MCL. If you decide to
monitor your distribution system, consider testing for arsenic at locations where the settling and
accumulation of iron solids or pipe scales are likely (i.e., areas with cast iron pipe, ductile iron
pipe, or galvanized iron pipe).

If your water system has installed some form of arsenic treatment, keep in mind that the
treatment you installed may change the water quality in other ways. It might cause the water to
react differently in the distribution system. Depending on the kind of treatment you've installed,
consider what distribution system problems might result.
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A change in the taste, odor or appearance of the water at customers’ taps may be the first
indication of a problem. Some water quality parameters to consider monitoring, depending on
your arsenic treatment technology, include iron, pH, manganese, alkalinity, and aluminum.

The current drinking water standard or Maximum Contaminant Level (MCL) set by the U.S.
Environmental Protection Agency (EPA) is 0.010 mg/L or parts per million (ppm). This is
equivalent to 10 ug/L (micrograms per liter) or 10 ppb. In 2001, the U.S. Environmental Protection
Agency (EPA) reduced the regulatory MCL from 50 ppb to 10 ppb on the basis on bladder and
lung cancer risks. The MCL is based on the average individual consuming 2 liters of water a day
for a lifetime. Long term exposure to drinking water containing arsenic at levels higher than 10
ppb increases the chances of getting cancer, while for lower arsenic water levels the chances are
less.

If your water has arsenic levels above 10 ppb, you should obtain drinking water from another
source or install a home treatment device. Concentrations above 10 ppb will increase the risk of
long-term or chronic health problems, the higher the level and length of exposure, the greater the
risk. It is especially important to reduce arsenic water concentrations if you have children or are
pregnant. Children are at greater risk (to any agent in water) because of their greater water
consumption on a per unit body weight basis.

Pregnant women may wish to reduce their arsenic exposures because arsenic has been found at
low levels in mother's milk and will cross the placenta, increasing exposures and risks for the
fetus. If your water has arsenic levels above 200 ppb, you should immediately stop drinking the
water until you can either obtain water from another source or install and maintain treatment.

Physical Characteristics

The three most common arsenic allotropes are metallic gray, yellow and black arsenic, with gray
being the most common. Gray arsenic (a-As, space group R3m No. 166) adopts a double-layered
structure consisting of many interlocked ruffled six-membered rings. Because of weak bonding
between the layers, gray arsenic is brittle and has a relatively low Mohs hardness of 3.5. Nearest
and next-nearest neighbors form a distorted octahedral complex, with the three atoms in the
same double-layer being slightly closer than the three atoms in the next. This relatively close
packing leads to a high density of 5.73 g/cm®. Gray arsenic is a semimetal, but becomes a
semiconductor with a bandgap of 1.2—1.4 eV if amorphized. Yellow arsenic is soft and waxy, and
somewhat similar to tetraphosphorus (P,4). Both have four atoms arranged in a tetrahedral
structure in which each atom is bound to each of the other three atoms by a single bond. This
unstable allotrope, being molecular, is the most volatile, least dense and most toxic. Solid yellow
arsenic is produced by rapid cooling of arsenic vapor, As,. It is rapidly transformed into the gray
arsenic by light. The yellow form has a density of 1.97 g/cm?®. Black arsenic is similar in structure
to red phosphorus.

Isotopes

Naturally occurring arsenic is composed of one stable isotope, "°As. As of 2003, at least 33
radioisotopes have also been synthesized, ranging in atomic mass from 60 to 92. The most
stable of these is "*As with a half-life of 80.3 days. Isotopes that are lighter than the stable "°As
tend to decay by B* decay, and those that are heavier tend to decay by B~ decay, with some
exceptions.

At least 10 nuclear isomers have been described, ranging in atomic mass from 66 to 84. The

most stable of arsenic's isomers is ®™As with a half-life of 111 seconds.
Chemistry
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When heated in air, arsenic oxidizes to arsenic trioxide; the fumes from this reaction have an odor
resembling garlic. This odor can be detected on striking arsenide minerals such as arsenopyrite
with a hammer. Arsenic (and some arsenic compounds) sublimes upon heating at atmospheric
pressure, converting directly to a gaseous form without an intervening liquid state at 887 K (614
°C). The triple point is 3.63 MPa and 1,090 K (820 °C). Arsenic makes arsenic acid with
concentrated nitric acid, arsenious acid with dilute nitric acid, and arsenic trioxide with
concentrated sulfuric acid.

Compounds

Arsenic compounds resemble in some respects those of phosphorus, which occupies the same
group (column) of the periodic table. Arsenic is less commonly observed in the pentavalent state,
however. The most common oxidation states for arsenic are: -3 in the arsenides, such as alloy-
like intermetallic compounds; and +3 in the arsenites, arsenates (lll), and most organoarsenic
compounds. Arsenic also bonds readily to itself as seen in the square As3-
4 ions in the mineral skutterudite. In the +3 oxidation state, arsenic is typically pyramidal, owing to
the influence of the lone pair of electrons.

Inorganic

Arsenic forms colorless, odorless, crystalline oxides As,0O; ("white arsenic") and As,Os, which are
hygroscopic and readily soluble in water to form acidic solutions. Arsenic (V) acid is a weak acid.
Its salts are called arsenates, which is the basis of arsenic contamination of groundwater, a
problem that affects many people. Synthetic arsenates include Paris Green (copper(ll)
acetoarsenite), calcium arsenate, and lead hydrogen arsenate. The latter three have been used
as agricultural insecticides and poisons.

The protonation steps between the arsenate and arsenic acid are similar to those between
phosphate and phosphoric acid. Unlike phosphorus acid, arsenous acid is genuinely tribasic, with
the formula As(OH)s.

A broad variety of sulfur compounds of arsenic are known. Orpiment (As,S3) and realgar (As;S,)
are somewhat abundant and were formerly used as painting pigments. In As;S19, arsenic has a
formal oxidation state of +2 in As;S,, which features As-As bonds so that the total covalency of
As is still three.

The trifluoride, trichloride, tribromide, and triiodide of arsenic (lll) are well known, whereas only
Arsenic pentafluoride (AsFs) is the only important pentahalide. Again reflecting the lower stability
of the 5+ oxidation state, the pentachloride is stable only below —-50 °C.

Organoarsenic Compounds

A large variety of organoarsenic compounds are known. Several were developed as chemical
warfare agents during World War |, including vesicants such as lewisite and vomiting agents such
as adamsite. Cacodylic acid, which is of historic and practical interest, arises from the methylation
of arsenic trioxide, a reaction that has no analogy in phosphorus chemistry.

Alloys

Arsenic is used as the group 5 element in the IlI-V semiconductors gallium arsenide, indium
arsenide, and aluminum arsenide. The valence electron count of GaAs is the same as a pair of Si
atoms, but the band structure is completely different, which results distinct bulk properties. Other
arsenic alloys include the II-IV semiconductor cadmium arsenide.
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Occurrence and Production

Minerals with the formula MAsS and MAs, (M = Fe, Ni, Co) are the dominant commercial sources
of arsenic, together with realgar (an arsenic sulfide mineral) and native arsenic. An illustrative
mineral is arsenopyrite (FeAsS), which is structurally related to iron pyrite. Many minor As-
containing minerals are known. Arsenic also occurs in various organic forms in the environment.
Inorganic arsenic and its compounds, upon entering the food chain, are progressively
metabolized to a less toxic form of arsenic through a process of methylation.

Other naturally occurring pathways of exposure include volcanic ash, weathering of arsenic-
containing minerals and ores, and dissolved in groundwater. It is also found in food, water, soil,
and air. Arsenic is absorbed by all plants, but is more concentrated in leafy vegetables, rice,
apple and grape juice, and seafood. An additional route of exposure is through inhalation.

In 2005, China was the top producer of white arsenic with almost 50% world share, followed by
Chile, Peru, and Morocco, according to the British Geological Survey and the United States
Geological Survey. Most operations in the US and Europe have closed for environmental
reasons. The arsenic is recovered mainly as a side product from the purification of copper.
Arsenic is part of the smelter dust from copper, gold, and lead smelters.

On roasting in air of arsenopyrite, arsenic sublimes as arsenic (lll) oxide leaving iron oxides, while
roasting without air results in the production of metallic arsenic. Further purification from sulfur
and other chalcogens is achieved by sublimation in vacuum or in a hydrogen atmosphere or by
distillation from molten lead-arsenic mixture.

Health Hazard Information

Arsenic

Arsenic is known to cause cancer, as well as many other serious health problems. Here we
review the hazards of arsenic exposure and ways people can protect themselves from these
hazards.

Arsenic is an element in the environment that can be found naturally in rocks and soil, water, air,
and in plants and animals. It can also be released into the environment from some agricultural
and industrial sources.

Arsenic has no taste or smell. Although sometimes found in its pure form as a steel grey metal,
arsenic is usually part of chemical compounds. These compounds are divided into 2 groups:
¢ Inorganic compounds (combined with oxygen, iron, chlorine, and sulfur)

e Organic compounds (combined with carbon and other atoms)
Inorganic arsenic compounds are found in industry, in building products (in some "pressure-
treated" woods), and in arsenic-contaminated water. This is the form of arsenic that tends to be
more toxic and has been linked to cancer.
Organic arsenic compounds are much less toxic than the inorganic arsenic compounds and are
not thought to be linked to cancer. These compounds are found in some foods, such as fish and

shellfish.

While arsenic levels may fluctuate over time, what is most significant from the standpoint of
cancer risk is long-term exposure.
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For water systems in the 25 states that reported arsenic data to the EPA, we have calculated two
estimates of average long-term levels: one is a very conservative estimate, the other our best
estimate, based on what we believe to be the most reasonable analytical techniques (details on
how we arrived at the estimates are included with the charts).

The table below shows the lifetime risks of dying of cancer from arsenic in tap water, based on
the National Academy of Sciences' 1999 risk estimates.

Arsenic Level in Tap Water Approximate Total Cancer Risk
(in parts per billion, or ppb) (assuming 2 liters consumed/day)

0.5 ppb 11in 10,000
1 ppb 1in 5,000
3 ppb 1in 1,667
4 ppb 1in 1,250
5 ppb 1in 1,000
10 ppb 1in 500
20 ppb 1in 250
25 ppb 1in 200
50 ppb 1in 100

Arsenic Diabetes

New research findings from the National Health and Nutrition Examination Survey suggest that
exposure to levels of arsenic commonly found in drinking water may be a risk factor for type 2
diabetes. The findings suggest that millions of Americans may be at increased risk for type 2
diabetes based on the level of arsenic in their drinking water.

Data on the nearly 800 participants in the study for which urinary arsenic concentrations were
available, indicated that urine levels of arsenic were significantly associated with the prevalence
of type 2 diabetes. After splitting the subjects into 5 groups based on the level of arsenic in their
urine, the researchers determined that those in the highest category were more than three and
one-half times more likely to have diabetes. The strength of arsenic as a risk factor for diabetes is
similar to other factors such as obesity.

Inorganic arsenic in drinking water at concentrations higher than 100 parts per million has been
linked to type 2 diabetes in studies that took place in Taiwan, Mexico, and Bangladesh where
drinking water is commonly contaminated with high levels of arsenic. The US drinking water
standard is currently 10 parts per million, but most people on private wells have not had their
water tested and aren’t required to. The researchers estimate that about 13 million Americans live
in areas where public water systems exceed the EPA standard for arsenic and this number does
not included private wells and water systems.

Animal studies have shown that arsenic affects the production of glucose, insulin secretion and
can cause insulin resistance. The current findings reinforce the need to evaluate the role of
arsenic in diabetes development in prospective epidemiologic studies conducted in populations
exposed to a wide range of arsenic levels.
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Acute Effects:
Inorganic Arsenic
. Acute inhalation exposure of workers to high levels of arsenic dusts or fumes has resulted

in gastrointestinal effects (nausea, diarrhea, abdominal pain), while acute exposure of workers to
inorganic arsenic has also resulted in central and peripheral nervous system disorders.

o Acute oral exposure to inorganic arsenic, at doses of approximately 600 micrograms per
kilogram body weight per day (ug/kg/d) or higher in humans, has resulted in death. Oral exposure
to lower levels of inorganic arsenic has resulted in effects on the gastrointestinal tract (nausea,
vomiting), central nervous system (CNS) (headaches, weakness, delirium), cardiovascular
system (hypotension, shock), liver, kidney, and blood (anemia, leukopenia).

. Acute animal tests in rats and mice have shown inorganic arsenic to have moderate to
high acute toxicity.

Arsine
o Acute inhalation exposure to arsine by

humans has resulted in death; it has been
reported that a half-hour exposure to 25 to 50
parts per million (ppm) can be lethal.

. The major effects from acute arsine
exposure in humans include headaches, vomiting,
abdominal pains, hemolytic anemia,
hemoglobinuria, and jaundice; these effects can
lead to kidney failure.

. Arsine has been shown to have extreme
acute toxicity from acute animal tests.

Chronic Effects (Non-cancer):
Inorganic arsenic
. Chronic inhalation exposure to inorganic

arsenic in humans is associated with irritation of
the skin and mucous membranes (dermatitis,
conjunctivitis, pharyngitis, and rhinitis).

. Chronic oral exposure to inorganic arsenic in humans has resulted in gastrointestinal
effects, anemia, peripheral neuropathy, skin lesions, hyperpigmentation, gangrene of the
extremities, vascular lesions, and liver or kidney damage.

o No chronic inhalation exposure studies have been performed in animals for any inorganic
arsenic compound.

o Some studies have suggested that inorganic arsenic is an essential dietary nutrient in
goats, chicks, and rats. However, no comparable data are available for humans. EPA has
concluded that essentiality, although not rigorously established, is plausible.

Pretreatment 101 ©TLC11/13/2012 95 (866) 557-1746 Fax (928) 468-0675



. EPA has not established a Reference Concentration (RfC) for inorganic arsenic.

. The California Environmental Protection Agency (CalEPA) has established a chronic
inhalation reference level of 0.00003 milligrams per cubic meter (mg/m®) based on developmental
effects in mice. The CalEPA reference exposure level is a concentration at or below which
adverse health effects are not likely to occur. It is not a direct estimator of risk, but rather a
reference point to gauge the potential effects. At lifetime exposures increasingly greater than the
reference exposure level, the potential for adverse health effects increases.

o The Reference Dose (RfD) for inorganic arsenic is 0.0003 milligrams per kilogram body
weight per day (mg/kg/d) based on hyperpigmentation, keratosis, and possible vascular
complications in humans. The RfD is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily oral exposure to the human population (including sensitive subgroups) that
is likely to be without appreciable risk of deleterious noncancer effects during a lifetime.

. EPA has medium confidence in the study on which the RfD for inorganic arsenic was
based because, although an extremely large number of people were included in the assessment
(>40,000), the doses were not well characterized and other contaminants were present. The
supporting human toxicity database, while extensive, is somewhat flawed and, consequently,
EPA has assigned medium confidence to the RfD.

Arsine
. No information is available on the chronic effects of arsine in humans.
. The RfC for arsine is 0.00005 mg/m? based on increased hemolysis, abnormal red blood

cell morphology, and increased spleen weight in rats, mice, and hamsters.

. EPA has medium confidence in the RfC based on: (1) high confidence in the studies on
which the RfC for arsine was based because the sample sizes were adequate, statistical
significance was reported, concentration dose-response relationships were documented, three
species were investigated, and both a no-observed-adverse-effect level (NOAEL) and a lowest-
observed-adverse-effect level (LOAEL) were identified, and (2) medium confidence in the
database because while there were three inhalation animal studies and a
developmental/reproductive study, there were no data available on human exposure.

Reproductive/Developmental Effects:
Inorganic arsenic
. Several studies have suggested that women who work in, or live near, metal smelters may

have higher than normal spontaneous abortion rates, and their children may exhibit lower than
normal birth weights. However, these studies are limited because they were designed to evaluate
the effects of smelter pollutants in general, and are not specific for inorganic arsenic.

. Ingested inorganic arsenic can cross the placenta in humans, exposing the fetus to the
chemical.
. Oral animal studies have reported inorganic arsenic at very high doses to be fetotoxic and

to cause birth defects.
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Arsine
. Human studies have indicated higher than expected spontaneous abortion rates in

women in the microelectronics industry who were exposed to arsine. However, these studies
have several limitations, including small sample size and exposure to other chemicals in addition
to arsine.

Cancer Risk:
Inorganic arsenic
. Human, inhalation studies have reported inorganic arsenic exposure to be strongly

associated with lung cancer.

. Ingestion of inorganic arsenic in humans has been associated with an increased risk of
nonmelanoma skin cancer and also to an increased risk of bladder, liver, and lung cancer.

. Animal studies have not associated inorganic arsenic exposure via the oral route with
cancer, and no cancer inhalation studies have been performed in animals for inorganic arsenic.

o EPA has classified inorganic arsenic as a Group A, human carcinogen.

. EPA used a mathematical model, using data from an occupational study of arsenic-
exposed copper smelter workers, to estimate the probability of a person developing cancer from
continuously breathing air containing a specified concentration of inorganic arsenic. EPA
calculated an inhalation unit risk estimate of 4.3 x 10°(ug/m®)". EPA estimates that, if an
individual were to continuously breathe air containing inorganic arsenic at an average of 0.0002
ug/m* (2 x 107" mg/m?®) over his or her entire lifetime, that person would theoretically have no more
than a one-in-a-million increased chance of developing cancer as a direct result of breathing air
containing this chemical. Similarly, EPA estimates that continuously breathing air containing
0.002 pg/m® (2 x 10°® mg/m®) would result in not greater than a one-in-a-hundred thousand
increased chance of developing cancer, and air containing 0.02 pg/m? (2 x 10 mg/m?®) would
result in not greater than a one-in-ten thousand increased chance of developing cancer. For a
detailed discussion of confidence in the potency estimates, please see IRIS.

. EPA has calculated an oral cancer slope factor of 1.5 (mg/kg/d)™ for inorganic arsenic.
Arsine

. No cancer inhalation studies in humans or animals are available for arsine.

. EPA has not classified arsine for carcinogenicity.

Physical Properties
. Inorganic arsenic is a naturally occurring element in the earth's crust.

. Pure inorganic arsenic is a gray-colored metal, but inorganic arsenic is usually found
combined with other elements such as oxygen, chlorine, and sulfur.

. The chemical symbol for inorganic arsenic is As, and it has an atomic weight of 74.92
g/mol.
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o The chemical formula for arsine is AsHj3, and it has a molecular weight of 77.95 g/mol.
o Arsine is a colorless gas with a disagreeable garlic odor.

o Arsenic combined with elements such as oxygen, chlorine, and sulfur forms inorganic
arsenic; inorganic arsenic compounds include arsenic pentoxide, arsenic trioxide, and arsenic
acid. Arsenic combined with carbon and hydrogen forms organic arsenic; organic arsenic
compounds include arsanilic acid, arsenobetaine, and dimethylarsinic acid.

History

The word “Arsenic* was adopted in Latin arsenicum and Old French arsenic, from which the
English word arsenic is derived. Arsenic sulfides (orpiment, realgar) and oxides have been known
and used since ancient times. Zosimos (circa 300 AD) describes roasting sandarach (realgar) to
obtain cloud of arsenic (arsenious oxide), which he then reduces to metallic arsenic. As the
symptoms of arsenic poisoning were somewhat ill-defined, it was frequently used for murder until
the advent of the Marsh test, a sensitive chemical test for its presence. (Another less sensitive but
more general test is the Reinsch test.) Owing to its use by the ruling class to murder one another
and its potency and discreetness, arsenic has been called the Poison of Kings and the King of
Poisons.

During the Bronze Age, arsenic was often included in bronze, which made the alloy harder (so-
called "arsenical bronze"). Albertus Magnus (Albert the Great, 1193-1280) is believed to have
been the first to isolate the element from a compound in 1250, by heating soap together with
arsenic trisulfide. In 1649, Johann Schrdder published two ways of preparing arsenic. Crystals of
elemental (native) arsenic are found in nature, although rare. Cadet's fuming liquid (impure
cacodyl), often claimed as the first synthetic organometallic compound, was synthesized in 1760
by Louis Claude Cadet de Gassicourt by the reaction of potassium acetate with arsenic trioxide.

In the Victorian era, "arsenic" ("white arsenic" or arsenic trioxide) was mixed with vinegar and
chalk and eaten by women to improve the complexion of their faces, making their skin paler to
show they did not work in the fields. Arsenic was also rubbed into the faces and arms of women
to "improve their complexion". The accidental use of arsenic in the adulteration of foodstuffs led to
the Bradford sweet poisoning in 1858, which resulted in approximately 20 deaths.
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Arsenic Applications

Agricultural

The toxicity of arsenic to insects, bacteria and fungi led to its use as a wood preservative. In the
1950s a process of treating wood with chromated copper arsenate (also known as CCA or
Tanalith) was invented, and for decades this treatment was the most extensive industrial use of
arsenic. An increased appreciation of the toxicity of arsenic resulted in a ban for the use of CCA
in consumer products; the European Union and United States initiated this process in 2004. CCA
remains in heavy use in other countries however, e.g. Malaysian rubber plantations.

Arsenic was also used in various agricultural insecticides, termination and poisons. For example,
lead hydrogen arsenate was a common insecticide on fruit trees, but contact with the compound
sometimes resulted in brain damage among those working the sprayers. In the second half of the
20th century, monosodium methyl arsenate (MSMA) and disodium methyl arsenate (DSMA) —
less toxic organic forms of arsenic — have replaced lead arsenate in agriculture.

Arsenic is still added to animal food, in particular in the US as a method of disease prevention
and growth stimulation. One example is roxarsone, which is used as a broiler starter by about
70% of the broiler growers since 1995. The Poison-Free Poultry Act of 2009 proposes to ban the
use of roxarsone in industrial swine and poultry production. Alpharma, a subsidiary of Pfizer Inc.,
which produces Roxarsone, has voluntarily suspended sales of the drug in response to studies
showing elevated levels of arsenic in treated chickens.

Medical use

During the 18th, 19th, and 20th centuries, a number of arsenic compounds have been used as
medicines, including arsphenamine (by Paul Ehrlich) and arsenic trioxide (by Thomas Fowler).
Arsphenamine as well as neosalvarsan was indicated for syphilis and trypanosomiasis, but has
been superseded by modern antibiotics. Arsenic trioxide has been used in a variety of ways over
the past 500 years, but most commonly in the treatment of cancer. The US Food and Drug
Administration in 2000 approved this compound for the treatment of patients with acute
promyelocytic leukemia that is resistant to ATRA.

It was also used as Fowler's solution in psoriasis. Recently new research has been done in
locating tumors using arsenic-74 (a positron emitter). The advantages of using this isotope
instead of the previously used iodine-124 is that the signal in the PET scan is clearer as the body
tends to transport iodine to the thyroid gland producing a lot of noise. In subtoxic doses, soluble
arsenic compounds act as stimulants, and were once popular in small doses as medicine by
people in the mid-18th century.

Alloys

The main use of metallic arsenic is for alloying with lead. Lead components in car batteries are
strengthened by the presence of a few percent of arsenic. Dezincification can be strongly reduced
by adding arsenic to brass, a copper-zinc alloy. Gallium arsenide is an important semiconductor
material, used in integrated circuits. Circuits made from GaAs are much faster (but also much
more expensive) than those made in silicon. Unlike silicon it has a direct bandgap, and so can be
used in laser diodes and LEDs to directly convert electricity into light.
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Military

After World War |, the United States built up a stockpile of 20,000 tons of lewisite
(CICH=CHASsCI,), a chemical weapon that is a vesicant (blister agent) and lung irritant. The
stockpile was neutralized with bleach and dumped into the Gulf of Mexico after the 1950s. During
the Vietnam War the United States used Agent Blue, a mixture of sodium cacodylate and its acid
form, as one of the rainbow herbicides to deprive invading North Viethamese soldiers of

foliage cover and rice.

Other uses
o Copper acetoarsenite was used as a green pigment known under many names, including

'Paris Green' and 'Emerald Green'. It caused numerous arsenic poisonings. Scheele's
Green, a copper arsenate, was used in the 19th century as a coloring agent in sweets.

e Also used in bronzing and pyrotechnics.
e Up to 2% of arsenic is used in lead alloys for lead shots and bullets.

e Arsenic is added in small quantities to alpha-brass to make it dezincification resistant. This
grade of brass is used to make plumbing fittings or other items that are in constant contact
with water.

e Arsenic is also used for taxonomic sample preservation.

e Until recently arsenic was used in optical glass. Modern glass manufacturers, under
pressure from environmentalists, have removed it, along with lead.

Bacteria

Some species of bacteria obtain their energy by oxidizing various fuels while reducing arsenate to
arsenite. Under oxidative environmental conditions some bacteria use arsenite, which is oxidized
to arsenate as fuel for their metabolism. The enzymes involved are known as arsenate
reductases (Arr).

In 2008, bacteria were discovered that employ a version of photosynthesis in the absence of
oxygen with arsenites as electron donors, producing arsenates (just as ordinary photosynthesis
uses water as electron donor, producing molecular oxygen). Researchers conjecture that, over
the course of history, these photosynthesizing organisms produced the arsenates that allowed
the arsenate-reducing bacteria to thrive. One strain PHS-1 has been isolated and is related to the
Gammaproteobacterium Ectothiorhodospira shaposhnikovii. The mechanism is unknown, but an
encoded Arr enzyme may function in reverse to its known homologues. Although the arsenate
and phosphate anions are similar structurally, no evidence exists for the replacement of
phosphate in ATP or nucleic acids by arsenic.

It is known that even if your water has detectable levels of arsenic that are below the 0.010 mg/L
MCL, and you have iron pipes or components in your distribution system, your system’s pipes
may have arsenic-rich scales attached to them. As long as the scales are not disturbed, they will
remain attached to the pipes or other distribution system components. Certain conditions, such as
flushing of mains or fire flow conditions, may result in those scales being sloughed off and
suspended in the water, releasing the arsenic. Other conditions, such as changes in water
chemistry, may result in some of the arsenic dissolving back into the water. Both of these
situations could cause high arsenic levels at consumers’ taps.
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Arsenic Control Measures Can Affect Finished Water Quality

Public water systems installing arsenic treatment should be informed about possible changes to
their finished water that may result from the arsenic treatment they install. For example, systems
may need to adjust their finished water quality to address new concerns about corrosion.
Changes in water chemistry due to using new sources, blending different source waters, or
installing arsenic treatment are some of the factors that can affect distribution system water
quality. In some cases, this may cause an increase in arsenic levels in the distribution system or
create simultaneous compliance issues with other drinking water regulations.

Water systems may also find deposits of arsenic-rich particles in their storage tanks or at
locations in their distribution system with low flows. If the flow is increased or a storage tank is
drawn down to a low level, these arsenic-rich particles can get stirred up and transported to
consumers’ taps. This situation occurs primarily when iron media used in treatment are released
into the distribution system, or when iron particles are not properly filtered out during iron removal
treatment. If these treatment technologies are operated correctly, this should not be a problem for
most water systems.

Is Arsenic in your Storage Tank?

Is Your Ground Water System Installing Disinfection for Pathogen Control?

Water systems that disinfect their water should be aware of the possibility of an increase in
arsenic concentrations in their distribution system, particularly if the water contains high
concentrations of dissolved iron. When chlorinated, the dissolved iron forms particles on which
arsenic can accumulate. As a result, high arsenic concentrations may occur in distribution system
water even if arsenic concentrations in the raw water are below the MCL.

This happened to a small community water system in the Midwest that began chlorinating water
from a series of wells that had raw water arsenic levels between 0.003 and 0.008 mg/L and iron
concentrations up to 0.4 mg/L. At the same time, the system installed a polyphosphate feed
system for corrosion control. Soon after chlorination began, the system received intermittent
colored-water complaints from its customers with increasing frequency across the distribution
system.

Samples collected from several representative locations throughout the service area had a
reddish-brown color and contained particles. A metals analysis showed high levels of copper and
iron oxides in the finished water, along with arsenic concentrations approaching 5 mg/L. Because
of the water’s colored appearance, it was considered unlikely that customers would consume the
water. Doctors and health care professionals were notified of the situation and instructed to watch
for signs of arsenic poisoning.

Researchers found that chlorinating the water caused the formation of ferri-hydroxide solids. The
minimal arsenic present in the groundwater was being concentrated as it absorbed onto the
solids. Copper oxide particulates also formed and were released. To some extent, the
polyphosphates served a useful role by keeping iron in solution and counteracting the tendency
for the iron oxides to form, but additional steps were needed. For six months the system
alternated their chlorination schedule: on for one day then off two days. The system then returned
to full-time chlorination, starting with a low distribution system residual of0.2 mg/L and gradually
increasing it to 0.5 mg/L. The system continued to flush water mains on a semi-annual schedule
using a unidirectional approach. In the last year, the system received only one colored water
complaint.
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Heredity

Arsenic has been linked to epigenetic changes, heritable changes in gene expression that occur
without changes in DNA sequence. These include DNA methylation, histone modification, and
RNA interference. Toxic levels of arsenic cause significant DNA hypermethylation of tumor
suppressor genes p16 and p53, thus increasing risk of carcinogenesis. These epigenetic events
have been studied in vitro using human kidney cells and in vivo using rat liver cells and peripheral
blood leukocytes in humans. Inductive coupled plasma mass spectrometry (ICP-MS) is used to
detect precise levels of intracellular arsenic and its other bases involved in epigenetic
modification of DNA. Studies investigating arsenic as an epigenetic factor will help in developing
precise biomarkers of exposure and susceptibility.

The Chinese brake fern (Pteris vittata) hyperaccumulates arsenic present in the soil into its
leaves and has a proposed use in phytoremediation.

Biomethylation

Inorganic arsenic and its compounds, upon entering the food chain, are progressively
metabolized through a process of methylation. For example, the mold Scopulariopsis brevicaulis
produce significant amounts of trimethylarsine if inorganic arsenic is present. The organic
compound arsenobetaine is found in some marine foods such as fish and algae, and also in
mushrooms in larger concentrations. The average person's intake is about 10-50 ug/day. Values
about 1000 ug are not unusual following consumption of fish or mushrooms, but there is little
danger in eating fish because this arsenic compound is nearly non-toxic.

Arsenic Environmental Issues

Arsenic Control Measures Can Affect Finished Water Quality

Public water systems installing arsenic treatment should be informed about possible changes to
their finished water that may result from the arsenic treatment they install. For example, systems
may need to adjust their finished water quality to address new concerns about corrosion.
Changes in water chemistry due to using new sources, blending different source waters, or
installing arsenic treatment are some of the factors that can affect distribution system water
quality. In some cases, this may cause an increase in arsenic levels in the distribution system or
create simultaneous compliance issues with other drinking water regulations.

Occurrence in drinking water

Widespread arsenic contamination of groundwater has led to a massive epidemic of arsenic
poisoning in Bangladesh and neighboring countries. It is estimated that approximately 57 million
people in the Bengal basin are drinking groundwater with arsenic concentrations elevated above
the World Health Organization's standard of 10 parts per billion (ppb). However, a study of cancer
rates in Taiwan suggested that significant increases in cancer mortality appear only at levels
above 150 ppb.

The arsenic in the groundwater is of natural origin, and is released from the sediment into the
groundwater, owing to the anoxic conditions of the subsurface. This groundwater began to be
used after local and western NGOs and the Bangladeshi government undertook a massive
shallow tube well drinking-water program in the late twentieth century. This program was
designed to prevent drinking of bacteria-contaminated surface waters, but failed to test for arsenic
in the groundwater. Many other countries and districts in Southeast Asia, such as Vietnam and
Cambodia have geological environments conducive to generation of high-arsenic groundwaters.
Arsenicosis was reported in Nakhon Si Thammarat, Thailand in 1987, and the dissolved arsenic
in the Chao Phraya River is suspected of containing high levels of naturally occurring arsenic, but
has not been a public health problem owing to the use of bottled water.
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In the United States, arsenic is most commonly found in the ground waters of the southwest.
Parts of New England, Michigan, Wisconsin, Minnesota and the Dakotas are also known to have
significant concentrations of arsenic in ground water. Increased levels of skin cancer have been
associated with arsenic exposure in Wisconsin, even at levels below the 10 part per billion
drinking water standard, although this link has not been proven. According to a recent film funded
by the US Superfund, millions of private wells have unknown arsenic levels, and in some areas of
the US, over 20% of wells may contain levels that exceed established limits.

Low-level exposure to arsenic at concentrations found commonly in US drinking water
compromises the initial immune response to H1N1 or swine flu infection according to NIEHS-
supported scientists. The study, conducted in laboratory mice, suggests that people exposed to
arsenic in their drinking water may be at increased risk for more serious illness or death in
response to infection from the virus.

Some Canadians are drinking water that contains inorganic arsenic. Private dug well waters are
most at risk for containing inorganic arsenic. Preliminary well water analyses typically does not
test for arsenic. Researchers at the Geological Survey of Canada have modeled relative variation
in natural arsenic hazard potential for the province of New Brunswick. This study has important
implications for potable water and health concerns relating to inorganic arsenic.

Epidemiological evidence from Chile shows a dose-dependent connection between chronic
arsenic exposure and various forms of cancer, in particular when other risk factors, such as
cigarette smoking, are present. These effects have been demonstrated to persist below 50 ppb.
Analyzing multiple epidemiological studies on inorganic arsenic exposure suggests a small but
measurable risk increase for bladder cancer at 10 ppb. According to Peter Ravenscroft of the
Department of Geography at the University of Cambridge, roughly 80 million people worldwide
consume between 10 and 50 ppb arsenic in their drinking water. If they all consumed exactly 10
ppb arsenic in their drinking water, the previously cited multiple epidemiological study analysis
would predict an additional 2,000 cases of bladder cancer alone. This represents a clear
underestimate of the overall impact, since it does not include lung or skin cancer, and explicitly
underestimates the exposure. Those exposed to levels of arsenic above the current WHO
standard should weigh the costs and benefits of arsenic remediation.

Early (1973) evaluations of the removal of dissolved arsenic by drinking water treatment
processes demonstrated that arsenic is very effectively removed by co-precipitation with either
iron or aluminum oxides. The use of iron as a coagulant, in particular, was found to remove
arsenic with efficiencies exceeding 90%. Several adsorptive media systems have been approved
for point-of-service use in a study funded by the United States Environmental Protection Agency
(US EPA) and the National Science Foundation (NSF).

A team of European and Indian scientists and engineers have set up six arsenic treatment plants
in West Bengal based on in-situ remediation method (SAR Technology). This technology does
not use any chemicals and arsenic is left as an insoluble form (+5 state) in the subterranean zone
by recharging aerated water into the aquifer and thus developing an oxidation zone to support
arsenic oxidizing micro-organisms. This process does not produce any waste stream or sludge
and is relatively cheap.
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Another effective and inexpensive method to remove arsenic from contaminated well water is to
sink wells 500 feet or deeper to reach purer waters. A recent 2011 study funded by the US
National Institute of Environmental Health Sciences' Superfund Research Program shows that
deep sediments can remove arsenic and take it out of circulation.

Through this process called adsorption in which arsenic sticks to the surfaces of deep sediment
articles, arsenic can be naturally removed from well water.

Magnetic separations of arsenic at very low magnetic field gradients have been demonstrated in
point-of-use water purification with high-surface-area and monodisperse magnetite (Fez0,)
nanocrystals. Using the high specific surface area of Fe;0O4 nanocrystals the mass of waste
associated with arsenic removal from water has been dramatically reduced.

Epidemiological studies have suggested a correlation between chronic consumption of drinking
water contaminated with arsenic and the incidence of all leading causes of mortality. The
literature provides reason to believe arsenic exposure is causative in the pathogenesis of
diabetes.

Hungarian engineer Laszl6 Schremmer has recently discovered that by the use of chaff-based
filters it is possible to reduce the arsenic content of water to 3 ug/L. This is especially important in
areas where the potable water is provided by filtering the water extracted from the underground
aquifer.

Wood Preservation in the US

As of 2002, US-based industries consumed 19,600 metric tons of arsenic. Ninety percent of this
was used for treatment of wood with chromated copper arsenate (CCA). In 2007, 50% of the
5,280 metric tons of consumption was still used for this purpose. In the United States, the use of
arsenic in consumer products was discontinued for residential and general consumer construction
on December 31, 2003 and alternative chemicals are now used, such as Alkaline Copper
Quaternary, borates, copper azole, cyproconazole, and propiconazole.

Although discontinued, this application is also one of the most concerns to the general public. The
vast majority of older pressure-treated wood was treated with CCA. CCA lumber is still in
widespread use in many countries, and was heavily used during the latter half of the 20th century
as a structural and outdoor building material. Although the use of CCA lumber was banned in
many areas after studies showed that arsenic could leach out of the wood into the surrounding
soil (from playground equipment, for instance), a risk is also presented by the burning of older
CCA timber. The direct or indirect ingestion of wood ash from burnt CCA lumber has caused
fatalities in animals and serious poisonings in humans; the lethal human dose is approximately 20
grams of ash. Scrap CCA lumber from construction and demolition sites may be inadvertently
used in commercial and domestic fires. Protocols for safe disposal of CCA lumber do not exist
evenly throughout the world; there is also concern in some quarters about the widespread landfill
disposal of such timber.
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Asbestos - Inorganic Contaminant 7 Water MFL

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for asbestos is 7 MFL. EPA has set this level of protection based on the best available
science to prevent potential health problems. EPA has set an enforceable regulation for asbestos,
called a maximum contaminant level (MCL), at 7 MFL. MCLs are set as close to the health goals
as possible, considering cost, benefits and the ability of public water systems to detect and
remove contaminants using suitable treatment technologies. In this case, the MCL equals the
MCLG, because analytical methods or treatment technology do not pose any limitation.

The Phase Il Rule, the regulation for asbestos, became effective in 1992. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed asbestos as part of the
Six Year Review and determined that the 7 MFL MCLG and 7 MFL MCL for asbestos are still
protective of human health.

How does Asbestos get into my Drinking Water?
The major sources of asbestos in drinking water are decay of asbestos cement water mains; and
erosion of natural deposits.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if Asbestos is in my Drinking Water?

When routine monitoring indicates that asbestos levels are above the MCL, your water supplier
must take steps to reduce the amount of asbestos so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

How will Asbestos be removed from my Drinking Water?

The following treatment method(s) have proven to be effective for removing asbestos to below 7
MFL: coagulation/filtration, direct and diatomite filtration, and corrosion control.
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Asbestos Cement Pipe (ACP)

Common water distribution pipe, notice that both pipes have been cut with a power saw. You are
not allowed to cut this type of pipe with a power saw, because it will spread the Asbestos.

Wetting agents may be applied with garden sprayers or hoses. Garden sprayers are hand-held,
portable, and have a one- to five-gallon capacity. Water hoses are usually attached to a faucet
tap, fire hydrant or water tank. Generally, the hose has a nozzle attached which spreads the
water stream so that a fine mist is created.

Asbestos-Cement Products

Asbestos-cement products (such as transite) are commonly used for duct insulation, pipes, and
siding. Being a Category Il nonfriable ACM, asbestos-cement products need to be removed prior
to demolition if they have a high probability of becoming crumbled, pulverized, or reduced to
powder during demolition activities. EPA believes that most demolition activities will subject such
Category Il nonfriable ACM to the regulation.

Asbestos is an Excellent ...

Heat Stability

Asbestos will maintain its structural integrity at temperatures well above 800 F. The melting point
is at about 2800 F

Thermal Insulation

The fibers have a relatively large surface area, along with numerous pores, and cracks. This
allows for a low heat transfer. This makes it useful as an insulator in homes and machinery. The
large surface area also absorbs water making it practical as pipe insulator to prevent sweating.

Chemical Resistance

The amphiboles are resistant to aqueous media and chemical attack. They also show high
resistance to acids. This makes this class of asbestos useful for battery packing. Chrysotile is
significantly less resistant to chemical destruction.
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Sound Absorption
Asbestos have a large internal volume, large surface area, and the fibers are flexible. This
makes it ideal for the absorption of sound energy. It is often uses to help acoustics.

Serpent
Asbestos

OSHA requires that employees who may be exposed to dangerous levels of asbestos must be
made aware of the hazards and how to protect themselves. Employees must be told where in
their workplace they can find copies of all applicable asbestos standards. Employers must
provide any employee with the opportunity to review the regulations if they so desire. It is an
employee's right to have access to the
regulations.

What Is Asbestos?

Asbestos is the name given to a number
of naturally occurring fibrous silicate
minerals that have been mined for their
useful properties such as thermal
insulation, chemical and thermal stability,
and high tensile strength. The three most
common types of asbestos are: a)
chrysotile, b) amosite and c) crocidolite.
Chrysotile, also known as white asbestos
and a member of the Serpentine mineral
group is the commonest. Asbestos can
only be identified under a microscope.
Asbestos differs from other minerals in its crystal development. The crystal formation of asbestos
is in the form of long thin fibers. Asbestos is divided into two mineral groups
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Serpentine and Amphibole. The division between the two types of asbestos is based upon the
crystalline structure.

Serpentines have a sheet or layered structure where amphiboles have a chain-like structure. As
the only member of the serpentine group, Chrysotile (A, B) is the most common type of asbestos
found in buildings. Chrysotile makes up approximately 90%-95% of all asbestos contained in
buildings in the United States.

Unlike most minerals, which turn into dust particles when crushed, asbestos breaks up into fine
fibers that are too small to be seen by the human eye. Often, individual fibers are mixed with a
material that binds them together, producing asbestos-containing material (ACM).

Health Effects of Asbestos Exposure

Asbestos is the largest single cause of fatal disease and ill-health caused by work in Great
Britain. Although almost all the deaths and ill health related to asbestos today are due to
exposures that happened several decades ago, if you work with asbestos, or come into contact
with it as a result of repair and maintenance work, you need to be particularly careful. Asbestos
can be found in most buildings built between 1950 and 1980, as insulation and lagging. It is still
used in some brake pads and clutch linings and can be met in vehicle servicing and repair.

Asbestos-Related Health Problems

Some people exposed to asbestos develop asbestos-related health problems; some do not.
Once inhaled, asbestos fibers can easily penetrate body tissues. They may be deposited and
retained in the airways and lung tissue. Because asbestos fibers remain in the body, each
exposure increases the likelihood of developing an asbestos-related disease. Asbestos-related
diseases may not appear until years after exposure. A medical examination that includes a
medical history, breathing capacity test, and chest X ray may detect problems early.

Many substances have a "safe dose" or an exposure that is unlikely to cause any harm. Above
the safe dose, a health effect is expected. This concept is known as a dose response. As the
dose increases, so does the expected severity of the health effect. However, in the case of
asbestos, scientists have not determined a "safe dose" or threshold level for exposure to
airborne asbestos. Still, the less exposure a person receives over a lifetime, the less likely it is
that that person will develop an asbestos-related health problem.

In addition to breathing it, ingesting asbestos may also be harmful to you, but the consequences
of this type of exposure have not been clearly documented. People who touch asbestos may get
a rash similar to the rash caused by fiberglass. While the effects of skin exposure to asbestos
have not been scientifically documented, it is best to minimize all contact with asbestos.

Asbestos was used in approximately 3,000 products. Two-thirds of this total (2,000) was used in
construction products. Appendix A includes a short list of products where asbestos may be found.
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Barium - Inorganic Contaminant 2 mg/L Water MCL

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for barium is 2 mg/L or 2 ppm. EPA
has set this level of protection based on the
best available science to prevent potential
health problems. EPA has set an enforceable
regulation for barium, called a maximum
contaminant level (MCL), at 2 mg/L or 2 ppm.
MCLs are set as close to the health goals as
possible, considering cost, benefits and the
ability of public water systems to detect and
remove contaminants using suitable treatment
technologies. In this case, the MCL equals the
MCLG, because analytical methods or
treatment technology do not pose any limitation.

The Phase IIB Rule, the regulation for barium, became effective in 1993. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed barium as part of the
Six Year Review and determined that the 2 mg/L or 2 ppm MCLG and 2 mg/L or 2 ppm MCL for
barium are still protective of human health.

The major sources of barium in drinking water are discharge of drilling wastes; discharge from
metal refineries; and erosion of natural deposits.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

When routine monitoring indicates that barium levels are above the MCL, your water supplier
must take steps to reduce the amount of barium so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

How will barium be removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing barium to below 2
mg/L or 2 ppm: ion exchange, reverse osmosis, lime softening, and electrodialysis.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.
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Barium Explained

Barium is a chemical element with symbol Ba and atomic number 56. It is the fifth element in
Group 2, a soft silvery metallic alkaline earth metal. Because of its high chemical reactivity barium
is never found in nature as a free element. Its hydroxide was known in pre-modern history as
baryta; this substance does not occur as a mineral, but can be prepared by heating barium
carbonate.

The most common naturally occurring minerals of barium are barite (barium sulfate, BaSO,) and
witherite (barium carbonate, BaCQ3), both being insoluble in water. Barium's name originates
from the alchemical derivative "baryta", which itself comes from Greek Bapug (barys), meaning
"heavy." Barium was identified as a new element in 1774, but not reduced to a metal until 1808,
shortly after electrolytic isolation techniques became available.

Barium has only a few industrial applications. The metal has been historically used to scavenge
air in vacuum tubes. It is a component of YBCO (high-temperature superconductors) and
electroceramics, and is added to steel and cast iron to reduce the size of carbon grains within the
microstructure of the metal. Barium compounds are added to fireworks to impart a green color.
For instance, barium sulfate is used as an insoluble heavy additive to oil well drilling fluid, and in
purer form, as X-ray radiocontrast agents for imaging the human gastrointestinal tract. Soluble
barium compounds are poisonous due to release of the soluble barium ion, and therefore have
been used as rodenticides.

Physical Properties

Barium is a soft, silvery-white metal, with a slight golden shade when ultrapure. The silvery-white
color of barium metal rapidly vanishes upon oxidation in air yielding a dark gray oxide layer.
Barium has a medium specific weight and good electrical conductivity. Ultrapure barium is very
hard to prepare, and therefore many properties of barium have not been accurately measured
yet.

At room temperature and pressure, barium has a body-centered cubic structure, with a barium—
barium distance of 503 picometers, expanding with heating at a rate of approximately
1.8x107°/°C. It is a very soft metal with a Mohs hardness of 1.25. Its melting temperature of 1000
K (727 °C, 1341 °F) is intermediate between those of the lighter strontium (1050 K) and heavier
radium (973 K); however, its boiling point of 2170 K (1897 °C, 3447 °F) exceeds that of strontium
(1655 K). The density (3.62 g-cm™) is again intermediate between those of strontium (2.36
g-cm™®) and radium (~5 g-cm™>).

Chemical Reactivity

Barium is chemically similar to magnesium, calcium, and strontium, being even more reactive. It
always exhibits the oxidation state of +2. Reactions with chalcogens are highly exothermic
(release energy); the reaction with oxygen or air occurs at room temperature, and therefore
barium is stored under oil or inert gas atmosphere. Reactions with other nonmetals, such as
carbon, nitrogen, phosphorus, silicon, and hydrogen, are generally exothermic and proceed upon
heating. Reactions with water and alcohols are also very exothermic and release hydrogen gas:

Ba + 2 ROH — Ba(OR); + H,1 (R is an alkyl or a hydrogen atom)

Additionally, barium reacts with ammonia to form complexes such as Ba(NH3)s.
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The metal is readily attacked by most acids. Sulfuric acid is a notable exception, as passivation
stops the reaction by forming the insoluble barium sulfate. Barium combines with several metals,
including aluminum, zinc, lead, and tin, forming intermetallic phases and alloys.

Compounds
Selected alkaline earth and zinc salts densities,
-3
g-cm
2e a2 - - S02-C02-02- .
o 8 F C(CI 4 3 2 H

Ca?? 3.342593.182.152.96 2.83 29 1.7
s 51 37 424305396 3.5 4.783.26
Ba?"5724.3 21 1.9 449 429 4.964.16
Zn*"156 40949 20938 44 157—

Barium salts are typically white when solid and colorless when dissolved, as barium ions provide
no specific coloring. They are also denser than their strontium or calcium analogs, except for the
halides.

Barium hydroxide ("baryta") was known to alchemists who produced it by heating barium
carbonate. Unlike calcium hydroxide, it absorbs very little CO, in aqueous solutions and is
therefore insensitive to atmospheric fluctuations. This property is used in calibrating pH
equipment.

Volatile barium compounds burn with a green to pale green flame, which is an efficient test to
detect a barium compound. The color results from spectral lines at 455.4, 493.4, 553.6, and 611.1
nm.

Organobarium compounds are a growing class of compounds: for example, dialkylbariums are
known, as are alkylhalobariums.

Isotopes of Barium

Barium occurs naturally on Earth as a mixture of seven primordial nuclides, barium-130, 132, and
134 through 138. The first two are thought to be radioactive: barium-130 should decay to xenon-
130 via double beta plus decay, and barium-132 should similarly decay to xenon-132. The
corresponding half-lives should exceed the age of the Universe by at least thousand times. Their
abundances are ~0.1% relative to that of natural barium. Their radioactivity is so weak that they
pose no danger to life. Out of the stable isotopes, barium-138 makes up 71.7% of all barium, and
the lighter the isotope, the less it is abundant. In total, barium has about 50 known isotopes,
ranging in mass between 114 and 153. The most stable metastable isotope is barium-133, which
has a half-life of approximately 10.51 years, and five more isotopes have their half-lives longer
than a day. Barium also has 10 meta states, out of which barium-133m1 is the most stable,
having a half-live of about 39 hours.
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Biological Dangers and Precautions

Because of the high reactivity of the metal toxicological data are available only for compounds.
Water-soluble barium compounds are poisonous. At low doses, barium ions act as a muscle
stimulant, whereas higher doses affect the nervous system, causing cardiac irregularities,
tremors, weakness, anxiety, dyspnea and paralysis. This may be due to the ability of Ba®* to
block potassium ion channels, which are critical to the proper function of the nervous system.
Other target organs for water-soluble barium compounds (i.e., barium ions) are eyes, immune
system, heart, respiratory system, and skin. They affect the body strongly, causing, for example,
blindness and sensitization.

Barium is not carcinogenic, and it does not bioaccumulate. However, inhaled dust containing
insoluble barium compounds can accumulate in the lungs, causing a benign condition called
baritosis. For comparison to the soluble poisons, the insoluble sulfate is nontoxic and is thus not
classified as a dangerous good.

To avoid a potentially vigorous chemical reaction, barium metal is kept under argon or mineral
oils. Contact with air is dangerous, as it may cause ignition. Moisture, friction, heat, sparks,
flames, shocks, static electricity, reactions with oxidizers and acids should be avoided. Everything
that may make contact with barium should be grounded. Those who work with the metal should
wear pre-cleaned non-sparking shoes, flame-resistant rubber clothes, rubber gloves, apron,
goggles, and a gas mask; they are not allowed to smoke in the working area and must wash
themselves after handling barium.
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Beryllium - Inorganic Contaminant 0.004 mg/L MCL

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for beryllium is 0.004
mg/L or 4 ppb. EPA has set this
level of protection based on the
best available science to prevent
potential health problems. EPA has
set an enforceable regulation for
beryllium, called a maximum
contaminant level (MCL), at 0.004
mg/L or 4 ppb. MCLs are set as
close to the health goals as
possible, considering cost, benefits
and the ability of public water
systems to detect and remove
contaminants using suitable
treatment technologies. In this
case, the MCL equals the MCLG,
because analytical methods or
treatment technology do not pose any limitation.

The Phase V Rule, the regulation for beryllium, became effective in 1994. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed beryllium as part of the
Six Year Review and determined that the 0.004 mg/L or 4 ppb MCLG and 0.004 mg/L or 4 ppb
MCL for beryllium are still protective of human health.

How does Beryllium get into my Drinking Water?

Beryllium naturally enters surface water and ground water through the weathering of rocks and
soils or from industrial wastewater discharges. The major source of environmental releases from
human activities are coal and fuel oil combustion.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if Beryllium is in my Drinking Water?

When routine monitoring indicates that beryllium levels are above the MCL, your water supplier
must take steps to reduce the amount of beryllium so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.
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Beryllium Explained

Beryllium is the chemical element with the symbol Be and atomic number 4. Because any
beryllium synthesized in stars is short-lived, it is a relatively rare element in both the universe and
in the crust of the Earth. It is a divalent element which occurs naturally only in combination with
other elements in minerals. Notable gemstones which contain beryllium include beryl
(aquamarine, emerald) and chrysoberyl. As a free element it is a steel-gray, strong, lightweight
and brittle alkaline earth metal.

Beryllium increases hardness and resistance to corrosion when alloyed to aluminum, cobalt,
copper (notably beryllium copper), iron and nickel. In structural applications, high flexural rigidity,
thermal stability, thermal conductivity and low density (1.85 times that of water) make beryllium a
quality aerospace material for high-speed aircraft, missiles, space vehicles and communication
satellites. Because of its low density and atomic mass, beryllium is relatively transparent to X-rays
and other forms of ionizing radiation; therefore, it is the most common window material for X-ray
equipment and in particle physics experiments. The high thermal conductivities of beryllium and
beryllium oxide have led to their use in heat transport and heat sinking applications.

The commercial use of beryllium metal presents technical challenges due to the toxicity
(especially by inhalation) of beryllium-containing dusts. Beryllium is corrosive to tissue, and can
cause a chronic life-threatening allergic disease called berylliosis in some people. The element is
not known to be necessary or useful for either plant or animal life

Characteristics

Physical Properties

Beryllium is a steel gray and hard metal that is brittle at room temperature and has a close-
packed hexagonal crystal structure. It has exceptional flexural rigidity (Young's modulus 287
GPa) and a reasonably high melting point. The modulus of elasticity of beryllium is approximately
50% greater than that of steel. The combination of this modulus and a relatively low density
results in an unusually fast sound conduction speed in beryllium — about 12.9 km/s at ambient
conditions. Other significant properties are high specific heat (1925 J-kg”"-K™") and thermal
conductivity (216 W-m™"-K™"), which make beryllium the metal with the best heat dissipation
characteristics per unit weight. In combination with the relatively low coefficient of linear thermal
expansion (11.4x107° K™"), these characteristics result in a unique stability under conditions of
thermal loading.

Nuclear Properties

Natural beryllium, save for slight contamination by cosmogenic radioisotopes, is essentially
beryllium-9, which has a nuclear spin of 3/2-. Beryllium has a large scattering cross section for
high-energy neutrons, about 6 barns for energies above ~0.01 MeV. Therefore, it works as a
neutron reflector and neutron moderator, effectively slowing the neutrons to the thermal energy
range of below 0.03 eV, where the total cross section is at least an order of magnitude lower —
exact value strongly depends on the purity and size of the crystallites in the material.

The single primordial beryllium isotope °Be also undergoes a (n,2n) neutron reaction with neutron
energies over about 1.9 MeV, to produce ®Be, which almost immediately breaks into two alpha
particles. Thus, for high-energy neutrons beryllium is a neutron multiplier, releasing more
neutrons than it absorbs.
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This nuclear reaction is:

9

4Be + n — 2(4

2He) + 2n
Neutrons are liberated when beryllium nuclei are struck by energetic alpha particles producing the
nuclear reaction

9

4Be + 4

2He — 12

6C + n, where 4

2He is an alpha particle and 12
6C is a carbon-12 nucleus.

Beryllium also releases neutrons under bombardment by gamma rays. Thus, natural beryllium
bombarded either by alphas or gammas from a suitable radioisotope is a key component of most
radioisotope-powered nuclear reaction neutron sources for the laboratory production of free
neutrons.

As a metal, beryllium is transparent to most wavelengths of X-rays and gamma rays, making it
useful for the output windows of X-ray tubes and other such apparatus.

Isotopes and Nucleosynthesis

Both stable and unstable isotopes of beryllium are created in stars, but these do not last long. It is
believed that most of the stable beryllium in the universe was originally created in the interstellar
medium when cosmic rays induced fission in heavier elements found in interstellar gas and dust.
Primordial beryllium contains only one stable isotope, °Be, and therefore beryllium is a
monoisotopic element.

Plot showing variations in solar activity, including variation in °Be concentration. Note that the
beryllium scale is inverted, so increases on this scale indicate lower '°Be levels

Radioactive cosmogenic '°Be is produced in the atmosphere of the Earth by the cosmic ray
spallation of oxygen. '°Be accumulates at the soil surface, where its relatively long half-life (1.36
million years) permits a long residence time before decaying to boron-10. Thus, '°Be and its
daughter products are used to examine natural soil erosion, soil formation and the development
of lateritic soils, and as a proxy for measurement of the variations in solar activity and the age of
ice cores. The production of °Be is inversely proportional to solar activity, because increased
solar wind during periods of high solar activity decreases the flux of galactic cosmic rays that
reach the Earth. Nuclear explosions also form "Be by the reaction of fast neutrons with "*C in the
carbon dioxide in air. This is one of the indicators of past activity at nuclear weapon test sites.
The isotope 'Be (half-life 53 days) is also cosmogenic, and shows an atmospheric abundance
linked to sunspots, much like '°Be.

®Be has a very short half-life of about 7x107"" s that contributes to its significant cosmological
role, as elements heavier than beryllium could not have been produced by nuclear fusion in the
Big Bang. This is due to the lack of sufficient time during the Big Bang's nucleosynthesis phase to
produce carbon by the fusion of “He nuclei and the very low concentrations of available beryllium-
8.
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The British astronomer Sir Fred Hoyle first showed that the energy levels of ®Be and '°C allow
carbon production by the so-called triple-alpha process in helium-fueled stars where more
nucleosynthesis time is available. This process allows carbon to be produced in stars, but not in
the Big Bang. Star-created carbon (the basis of carbon-based life) is thus a component in the
elements in the gas and dust ejected by AGB stars and supernovae (see also Big Bang
nucleosynthesis), as well as the creation of all other elements with atomic numbers larger than
that of carbon.

The innermost electrons of beryllium may contribute to chemical bonding. Therefore, when 'Be
decays by electron capture, it does so by taking electrons from atomic orbitals that may
participate in bonding. This makes its decay rate dependent to a measurable degree upon its
electron configuration — a rare occurrence in nuclear decay.

The shortest-lived known isotope of beryllium is *Be which decays through neutron emission. It
has a half-life of 2.7 x 107?' s. ®Be is also very short-lived with a half-life of 5.0 x 10" s. The
exotic isotopes ''Be and “Be are known to exhibit a nuclear halo. This phenomenon can be
understood as the nuclei of '"Be and Be have, respectively, 1 and 4 neutrons orbiting
substantially outside the classical Fermi 'water drop' model of the nucleus.

Occurrence

Beryllium has a concentration of 2 to 6 parts per million (ppm) in the Earth's crust. The Sun has a
concentration of 0.1 parts per billion (ppb) of beryllium, similar to that of rhenium. It is most
concentrated in the soils, 6 ppm, and is found in 0.2 parts per ftrillion (ppt) of sea water. Trace
amounts of °Be are found in the Earth's atmosphere. In sea water, beryllium is exceedingly rare,
more so than even scandium, comprising only 0.0006 ppb by weight. In stream water, however,
beryllium is more abundant with 0.1 ppb by weight.

Beryllium is found in over 100 minerals, but most are uncommon to rare. The more common
beryllium containing minerals include: bertrandite (Be;Si,O7(OH),), beryl (Al,BesSigO1s),
chrysoberyl (Al,BeO,) and phenakite (Be,SiO,.). Precious forms of beryl are aquamarine, bixbite
and emerald. The green color in gem-quality forms of beryl comes from varying amounts of
chromium (about 2% for emerald).

The two main ores of beryllium, beryl and bertrandite, are found in Argentina, Brazil, India,
Madagascar, Russia and the United States. Total world reserves of beryllium ore are greater than
400,000 tons.

Production

The extraction of beryllium from its compounds is a difficult process due to its high affinity for
oxygen at elevated temperatures, and its ability to reduce water when its oxide film is removed.
The United States, China and Kazakhstan are the only three countries involved in the industrial
scale extraction of beryllium.

Beryllium is most-commonly extracted from beryl, which is either sintered using an extraction
agent or melted into a soluble mixture. The sintering process involves mixing beryl with sodium
fluorosilicate and soda at 770°C to form sodium fluoroberyllate, aluminum oxide and silicon
dioxide. Beryllium hydroxide is precipitated from a solution of sodium fluoroberyllate and sodium
hydroxide in water. Extraction of beryllium using the melt method involves grinding beryl into a
powder and heating it to 1650°C. The melt is quickly cooled with water and then reheated 250 to
300°C in concentrated sulfuric acid, mostly yielding beryllium sulfate and aluminum sulfate.
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Aqueous ammonia is then used to remove the aluminum and sulfur, leaving beryllium hydroxide.

Beryllium hydroxide created using either the sinter or melt method is then converted into beryllium
fluoride or beryllium chloride. To form the fluoride, aqueous ammonium hydrogen fluoride is
added to beryllium hydroxide to yield a precipitate of ammonium tetrafluoroberyllate, which is
heated to 1000°C to form beryllium fluoride.

Heating the fluoride to 900°C with magnesium forms finely divided beryllium and additional
heating to 1300°C creates the compact metal. Heating beryllium hydroxide forms the oxide which
becomes beryllium chloride when mixed with carbon and chloride. Electrolysis of molten beryllium
chloride is then used to obtain the metal.

Chemical Properties

Beryllium's chemical behavior is largely a result of its small atomic and ionic radii. It thus has very
high ionization potentials and strong polarization while bonded to other atoms, which is why all of
its compounds are covalent. It is more chemically similar to aluminum than its close neighbors in
the periodic table due to having a similar charge-to-radius ratio. An oxide layer forms around
beryllium that prevents further reactions with air unless heated above 1000°C.

Once ignited, beryllium burns brilliantly forming a mixture of beryllium oxide and beryllium nitride.
Beryllium dissolves readily in non-oxidizing acids, such as HCI and diluted H>SO,, but not in nitric
acid or water as this forms the oxide. This behavior is similar to that of aluminum metal. Beryllium
also dissolves in alkali solutions.

1001
801

601 \

Be-‘l:I;J‘H:I_‘» l'r

401 i T

201 ’."’f_-n_:‘. C '..-'.u | '\_'.‘
/ BJE':':{’H)}' P \ AN
0t e
40 44 48 52 56 60
pH

Beryllium hydrolysis as a function of pH
Water molecules attached to Be are omitted

% formation relative to Be

The beryllium atom has the electronic configuration [He] 2s% The two valence electrons give
beryllium a +2 oxidation state and the thus the ability to form two covalent bonds; the only
evidence of lower valence of beryllium is in the solubility of the metal in BeCl,. Due to the octet
rule, atoms tend to seek a valence of 8 in order to resemble a noble gas. Beryllium tries to
achieve a coordination number of 4 because its two covalent bonds fill half of this octet. A
coordination of 4 allows beryllium compounds, such as the fluoride or chloride, to form polymers.
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This characteristic is employed in analytical techniques using EDTA as a ligand. EDTA
preferentially forms octahedral complexes — thus absorbing other cations such as AI** which
might interfere — for example, in the solvent extraction of a complex formed between Be®* and
acetylacetone. Beryllium(ll) readily forms complexes with strong donating ligands such as
phosphine oxides and arsine oxides. There have been extensive studies of these complexes
which show the stability of the O-Be bond.

Solutions of beryllium salts, e.g. beryllium sulfate and beryllium nitrate, are acidic because of
hydrolysis of the [Be(H.0)4]*" ion.

[Be(H20)4]*" + H,0 = [Be(H,0)5(OH)]" + HyO"

Other products of hydrolysis include the trimeric ion [Bes(OH)s(H,0)e]**. Beryllium hydroxide,
Be(OH),, is insoluble even in acidic solutions with pH less than 6, that is at biological pH. It is
amphoteric and dissolves in strongly alkaline solutions.

Beryllium forms binary compounds with many non-metals. Anhydrous halides are known for F, ClI,
Br and |. BeF, has a silica-like structure with corner-shared BeF, tetrahedra. BeCl, and BeBr,
have chain structures with edge-shared tetrahedra. All beryllium halides have a linear monomeric
molecular structure in the gas phase.

Beryllium difluoride, BeF,, is different than the other difluorides. In general, beryllium has a
tendency to bond covalently, much more so than the other alkaline earths and its fluoride is
partially covalent (although still more ionic than its other halides). BeF, has many similarities to
SiO; (quartz) a mostly covalently bonded network solid. BeF, has tetrahedrally coordinated metal
and forms glasses (is difficult to crystallize). When crystalline, beryllium fluoride has the same
room temperature crystal structure as quartz and shares many higher temperatures structures
also. Beryllium difluoride is very soluble in water, unlike the other alkaline earths. (Although they
are strongly ionic, they do not dissolve because of the especially strong lattice energy of the
fluorite structure.) However, BeF, has much lower electrical conductivity when in solution or when
molten than would be expected if it were fully ionic.

Beryllium Oxide

Beryllium oxide, BeO, is a white refractory solid, which has the wurtzite crystal structure and a
thermal conductivity as high as in some metals. BeO is amphoteric. Salts of beryllium can be
produced by treating Be(OH), with acid. Beryllium sulfide, selenide and telluride are known, all
having the zincblende structure.

Beryllium Nitride

Beryllium nitride, BesN; is a high-melting-point compound which is readily hydrolyzed. Beryllium
azide, BeNg is known and beryllium phosphide, BesP, has a similar structure to Be;N,. Basic
beryllium nitrate and basic beryllium acetate have similar tetrahedral structures with four beryllium
atoms coordinated to a central oxide ion. A number of beryllium borides are known, such as
BesB, Be,B, Be,B, BeB,, BeBs and BeBq,. Beryllium carbide, Be,C, is a refractory brick-red
compound that reacts with water to give methane. No beryllium silicide has been identified.

Approximately 35 micrograms of beryllium is found in the human body, but this amount is not
considered harmful. Beryllium is chemically similar to magnesium and therefore can displace it
from enzymes, which causes them to malfunction.

Chronic berylliosis is a pulmonary and systemic granulomatous disease caused by inhalation of
dust or fumes contaminated with beryllium; either large amounts over a short time or small
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amounts over a long time can lead to this ailment. Symptoms of the disease can take up to 5
years to develop; about a third of patients with it die and the survivors are left disabled. The
International Agency for Research on Cancer (IARC) lists beryllium and beryllium compounds as
Category 1 carcinogens.

Acute beryllium disease in the form of chemical pneumonitis was first reported in Europe in 1933
and in the United States in 1943. A survey found that about 5% of workers in plants
manufacturing fluorescent lamps in 1949 in the United States had beryllium-related lung
diseases. Chronic berylliosis resembles sarcoidosis in many respects, and the differential
diagnosis is often difficult. It kiled some early workers in nuclear weapons design, such as
Herbert L. Anderson.

Early researchers tasted beryllium and its various compounds for sweetness in order to verify its
presence. Modern diagnostic equipment no longer necessitates this highly risky procedure and
no attempt should be made to ingest this highly toxic substance. Beryllium and its compounds
should be handled with great care and special precautions must be taken when carrying out any
activity which could result in the release of beryllium dust (lung cancer is a possible result of
prolonged exposure to beryllium laden dust). Although the use of beryllium compounds in
fluorescent lighting tubes was discontinued in 1949, potential for exposure to beryllium exists in
the nuclear and aerospace industries and in the refining of beryllium metal and melting of
beryllium-containing alloys, the manufacturing of electronic devices, and the handling of other
beryllium-containing material.

A successful test for beryllium in air and on surfaces has been recently developed and published
as an international voluntary consensus standard ASTM D7202. The procedure uses dilute
ammonium bifluoride for dissolution and fluorescence detection with beryllium bound to
sulfonated hydroxybenzoquinoline, allowing up to 100 times more sensitive detection than the
recommended limit for beryllium concentration in the workplace. Fluorescence increases with
increasing beryllium concentration. The new procedure has been successfully tested on a variety
of surfaces and is effective for the dissolution and ultratrace detection of refractory beryllium
oxide and siliceous beryllium (ASTM D7458).
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Cadmium - Inorganic Contaminant 0.005 mg/L Water MCL

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for cadmium is 0.005 mg/L |
or 5 ppb. EPA has set this level of
protection based on the best available
science to prevent potential health
problems. EPA has set an enforceable
regulation for cadmium, called a
maximum contaminant level (MCL), at
0.005 mg/L or 5 ppb. MCLs are set as
close to the health goals as possible,
considering cost, benefits and the ability
of public water systems to detect and
remove contaminants using suitable
treatment technologies. In this case, the
MCL equals the MCLG, because
analytical methods or treatment
technology do not pose any limitation.

The Phase Il Rule, the regulation for cadmium, became effective in 1992. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed cadmium as part of the
Six Year Review and determined that the 0.005 mg/L or 5 ppb MCLG and 0.005 mg/L or 5 ppb
MCL for cadmium are still protective of human health.

How does cadmium get into my drinking water?

The major sources of cadmium in drinking water are corrosion of galvanized pipes; erosion of
natural deposits; discharge from metal refineries; runoff from waste batteries and paints.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if cadmium is in my drinking water?

When routine monitoring indicates that cadmium levels are above the MCL, your water supplier
must take steps to reduce the amount of cadmium so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.
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How will cadmium be removed from my drinking water?
The following treatment method(s) have proven to be effective for removing cadmium to below
0.005 mg/L or 5 ppb: coagulation/filtration, ion exchange, lime softening, and reverse osmosis.

Cadmium Explained

Cadmium is a chemical element with the symbol Cd and atomic number 48. This soft, bluish-
white metal is chemically similar to the two other stable metals in group 12, zinc and mercury.
Like zinc, it prefers oxidation state +2 in most of its compounds and like mercury it shows a low
melting point compared to transition metals. Cadmium and its congeners are not always
considered transition metals, in that they do not have partly filled d or f electron shells in the
elemental or common oxidation states. The average concentration of cadmium in the Earth's
crust is between 0.1 and 0.5 parts per million (ppm). It was discovered in 1817 simultaneously by
Stromeyer and Hermann, both in Germany, as an impurity in zinc carbonate.

Cadmium occurs as a minor component in most zinc ores and therefore is a byproduct of zinc
production. It was used for a long time as a pigment and for corrosion resistant plating on steel
while cadmium compounds were used to stabilize plastic. With the exception of its use in nickel—
cadmium batteries and cadmium telluride solar panels, the use of cadmium is generally
decreasing. These declines have been due to competing technologies, cadmium’s toxicity in
certain forms and concentration and resulting regulations. Although cadmium has no known
biological function in higher organisms, a cadmium-dependent carbonic anhydrase has been
found in marine diatoms.

Characteristics

Physical Properties

Cadmium is a soft, malleable, ductile, bluish-white divalent metal. It is similar in many respects to
zinc but forms complex compounds. Unlike other metals, cadmium is resistant to corrosion and
as a result it is used as a protective layer when deposited on other metals. As a bulk metal,
cadmium is insoluble in water and is not flammable; however, in its powdered form it may burn
and release toxic fumes.

Chemical Properties

Although cadmium usually has an oxidation state of +2, it also exists in the +1 state. Cadmium
and its congeners are not always considered transition metals, in that they do not have partly
filled d or f electron shells in the elemental or common oxidation states. Cadmium burns in air to
form brown amorphous cadmium oxide (CdO); the crystalline form of this compound is a dark red
which changes color when heated, similar to zinc oxide. Hydrochloric acid, sulfuric acid and nitric
acid dissolve cadmium by forming cadmium chloride (CdCl,), cadmium sulfate (CdSO,), or
cadmium nitrate (Cd(NO3),). The oxidation state +1 can be reached by dissolving cadmium in a
mixture of cadmium chloride and aluminum chloride, forming the Cd,?" cation, which is similar to
the Hg,?* cation in mercury(l) chloride.

Cd + CdC|2 + 2 A|C|3 — Cdz(A|C|4)2

Isotopes

Naturally occurring cadmium is composed of 8 isotopes. Two of them are naturally radioactive,
and three are expected to decay but have not been experimentally confirmed to do so. The two
natural radioactive isotopes are ''*Cd (beta decay, half-life is 7.7 x 10"° years) and ''°Cd (two-

neutrino double beta decay, half-life is 2.9 x 10'° years).
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The other three are '®Cd, '®Cd (both double electron capture), and '"*Cd (double beta decay);
only lower limits on their half-life times have been set. At least three isotopes — ''°Cd, ""'Cd, and
"2Cd — are stable.

Among the isotopes that do not occur naturally, the most long-lived are '°Cd with a half-life of
462.6 days, and '"°Cd with a half-life of 53.46 hours. All of the remaining radioactive isotopes
have half-lives that are less than 2.5 hours, and the maijority of these have half-lives that are less
than 5 minutes. Cadmium has 8 known meta states, with the most stable being '"*"Cd (t,, = 14.1
years), ""®"Cd (t, = 44.6 days), and """™Cd (t,, = 3.36 hours).

The known isotopes of cadmium range in atomic mass from 94.950 u (**Cd) to 131.946 u ("*Cd).
For isotopes lighter than 112 u, the primary decay mode is electron capture and the dominant
decay product is element 47 (silver). Heavier isotopes decay mostly through beta emission
producing element 49 (indium).

One isotope of cadmium, *Cd, absorbs neutrons with very high probability if they have an
energy below the cadmium cut-off and transmits them otherwise. The cadmium cut-off is about
0.5 eV. Neutrons with energy below the cut-off are deemed slow neutrons, distinguishing them
from intermediate and fast neutrons.

Cadmium is created via the long s-process in low-medium mass stars with masses of 0.6 to 10
solar masses, which lasts thousands of years. It requires a silver atom to capture a neutron and
then undergo beta decay.

Cadmium makes up about 0.1 ppm of the Earth's crust. Compared with the more abundant 65
ppm zinc, cadmium is rare. No significant deposits of cadmium-containing ores are known.
Greenockite (CdS), the only cadmium mineral of importance, is nearly always associated with
sphalerite (ZnS). This association is caused by the geochemical similarity between zinc and
cadmium which makes geological separation unlikely. As a consequence, cadmium is produced
mainly as a byproduct from mining, smelting, and refining sulfidic ores of zinc, and, to a lesser
degree, lead and copper.

Small amounts of cadmium, about 10% of consumption, are produced from secondary sources,
mainly from dust generated by recycling iron and steel scrap. Production in the United States
began in 1907, but it was not until after World War | that cadmium came into wide use. One place
where metallic cadmium can be found is the Vilyuy River basin in Siberia.

Rocks mined to produce phosphate fertilizers contain varying amounts of cadmium, leading to a
cadmium concentration of up to 300 mg/kg in the produced phosphate fertilizers and thus in the
high cadmium content in agricultural soils. Coal can contain significant amounts of cadmium,
which ends up mostly in the flue dust.
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Chromium- Inorganic Contaminant 0.1 mg/L Water MCL

The Safe Drinking Water Act requires EPA to determine the level of contaminants in drinking
water at which no adverse health effects are likely to occur. These non-enforceable health goals,
based on possible health risks from exposure over a lifetime, are called maximum contaminant
level goals (MCLG).

EPA sets enforceable standards for drinking
water contaminants based on the best
available science to prevent potential health
problems. In most cases, the enforceable
standard is known as a maximum contaminant
level (MCL), the maximum permissible level of
a contaminant in water which is delivered to
any user of a public water system. MCLs are
set as close to the health goals as possible
after considering costs, benefits and the ability
of public water systems to detect and remove
contaminants using suitable treatment
technologies.

The national primary drinking water regulation
that established the MCL for total chromium
was promulgated in 1991. The Safe Drinking
Water Act requires EPA to periodically review
the national primary drinking water regulation
for each contaminant and revise the regulation, if appropriate. EPA reviewed total chromium as
part of the second six-year review that was announced in March 2010. The Agency noted in
March 2010 that it had initiated a reassessment of the health risks associated with chromium
exposure and that the Agency did not believe it was appropriate to revise the national primary
drinking water regulation while that effort was in process. In 2008, EPA began a rigorous and
comprehensive review of chromium-6 health effects based on new science. When this human
health assessment is finalized EPA will carefully review the conclusions and consider all relevant
information to determine if the current chromium standard should be revised

Ensuring safe drinking water for all Americans is a top priority for EPA. EPA has an enforceable
drinking water standard of 0.1 milligrams per liter (mg/L) for total chromium, which includes
chromium-6 and chromium-3. This standard was established in 1991 and was based on the best
available science at the time which indicated that some people who use water containing
chromium in excess of the drinking water standard over many years could experience allergic
dermatitis (skin reactions).

EPA regularly re-evaluates drinking water standards and, based on new science on chromium-6,
had begun a rigorous and comprehensive review of its health effects in 2008. In September 2010,
EPA released a draft of that scientific assessment for public comment. When this human health
assessment is finalized, EPA will carefully review the conclusions and consider all relevant
information to determine if a new drinking water standard for chromium-6 or a revision to the
current total chromium standard is warranted.

Chromium is an odorless and tasteless metallic element. Chromium is found naturally in rocks,
plants, soil and volcanic dust, humans and animals. The most common forms of chromium that
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occur in natural waters in the environment are trivalent chromium (chromium-3), and hexavalent
chromium (chromium-6).

Chromium-3 is an essential human dietary element and occurs naturally in many vegetables,
fruits, meats, grains and yeast. Chromium-6 occurs naturally in the environment from the erosion
of natural chromium deposits but it can also be produced by industrial processes. There are
demonstrated instances of chromium being released to the environment by leakage, poor
storage, or inadequate industrial waste disposal practices.

What are some uses for Chromium?

Metallic chromium is used mainly for making steel and other alloys. Chromium compounds in
either the chromium-3 or chromium-6 forms are used for chrome plating, dyes and pigments,
leather and wood preservation.

What are Chromium's Health Effects?

Chromium-3 is a nutritionally essential element in humans and is often added to vitamins as a
dietary supplement. Chromium-3 has relatively low toxicity and would be a concern in drinking
water only at very high levels of contamination; Chromium-6 is more toxic and poses potential
health risks. People who use water containing total chromium in excess of the maximum
contaminant level (MCL) over many years could experience allergic dermatitis.

EPA proposed to classify chromium-6 as likely to be carcinogenic to humans when ingested. The
Agency continues to work towards completing the human health assessment and making a final
determination about the carcinogenicity of chromium-6. When the assessment is completed, EPA
will determine whether the drinking water standard for total chromium needs to be revised.

What are EPA's drinking water regulations for Chromium?

The Safe Drinking Water Act requires EPA to determine the level of contaminants in drinking
water at which no adverse health effects are likely to occur. These non-enforceable health goals,
based on possible health risks from exposure over a lifetime are called maximum contaminant
level goals (MCLG).

The MCLG for total chromium is 0.1 mg/L or 100 parts per billion (ppb). EPA has set this level of
protection based on the best available science at the time the rule was promulgated. EPA has set
an enforceable regulation for total chromium, called a maximum contaminant level (MCL), at 0.1
mg/L or 100 ppb. MCLs are set as close to the health goals as possible, considering cost,
benefits and the ability of public water systems to detect and remove contaminants using suitable
treatment technologies. In this case, the MCL equals the MCLG, because analytical methods or
treatment technology do not pose any limitation.

States may set more stringent drinking water MCLGs and MCLs for total chromium than EPA.

Why are Chromium-6 and Chromium-3 covered in the same Standard?

Chromium-6 and chromium-3 are covered under the total chromium drinking water standard
because these forms of chromium can convert back and forth in water and in the human body,
depending on environmental conditions.

Measuring just one form may not capture all of the chromium that is present. In order to ensure
that the greatest potential risk is addressed, EPA's regulation assumes that a measurement of
total chromium is 100 percent chromium-6, the more toxic form.
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How often does the EPA update the Total Chromium Drinking Water Standard?

The Safe Drinking Water Act requires EPA to periodically review the national primary drinking
water regulation for each contaminant and revise the regulation, if appropriate. EPA reviewed
total chromium as part of the second six-year review that was announced in March 2010 . The
Agency noted in March 2010 that it had initiated a reassessment of the health risks associated
with chromium exposure and that the Agency did not believe it was appropriate to revise the
national primary drinking water regulation while that effort was in process.

In 2008, EPA began a rigorous and comprehensive review of chromium-6 health effects based on
new science. When this human health assessment is finalized EPA will carefully review the
conclusions and consider all relevant information to determine if the current chromium standard
should be revised.

Chromium Explained

Chromium Description

Chromium is a chemical element which has the symbol Cr and atomic number 24. It is the first
element in Group 6. It is a steely-gray, lustrous, hard metal that takes a high polish and has a
high melting point. It is also odorless, tasteless, and malleable. The name of the element is
derived from the Greek word "chroma" (xpwua), meaning color, because many of its compounds
are intensely colored.

Chromium oxide was used by the Chinese in the Qin dynasty over 2,000 years ago to coat metal
weapons found with the Terracotta Army. Chromium was discovered as an element after it came
to the attention of the western world in the red crystalline mineral crocoite (lead(ll) chromate),
discovered in 1761 and initially used as a pigment. Louis Nicolas Vauquelin first isolated
chromium metal from this mineral in 1797. Since Vauquelin's first production of metallic
chromium, small amounts of native (free) chromium metal have been discovered in rare minerals,
but these are not used commercially. Instead, nearly all chromium is commercially extracted from
the single commercially viable ore chromite, which is iron chromium oxide (FeCr,O,4). Chromite is
also now the chief source of chromium for chromium pigments.

Chromium metal and ferrochromium alloy are commercially produced from chromite by
silicothermic or aluminothermic reactions, or by roasting and leaching processes.

Chromium metal has proven of high value due to its high corrosion resistance and hardness. A
major development was the discovery that steel could be made highly resistant to corrosion and
discoloration by adding metallic chromium to form stainless steel. This application, along with
chrome plating (electroplating with chromium) currently comprise 85% of the commercial use for
the element, with applications for chromium compounds forming the remainder.

Trivalent chromium (Cr(lll)) ion is possibly required in trace amounts for sugar and lipid
metabolism, although the issue remains in debate. In larger amounts and in different forms,
chromium can be toxic and carcinogenic. The most prominent example of toxic chromium is
hexavalent chromium (Cr(VI)). Abandoned chromium production sites often require environmental
cleanup.
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Characteristics

Physical

Chromium is remarkable for its magnetic properties: it is the only elemental solid which shows
antiferromagnetic ordering at room temperature (and below). Above 38 °C, it transforms into a
paramagnetic state.

Passivation

Chromium metal left standing in air is passivated by oxygen, forming a thin protective oxide
surface layer. This layer is a spinel structure only a few atoms thick. It is very dense, and
prevents the diffusion of oxygen into the underlying material. This barrier is in contrast to iron or
plain carbon steels, where the oxygen migrates into the underlying material and causes rusting.

The passivation can be enhanced by short contact with oxidizing acids like nitric acid. Passivated
chromium is stable against acids. The opposite effect can be achieved by treatment with a strong
reducing agent that destroys the protective oxide layer on the metal. Chromium metal treated in
this way readily dissolves in weak acids.

Chromium, unlike metals such as iron and nickel, does not suffer from hydrogen embrittlement.
However, it does suffer from nitrogen embrittlement, reacting with nitrogen from air and forming
brittle nitrides at the high temperatures necessary to work the metal parts.

Occurrence

Chromium is the 24th most abundant element in Earth's crust with an average concentration of
100 ppm. Chromium compounds are found in the environment, due to erosion of chromium-
containing rocks and can be distributed by volcanic eruptions. The concentrations range in soil is
between 1 and 3000 mg/kg, in sea water 5 to 800 ug/liter, and in rivers and lakes 26 ug/liter to
5.2 mgl/liter. Chromium is mined as chromite (FeCr,O,4) ore. About two-fifths of the chromite ores
and concentrates in the world are produced in South Africa, while Kazakhstan, India, Russia, and
Turkey are also substantial producers. Untapped chromite deposits are plentiful, but
geographically concentrated in Kazakhstan and southern Africa.

Although rare, deposits of native chromium exist. The Udachnaya Pipe in Russia produces
samples of the native metal. This mine is a kimberlite pipe, rich in diamonds, and the reducing
environment helped produce both elemental chromium and diamond.

The relation between Cr(lll) and Cr(VI) strongly depends on pH and oxidative properties of the
location, but in most cases, the Cr(lll) is the dominating species, although in some areas the
ground water can contain up to 39 ug/liter of total chromium of which 30 ug/liter is present as
Cr(VI).

Isotopes

Naturally occurring chromium is composed of three stable isotopes; *’Cr, **Cr and **Cr with %°Cr
being the most abundant (83.789% natural abundance). 19 radioisotopes have been
characterized with the most stable being *°Cr with a half-life of (more than) 1.8x10"" years, and
*1Cr with a half-life of 27.7 days. All of the remaining radioactive isotopes have half-lives that are
less than 24 hours and the majority of these have half-lives that are less than 1 minute. This
element also has 2 meta states.

%Cr is the radiogenic decay product of **Mn. Chromium isotopic contents are typically combined
with manganese isotopic contents and have found application in isotope geology.
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Mn-Cr isotope ratios reinforce the evidence from ?°Al and ""’Pd for the early history of the solar
system. Variations in **Cr/°’Cr and Mn/Cr ratios from several meteorites indicate an initial
*Mn/**Mn ratio that suggests Mn-Cr isotopic composition must result from in-situ decay of **Mn in
differentiated planetary bodies. Hence *°Cr provides additional evidence for nucleosynthetic
processes immediately before coalescence of the solar system.

The isotopes of chromium range in atomic mass from 43 u (**Cr) to 67 u (°Cr). The primary
decay mode before the most abundant stable isotope, *Cr, is electron capture and the primary
mode after is beta decay. **Cr has been posited as a proxy for atmospheric oxygen concentration

Chromium(ll)

A large number of chromium(lll) compounds are known. Chromium(lll) can be obtained by
dissolving elemental chromium in acids like hydrochloric acid or sulfuric acid. The Cr® ion has a
similar radius (63 pm) to the AI** ion (radius 50 pm), so they can replace each other in some
compounds, such as in chrome alum and alum. When a trace amount of Cr®* replaces AI** in
corundum (aluminum oxide, Al,O3), the red-colored ruby is formed.

Chromium(lll) ions tend to form octahedral complexes. The colors of these complexes is
determined by the ligands attached to the Cr center. The commercially available chromium(lll)
chloride hydrate is the dark green complex [CrCly(H,O)4]Cl. Closely related compounds have
different colors: pale green [CrCI(H,0)s]Cl, and the violet [Cr(H20)e]Cls.

If water-free green chromium(lll) chloride is dissolved in water then the green solution turns violet
after some time, due to the substitution of water by chloride in the inner coordination sphere. This
kind of reaction is also observed with solutions of chrome alum and other water-soluble
chromium(lll) salts.

Chromium(lll) hydroxide (Cr(OH);) is amphoteric, dissolving in acidic solutions to form
[Cr(H,0)s]**, and in basic solutions to form [Cr(OH)e]*". It is dehydrated by heating to form the
green chromium(lll) oxide (Cr,O3), which is the stable oxide with a crystal structure identical to
that of corundum.

Chromium(VI)
Chromium(VI) compounds are powerful oxidants at low or neutral pH. Most important are
chromate anion (CrO2-4) and dichromate (Cr,O,%) anions, which exist in equilibrium:

2 [CrOLJ% + 2 H* F2[Cr,0,]% + H,0

Chromium(VI) halides are known also and include the hexafluoride CrFgs and chromyl chloride
(CrO.Cly).

Sodium chromate is produced industrially by the oxidative roasting of chromite ore with calcium or
sodium carbonate. The dominant species is therefore, by the law of mass action, determined by
the pH of the solution. The change in equilibrium is visible by a change from yellow (chromate) to
orange (dichromate), such as when an acid is added to a neutral solution of potassium chromate.
At yet lower pH values, further condensation to more complex oxyanions of chromium is possible.
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Both the chromate and dichromate anions are strong oxidizing reagents at low pH:
Sodium chromate (Na,CrQO,)

Cr02-7 + 14 H;0" + 6 6™ — 2 Cr** + 21 H,0 (g, = 1.33 V)

They are, however, only moderately oxidizing at high pH:
CrO2-4 +4 H,0+3 e — Cr(OH); + 5 OH (g, = -0.13 V)

Chromium(VI) compounds in solution can be detected by adding an acidic hydrogen peroxide
solution. The unstable dark blue chromium(VI) peroxide (CrOs) is formed, which can be stabilized
as an ether adduct CrO5-OR..

Chromic acid has the hypothetical formula H,CrO,. It is a vaguely described chemical, despite
many well-defined chromates and dichromates are known. The dark red chromium(VI) oxide
CrO;, the acid anhydride of chromic acid, is sold industrially as "chromic acid". It can be produced
by mixing sulfuric acid with dichromate, and is a strong oxidizing agent.

Chromium(V) and chromium(lV)

The oxidation state +5 is only realized in few compounds but are intermediates in many reactions
involving oxidations by chromate. The only binary compound is the volatile chromium(V) fluoride
(CrF5). This red solid has a melting point of 30 °C and a boiling point of 117 °C. It can be
synthesized by treating chromium metal with fluorine at 400 °C and 200 bar pressure. The
peroxochromate(V) is another example of the +5 oxidation state. Potassium peroxochromate
(K3[Cr(O,)4]) is made by reacting potassium chromate with hydrogen peroxide at low
temperatures. This red brown compound is stable at room temperature but decomposes
spontaneously at 150-170 °C.

Compounds of chromium(lV) (in the +4 oxidation state) are slightly more common than those of
chromium(V). The tetrahalides, CrF,4, CrCl,, and CrBry4, can be produced by treating the trihalides
(CrX3) with the corresponding halogen at elevated temperatures. Such compounds are
susceptible to disproportionation reactions and are not stable in water.

Chromium(ll)

Many chromium(ll) compounds are known, including the water-stable chromium(ll) chloride,
CrCl,, which can be made by reduction of chromium(lll) chloride with zinc. The resulting bright
blue solution is only stable at neutral pH. Many chromous carboxylates are also known, most
famously, the red chromous acetate (Cry(O,CCHj3)4), which features a quadruple bond.

Chromium(l)

Most Cr(l) compounds are obtained by oxidation of electron-rich, octahedral Cr(0) complexes.
Other Cr(l) complexes contain cyclopentadienyl ligands. As verified by X-ray diffraction, a Cr-Cr
quintuple bond (length 183.51(4) pm) has also been described. Extremely bulky monodentate
ligands stabilize this compound by shielding the quintuple bond from further reactions.

Chromium(0)

Many chromium(0) compounds are known. Most are derivatives of chromium hexacarbonyl or
bis(benzene)chromium.
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Chromium compound determined experimentally to contain a Cr-Cr quintuple bond

What are EPA's Drinking Water Regulations for Chromium (total)?

EPA has a drinking water standard of 0.1 milligrams per liter (mg/L) or 100 parts per billion (ppb)
for total chromium, which includes all forms of chromium including chromium-6. Water systems
are required to test for total chromium. The current standard is based on potential adverse
dermatological effects over many years, such as allergic dermatitis (skin reactions). EPA regularly
re-evaluates drinking water standards and, based on new science on chromium-6, began a
rigorous and comprehensive review of its health effects in 2008.

Is Total Chromium or Chromium-6 in Drinking Water a Health Concern?

The current federal drinking water standard for total chromium is 0.1 mg/L or 100 ppb. Chromium-
6 and chromium-3 are covered under the total chromium drinking water standard because these
forms of chromium can convert back and forth in water and in the human body, depending on
environmental conditions. Measuring just one form may not capture all of the chromium that is
present. In order to ensure that the greatest potential risk is addressed, EPA's regulation
assumes that a measurement of total chromium is 100 percent chromium-6, the more toxic form.
If tap water from a public water system exceeds this federal standard, consumers will be notified.

The MCL for total chromium was established in 1991 and is based on the best available science
at the time which indicated that continued exposure to chromium-6 could result in allergic
dermatitis (skin reactions). EPA is now reviewing data from a 2008 long-term animal study by the
Department of Health and Human Service's National Toxicology Program, which suggested that
chromium-6 may be a human carcinogen if ingested. When the review is completed, EPA will
consider this and other information to determine whether the drinking water standard for total
chromium needs to be revised.

If EPA decides to revise the Regulation that includes Chromium-6 in Drinking Water, what
is the process the agency will follow?

Prior to EPA making any decisions about revising the chromium drinking water regulation, EPA
must issue its final human health assessment for chromium-6. EPA will carefully review the final
assessment and consider all other relevant information to determine if a new drinking water
regulation for chromium-6 or a revision to the current total chromium standard is warranted.
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How does Chromium get into my Drinking Water?

The most common forms of chromium that occur in natural waters in the environment are
chromium-3 and chromium-6. Chromium-3 and chromium-6 occur naturally in the environment,
and are present in water from the erosion of chromium deposits found in rocks and soils.
Chromium-6 is also produced by industrial processes and manufacturing activities including
discharges from steel and pulp mills among others. At many locations, chromium compounds
have been released to the environment via leakage, poor storage, or improper disposal practices.
Chromium compounds are very persistent in water as sediments.

A federal law called the Emergency Planning and Community Right to Know Act requires facilities
in certain industries, which manufacture, process, or use significant amounts of toxic chemicals,
to report annually on their releases of these chemicals. For more information on the uses and
releases of chemicals in your state, contact the community right-to-know hotline at (800) 424-
9346.

How will | know if there is Chromium in my Drinking Water?

Your public water system's annual water quality report will provide information if total chromium is
detected in the drinking water it delivers. The water quality report is sent to customers by July 1 of
each year and may also be found on your public water system's website. Some water utilities
have conducted monitoring specifically for chromium-6. Contact your public water system to find
out if this information is available.

Consumers served by private wells can have their water tested by a state certified laboratory.
You can find information on how to sample for chromium-6 and where to send samples by
contacting your state water laboratory certification officer.

What should | do if | am concerned about the Presence of Chromium-6 in my Drinking
Water while EPA is reviewing the Science and the Regulation?

If you remain concerned after finding out more about the chromium-6 levels in your drinking
water, you may consider taking additional steps.

Can home treatment devices remove chromium-6?

Some home treatment devices are certified by organizations to remove chromium-6. Two
certification organizations are: NSF International and the Water Quality Association. These
certification programs are based on current drinking water standards and home treatment devices
are only certified to remove chromium-6 to either 50 or 100 parts per billion. Contact the device's
manufacturer for specific information about how effective the product is, given your water and
treatment goal. Your public water system's water quality report and your water system's staff can
help you understand the characteristics of your water.

If you choose to use a home treatment device, it is very important to follow the manufacturer's
operation and maintenance instructions carefully in order to make sure the device works properly.

Consumers should be aware that the current EPA drinking water standard for chromium requires
that public water systems provide drinking water that does not exceed a total chromium
concentration of 100 ppb.

Can | avoid exposure to chromium-6 if | only Drink Bottled Water? (Is there Chromium-6 in
bottled water?)

The Food and Drug Administration (FDA) establishes standards for bottled water and has
adopted EPA's total chromium standard of 100 ppb. Contact bottled water manufacturers for
specific information about levels of chromium-6 in their products.
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Copper - Inorganic Contaminant 1.3 mg/L Water MCLG

What are Copper’s Health Effects?
Some people who drink water containing copper in excess of the action level may, with short term
exposure, experience gastrointestinal distress,
and with long-term exposure may experience
liver or kidney damage. People with Wilson's
Disease should consult their personal doctor if
the amount of copper in their water exceeds the
action level.

This health effects language is not intended to
catalog all possible health effects for copper.
Rather, it is intended to inform consumers of
some of the possible health effects associated
with copper in drinking water when the rule was
finalized.

What are EPA’s Drinking Water Regulations for Copper?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for copper is 1.3 mg/L or 1.3 ppm. EPA has set this level of protection based on the
best available science to prevent potential health problems.

For most contaminants, EPA sets an enforceable regulation called a maximum contaminant level
(MCL) based on the MCLG. MCLs are set as close to the MCLGs as feasible, considering cost,
benefits and the ability of public water systems to detect and remove contaminants using suitable
treatment technologies. However, because copper contamination of drinking water often results
from corrosion of the plumbing materials belonging to water system customers, EPA established
a treatment technique rather than an MCL for copper.

A treatment technique is an enforceable procedure or level of technological performance which
water systems must follow to ensure control of a contaminant. The treatment technique regulation
for copper (referred to as the Lead and Copper rule) requires water systems to control the
corrosivity of the water. The regulation also requires systems to collect tap samples from sites
served by the system that are more likely to have plumbing materials containing lead. If more
than 10 percent of tap water samples exceed the copper action level of 1.3 milligrams per Liter
(mg/L), water systems must take additional steps to reduce corrosiveness.

EPA promulgated the Lead and Copper Rule in 1991, and revised the regulation in 2000 and in
2007. States may set a more stringent regulation for copper in drinking water than EPA.
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How does Copper get into my Drinking Water?

The major sources of copper in drinking water are corrosion of household plumbing systems; and
erosion of natural deposits. Copper enters the water (“leaches”) through contact with the
plumbing. Copper leaches into water through corrosion — a dissolving or wearing away of metal
caused by a chemical reaction between water and your plumbing. Copper can leach into water
primarily from pipes, but fixtures and faucets (brass), and fittings can also be a source. The
amount of copper in your water also depends on the types and amounts of minerals in the water,
how long the water stays in the pipes, the amount of wear in the pipes, the water’s acidity and its
temperature.

How will | know if Copper is in my Drinking Water?

If you are concerned about copper in your drinking water, have the water tested for copper by a
certified laboratory. (Lists are available from your state or local drinking water authority.) Since
you cannot see, taste, or smell copper dissolved in water, testing is the only sure way of telling
whether there are harmful quantities of lead in your drinking water. You should be particularly
suspicious if your home has copper pipes. If you see signs of corrosion (frequent leaks, rust-
colored water, stained dishes or laundry, or if your non-plastic plumbing is less than five years
old. Your water supplier may have useful information, including whether the service connector
used in your home or area is made of copper. Testing is especially important in high-rise
buildings where flushing might not work.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How will Copper be removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing copper to below the
action level of 1.3 mg/L or 1.3 ppm: corrosion control.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book’s government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Copper Explained

Copper is a chemical element with the symbol Cu (from Latin: cuprum) and atomic number 29. It
is a ductile metal with very high thermal and electrical conductivity. Pure copper is soft and
malleable; a freshly exposed surface has a reddish-orange color. It is used as a conductor of heat
and electricity, a building material, and a constituent of various metal alloys.

The metal and its alloys have been used for thousands of years. In the Roman era, copper was

principally mined on Cyprus, hence the origin of the name of the metal as cyprium (metal of
Cyprus), later shortened to cuprum.
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Its compounds are commonly encountered as copper(ll) salts, which often impart blue or green
colors to minerals such as turquoise and have been widely used historically as pigments.

Architectural structures built with copper corrode to give green verdigris (or patina). Decorative art
prominently features copper, both by itself and as part of pigments.

Copper(ll) ions are water-soluble, where they function at low concentration as bacteriostatic
substances, fungicides, and wood preservatives. In sufficient amounts, they are poisonous to
higher organisms; at lower concentrations it is an essential trace nutrient to all higher plant and
animal life. The main areas where copper is found in animals are liver, muscle and bone.

Characteristics

Physical

Copper, silver and gold are in group 11 of the periodic table, and they share certain attributes:
they have one s-orbital electron on top of a filled d-electron shell and are characterized by high
ductility and electrical conductivity. The filled d-shells in these elements do not contribute much to
the interatomic interactions, which are dominated by the s-electrons through metallic bonds.
Contrary to metals with incomplete d-shells, metallic bonds in copper are lacking a covalent
character and are relatively weak. This explains the low hardness and high ductility of single
crystals of copper. At the macroscopic scale, introduction of extended defects to the crystal
lattice, such as grain boundaries, hinders flow of the material under applied stress thereby
increasing its hardness. For this reason, copper is usually supplied in a fine-grained
polycrystalline form, which has greater strength than monocrystalline forms.

The low hardness of copper partly explains its high electrical (59.6x10° S/m) and thus also high
thermal conductivity, which are the second highest among pure metals at room temperature. This
is because the resistivity to electron transport in metals at room temperature mostly originates
from scattering of electrons on thermal vibrations of the lattice, which are relatively weak for a soft
metal. The maximum permissible current density of copper in open air is approximately 3.1x10°
A/m? of cross-sectional area, above which it begins to heat excessively. As with other metals, if
copper is placed against another metal, galvanic corrosion will occur.

Together with caesium and gold (both yellow), copper is one of only three elemental metals with a
natural color other than gray or silver. Pure copper is orange-red and acquires a reddish tarnish
when exposed to air. The characteristic color of copper results from the electronic transitions
between the filled 3d and half-empty 4s atomic shells — the energy difference between these
shells is such that it corresponds to orange light. The same mechanism accounts for the yellow
color of gold and caesium.

Chemical

Copper forms a rich variety of compounds with oxidation states +1 and +2, which are often called
cuprous and cupric, respectively. It does not react with water, but it slowly reacts with
atmospheric oxygen forming a layer of brown-black copper oxide. In contrast to the oxidation of
iron by wet air, this oxide layer stops the further, bulk corrosion. A green layer of verdigris (copper
carbonate) can often be seen on old copper constructions, such as the Statue of Liberty, the
largest copper statue in the world built using repoussé and chasing. Hydrogen sulfides and
sulfides react with copper to form various copper sulfides on the surface. In the latter case, the
copper corrodes, as is seen when copper is exposed to air containing sulfur compounds.
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Oxygen-containing ammonia solutions give water-soluble complexes with copper, as do oxygen
and hydrochloric acid to form copper chlorides and acidified hydrogen peroxide to form copper(ll)
salts. Copper(ll) chloride and copper comproportionate to form copper(l) chloride.

Isotopes

There are 29 isotopes of copper. ®*Cu and ®°Cu are stable, with ®*Cu comprising approximately
69% of naturally occurring copper; they both have a spin of 3/2. The other isotopes are
radioactive, with the most stable being 67Cu with a half-life of 61.83 hours. Seven metastable
isotopes have been characterized, with 8MCu the longest-lived with a half-life of 3.8 minutes.
Isotopes with a mass number above 64 decay by B, whereas those with a mass number below
64 decay by B*. ®*Cu, which has a half-life of 12.7 hours, decays both ways.

%2Cu and ®Cu have significant applications. ®Cu is a radiocontrast for X-ray imaging, and
complexed with a chelate can be used for treating cancer. ®Cu is used in ®2Cu-PTSM that is a
radioactive tracer for positron emission tomography.

Occurrence

Copper can be found as either native copper or as part of minerals. Native copper is a
polycrystal, with the largest described single crystal measuring 4.4x3.2x3.2 cm. The largest mass
of elemental copper weighed 420 tons and was found in 1857 on the Keweenaw Peninsula in
Michigan, US. There are many examples of copper-containing minerals: chalcopyrite and
chalcocite are copper sulfides, azurite and malachite are copper carbonates and cuprite is a
copper oxide. Copper is present in the Earth's crust at a concentration of about 50 parts per
million (ppm), and is also synthesized in massive stars.

Compounds

Binary Compounds

As for other elements, the simplest compounds of copper are binary compounds, i.e. those
containing only two elements. The principal ones are the oxides, sulfides and halides. Both
cuprous and cupric oxides are known. Among the numerous copper sulfides, important examples
include copper(l) sulfide and copper(ll) sulfide.

The cuprous halides with chlorine, bromine, and iodine are known, as are the cupric halides with
fluorine, chlorine, and bromine. Attempts to prepare copper(ll) iodide give cuprous iodide and
iodine.

2Cu* +41 - 2Cul+1,

Coordination Chemistry

Copper, like all metals, forms coordination complexes with ligands. In aqueous solution,
copper(ll) exists as [Cu(H,0)s]**. This complex exhibits the fastest water exchange rate (speed of
water ligands attaching and detaching) for any transition metal aquo complex. Adding aqueous
sodium hydroxide causes the precipitation of light blue solid copper(ll) hydroxide. A simplified
equation is:

Cu?* + 2 OH™ — Cu(OH),
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Aqueous ammonia results in the same precipitate. Upon adding excess ammonia, the precipitate
dissolves, forming tetraamminecopper(ll):

CU(H20)4(OH)2 +4 NH; — [CU(HQO)z(NH3)4]2+ +2 H,O+2OH"

Many other oxyanions form complexes; these include copper(ll) acetate, copper(ll) nitrate, and
copper(ll) carbonate. Copper(ll) sulfate forms a blue crystalline pentahydrate, which is the most
familiar copper compound in the laboratory. It is used in a fungicide called the Bordeaux mixture.

Polyols, compounds containing more than one alcohol functional group, generally interact with
cupric salts. For example, copper salts are used to test for reducing sugars. Specifically, using
Benedict's reagent and Fehling's solution the presence of the sugar is signaled by a color change
from blue Cu(ll) to reddish copper(l) oxide. Schweizer's reagent and related complexes with
ethylenediamine and other amines dissolve cellulose. Amino acids form very stable chelate
complexes with copper(ll). Many wet-chemical tests for copper ions exist, one involving
potassium ferrocyanide, which gives a brown precipitate with copper(ll) salts.

Organocopper Chemistry

Compounds that contain a carbon-copper bond are known as organocopper compounds. They
are very reactive towards oxygen to form copper(l) oxide and have many uses in chemistry. They
are synthesized by treating copper(l) compounds with Grignard reagents, terminal alkynes or
organolithium reagents; in particular, the last reaction described produces a Gilman reagent.
These can undergo substitution with alkyl halides to form coupling products; as such, they are
important in the field of organic synthesis.

Copper(l) acetylide is highly shock-sensitive but is an intermediate in reactions such as the
Cadiot-Chodkiewicz coupling and the Sonogashira coupling. Conjugate addition to enones and
carbocupration of alkynes can also be achieved with organocopper compounds. Copper(l) forms
a variety of weak complexes with alkenes and carbon monoxide, especially in the presence of
amine ligands.

Copper (lll) and Copper (IV)

Copper(lll) is most characteristically found in oxides. A simple example is potassium cuprate,
KCuO,, a blue-black solid. The best studied copper(lll) compounds are the cuprate
superconductors. Yttrium barium copper oxide (YBa,Cu3;O;) consists of both Cu(ll) and Cu(lll)
centers. Like oxide, fluoride is a highly basic anion and is known to stabilize metal ions in high
oxidation states. Indeed, both copper(lll) and even copper(lV) fluorides are known, K;CuF¢ and
Cs,CuFg, respectively.

Some copper proteins form oxo complexes, which also feature copper(lll). With di- and
tripeptides, purple-colored copper(lll) complexes are stabilized by the deprotonated amide
ligands.

Complexes of copper(lll) are also observed as intermediates in reactions of organocopper
compounds.

Biological Role

Rich sources of copper include oysters, beef and lamb liver, Brazil nuts, blackstrap molasses,
cocoa, and black pepper. Good sources include lobster, nuts and sunflower seeds, green olives,
avocados, and wheat bran.
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Copper proteins have diverse roles in biological electron transport and oxygen transportation,
processes that exploit the easy interconversion of Cu(l) and Cu(ll). The biological role for copper
commenced with the appearance of oxygen in earth's atmosphere. The protein hemocyanin is the
oxygen carrier in most mollusks and some arthropods such as the horseshoe crab (Limulus
polyphemus). Because hemocyanin is blue, these organisms have blue blood, not the red blood
found in organisms that rely on hemoglobin for this purpose. Structurally related to hemocyanin
are the laccases and tyrosinases. Instead of reversibly binding oxygen, these proteins
hydroxylate substrates, illustrated by their role in the formation of lacquers.

Copper is also a component of other proteins associated with the processing of oxygen. In
cytochrome ¢ oxidase, which is required for aerobic respiration, copper and iron cooperate in the
reduction of oxygen. Copper is also found in many superoxide dismutases, proteins that catalyze
the decomposition of superoxides, by converting it (by disproportionation) to oxygen and
hydrogen peroxide:

2 HO; — H,O, + Oy

Several copper proteins, such as the "blue copper proteins", do not interact directly with
substrates, hence they are not enzymes. These proteins relay electrons by the process called
electron transfer.

Photosynthesis functions by an elaborate electron transport chain within the thylakoid membrane.
A central "link" in this chain is plastocyanin, a blue copper protein.

Dietary Needs

Copper is an essential trace element in plants and animals, but not some microorganisms. The
human body contains copper at a level of about 1.4 to 2.1 mg per kg of body mass. Stated
differently, the RDA for copper in normal healthy adults is quoted as 0.97 mg/day and as 3.0
mg/day. Copper is absorbed in the gut, then transported to the liver bound to albumin. After
processing in the liver, copper is distributed to other tissues in a second phase.

Copper transport here involves the protein ceruloplasmin, which carries the majority of copper in
blood. Ceruloplasmin also carries copper that is excreted in milk, and is particularly well-absorbed
as a copper source. Copper in the body normally undergoes enterohepatic circulation (about 5
mg a day, vs. about 1 mg per day absorbed in the diet and excreted from the body), and the body
is able to excrete some excess copper, if needed, via bile, which carries some copper out of the
liver that is not then reabsorbed by the intestine.

Copper-based Disorders

Because of its role in facilitating iron uptake, copper deficiency can produce anemia-like
symptoms, neutropenia, bone abnormalities, hypopigmentation, impaired growth, increased
incidence of infections, osteoporosis, hyperthyroidism, and abnormalities in glucose and
cholesterol metabolism. Conversely, Wilson's disease causes an accumulation of copper in body
tissues.

Severe deficiency can be found by testing for low plasma or serum copper levels, low
ceruloplasmin, and low red blood cell superoxide dismutase levels; these are not sensitive to
marginal copper status. The "cytochrome ¢ oxidase activity of leucocytes and platelets" has been
stated as another factor in deficiency, but the results have not been confirmed by replication.
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Cyanide - Inorganic Contaminant 0.2 mg/L Water MCL

Cyanide is a carbon-nitrogen chemical unit which combines with many organic and inorganic
compounds.

Uses for Cyanide.
The most commonly used form, hydrogen cyanide, is mainly used
to make compounds and other synthetic fibers and resins.

What are Cyanide's Health Effects?

Some people who drink water containing cyanide well in excess of
the maximum contaminant level (MCL) for many years could
experience nerve damage or problems with their thyroid.

This health effects language is not intended to catalog all possible
health effects for cyanide. Rather, it is intended to inform
consumers of some of the possible health effects associated with
cyanide in drinking water when the rule was finalized.

What are EPA's Drinking Water Regulations for Cyanide?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for cyanide is 0.2 mg/L or 200 ppb. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for cyanide, called a maximum contaminant level (MCL), at 0.2 mg/L or 200 ppb. MCLs
are set as close to the health goals as possible, considering cost, benefits and the ability of public
water systems to detect and remove contaminants using suitable treatment technologies. In this
case, the MCL equals the MCLG, because analytical methods or treatment technology do not
pose any limitation.

The Phase V Rule, the regulation for cyanide, became effective in 1994. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed cyanide as part of the Six
Year Review and determined that the 0.2 mg/L or 200 ppb MCLG and 0.2 mg/L or 200 ppb MCL
for cyanide are still protective of human health.

States may set more stringent drinking water MCLGs and MCLs for cyanide than EPA.

How does Cyanide get into my Drinking Water?

The major source of cyanide in drinking water is discharge from industrial chemical factories.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.
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How will | know if Cyanide is in my Drinking Water?

When routine monitoring indicates that cyanide levels are above the MCL, your water supplier
must take steps to reduce the amount of cyanide so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How will Cyanide be Removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing cyanide to below 0.2
mg/L or 200 ppb: granular activated carbon in combination with packed tower aeration.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Cyanide Explained

A cyanide is a chemical compound that contains the cyano group, -C=N, which consists of a
carbon atom triple-bonded to a nitrogen atom. Cyanides most commonly refer to salts of the
anion CN7, which is isoelectronic with carbon monoxide and with molecular nitrogen. Most
cyanides are highly toxic.

Nomenclature and Etymology

In IUPAC nomenclature, organic compounds that have a —C=N functional group are called
nitriles. Thus, nitriles are organic compounds. An example of a nitrile is CH3CN, acetonitrile, also
known as methyl cyanide. Nitriles usually do not release cyanide ions. A functional group with a
hydroxyl and cyanide bonded to the same carbon is called cyanohydrin. Unlike nitriles,
cyanohydridins do release hydrogen cyanide. In inorganic chemistry, salts containing the C=N"
ion are referred to as cyanides.

Occurrence and Reactions

Cyanides are produced by certain bacteria, fungi, and algae and are found in a number of plants.
Cyanides are found, although in small amounts, in certain seeds and fruit stones, e.g., those of
apple, mango, peach, and bitter almonds. In plants, cyanides are usually bound to sugar
molecules in the form of cyanogenic glycosides and defend the plant against herbivores. Cassava
roots (also called manioc), an important potato-like food grown in tropical countries (and the base
from which tapioca is made), also contain cyanogenic glycosides.
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Interstellar Medium
The cyanide radical CN- has been identified in interstellar space. The cyanide radical (called
cyanogen) is used to measure the temperature of interstellar gas clouds.

Pyrolysis and Combustion Product

Hydrogen cyanide is produced by the combustion or pyrolysis of certain materials under oxygen-
deficient conditions. For example, it can be detected in the exhaust of internal combustion
engines and tobacco smoke. Certain plastics, especially those derived from acrylonitrile, release
hydrogen cyanide when heated or burnt.

Coordination Chemistry
The cyanide anion is a ligand for many transition metals. The high affinities of metals for this
anion can be attributed to its negative charge, compactness, and ability to engage in 1-bonding.

Well-known complexes include:
« hexacyanides [M(CN)¢]*” (M = Ti, V, Cr, Mn, Fe, Co), which are octahedral in shape;

« the tetracyanides, [M(CN),J*" (M = Ni, Pd, Pt), which are square planar in their geometry;

e the dicyanides [M(CN),]” (M = Cu, Ag, Au), which are linear in geometry.

The dye Prussian blue was first accidentally made around 1706, by heating substances
containing iron and carbon and nitrogen. Prussian blue consists of an iron-containing compound
called "ferrocyanide" ({Fe(CN)e]*) meaning "blue substance with iron", from Latin ferrum = "iron"
and Greek kyanos = "(dark) blue”. Prussian blue is the deep-blue pigment used in the making of
blueprints.

The enzymes called hydrogenases contain cyanide ligands attached to iron in their active sites.
The biosynthesis of cyanide in the [NiFe]-hydrogenases proceeds from carbamoylphosphate,
which converts to cysteinyl thiocyanate, the CN™ donor.

Organic Derivatives

Because of the cyanide anion's high nucleophilicity, cyano groups are readily introduced into
organic molecules by displacement of a halide group (e.g., the chloride on methyl chloride). In
general, organic cyanides are called nitriles. Thus, CH3CN can be called methyl cyanide but more
commonly is referred to as acetonitrile. In organic synthesis, cyanide is a C-1 synthon; i.e., it can
be used to lengthen a carbon chain by one, while retaining the ability to be functionalized.

RX + CN™ — RCN + X" (nucleophilic substitution) followed by
1. RCN + 2 H,O — RCOOH + NHj; (hydrolysis under reflux with mineral acid catalyst), or

2. 2 RCN + LiAlH4 + (second step) 4 H,O — 2 RCH,;NH, + LiAI(OH)4 (under reflux in dry
ether, followed by addition of H,O)

Manufacture

The principal process used to manufacture cyanides is the Andrussow process in which gaseous
hydrogen cyanide is produced from methane and ammonia in the presence of oxygen and a
platinum catalyst.

2CH; +2NH; + 30, —» 2HCN + 6 H,O
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Gaseous hydrogen cyanide may be dissolved in aqueous sodium hydroxide solution to produce
sodium cyanide.

Toxicity

Many cyanides are highly toxic. The cyanide anion is an inhibitor of the enzyme cytochrome ¢
oxidase (also known as aa3) in the fourth complex of the electron transport chain (found in the
membrane of the mitochondria of eukaryotic cells). It attaches to the iron within this protein. The
binding of cyanide to this cytochrome prevents transport of electrons from cytochrome ¢ oxidase
to oxygen. As a result, the electron transport chain is disrupted, meaning that the cell can no
longer aerobically produce ATP for energy. Tissues that depend highly on aerobic respiration,
such as the central nervous system and the heart, are particularly affected. This is an example of
histotoxic hypoxia.

The most hazardous compound is hydrogen cyanide, which is a gas at ambient temperatures and
pressure and can therefore be inhaled. For this reason, an air respirator supplied by an external
oxygen source must be worn when working with hydrogen cyanide. Hydrogen cyanide is
produced when a solution containing a labile cyanide is made acidic, because HCN is a weak
acid. Alkaline solutions are safer to use because they do not evolve hydrogen cyanide gas.
Hydrogen cyanide may be produced in the combustion of polyurethanes; for this reason,
polyurethanes are not recommended for use in domestic and aircraft furniture. Oral ingestion of a
small quantity of solid cyanide or a cyanide solution as little as 200 mg, or to airborne cyanide of
270 ppm is sufficient to cause death within minutes.

Organic nitriles do not readily release cyanide ions, and so have low toxicities. By contrast,
compounds such as trimethylsilyl cyanide (CH3);SiCN readily release HCN or the cyanide ion
upon contact with water.

Antidote
Hydroxocobalamin reacts with cyanide to form cyanocobalamin, which can be safely eliminated
by the kidneys. This method has the advantage of avoiding the formation of methemoglobin.

An older cyanide antidote kit included administration of three substances: amyl nitrite pearls
(administered by inhalation), sodium nitrite, and sodium thiosulfate (administered by infusion).
The goal of the antidote was to generate a large pool of ferric iron (Fe**) to compete with cyanide
cytochrome aj; (so that cyanide will bind to the antidote rather that the enzyme). The nitrites
oxidize hemoglobin to methemoglobin, which competes with cytochrome oxidase for the cyanide
ion. Cyanmethemoglobin is formed and the cytochrome oxidase enzyme is restored. The major
mechanism to remove the cyanide from the body is by enzymatic conversion to thiocyanate by
the mitochondrial enzyme rhodanese. Thiocyanate is a relatively non-toxic molecule and is
excreted by the kidneys. To accelerate this detoxification, sodium thiosulfate is administered to
provide a sulfur donor for rhodanese, needed in order to produce thiocyanate.

Sensitivity

Minimum risk levels (MRLs) may not protect for delayed health effects or health effects acquired
following repeated sublethal exposure, such as hypersensitivity, asthma, or bronchitis. MRLs may
be revised after sufficient data accumulates (Toxicological Profile for Cyanide, U.S. Department
of Health and Human Services, 2006).

Chemical Tests for Cyanide

Prussian Blue

Iron (ll) sulfate is added to a solution suspected of containing cyanide, such as the filtrate from
the sodium fusion test. The resulting mixture is acidified with mineral acid. The formation of
Prussian blue is a positive result for cyanide.
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Para-Benzoquinone in DMSO
A solution of para-benzoquinone in DMSO reacts with inorganic cyanide to form a cyanophenol,
which is fluorescent. lllumination with a UV light gives a green/blue glow if the test is positive.

Copper and an Aromatic Amine

As used by fumigators to detect hydrogen cyanide, copper (ll) salt and an aromatic amine such
as benzidine is added to the sample; as an alternative to benzidine an alternative amine di-(4,4-
bis-dimethylaminophenyl) methane can be used. A positive test gives a blue color. Copper (I)
cyanide is poorly soluble. By sequestering the copper(l) the copper(ll) is rendered a stronger
oxidant. The copper, in a cyanide facilitated oxidation, converts the amine into a colored
compound. The Nernst equation explains this process. Another good example of such chemistry
is the way in which the saturated calomel reference electrode (SCE) works. The copper, in a
cyanide-facilitated oxidation, converts the amine into a colored compound.

Pyridine-Barbituric Acid Colorimetry

A sample containing inorganic cyanide is purged with air from a boiling acid solution into a basic
absorber solution. The cyanide salt absorbed in the basic solution is buffered at pH 4.5 and then
reacted with chlorine to form cyanogen chloride. The cyanogen chloride formed couples pyridine
with barbituric acid to form a strongly colored red dye that is proportional to the cyanide
concentration.

This colorimetric method following distillation is the basis for most regulatory methods (for
instance EPA 335.4) used to analyze cyanide in water, wastewater, and contaminated soils.
Distillation followed by colorimetric methods, however, have been found to be prone to
interferences from thiocyanate, nitrate, thiosulfate, sulfite, and sulfide that can result in both
positive and negative bias. It has been recommended by the USEPA (MUR March 12, 2007) that
samples containing these compounds be analyzed by Gas-Diffusion Flow Injection Analysis —
Amperometry.

Gas Diffusion Flow Injection Analysis — Amperometry

Instead of distilling, the sample is injected into an acidic stream where the HCN formed is passed
under a hydrophobic gas diffusion membrane that selectively allows only HCN to pass through.
The HCN that passes through the membrane is absorbed into a basic carrier solution that
transports the CN to an amperometric detector that accurately measures cyanide concentration
with high sensitivity.

Sample pretreatment determined by acid reagents, ligands, or preliminary UV irradiation allow
cyanide speciation of free cyanide, available cyanide, and total cyanide respectively. The relative
simplicity of these flow injection analysis methods limit the interference experienced by the high
heat of distillation and also prove to be cost effective since time consuming distillations are not
required.
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Fluoride. Many communities add fluoride to their drinking water to promote dental health. Each
community makes its own decision about whether or not to add fluoride. The EPA has set an
enforceable drinking water standard for fluoride of 4 mg/L (some people who drink water
containing fluoride in excess of this level over many years could develop bone disease, including
pain and tenderness of the bones). The EPA has also set a secondary fluoride standard of 2
mg/L to protect against dental fluorosis.

Pretreatment 101 ©TLC11/13/2012 144 (866) 557-1746 Fax (928) 468-0675



Fluoride - Inorganic Contaminant 4.0 mg/L Water MCL

Fluoride compounds are salts that form when the element, fluorine, combines with minerals in soil
or rocks.

Uses for Fluoride.

Many communities add fluoride to
their drinking water to promote
dental health.

What are Fluoride's Health
Effects?

Exposure to excessive consumption
of fluoride over a lifetime may lead
to increased likelihood of bone
fractures in adults, and may result in
effects on bone leading to pain and
tenderness. Children aged 8 years
and younger exposed to excessive
amounts of fluoride have an
increased chance of developing pits
in the tooth enamel, along with a range of cosmetic effects to teeth.

This health effects language is not intended to catalog all possible health effects for fluoride.
Rather, it is intended to inform consumers of some of the possible health effects associated with
fluoride in drinking water.

What are EPA's Drinking Water Regulations for Fluoride?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for fluoride is 4.0 mg/L or 4.0 ppm. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for fluoride, called a maximum contaminant level (MCL), at 4.0 mg/L or 4.0 ppm. MCLs
are set as close to the health goals as possible, considering cost, benefits and the ability of public
water systems to detect and remove contaminants using suitable treatment technologies. In this
case, the MCL equals the MCLG, because analytical methods or treatment technology do not
pose any limitation.

EPA has also set a secondary standard (SMCL) for fluoride at 2.0 mg/L or 2.0 ppm. Secondary
standards are non-enforceable guidelines regulating contaminants that may cause cosmetic
effects (such as skin or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in
drinking water. EPA recommends secondary standards to water systems but does not require
systems to comply. However, states may choose to adopt them as enforceable standards.
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Tooth discoloration and/or pitting is caused by excess fluoride exposures during the formative
period prior to eruption of the teeth in children. The secondary standard of 2.0 mg/L is intended
as a guideline for an upper bound level in areas which have high levels of naturally occurring
fluoride. The level of the SMCL was set based upon a balancing of the beneficial effects of
protection from tooth decay and the undesirable effects of excessive exposures leading to
discoloration.

Fluoride is voluntarily added to some drinking water systems as a public health measure for
reducing the incidence of cavities among the treated population.

The decision to fluoridate a water supply is made by the State or local municipality, and is not
mandated by EPA or any other Federal entity. The Centers for Disease Control and Prevention
(CDC) provides recommendations about the optimal levels of fluoride in drinking water in order to
prevent tooth decay. Information about CDC's recommendations can be found at:
http://www.cdc.gov/fluoridation/

States may set more stringent drinking water MCLGs and MCLs for fluoride than EPA.

The drinking water standards are currently under review. The Safe Drinking Water Act requires
EPA to periodically review the national primary drinking water regulation for each contaminant
and revise the regulation, if appropriate. In 2003 and as part of the first Six Year Review, EPA
reviewed the drinking water standard for fluoride and found that new health and exposure data
were available on orally ingested fluoride. EPA requested that the National Research Council
(NRC) of the National Academies of Science (NAS) conduct a review of this data and in 2006, the
NRC published their evaluation in a report entitled, Fluoride in Drinking Water: A Scientific
Review of EPA's Standards. The NRC recommended that EPA update its fluoride risk
assessment to include new data on health risks and better estimates of total exposure.

In March 2010 and as part of the second Six Year Review, the Agency indicated that the Office of
Water was in the process of developing its health and exposure assessments to address the
NRC's recommendations. The Agency finalized the risk and exposure assessments for fluoride in
January 2011 and announced its intent to review the drinking water regulations for fluoride to
determine whether revisions are appropriate.

How does Fluoride get into my Drinking Water?

Some fluoride compounds, such as sodium fluoride and fluorosilicates, dissolve easily into
ground water as it moves through gaps and pore spaces between rocks. Most water supplies
contain some naturally occurring fluoride. Fluoride also enters drinking water in discharge from
fertilizer or aluminum factories. Also, many communities add fluoride to their drinking water to
promote dental health.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.
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How will | know if Fluoride is in my Drinking Water?

When routine monitoring indicates that fluoride levels are above the MCL, your water supplier
must take steps to reduce the amount of fluoride so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household or private well, check with your health department or local
water systems that use ground water for information on contaminants of concern in your area.

How will Fluoride be removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing fluoride to below 4.0
mg/L or 4.0 ppm: distillation or reverse osmosis.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Fluoride Explained

Fluoride is the anion F, the reduced form of fluorine when as an ion and when bonded to
another element. Inorganic fluorine containing compounds are called fluorides. Fluoride, like other
halides, is a monovalent ion (-1 charge). Its compounds often have properties that are distinct
relative to other halides. Structurally, and to some extent chemically, the fluoride ion resembles
the hydroxide ion.

Occurrence

Solutions of inorganic fluorides in water contain F~ and bifluoride HF-2. Few inorganic fluorides
are soluble in water without undergoing significant hydrolysis. In terms of its reactivity, fluoride
differs significantly from chloride and other halides, and is more strongly solvated due to its
smaller radius/charge ratio. Its closest chemical relative is hydroxide. When relatively unsolvated,
fluoride anions are called "naked". Naked fluoride is a very strong lewis base. The presence of
fluoride and its compounds can be detected by F NMR spectroscopy.

Natural Occurrence
Many fluoride minerals are known, but of paramount commercial importance are fluorite and
fluorapatite.

Fluoride is usually found naturally in low concentration in drinking water and foods. The
concentration in seawater averages 1.3 parts per million (ppm). Fresh water supplies generally
contain between 0.01-0.3 ppm, whereas the ocean contains between 1.2 and 1.5 ppm. In some
locations, the fresh water contains dangerously high levels of fluoride, leading to serious health
problems.
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Applications
Fluorides are pervasive in modern technology. Hydrofluoric acid is the fluoride synthesized on the
largest scale. It is produced by treating fluoride minerals with sulfuric acid. Hydrofluoric acid and
its anhydrous form hydrogen fluoride are used in the production of fluorocarbons and aluminum
fluorides. Hydrofluoric acid has a variety of specialized applications, including its ability to
dissolve glass.

Inorganic Chemicals
Fluoride salts are used in the manufacture of many inorganic chemicals, many of which contain
fluoride covalently bonded to the metal or nonmetal in question. Some examples of these are:

e Cryolite (NajAlFg) is a pesticide that can leave fluoride on agricultural commodities.

Cryolite was originally utilized in the preparation of aluminum.

e Sulfuryl fluoride (SO.F,) is used as a pesticide and fumigant on agricultural crops. In
2010, the United States Environmental Protection Agency proposed to withdraw the use
of sulfuryl fluoride on food. Sulfuryl fluoride releases fluoride when metabolized.

e Sulfur hexafluoride is an inert, nontoxic insulator gas that is used in electrical transformers
and as a tracer gas in indoor air quality investigations.

¢ Uranium hexafluoride, although not ionic, is prepared from fluoride reagents. It is utilized
in the separation of isotopes of uranium between the fissile isotope U-235 and the non-
fissile isotope U-238 in preparation of nuclear reactor fuel and atomic bombs. This is due
to the volatility of fluorides of uranium.

Organic Chemicals

Fluoride reagents are significant in synthetic organic chemistry. Organofluorine chemistry has
produced many useful compounds over the last 50 years. Included in this area are
polytetrafluorethylene (Teflon), polychlorotrifluoroethylene (moisture barriers), efavirenz
(pharmaceutical used for treatment of HIV), fluoxetine (an antidepressant), 5-fluorouracil (an
anticancer drug), hydrochlorofluorocarbons and hydrofluorcarbons (refrigerants, blowing agents
and propellants).

Due to the affinity of silicon for fluoride, and the ability of silicon to expand its coordination
number, silyl ether protecting groups can be easily removed by the fluoride sources such as
sodium fluoride and tetra-n-butylammonium fluoride (TBAF). This is quite useful for organic
synthesis and the production of fine chemicals. The Si-F linkage is one of the strongest single
bonds. In contrast, other silyl halides are easily hydrolyzed.

Cavity Prevention

Fluoride-containing compounds are used in topical and systemic fluoride therapy for preventing
tooth decay. They are used for water fluoridation and in many products associated with oral
hygiene. Originally, sodium fluoride was used to fluoridate water; hexafluorosilicic acid (H,SiFs)
and its salt sodium hexafluorosilicate (Na,SiFg) are more commonly used additives, especially in
the United States. The fluoridation of water is known to prevent tooth decay and is considered by
the U.S. Centers for Disease Control and Prevention as "one of 10 great public health
achievements of the 20th century". In some countries where large, centralized water systems are
uncommon, fluoride is delivered to the populace by fluoridating table salt. Fluoridation of water
has its critics (see Water fluoridation controversy).
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Biomedical Applications

Positron emission tomography is commonly carried out using fluoride-containing pharmaceuticals
such as fluorodeoxyglucose, which is labeled with the radioactive isotope fluorine-18, which emits
positrons when it decays into '20.

Numerous drugs contain fluorine including antipsychotics such as fluphenazine, HIV protease
inhibitors such as tipranavir, antibiotics such as ofloxacin and trovafloxacin, and anesthetics such
as halothane. Fluorine is incorporated in the drug structures to reduce drug metabolism, as the
strong C-F bond resists deactivation in the liver by cytochrome P450 oxidases.

Fluoride salts are commonly used to inhibit the activity of phosphatases, such as serine/threonine
phosphatases. Fluoride mimics the nucleophilic hydroxyl ion in these enzymes' active sites.
Beryllium fluoride and aluminum fluoride are also used as phosphatase inhibitors, since these
compounds are structural mimics of the phosphate group and can act as analogues of the
transition state of the reaction.

Toxicology
Enzyme Active site
\CIH- o Serine
OH
>—o\l/o—<
H.C I CH
0
l -
Enzyme
N
CH.
H.C 3 CH
+ HF
O\;I,/O_<
CH
H.C ]
o

Reaction of the irreversible inhibitor diisopropylfluorophosphate with a serine protease.
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Fluoride-containing compounds are so diverse that it is not possible to generalize on their toxicity,
which depends on their reactivity and structure, and in the case of salts, their solubility and ability
to release fluoride ions.

Soluble fluoride salts, of which sodium fluoride is the most common, are mildly toxic but have
resulted in both accidental and suicidal deaths from acute poisoning. While the minimum fatal
dose in humans is not known, the lethal dose for most adult humans is estimated at 5 to 10 g
(which is equivalent to 32 to 64 mg/kg elemental fluoride/kg body weight). However, a case of a
fatal poisoning of an adult with 4 grams of sodium fluoride is documented, while a dose of 120 g
sodium fluoride has been survived.

A toxic dose that may lead to adverse health effects is estimated at 3 to 5 mg/kg of elemental
fluoride. For Sodium fluorosilicate (Na,SiFg), the median lethal dose (LDsg) orally in rats is 0.125
g/kg, corresponding to 12.5 g for a 100 kg adult. The fatal period ranges from 5 min to 12 hours.
The mechanism of toxicity involves the combination of the fluoride anion with the calcium ions in
the blood to form insoluble calcium fluoride, resulting in hypocalcemia; calcium is indispensable
for the function of the nervous system, and the condition can be fatal. Treatment may involve oral
administration of dilute calcium hydroxide or calcium chloride to prevent further absorption, and
injection of calcium gluconate to increase the calcium levels in the blood. Hydrogen fluoride is
more dangerous than salts such as NaF because it is corrosive and volatile, and can result in
fatal exposure through inhalation or upon contact with the skin; calcium gluconate gel is the usual
antidote.

In the higher doses used to treat osteoporosis, sodium fluoride can cause pain in the legs and
incomplete stress fractures when the doses are too high; it also irritates the stomach, sometimes
so severely as to cause ulcers. Slow-release and enteric-coated versions of sodium fluoride do
not have gastric side effects in any significant way, and have milder and less frequent
complications in the bones. In the lower doses used for water fluoridation, the only clear adverse
effect is dental fluorosis, which can alter the appearance of children's teeth during tooth
development; this is mostly mild and is unlikely to represent any real effect on aesthetic
appearance or on public health.
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Lead- Inorganic Contaminant 0.015 Water Action Level

The United States Environmental Protection Agency (EPA) regulates lead in drinking water to
protect public health. Lead may cause health problems if present in public or private water
supplies in amounts greater than the drinking water standard set by EPA.

What is Lead?

Lead is a toxic metal that was used for many years in
products found in and around homes. Even at low
levels, lead may cause a range of health effects
including behavioral problems and learning disabilities.
Children six years old and under are most at risk
because this is when the brain is developing. The
primary source of lead exposure for most children is
lead-based paint in older homes. Lead in drinking
water can add to that exposure.

Uses for Lead.

Lead is sometimes used in household plumbing materials or in water service lines used to bring
water from the main to the home. A prohibition on lead in plumbing materials has been in effect
since 1986. The lead ban, which was included in the 1986 Amendments of the Safe Drinking
Water Act, states that only “lead free” pipe, solder, or flux may be used in the installation or repair
of (1) public water systems, or (2) any plumbing in a residential or non-residential facility providing
water for human consumption, which is connected to a public water system. But even “lead free”
plumbing may contain traces of lead. The term “lead free” means that solders and flux may not
contain more than 0.2 percent lead, and that pipes and pipe fittings may not contain more than
8.0 percent lead. Faucets and other end use devices must be tested and certified against the
ANSI — NSF Standard 61 to be considered lead free.

What are Lead’s Health Effects?

Infants and children who drink water containing lead in excess of the action level could
experience delays in their physical or mental development. Children could show slight deficits in
attention span and learning abilities. Adults who drink this water over many years could develop
kidney problems or high blood pressure.

This health effects language is not intended to catalog all possible health effects for lead. Rather,
it is intended to inform consumers of the most significant and probable health effects, associated
with lead in drinking water.

What are EPA’s Drinking Water Regulations for Lead?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur with
an adequate margin of safety. These non-enforceable health goals, based solely on possible
health risks are called maximum contaminant level goals (MCLG) The MCLG for lead is zero.

EPA has set this level based on the best available science which shows there is no safe level of
exposure to lead.
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For most contaminants, EPA sets an enforceable regulation called a maximum contaminant level
(MCL) based on the MCLG. MCLs are set as close to the MCLGs as possible, considering cost,
benefits and the ability of public water systems to detect and remove contaminants using suitable
treatment technologies. However, because lead contamination of drinking water often results
from corrosion of the plumbing materials belonging to water system customers, EPA established
a treatment technique rather than an MCL for lead.

A treatment technique is an enforceable procedure or level of technological performance which
water systems must follow to ensure control of a contaminant. The treatment technique regulation
for lead (referred to as the Lead and Copper rule) requires water systems to control the
corrosivity of the water. The regulation also requires systems to collect tap samples from sites
served by the system that are more likely to have plumbing materials containing lead.

If more than 10% of tap water samples exceed the lead action level of 15 parts per billion, then
water systems are required to take additional actions including:
o Taking further steps optimize their corrosion control treatment (for water systems serving

50,000 people that have not fully optimized their corrosion control) .

e Educating the public about lead in drinking water and actions consumers can take to
reduce their exposure to lead.

¢ Replacing the portions of lead service lines (lines that connect distribution mains to
customers) under the water system’s control.

EPA promulgated the Lead and Copper Rule in 1991 and revised the regulation in 2000 and
2007. States may set more stringent drinking water regulations than EPA.

How does Lead get into my Drinking Water?

The major sources of lead in drinking water are corrosion of household plumbing systems; and
erosion of natural deposits. Lead enters the water (“leaches”) through contact with the plumbing.
Lead leaches into water through corrosion — a dissolving or wearing away of metal caused by a
chemical reaction between water and your plumbing. Lead can leach into water from pipes,
solder, fixtures and faucets (brass), and fittings. The amount of lead in your water also depends
on the types and amounts of minerals in the water, how long the water stays in the pipes, the
amount of wear in the pipes, the water’s acidity and its temperature.

Although the main sources of exposure to lead are ingesting paint chips and inhaling dust, EPA
estimates that 10 to 20 percent of human exposure to lead may come from lead in drinking water.
Infants who consume mostly mixed formula can receive 40 to 60 percent of their exposure to lead
from drinking water.

How will | know if Lead is in my Drinking Water?

Have your water tested for lead. A list of certified laboratory of labs are available from your state
or local drinking water authority. Testing costs between $20 and $100. Since you cannot see,
taste, or smell lead dissolved in water, testing is the only sure way of telling whether there are
harmful quantities of lead in your drinking water. You should be particularly suspicious if your
home has lead pipes (lead is a dull gray metal that is soft enough to be easily scratched with a
house key) or if you see signs of corrosion (frequent leaks, rust-colored water). Your water
supplier may have useful information, including whether the service connector used in your home
or area is made of lead. Testing is especially important in high-rise buildings where flushing might
not work.
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If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How can | Reduce Lead in Drinking Water at Home?

Flush your pipes before drinking, and only use cold water for consumption. The more time water
has been sitting in your home's pipes, the more lead it may contain. Anytime the water in a
particular faucet has not been used for six hours or longer, "flush" your cold-water pipes by
running the water until it becomes as cold as it will get.

This could take as little as five to thirty seconds if there has been recent heavy water use such as
showering or toilet flushing. Otherwise, it could take two minutes or longer. Your water utility will
inform you if longer flushing times are needed to respond to local conditions.

Use only water from the cold-water tap for drinking, cooking, and especially for making baby
formula. Hot water is likely to contain higher levels of lead. The two actions recommended above
are very important to the health of your family. They will probably be effective in reducing lead
levels because most of the lead in household water usually comes from the plumbing in your
house, not from the local water supply.

Should | be concerned about Lead in Drinking water in my child's school or child care
facility?

Children spend a significant part of their days at school or in a child care facility. The faucets that
provide water used for consumption, including drinking, cooking lunch, and preparing juice and
infant formula, should be tested.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect and upgrade the supply of safe drinking water. Your water bill or telephone
book’s government listings are a good starting point for local information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Lead Explained

Lead is a chemical element in the carbon group with symbol Pb (from Latin: p/lumbum) and
atomic number 82. Lead is a soft, malleable poor metal. It is also counted as one of the heavy
metals. Metallic lead has a bluish-white color after being freshly cut, but it soon tarnishes to a dull
grayish color when exposed to air. Lead has a shiny chrome-silver luster when it is melted into a
liquid.

Lead is used in building construction, lead-acid batteries, bullets and shot, weights, as part of
solders, pewters, fusible alloys, and as a radiation shield. Lead has the highest atomic number of
all of the stable elements, although the next higher element, bismuth, has a half-life that is so long
(much longer than the age of the universe) that it can be considered stable. Its four stable
isotopes have 82 protons, a magic number in the nuclear shell model of atomic nuclei.
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Lead, at certain contact degrees, is a poisonous substance to animals, including humans. It
damages the nervous system and causes brain disorders. Excessive lead also causes blood
disorders in mammals. Like the element mercury, another heavy metal, lead is a neurotoxin that
accumulates both in soft tissues and the bones. Lead poisoning has been documented from
ancient Rome, ancient Greece, and ancient China.

Characteristics

Lead is a bright and silvery metal with a very slight shade of blue in a dry atmosphere. Upon
contact with air, it begins to tarnish by forming a complex mixture of compounds depending on
the conditions. The color of the compounds can vary. The tarnish layer can contain significant
amounts of carbonates and hydroxycarbonates. It has a few characteristic properties: high
density, softness, ductility and malleability, poor electrical conductivity compared to other metals,
high resistance to corrosion, and ability to react with organic chemicals.

Various traces of other metals change its properties significantly: the addition of small amounts of
antimony or copper increases hardness and improves the corrosion reflection from sulfuric acid
for lead. A few other metals also improve only hardness and fight metal fatigue, such as
cadmium, tin, or tellurium; metals like sodium or calcium also have this ability, but they weaken
the chemical stability. Finally, zinc and bismuth simply impair the corrosion resistance (0.1%
bismuth content is the industrial usage threshold). In return, lead impurities mostly worsen the
quality of industrial materials, although there are exceptions: for example, small amounts of lead
improve the ductility of steel.

Lead has only one common allotrope, which is face-centered cubic, with the lead—lead distance
being 349 pm. At 327.5 °C (621.5 °F), lead melts; the melting point is above that of tin (232 °C,
449.5 °F), but significantly below that of germanium (938 °C, 1721 °F).”! The boiling point of lead
is 1749 °C (3180 °F), which is below those of both tin (2602 °C, 4716 °F) and germanium (2833
°C, 5131 °F). Densities increase down the group: the Ge and Sn values (5.23 and 7.29 gecm™,
respectively) are significantly below that of lead: 11.32 gecm™.

A lead atom has 82 electrons, having an electronic configuration of [Xe]4f'*5d'%6s%6p?. In its
compounds, lead (unlike the other group 14 elements) most commonly loses its two and not four
outermost electrons, becoming lead(ll) ions, Pb®". Such unusual behavior is rationalized by
considering the inert pair effect, which occurs because of the stabilization of the 6s-orbital due to
relativistic effects, which are stronger closer to the bottom of the periodic table. Tin shows a
weaker such effect: tin(ll) is still a reducer.

The figures for electrode potential show that lead is only slightly easier to oxidize than hydrogen.
Lead thus can dissolve in acids, but this is often impossible due to specific problems (such as the
formation of insoluble salts). Powdered lead burns with a bluish-white flame. As with many
metals, finely divided powdered lead exhibits pyrophoricity. Toxic fumes are released when lead
is burned.

Isotopes

Lead occurs naturally on Earth exclusively in the form of four isotopes: lead-204, -206, -207, and -
208. All four can be radioactive as the hypothetical alpha decay of any would be exothermic, but
the lower half-life limit has been put only for lead-204: over 1.4x10" years. This effect is,
however, so weak that natural lead poses no radiation hazard. Three isotopes are also found in
three of the four major decay chains: lead-206, -207 and -208 are final decay products of
uranium-238, uranium-235, and thorium-232, respectively.
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Since the amounts of them in nature depend also on other elements' presence, the isotopic
composition of natural lead varies by sample: in particular, the relative amount of lead-206 varies
between 20.84% and 27.78%.

Aside from the stable ones, thirty-four radioisotopes have been synthesized: they have mass
numbers of 178-215. Lead-205 is the most stable radioisotope of lead, with a half-life of over 10’
years. 47 nuclear isomers (long-lived excited nuclear states), corresponding to 24 lead isotopes,
have been characterized. The most long-lived isomer is lead-204m2 (half-life of about 1.1 hours).

Chemical Reactivity

Lead is classified as a post-transition metal and is also a member of the carbon group. Lead only
forms a protective oxide layer although finely powdered highly purified lead can ignite in air.
Melted lead is oxidized in air to lead monoxide. All chalcogens oxidize lead upon heating.

Fluorine does not oxidize cold lead. Hot lead can be oxidized, but the formation of a protective
halide layer lowers the intensity of the reaction above 100 °C (210 °F). The reaction with chlorine
is similar: thanks to the chloride layer, lead persistence against chlorine surpasses those of
copper or steel up to 300 °C (570 °F).

Water in the presence of oxygen attacks lead to start an accelerating reaction. The presence of
carbonates or sulfates results in the formation of insoluble lead salts, which protect the metal from
corrosion. So does carbon dioxide, as the insoluble lead carbonate is formed; however, an
excess of the gas leads to the formation of the soluble bicarbonate; this makes the use of lead
pipes dangerous. Lead dissolves in organic acids (in the presence of oxygen) and concentrated
(280%) sulfuric acid thanks to complexation; however, it is only weakly affected by hydrochloric
acid and is stable against hydrofluoric acid, as the corresponding halides are weakly soluble.
Lead also dissolves in quite concentrated alkalis (210%) because of the amphoteric character
and solubility of plumbites.

Compounds

Lead compounds exist mainly in two main oxidation states, +2 and +4. The former is more
common. Inorganic lead(IV) compounds are typically strong oxidants or exist only in highly acidic
solutions.

Oxides and Sulfides

Three oxides are known: lead(ll) oxide or lead monoxide (PbO), lead tetroxide (PbsO,)
(sometimes called "minimum"), and lead dioxide (PbO,). The monoxide exists as two allotropes:
a-PbO and B-PbO, both with layer structure and tetracoordinated lead. The alpha polymorph is
red-colored and has the Pb—O distance of 230 pm; the beta polymorph is yellow-colored and has
the Pb—O distance of 221 and 249 pm (due to asymmetry). Both polymorphs can exist under
standard conditions (beta with small (107° relative) impurities, such as Si, Ge, Mo, etc.). PbO
reacts with acids to form salts, and with alkalis to give plumbites, [Pb(OH)s]” or [Pb(OH)4J*".The
monoxide oxidizes in air to trilead tetroxide, which at 550 °C (1020 °F) degrades back into PbO.

The dioxide may be prepared by, for example, halogenization of lead(ll) salts. Regardless the
polymorph, it has a black-brown color. The alpha allotrope is rhombohedral, and the beta
allotrope is tetragonal. Both allotropes are black-brown in color and always contain some water,
which cannot be removed, as heating also causes decomposition (to PbO and Pb;0,).
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The dioxide is a powerful oxidizer: it can oxidize hydrochloric and sulfuric acids. It does not react
with alkaline solution, but reacts with solid alkalis to give hydroxyplumbates, or with basic oxides
to give plumbates.

Reaction of lead salts with hydrogen sulfide yields lead monosulfide. The solid has the rocksalt-
like simple cubic structure, which it keeps up to the melting point, 1114 °C (2037 °F). When
heated in air, it oxidizes to the sulfate and then the monoxide. Lead monosulfide is almost
insoluble in water, weak acids, and (NH,;).S/(NH,4).S, solution is the key for separation of lead
from analytical groups | to Ill ions, tin, arsenic, and antimony. However, it dissolves in nitric and
hydrochloric acids, to give elemental sulfur and hydrogen sulfide, respectively. Upon heating
under high pressures with sulfur, it gives the disulfide. In the compound, the lead atoms are linked
octahedrally with the sulfur atoms. It is also a semiconductor. A mixture of the monoxide and the
monosulfide when heated forms the metal.

2 PbO + PbS — 3 Pb + SO,

Halides and Other Salts

Heating lead carbonate with hydrogen fluoride yields the hydrofluoride, which decomposes to the
difluoride when it melts. This white crystalline powder is more soluble than the diiodide, but less
than the dibromide and the dichloride. The tetrafluoride, a yellow crystalline powder, is unstable.

Other dihalides are obtained upon heating lead(ll) salts with the halides of other metals; lead
dihalides precipitate to give white orthorhombic crystals (diiodide forms yellow hexagonal
crystals). They can also be obtained by direct reaction of their constituent elements at
temperature exceeding melting points of dihalides. Their solubility increases with temperature;
adding more halides first decreases the solubility, but then increases due to complexation, with
the maximum coordination number being 6.

The complexation depends on halide ion numbers, atomic number of the alkali metal, the halide
of which is added, temperature and solution ionic strength. The tetrachloride is obtained upon
dissolving the dioxide in hydrochloric acid; to prevent the exothermic decomposition, it is kept
under concentrated sulfuric acid. The tetrabromide may not, and the tetraiodide definitely does
not exist. The diastatide has also been prepared.

The metal is not attacked by sulfuric or hydrochloric acids. It dissolves in nitric acid with the
evolution of nitric oxide gas to form dissolved Pb(NOs),. It is a well-soluble solid in water; it is thus
a key to receive the precipitates of halides, sulfate, chromate, carbonate, and basic carbonate
Pb3(OH),(COs3), salts of lead.

Organolead

The best-known compounds are the two simplest plumbane derivatives: tetramethyllead (TML)
and tetraethyllead (TEL). The homologs of these, as well as hexaethyldilead (HEDL), are of
lesser stability. The tetralkyl derivatives contain lead(lV), where the Pb—C bonds are covalent.
They thus resemble typical organic compounds.

Lead readily forms an equimolar alloy with sodium metal that reacts with alkyl halides to form
organometallic compounds of lead such as tetraethyllead. The Pb—C bond energies in TML and
TEL are only 167 and 145 kJ/mol; the compounds thus decompose upon heating, with first signs
of TEL composition seen at 100 °C (210 °F).
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The pyrolysis yields of elemental lead and alkyl radicals; their interreaction causes the synthesis
of HEDL. TML and TEL also decompose upon sunlight or UV light. In presence of chlorine, the
alkyls begin to be replaced with chlorides; the R,PbCl; in the presence of HCI (a by-product of the
previous reaction) leads to the complete mineralization to give PbCl,. Reaction with bromine
follows the same principle.

Applications

Elemental Form

Contrary to popular belief, pencil leads in wooden pencils have never been made from lead. The
term comes from the Roman stylus, called the penicillus, a small brush used for painting. When
the pencil originated as a wrapped graphite writing tool, the particular type of graphite being used
was named plumbago (lit. act for lead, or lead mockup).

Lead is used in applications where its low melting point, ductility and high density are
advantageous. The low melting point makes casting of lead easy, and therefore small arms
ammunition and shotgun pellets can be cast with minimal technical equipment. It is also
inexpensive and denser than other common metals.

Because of its high density and resistance from corrosion, lead is used for the ballast keel of
sailboats. Its high density allows it to counterbalance the heeling effect of wind on the sails while
at the same time occupying a small volume and thus offering the least underwater resistance.

For the same reason it is used in scuba diving weight belts to counteract the diver's natural
buoyancy and that of his equipment. It does not have the weight-to-volume ratio of many heavy
metals, but its low cost increases its use in these and other applications.

More than half of the US lead production (at least 1.15 million tons in 2000) is used for
automobiles, mostly as electrodes in the lead—acid battery, used extensively as a car battery.

Cathode (Reduction)
PbO, + 4 H* + SO2-
4 + 2~ — PbSO, + 2 H,O

Anode (Oxidation)
Pb + SO2-
4 — PbSO, + 2e”

Lead is used as electrodes in the process of electrolysis. It is used in solder for electronics,
although this usage is being phased out by some countries to reduce the amount of
environmentally hazardous waste, and in high voltage power cables as sheathing material to
prevent water diffusion into insulation. Lead is one of three metals used in the Oddy test for
museum materials, helping detect organic acids, aldehydes, and acidic gases. It is also used as
shielding from radiation (e.g., in X-ray rooms). Molten lead is used as a coolant (e.g., for lead
cooled fast reactors).

Lead is added to brass to reduce machine tool wear. In the form of strips, or tape, lead is used for
the customization of tennis rackets. Tennis rackets of the past sometimes had lead added to
them by the manufacturer to increase weight. It is also used to form glazing bars for stained glass
or other multi-lit windows. The practice has become less common, not for danger but for stylistic
reasons.

Lead, or sheet-lead, is used as a sound deadening layer in some areas in wall, floor and ceiling
design in sound studios where levels of airborne and mechanically produced sound are targeted
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for reduction or virtual elimination. It is the traditional base metal of organ pipes, mixed with
varying amounts of tin to control the tone of the pipe.

Compounds
Lead compounds are used as a coloring element in ceramic glazes, notably in the colors red and
yellow. Lead is frequently used in polyvinyl chloride (PVC) plastic, which coats electrical cords.

Lead is used in some candles to treat the wick to ensure a longer, more even burn. Because of
the dangers, European and North American manufacturers use more expensive alternatives such
as zinc. Lead glass is composed of 12-28% lead oxide. It changes the optical characteristics of
the glass and reduces the transmission of radiation.

Some artists using oil-based paints continue to use lead carbonate white, citing its properties in
comparison with the alternatives. Tetra-ethyl lead is used as an anti-knock additive for aviation
fuel in piston-driven aircraft. Lead-based semiconductors, such as lead telluride, lead selenide
and lead antimonide are finding applications in photovoltaic (solar energy) cells and infrared
detectors.

Former Applications

Lead pigments were used in lead paint for white as well as yellow, orange, and red. Most uses
have been discontinued due of the dangers of lead poisoning. Beginning April 22, 2010, US
federal law requires that contractors performing renovation, repair, and painting projects that
disturb more than six square feet of paint in homes, child care facilities, and schools built before
1978 must be certified and trained to follow specific work practices to prevent lead contamination.

Lead chromate is still in industrial use. Lead carbonate (white) is the traditional pigment for the
priming medium for oil painting, but it has been largely displaced by the zinc and titanium oxide
pigments. It was also quickly replaced in water-based painting mediums. Lead carbonate white
was used by the Japanese geisha and in the West for face-whitening make-up, which was
detrimental to health.

Lead is the hot metal that was used in hot metal typesetting. It was used for plumbing (hence the
name) as well as a preservative for food and drink in Ancient Rome. Until the early 1970s, lead
was used for joining cast iron water pipes and used as a material for small diameter water pipes.

Tetraethyllead was used in leaded fuels to reduce engine knocking, but this practice has been
phased out across many countries of the world in efforts to reduce toxic pollution that affected
humans and the environment.

Lead was used to make bullets for slings. Lead was used for shotgun pellets in the US until about
1992 when it was outlawed (for waterfowl hunting only) and replaced by non-toxic shot, primarily
steel pellets. In the Netherlands, the use of lead shot for hunting and sport shooting was banned
in 1993, which caused a large drop in lead emission, from 230 tons in 1990 to 47.5 tons in 1995,
two years after the ban.

Lead was a component of the paint used on children's toys — now restricted in the United States
and across Europe (ROHS Directive). Lead was used in car body filler, which was used in many
custom cars in the 1940s—-60s. Hence the term Leadsled. Lead is a superconductor with a
transition temperature of 7.2 K, and therefore IBM tried to make a Josephson effect computer out
of a lead alloy.
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Lead was also used in pesticides before the 1950s, when fruit orchards were treated especially
against the codling moth. A lead cylinder attached to a long line was used by sailors for the vital
navigational task of determining water depth by heaving the lead at regular intervals. A soft tallow
insert at its base allowed the nature of the sea bed to be determined, further aiding position
finding.

Health Effects

Lead is a highly poisonous metal (regardless if inhaled or swallowed), affecting almost every
organ and system in the body. The main target for lead toxicity is the nervous system, both in
adults and children. Long-term exposure of adults can result in decreased performance in some
tests that measure functions of the nervous system. Long-term exposure to lead or its salts
(especially soluble salts or the strong oxidant PbO,) can cause nephropathy, and colic-like
abdominal pains. It may also cause weakness in fingers, wrists, or ankles. Lead exposure also
causes small increases in blood pressure, particularly in middle-aged and older people and can
cause anemia. Exposure to high lead levels can severely damage the brain and kidneys in adults
or children and ultimately cause death. In pregnant women, high levels of exposure to lead may
cause miscarriage.

Chronic, high-level exposure have shown to reduce fertility in males. Lead also damages nervous
connections (especially in young children) and cause blood and brain disorders. Lead poisoning
typically results from ingestion of food or water contaminated with lead; but may also occur after
accidental ingestion of contaminated soil, dust, or lead-based paint. It is rapidly absorbed into the
bloodstream and is believed to have adverse effects on the central nervous system, the
cardiovascular system, kidneys, and the immune system. The component limit of lead (1.0 ug/g)
is a test benchmark for pharmaceuticals, representing the maximum daily intake an individual
should have. However, even at this low level, a prolonged intake can be hazardous to human
beings. The treatment for lead poisoning consists of dimercaprol and succimer.

The concern about lead's role in cognitive deficits in children has brought about widespread
reduction in its use (lead exposure has been linked to learning disabilities). Most cases of adult
elevated blood lead levels are workplace-related. High blood levels are associated with delayed
puberty in girls. Lead has been shown many times to permanently reduce the cognitive capacity
of children at extremely low levels of exposure.

During the 20th century, the use of lead in paint pigments was sharply reduced because of the
danger of lead poisoning, especially to children. By the mid-1980s, a significant shift in lead end-
use patterns had taken place. Much of this shift was a result of the U.S. lead consumers'
compliance with environmental regulations that significantly reduced or eliminated the use of lead
in non-battery products, including gasoline, paints, solders, and water systems. Lead use is being
further curtailed by the European Union's RoHS directive. Lead may still be found in harmful
quantities in stoneware, vinyl (such as that used for tubing and the insulation of electrical cords),
and Chinese brass. Older houses may still contain substantial amounts of lead paint. White lead
paint has been withdrawn from sale in industrialized countries, but the yellow lead chromate is
still in use. Old paint should not be stripped by sanding, as this produces inhalable dust.
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Lead salts used in pottery glazes have on occasion caused poisoning, when acidic drinks, such
as fruit juices, have leached lead ions out of the glaze. It has been suggested that what was
known as "Devon colic" arose from the use of lead-lined presses to extract apple juice in the
manufacture of cider. Lead is considered to be particularly harmful for women's ability to
reproduce. Lead(ll) acetate (also known as sugar of lead) was used in the Roman Empire as a
sweetener for wine, and some consider this to be the cause of the dementia that affected many of
the Roman Emperors and even be a partial reason for the Roman Empire's fall.

Biochemistry of Poisoning

In the human body, lead inhibits porphobilinogen synthase and ferrochelatase, preventing both
porphobilinogen formation and the incorporation of iron into protoporphyrin 1X, the final step in
heme synthesis. This causes ineffective heme synthesis and subsequent microcytic anemia. At
lower levels, it acts as a calcium analog, interfering with ion channels during nerve conduction.
This is one of the mechanisms by which it interferes with cognition. Acute lead poisoning is
treated using disodium calcium edetate: the calcium chelate of the disodium salt of ethylene-
diamine-tetracetic acid (EDTA). This chelating agent has a greater affinity for lead than for
calcium and so the lead chelate is formed by exchange. This is then excreted in the urine leaving
behind harmless calcium. According to the Agency for Toxic Substance and Disease Registry, a
small amount of ingested lead (1%) will store itself in bones, and the rest will be excreted by an
adult through urine and feces within a few weeks of exposure. However, only about 32% of lead
will be excreted by a child.

Exposure

Exposure to lead and lead chemicals can occur through inhalation, ingestion and dermal contact.
Most exposure occurs through ingestion or inhalation; in the U.S. the skin exposure is unlikely as
leaded gasoline additives are no longer used. Lead exposure is a global issue as lead mining and
lead smelting are common in many countries. Most countries have stopped using lead-containing
gasoline by 2007. Lead exposure mostly occurs through ingestion. Lead paint is the major source
of lead exposure for children. As lead paint deteriorates, it peels, is pulverized into dust and then
enters the body through hand-to-mouth contact or through contaminated food, water or alcohol.
Ingesting certain home remedy medicines may also expose people to lead or lead compounds.
Lead can be ingested through fruits and vegetables contaminated by high levels of lead in the
soils they were grown in.

Soil is contaminated through particulate accumulation from lead in pipes, lead paint and residual
emissions from leaded gasoline that was used before the Environment Protection Agency issue
the regulation around 1980. The use of lead for water pipes is problematic in areas with soft or
(and) acidic water. Hard water forms insoluble layers in the pipes while soft and acidic water
dissolves the lead pipes.

Inhalation is the second major pathway of exposure, especially for workers in lead-related
occupations. Almost all inhaled lead is absorbed into the body, the rate is 20—70% for ingested
lead; children absorb more than adults. Dermal exposure may be significant for a narrow category
of people working with organic lead compounds, but is of little concern for general population.
The rate of skin absorption is also low for inorganic lead.
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Mercury - Inorganic Contaminant 0.002 mg/L MCL

EPA regulates mercury in drinking water to protect public health. Mercury may cause health
problems if present in public or private water supplies in amounts greater than the drinking water
standard set by EPA.

What is Mercury?
Mercury is a liquid metal found in natural deposits such
as ores containing other elements.

Uses for Mercury.

Electrical products such as dry-cell batteries,
fluorescent light bulbs, switches, and other control
equipment account for 50 percent of mercury used.

What are Mercury's Health Effects?

Some people who drink water containing mercury well
in excess of the maximum contaminant level (MCL) for
many years could experience kidney damage.

This health effects language is not intended to catalog
all possible health effects for mercury. Rather, it is intended to inform consumers of some of the
possible health effects associated with mercury in drinking water when the rule was finalized.

What are EPA's Drinking Water Regulations for Mercury?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for mercury is 0.002 mg/L or 2 ppb. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for mercury, called a maximum contaminant level (MCL), at 0.002 mg/L or 2 ppb.
MCLs are set as close to the health goals as possible, considering cost, benefits and the ability of
public water systems to detect and remove contaminants using suitable treatment technologies.
In this case, the MCL equals the MCLG, because analytical methods or treatment technology do
not pose any limitation.

The Phase Il Rule, the regulation for mercury, became effective in 1992. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed mercury as part of the Six
Year Review and determined that the 0.002 mg/L or 2 ppb MCLG and 0.002 mg/L or 2 ppb MCL
for mercury are still protective of human health.

States may set more stringent drinking water MCLGs and MCLs for mercury than EPA.
How does Mercury get into my Drinking Water?

The major sources of mercury in drinking water are erosion of natural deposits; discharge from
refineries and factories; runoff from landfills; and runoff from croplands.
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A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if Mercury is in my Drinking Water?

When routine monitoring indicates that mercury levels are above the MCL, your water supplier
must take steps to reduce the amount of mercury so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How will Mercury be removed from my Drinking Water?

The following treatment method(s) have proven to be effective for removing mercury to below
0.002 mg/L or 2 ppb: coagulation/filtration, granular activated carbon, lime softening, and reverse
osmosis.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Mercury Explained

Mercury is a chemical element with the symbol Hg and atomic number 80. It is also known as
quicksilver or hydrargyrum ( < Greek "hydr-" water and "argyros" silver). A heavy, silvery d-
block element, mercury is the only metal that is liquid at standard conditions for temperature and
pressure; the only other element that is liquid under these conditions is bromine, though metals
such as caesium, gallium, and rubidium melt just above room temperature. With a freezing point
of —38.83 °C and boiling point of 356.73 °C, mercury has one of the narrowest ranges of its liquid
state of any metal.

Mercury occurs in deposits throughout the world mostly as cinnabar (mercuric sulfide). The red
pigment vermilion is mostly obtained by reduction from cinnabar. Cinnabar is highly toxic by
ingestion or inhalation of the dust. Mercury poisoning can also result from exposure to water-
soluble forms of mercury (such as mercuric chloride or methylmercury), inhalation of mercury
vapor, or eating seafood contaminated with mercury.

Mercury is used in thermometers, barometers, manometers, sphygmomanometers, float valves,
mercury switches, and other devices though concerns about the element's toxicity have led to
mercury thermometers and sphygmomanometers being largely phased out in clinical
environments in favor of alcohol-filled, galinstan-filled, digital, or thermistor-based instruments. It
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remains in use in scientific research applications and in amalgam material for dental restoration. It
is used in lighting: electricity passed through mercury vapor in a phosphor tube produces short-
wave ultraviolet light which then causes the phosphor to fluoresce, making visible light.

Physical Properties

Mercury is a heavy, silvery-white metal. As compared to other metals, it is a poor conductor of
heat, but a fair conductor of electricity. Mercury has an exceptionally low melting temperature for
a d-block metal. A complete explanation of this delves deep into the realm of quantum physics,
but it can be summarized as follows: mercury has a unique electronic configuration where
electrons fill up all the available 1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d, 4f, 5s, 5p, 5d and 6s subshells.
As such configuration strongly resists removal of an electron, mercury behaves similarly to noble
gas elements, which form weak bonds and thus easily melting solids. The stability of the 6s shell
is due to the presence of a filled 4f shell. An f shell poorly screens the nuclear charge that
increases the attractive Coulomb interaction of the 6s shell and the nucleus (see lanthanide
contraction).

The absence of a filled inner f shell is the reason for the somewhat higher melting temperature of
cadmium and zinc, although both these metals still melt easily and, in addition, have unusually
low boiling points. On the other hand, gold, which is one space to the left of mercury on the
periodic table, has atoms with one less 6s electron than mercury. Those electrons are more
easily removed and are shared between the gold atoms forming relatively strong metallic bonds.

Chemical Properties

Mercury does not react with most acids, such as dilute sulfuric acid, although oxidizing acids such
as concentrated sulfuric acid and nitric acid or aqua regia dissolve it to give sulfate, nitrate, and
chloride salts. Like silver, mercury reacts with atmospheric hydrogen sulfide. Mercury even reacts
with solid sulfur flakes, which are used in mercury spill kits to absorb mercury vapors (spill kits
also use activated carbon and powdered zinc).

Amalgams

Mercury dissolves to form amalgams with gold, zinc and many other metals. Because iron is an
exception, iron flasks have been traditionally used to trade mercury. Other metals that do not form
amalgams with mercury include tantalum, tungsten and platinum. Sodium amalgam is a common
reducing agent in organic synthesis, and is also used in high-pressure sodium lamps.

Mercury readily combines with aluminum to form a mercury-aluminum amalgam when the two
pure metals come into contact. Since the amalgam destroys the aluminum oxide layer which
protects metallic aluminum from oxidizing in-depth (as in iron rusting), even small amounts of
mercury can seriously corrode aluminum. For this reason, mercury is not allowed aboard an
aircraft under most circumstances because of the risk of it forming an amalgam with exposed
aluminum parts in the aircraft.

Isotopes

There are seven stable isotopes of mercury with °?Hg being the most abundant (29.86%). The
longest-lived radioisotopes are '®*Hg with a half-life of 444 years, and ?**Hg with a half-life of
46.612 days. Most of the remaining radioisotopes have half-lives that are less than a day. '**Hg
and ?°'Hg are the most often studied NMR-active nuclei, having spins of /% and % respectively.
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History

The symbol for the planet Mercury (¥ ) has been used since ancient times to represent the
element.

In China and Tibet, mercury use was thought to prolong life, heal fractures, and maintain
generally good health, although it is now known that exposure to mercury leads to serious
adverse health effects. The first emperor of China, Qin Shi Huang Di — allegedly buried in a
tomb that contained rivers of flowing mercury on a model of the land he ruled, representative of
the rivers of China — was killed by drinking a mercury and powdered jade mixture formulated by
Qin alchemists (causing liver failure, mercury poisoning, and brain death) who intended to give
him eternal life.

The ancient Greeks used mercury in ointments; the ancient Egyptians and the Romans used it in
cosmetics which sometimes deformed the face. In Lamanai, once a major city of the Maya
civilization, a pool of mercury was found under a marker in a Mesoamerican ballcourt. By 500 BC
mercury was used to make amalgams (Medieval Latin amalgama, "alloy of mercury") with other
metals.

Alchemists thought of mercury as the First Matter from which all metals were formed. They
believed that different metals could be produced by varying the quality and quantity of sulfur
contained within the mercury. The purest of these was gold, and mercury was called for in
attempts at the transmutation of base (or impure) metals into gold, which was the goal of many
alchemists.

Hg is the modern chemical symbol for mercury. It comes from hydrargyrum, a Latinized form of
the Greek word "Y&papyupog (hydrargyros), which is a compound word meaning "water-silver"
(hydr- = water, argyros = silver) — since it is liquid like water and shiny like silver. The element
was named after the Roman god Mercury, known for speed and mobility. It is associated with the
planet Mercury; the astrological symbol for the planet is also one of the alchemical symbols for
the metal; the Sanskrit word for alchemy is Rasavatam which means "the way of mercury".
Mercury is the only metal for which the alchemical planetary name became the common name.
The mines in Almadén (Spain), Monte Amiata (ltaly), and Idrija (now Slovenia) dominated
mercury production from the opening of the mine in Almadén 2500 years ago, until new deposits
were found at the end of the 19th century.

Chemistry

Mercury exists in two main oxidation states, | and Il. Higher oxidation states are unimportant, but
have been detected, e.g., mercury(lV) fluoride (HgF,) but only under extraordinary conditions.

Compounds of Mercury (1)

Different from its lighter neighbors, cadmium and zinc, mercury forms simple stable compounds
with metal-metal bonds. The mercury(l) compounds are diamagnetic and feature the dimeric
cation, Hg2+2.
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Stable derivatives include the chloride and nitrate. Treatment of Hg(l) compounds complexation
with strong ligands such as sulfide, cyanide, etc. induces disproportionation to Hg?* and
elemental mercury. Mercury(l) chloride, a colorless solid also known as calomel, is really the
compound with the formula Hg,Cl,, with the connectivity Cl-Hg-Hg-Cl. It is a standard in
electrochemistry. It reacts with chlorine to give mercuric chloride, which resists further oxidation.
Indicative of its tendency to bond to itself, mercury forms mercury polycations, which consist of
linear chains of mercury centers, capped with a positive charge. One example is Hg2+
3(AsF-6)2.

Compounds of Mercury (ll)

Mercury(ll) is the most common oxidation state and is the main one in nature as well. All four
mercuric halides are known. The form tetrahedral complexes with other ligands but the halides
adopt linear coordination geometry, somewhat like Ag* does. Best known is mercury(ll) chloride,
an easily sublimating white solid. HgCl, forms coordination complexes that are typically
tetrahedral, e.g. HgCI2-4.

Mercury(ll) oxide, the main oxide of mercury, arises when the metal is exposed to air for long
periods at elevated temperatures. It reverts to the elements upon heating near 400 °C, as was
demonstrated by Priestly in an early synthesis of pure oxygen. Hydroxides of mercury are poorly
characterized, as they are for its neighbors gold and silver.

Being a soft metal, mercury forms very stable derivatives with the heavier chalcogens.
Preeminent is mercury(ll) sulfide, HgS, which occurs in nature as the ore cinnabar and is the
brilliant pigment vermillion. Like ZnS, HgS crystallizes in two forms, the reddish cubic form and
the black zinc blende form. Mercury(ll) selenide (HgSe) and mercury(ll) telluride (HgTe) are also
known, these as well as various derivatives, e.g. mercury cadmium telluride and mercury zinc
telluride being semiconductors useful as infrared detector materials.

Mercury(Il) salts form a variety of complex derivatives with ammonia. These include Millon's base
(HgzN"), the one-dimensional polymer (salts of HgNH+2) n), and "fusible white precipitate" or
[Hg(NH5).]JCl.. Known as Nessler's reagent, potassium tetraiodomercurate(ll) (Hgl2-
4) is still occasionally used to test for ammonia owing to its tendency to form the deeply colored
iodide salt of Millon's base.

Higher Oxidation States

Oxidation states above +2 in a non-charged species are extremely rare, although a cyclic
mercurinium(lV) cation, with three substituents, is an intermediate in oxymercuration reactions. In
2007, a report of synthesis of a mercury(lV) compound, mercury(lV) fluoride, was published. In
the 1970s, there was a claim on synthesis of a mercury(lll) compound, but it is now thought to be
false.

Organomercury Compounds

Organic mercury compounds are historically important but are of little industrial value in the
western world. Mercury(ll) salts are a rare examples of simple metal complexes that react directly
with aromatic rings. Organomercury compounds are always divalent and usually two-coordinate
and linear geometry. Unlike organocadmium and organozinc compounds, organomercury, .
compounds do not react with water. They usually have the formula HgR;, which are often volatile,
or HgRX, which are often solids, where R is aryl or alkyl and X is usually halide or acetate.
Methylmercury, a generic term for compounds with the formula CH;HgX, is a dangerous family of
compounds that are often found in polluted water. They arise by a process known as
biomethylation.
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Applications

Mercury is used primarily for the manufacture of industrial chemicals or for electrical and
electronic applications. It is used in some thermometers, especially ones which are used to
measure high temperatures. A still increasing amount is used as gaseous mercury in fluorescent
lamps, while most of the other applications are slowly phased out due to health and safety
regulations and is in some applications replaced with less toxic but considerably more expensive
Galinstan alloy.

Medicine

Mercury and its compounds have been used in medicine, although they are much less common
today than they once were, now that the toxic effects of mercury and its compounds are more
widely understood. The element mercury is an ingredient in dental amalgams. Thiomersal (called
Thimerosal in the United States) is an organic compound used as a preservative in vaccines,
though this use is in decline. Another mercury compound Merbromin (Mercurochrome) is a topical
antiseptic used for minor cuts and scrapes is still in use in some countries.

Since the 1930s some vaccines have contained the preservative thiomersal, which is metabolized
or degraded to ethyl mercury. Although it was widely speculated that this mercury-based
preservative can cause or trigger autism in children, scientific studies showed no evidence
supporting any such link. Nevertheless thiomersal has been removed from or reduced to trace
amounts in all U.S. vaccines recommended for children 6 years of age and under, with the
exception of inactivated influenza vaccine.

Mercury in the form of one of its common ores, cinnabar, is used in various traditional medicines,
especially in traditional Chinese medicine. Review of its safety has found cinnabar can lead to
significant mercury intoxication when heated, consumed in overdose or taken long term, and can
have adverse effects at therapeutic doses, though this is typically reversible at therapeutic doses.
Although this form of mercury appears less toxic than others, its use in traditional Chinese
medicine has not yet been justified as the therapeutic basis for the use of cinnabar is not clear.

Today, the use of mercury in medicine has greatly declined in all respects, especially in
developed countries. Thermometers and sphygmomanometers containing mercury were invented
in the early 18th and late 19th centuries, respectively. In the early 21st century, their use is
declining and has been banned in some countries, states and medical institutions. In 2002, the
U.S. Senate passed legislation to phase out the sale of non-prescription mercury thermometers.
In 2003, Washington and Maine became the first states to ban mercury blood pressure devices.
Mercury compounds are found in some over-the-counter drugs, including topical antiseptics,
stimulant laxatives, diaper-rash ointment, eye drops, and nasal sprays. The FDA has "inadequate
data to establish general recognition of the safety and effectiveness", of the mercury ingredients
in these products. Mercury is still used in some diuretics, although substitutes now exist for most
therapeutic uses.

Production of Chlorine and Caustic Soda

Chilorine is produced from sodium chloride (common salt, NaCl) using electrolysis to separate the
metallic sodium from the chlorine gas. Usually the salt is dissolved in water to produce a brine.
By-products of any such chloralkali process are hydrogen (H,) and sodium hydroxide (NaOH),
which is commonly called caustic soda or lye. By far the largest use of mercury in the late 20th
century was in the mercury cell process (also called the Castner-Kellner process) where metallic
sodium is formed as an amalgam at a cathode made from mercury; this sodium is then reacted
with water to produce sodium hydroxide.
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Many of the industrial mercury releases of the 20th century came from this process, although
modern plants claimed to be safe in this regard. After about 1985, all new chloralkali production
facilities that were built in the United States used either membrane cell or diaphragm cell
technologies to produce chlorine.

Laboratory Uses

Some medical thermometers, especially those for high temperatures, are filled with mercury;
however, they are gradually disappearing. In the United States, non-prescription sale of mercury
fever thermometers has been banned since 2003.

Liquid mercury is a part of popular secondary reference electrode (called the calomel electrode)
in electrochemistry as an alternative to the standard hydrogen electrode. The calomel electrode is
used to work out the electrode potential of half cells. Last, but not least, the triple point of
mercury, —38.8344 °C, is a fixed point used as a temperature standard for the International
Temperature Scale (ITS-90).

Toxicity and Safety

Mercury and most of its compounds are extremely toxic and must be handled with care; in cases
of spills involving mercury (such as from certain thermometers or fluorescent light bulbs), specific
cleaning procedures are used to avoid exposure and contain the spill. Protocols call for physically
merging smaller droplets on hard surfaces, combining them into a single larger pool for easier
removal with an eyedropper, or for gently pushing the spill into a disposable container. Vacuum
cleaners and brooms cause greater dispersal of the mercury and should not be used.

Afterwards, fine sulfur, zinc, or some other powder that readily forms an amalgam (alloy) with
mercury at ordinary temperatures is sprinkled over the area before itself being collected and
properly disposed of. Cleaning porous surfaces and clothing is not effective at removing all traces
of mercury and it is therefore advised to discard these kinds of items should they be exposed to a
mercury spill.

Mercury can be absorbed through the skin and mucous membranes and mercury vapors can be
inhaled, so containers of mercury are securely sealed to avoid spills and evaporation. Heating of
mercury, or of compounds of mercury that may decompose when heated, is always carried out
with adequate ventilation in order to avoid exposure to mercury vapor. The most toxic forms of
mercury are its organic compounds, such as dimethylmercury and methylmercury. Inorganic
compounds, such as cinnabar are also highly toxic by ingestion or inhalation. Mercury can cause
both chronic and acute poisoning.
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Releases in the Environment
Amount of atmospheric mercury deposited at Wyoming's Upper Fremont Glacier over the last 270
years

Preindustrial deposition rates of mercury from the atmosphere may be about 4 ng /(1 L of ice
deposit). Although that can be considered a natural level of exposure, regional or global sources
have significant effects. Volcanic eruptions can increase the atmospheric source by 4-6 times.
Natural sources, such as volcanoes, are responsible for approximately half of atmospheric
mercury emissions.

The human-generated half can be divided into the following estimated percentages:
e 65% from stationary combustion, of which coal-fired power plants are the largest

aggregate source (40% of U.S. mercury emissions in 1999). This includes power plants
fueled with gas where the mercury has not been removed. Emissions from coal
combustion are between one and two orders of magnitude higher than emissions from oil
combustion, depending on the country.

e 11% from gold production. The three largest point sources for mercury emissions in the
U.S. are the three largest gold mines. Hydrogeochemical release of mercury from gold-
mine tailings has been accounted as a significant source of atmospheric mercury in
eastern Canada.

¢ 6.8% from non-ferrous metal production, typically smelters.
e 6.4% from cement production.

e 3.0% from waste disposal, including municipal and hazardous waste, crematoria, and
sewage sludge incineration.

e 3.0% from caustic soda production.
e 1.4% from pig iron and steel production.
e 1.1% from mercury production, mainly for batteries.

e 2.0% from other sources.

The above percentages are estimates of the global human-caused mercury emissions in 2000,
excluding biomass burning, an important source in some regions.

Mercury also enters into the environment through the improper disposal (e.g., land filling,
incineration) of certain products. Products containing mercury include: auto parts, batteries,
fluorescent bulbs, medical products, thermometers, and thermostats. Due to health concerns (see
below), toxics use reduction efforts are cutting back or eliminating mercury in such products. For
example, the amount of mercury sold in thermostats in the United States decreased from 14.5
tons in 2004 to 3.9 tons in 2007. Most thermometers now use pigmented alcohol instead of
mercury, and galinstan alloy thermometers are also an option. Mercury thermometers are still
occasionally used in the medical field because they are more accurate than alcohol
thermometers, though both are commonly being replaced by electronic thermometers and less
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commonly by galinstan thermometers. Mercury thermometers are still widely used for certain
scientific applications because of their greater accuracy and working range.

The United States Clean Air Act, passed in 1990, put mercury on a list of toxic pollutants that
need to be controlled to the greatest possible extent. Thus, industries that release high
concentrations of mercury into the environment agreed to install maximum achievable control
technologies (MACT). In March 2005 EPA rule added power plants to the list of sources that
should be controlled and a national cap and trade rule was issued.

States were given until November 2006 to impose stricter controls, and several States are doing
so. The rule was being subjected to legal challenges from several States in 2005 and decision
was made in 2008. The Clean Air Mercury Rule was struck down by a Federal Appeals Court on
February 8, 2008. The rule was deemed not sufficient to protect the health of persons living near
coal-fired power plants. The court opinion cited the negative impact on human health from coal-
fired power plants' mercury emissions documented in the EPA Study Report to Congress of 1998.

The EPA announced new rules for coal-fired power plants on December 22, 2011. Cement kilns
that burn hazardous waste are held to a looser standard than are standard hazardous waste
incinerators in the United States, and as a result are a disproportionate source of mercury
pollution.

Historically, one of the largest releases was from the Colex plant, a lithium-isotope separation
plant at Oak Ridge. The plant operated in the 1950s and 1960s. Records are incomplete and
unclear, but government commissions have estimated that some two million pounds of mercury
are unaccounted for.

A serious industrial disaster was the dumping of mercury compounds into Minamata Bay, Japan.
It is estimated that over 3,000 people suffered various deformities, severe mercury poisoning
symptoms or death from what became known as Minamata disease.

Occupational Exposure

Due to the health effects of mercury exposure, industrial and commercial uses are regulated in
many countries. The World Health Organization, OSHA, and NIOSH all treat mercury as an
occupational hazard, and have established specific occupational exposure limits. Environmental
releases and disposal of mercury are regulated in the U.S. primarily by the United States
Environmental Protection Agency.

Case control studies have shown effects such as tremors, impaired cognitive skills, and sleep
disturbance in workers with chronic exposure to mercury vapor even at low concentrations in the
range 0.7-42 pg/m®. A study has shown that acute exposure (4 — 8 hours) to calculated
elemental mercury levels of 1.1 to 44 mg/m® resulted in chest pain, dyspnea, cough, hemoptysis,
impairment of pulmonary function, and evidence of interstitial pneumonitis. Acute exposure to
mercury vapor has been shown to result in profound central nervous system effects, including
psychotic reactions characterized by delirium, hallucinations, and suicidal tendency.

Occupational exposure has resulted in broad-ranging functional disturbance, including erethism,
irritability, excitability, excessive shyness, and insomnia. With continuing exposure, a fine tremor
develops and may escalate to violent muscular spasms. Tremor initially involves the hands and
later spreads to the eyelids, lips, and tongue. Long-term, low-level exposure has been associated
with more subtle symptoms of erethism, including fatigue, irritability, loss of memory, vivid dreams
and depression.
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Treatment

Research on the treatment of mercury poisoning is limited. Currently available drugs for acute
mercurial poisoning include chelators N-acetyl-D, L-penicillamine (NAP), British Anti-Lewisite
(BAL), 2,3-dimercapto-1-propanesulfonic acid (DMPS), and dimercaptosuccinic acid (DMSA). In
one small study including 11 construction workers exposed to elemental mercury, patients were
treated with DMSA and NAP. Chelation therapy with both drugs resulted in the mobilization of a
small fraction of the total estimated body mercury. DMSA was able to increase the excretion of
mercury to a greater extent than NAP.

Fish

Fish and shellfish have a natural tendency to concentrate mercury in their bodies, often in the
form of methylmercury, a highly toxic organic compound of mercury. Species of fish that are high
on the food chain, such as shark, swordfish, king mackerel, bluefin tuna, albacore tuna, and
tilefish contain higher concentrations of mercury than others. As mercury and methylmercury are
fat soluble, they primarily accumulate in the viscera, although they are also found throughout the
muscle tissue. When this fish is consumed by a predator, the mercury level is accumulated. Since
fish are less efficient at depurating than accumulating methylmercury, fish-tissue concentrations
increase over time. Thus species that are high on the food chain amass body burdens of mercury
that can be ten times higher than the species they consume. This process is called
biomagnification. Mercury poisoning happened this way in Minamata, Japan, now called
Minamata disease.

Regulations

United States

In the United States, the Environmental Protection Agency is charged with regulating and
managing mercury contamination. Several laws give the EPA this authority, including the Clean
Air Act, the Clean Water Act, the Resource Conservation and Recovery Act, and the Safe
Drinking Water Act. Additionally, the Mercury-Containing and Rechargeable Battery Management
Act, passed in 1996, phases out the use of mercury in batteries, and provides for the efficient and
cost-effective disposal of many types of used batteries. North America contributed approximately
11% of the total global anthropogenic mercury emissions in 1995.
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Nitrate (Measured as Nitrogen) - Inorganic Contaminant 10 mg/L MCL

EPA regulates nitrate in drinking water to protect public health. Nitrate may cause health
problems if present in public or private water supplies in amounts greater than the drinking water
standard set by EPA.

What is Nitrate?

Nitrates and nitrites are nitrogen-oxygen
chemical units which combine with
various organic and inorganic
compounds.

Uses for Nitrate.

The greatest use of nitrates is as a
fertilizer. Once taken into the body,
nitrates are converted to nitrites.

What are Nitrate's Health Effects?
Infants below six months who drink
water containing nitrate in excess of the
maximum contaminant level (MCL)
could become seriously ill and, if : ; &
untreated, may die. Symptoms include shortness of breath and blue baby syndrome.

This health effects language is not intended to catalog all possible health effects for nitrate.
Rather, it is intended to inform consumers of some of the possible health effects associated with
nitrate in drinking water when the rule was finalized.

What are EPA's Drinking Water Regulations for Nitrate?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for nitrate is 10 mg/L or 10 ppm. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for nitrate, called a maximum contaminant level (MCL), at 10 mg/L or 10 ppm. MCLs
are set as close to the health goals as possible, considering cost, benefits and the ability of public
water systems to detect and remove contaminants using suitable treatment technologies. In this
case, the MCL equals the MCLG, because analytical methods or treatment technology do not
pose any limitation.

The Phase Il Rule , the regulation for nitrate, became effective in 1992. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed nitrate as part of the Six Year
Review and determined that the 10 mg/L or 10 ppm MCLG and 10 mg/L or 10 ppm MCL for
nitrate are still protective of human health.

States may set more stringent drinking water MCLGs and MCLs for nitrate than EPA.

Pretreatment 101 ©TLC11/13/2012 171 (866) 557-1746 Fax (928) 468-0675



How does Nitrate get into my Drinking Water?
The major sources of nitrates in drinking water are runoff from fertilizer use; leaking from septic
tanks, sewage; and erosion of natural deposits.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if Nitrate is in my Drinking Water?

When routine monitoring indicates that nitrate levels are above the MCL, your water supplier must
take steps to reduce the amount of nitrate so that it is below that level. Water suppliers must
notify their customers as soon as practical, but no later than 24 hours after the system learns of
the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How will nitrate be Removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing nitrate to below 10
mg/L or 10 ppm: ion exchange, reverse osmosis, electrodialysis.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Nitrate Explained

The nitrate ion is a polyatomic ion with the molecular formula NO3;™ and a molecular mass of
62.0049 g/mol.

Structure

It is the conjugate base of nitric acid, consisting of one central nitrogen atom surrounded by three
identically bonded oxygen atoms in a trigonal planar arrangement. The nitrate ion carries a formal
charge of -1. This results from a combination formal charge in which each of the three oxygens
carries a —% charge, whereas the nitrogen carries a +1 charge, all these adding up to formal
charge of the polyatomic nitrate ion.
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Properties
Almost all inorganic nitrate salts are soluble in water at standard temperature and pressure. A
common example of an inorganic nitrate salt is potassium nitrate (saltpeter).

In organic chemistry a nitrate (not to be confused with Nitro or Nitrite) is a relatively rare functional
group with general chemical formula RONO, where R stands for any organic residue. They are
the esters of nitric acid and alcohols formed by nitroxylation. Examples are methyl nitrate
formed by reaction of methanol and nitric acid, the nitrate of tartaric acid, and the inaccurately
named nitroglycerin (which is actually an organic nitrate compound, not a nitro compound).

Like organic nitro compounds (see below) both organic and inorganic nitrates can be used as
propellants and explosives. In these uses, the thermal decomposition of the nitrate yields
molecular nitrogen N, gas plus considerable chemical energy, due to the high strength of the
bond in molecular nitrogen. Especially in inorganic nitrate reactions, oxidation from the nitrate
oxygens is also an important energy-releasing process.

Occurrence
Nitrate compounds are found naturally on earth as large deposits, particularly of Chile saltpeter a
major source of sodium nitrate.

Nitrites are produced by a number of species of nitrifying bacteria, and the nitrate compounds for
gunpowder (see this topic for more) were historically produced, in the absence of mineral nitrate
sources, by means of various fermentation processes using urine and dung.

Uses

Nitrates are mainly produced for use as fertilizers in agriculture because of their high solubility
and biodegradability. The main nitrates are ammonium, sodium, potassium, and calcium salts.
Several million kilograms are produced annually for this purpose.

Other Uses

The second major application of nitrates as oxidizing agents, most notably in explosives where
the rapid oxidation of carbon compounds liberates large volumes of gases (see Gunpowder for an
example). Sodium nitrate is used to remove air bubbles from molten glass and some ceramics.
Mixtures of the molten salt are used to harden some metals.

Detection
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Free nitrate ions in solution can be detected by a nitrate ion selective electrode. Such electroders
analogously to the pH selective electrode. This response is partially described by the Nernst
equation.

Toxicity/Toxicosis

Nitrate toxicosis can occur through enterohepatic metabolism of nitrate to nitrite being an
intermediate. Nitrites oxidize the iron atoms in hemoglobin from ferrous iron (2+) to ferric iron
(3+), rendering it unable to carry oxygen. This process can lead to generalized lack of oxygen in
organ tissue and a dangerous condition called methemoglobinemia. Although nitrite converts to
ammonia, if there is more nitrite than can be converted, the animal slowly suffers from a lack of
oxygen.

Human Health Effects

Humans are subject to nitrate toxicity, with infants being especially vulnerable to
methemoglobinemia due to nitrate metabolizing triglycerides present at higher concentrations
than at other stages of development. Methemoglobinemia in infants is known as blue baby
syndrome. Although nitrates in drinking water were once thought to be a contributing factor, there
are now significant scientific doubts as to whether there is a causal link. Blue baby syndrome is
now thought to be the product of a number of factors, which can include any factor which causes
gastric upset, such as diarrheal infection, protein intolerance, heavy metal toxicity etc., with
nitrates playing a minor role. Nitrates, if a factor in a specific case, would most often be ingested
by infants in high nitrate drinking water. However, nitrate exposure may also occur if eating, for
instance, vegetables containing high levels of nitrate. Lettuce may contain elevated nitrate under
growth conditions such as reduced sunlight, undersupply of the essential micronutrients
molybdenum (Mo) and iron (Fe), or high concentrations of nitrate due to reduced assimilation of
nitrate in the plant. High levels of nitrate fertilization also contribute to elevated levels of nitrate in
the harvested plant.

Some adults can be more susceptible to the effects of nitrate than others. The methemoglobin
reductase enzyme may be under-produced or absent in certain people that have an inherited
mutation. Such individuals cannot break down methemoglobin as rapidly as those that do have
the enzyme, leading to increased circulating levels of methemoglobin (the implication being that
their blood is not as oxygen-rich). Those with insufficient stomach acid (including some
vegetarians and vegans) may also be at risk. It is the increased consumption of green, leafy
vegetables that typically accompany these types of diets may lead to increased nitrate intake. A
wide variety of medical conditions, including food allergies, asthma, hepatitis, and gallstones may
be linked with low stomach acid; these individuals may also be highly sensitive to the effects of
nitrate.

Methemoglobinemia can be treated with methylene blue, which reduces ferric iron (3+) in affected
blood cells back to ferrous iron (2+).

Nitrate also is a by-product of septic systems. To be specific, it is a naturally occurring chemical
that is left after the breakdown or decomposition of animal or human waste. Water quality may
also be affected through ground water resources that have a high number of septic systems in a
watershed. Septics leach down into ground water resources or aquifers and supply nearby bodies
of water. Lakes that rely on ground water are often affected by nitrification through this process.

Nitrate in drinking water at levels above the national standard poses an immediate threat to
young children. Excessive levels can result in a condition known as "blue baby syndrome". If
untreated, the condition can be fatal. Boiling water contaminated with nitrate increases the nitrate
concentration and the potential risk.
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Nitrite (Measured as Nitrogen) - Inorganic Contaminant 1 mg/L MCL

EPA regulates nitrite in drinking water to protect public health. Nitrite may cause health problems
if present in public or private water supplies in amounts greater than the drinking water standard
set by EPA.

What is Nitrite?

Nitrates and nitrites are nitrogen-oxygen
chemical units which combine with
various organic and inorganic
compounds.

Uses for Nitrite.

The greatest use of nitrates is as a
fertilizer. Once taken into the body,
nitrates are converted to nitrites.

What are Nitrite's Health Effects?
Infants below six months who drink water
containing nitrite in excess of the
maximum contaminant level (MCL) could
become seriously ill and, if untreated,
may die. Symptoms include shortness of
breath and blue baby syndrome.

This health effects language is not intended to catalog all possible health effects for nitrite.
Rather, it is intended to inform consumers of some of the possible health effects associated with
nitrite in drinking water when the rule was finalized.

What are EPA's Drinking Water Regulations for Nitrite?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for nitrite is 1 mg/L or 1 ppm. EPA has set this level of protection based on the best
available science to prevent potential health problems. EPA has set an enforceable regulation for
nitrite, called a maximum contaminant level (MCL), at 1 mg/L or 1 ppm. MCLs are set as close to
the health goals as possible, considering cost, benefits and the ability of public water systems to
detect and remove contaminants using suitable treatment technologies. In this case, the MCL
equals the MCLG, because analytical methods or treatment technology do not pose any
limitation.

The Phase Il Rule, the regulation for nitrite, became effective in 1992. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed nitrite as part of the Six Year
Review and determined that the 1 mg/L or 1 ppm MCLG and 1 mg/L or 1 ppm MCL for nitrite are
still protective of human health. States may set more stringent drinking water MCLGs and MCLs
for nitrite than EPA.
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How does Nitrite get into my Drinking Water?
The major sources of nitrite in drinking water are runoff from fertilizer use; leaching from septic
tanks, sewage; and erosion of natural deposits.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals. For more information on
the uses and releases of chemicals in your state, contact the Community Right-to-Know Hotline:
(800) 424-9346.

How will | know if Nitrite is in my Drinking Water?

When routine monitoring indicates that nitrite levels are above the MCL, your water supplier must
take steps to reduce the amount of nitrite so that it is below that level. Water suppliers must notify
their customers as soon as practical, but no later than 24 hours after the system learns of the
violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

If your water comes from a household well, check with your health department or local water
systems that use ground water for information on contaminants of concern in your area.

How will Nitrite be removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing nitrite to below 1
mg/L or 1 ppm: ion exchange, reverse osmosis.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Nitrite Explained

The nitrite ion, which has the chemical formula NO,", is a symmetric anion with equal N-O bond
lengths and a O-N-O bond angle of approximately 120°. Upon protonation, the unstable weak
acid nitrous acid is produced. Nitrite can be oxidized or reduced, with the product somewhat
dependent on the oxidizing/reducing agent and its strength. The nitrite ion is an ambidentate
ligand, and is known to bond to metal centers in at least five different ways. Nitrite is also
important in biochemistry as a source of the potent vasodilator nitric oxide. In organic chemistry
the NO, group is present in nitrous acid esters and nitro compounds. Nitrites are also used in the
food production industry for curing meat.
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The Nitrite lon

Nitrite Salts

Sodium nitrite is made industrially by passing "nitrous fumes" into aqueous sodium hydroxide or
sodium carbonate solution:

NO + NO; + 2NaOH (or Na,CO3) — 2NaNO, +H,0 ( or CO,)

The product is purified by recrystallization. Alkali metal nitrites are thermally stable up to and
beyond their melting point (441 °C for KNO;). Ammonium nitrite can be made from dinitrogen
trioxide, N,Oj3, which is formally the anhydride of nitrous acid:

2NH; + H,O +N>,O3; — 2NH4NO,

This compound may decompose explosively on heating. In organic chemistry nitrites are used in
diazotization reactions.

Structure

The nitrite ion has a symmetrical structure (C,, symmetry), with both N-O bonds having equal
length. In valence bond theory, it is described as a resonance hybrid with equal contributions from
two canonical forms that are mirror images of each other. In molecular orbital theory, there is a
sigma bond between each oxygen atom and the nitrogen atom, and a delocalized pi bond made
from the p orbitals on nitrogen and oxygen atoms which is perpendicular to the plane of the
molecule. The negative charge of the ion is equally distributed on the two oxygen atoms. Both
nitrogen and oxygen atoms carry a lone pair of electrons. Therefore, the nitrite ion is a Lewis
base. Moreover, it can act as an ambidentate ligand towards a metal ion, donating a pair of
electrons from either nitrogen or oxygen atoms.

Acid-base Properties
In aqueous solution, nitrous acid is a weak acid:

HNO, =H"* + NO,"; pK, = ca. 3.3 at 18 °C

Nitrous acid is also highly volatile - in the gas phase it exists predominantly as a trans-planar
molecule. In solution, it is unstable with respect to the disproportionation reaction:

3HNO: (aq) ‘_;H30+ + NO3 + 2NO
This reaction is slow at 0 °C. Addition of acid to a solution of a nitrite in the presence of a
reducing agent, such as iron (Il), is a way to make nitric oxide (NO) in the laboratory.

Oxidation and reduction

The formal oxidation state of the nitrogen atom in a nitrite is +3. This means that it is can be
either oxidized to oxidation states +4 and +5, or reduced to oxidation states as low as -3.
Standard reduction potentials for reactions directly involving nitrous acid are shown in the table
below:

Half-reaction E°/V
NO; + 3H" + 2 —HNO, + H,0O +0.94
2HNO,+ 4H* + 4" = H,N,0, + 2H,0 +0.86
N,O, + 2H* + 2 = 2HNO, +1.065
2HNO,+ 4H* + 4 = N,O + 3H,0 +1.29
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The data can be extended to include products in lower oxidation states. For example:
H.N,O, + 2H* + 26" &N, + 2H,0; E° = 2.65V

Oxidation reactions usually result in the formation of the nitrate ion, with nitrogen in oxidation
state +5. For example, oxidation with permanganate ion can be used for quantitative analysis of
nitrite (by titration):

5NO, + 2MnO, + 6H" — 5NO; + 2Mn** + 3H,0

The product of reduction reactions with nitrite ion are varied, depending on the reducing agent
used and its strength. With sulfur dioxide, the products are NO and N,O; with tin (II), Sn**, the
product is hyponitrous acid, H.N.O,; reduction all the way to ammonia (NHs occurs with
hydrogen sulfide. With the hydrazinium cation, NyHs", hydrogen azide, HNs, an explosive
compound, is produced:

HN02 + N2H5+ - HN3 + Hzo + H30+
which can also further react with nitrite:
HNO, + HN3; — N,O + N, + H,O

This reaction is unusual in that it involves compounds with nitrogen in four different oxidation
states.

Coordination Complexes
The nitrite ion is known to form coordination complexes in at least five different ways.
1. When donation is from nitrogen to a metal center, the complex is known as a nitro-

complex.

2. When donation is from one oxygen to a metal center, the complex is known as a nitrito-
complex.

3. Both oxygen atoms may donate to a metal center, forming a chelate complex.

4. A nitrite ion can form an unsymmetrical bridge between two metal centers, donating
through nitrogen to one metal, and through oxygen to the other.

5. A single oxygen atom can bridge to two metal centers.

Alfred Werner studied the nitro-nitrito isomerism (1 and 2) extensively. The red isomer of cobalt
pentamine with nitrite is now known to be a nitrito complex, [Co(NH3)s(ONO)I**; it is metastable
and isomerizes to the yellow nitro complex [Co(NH3)s(NO,)]**. An example of chelating nitrite (3)
was found in [Cu(bipy)2(O2N)]NO; - "bipy" is the bidentate ligand 2,2'bypyridyl, with the two bipy
ligands occupying four coordination sites on the copper ion, so that the nitrite is forced to occupy
two sites in order to achieve an octahedral environment around the copper ion.

Nitrite in Biochemistry

Sodium nitrite is used for the curing of meat because it prevents bacterial growth and, in a
reaction with the meat's myoglobin, gives the product a desirable dark red color. Because of the

Pretreatment 101 ©TLC11/13/2012 178 (866) 557-1746 Fax (928) 468-0675



relatively high toxicity of nitrite (the lethal dose in humans is about 22 milligrams per kilogram of
body weight), the maximum allowed nitrite concentration in meat products is 200 ppm.

Under certain conditions - especially during cooking - nitrites in meat can react with degradation
products of amino acids, forming nitrosamines, which are known carcinogens.

Nitrite is detected and analyzed by the Griess Reaction, involving the formation of a deep red-
colored azo dye upon treatment of a NO, -containing sample with sulfanilic acid and naphthyl-1-
amine in the presence of acid. Nitrite can be reduced to nitric oxide or ammonia by many species
of bacteria.

Under hypoxic conditions, nitrite may release nitric oxide, which causes potent vasodilation.
Several mechanisms for nitrite conversion to NO have been described, including enzymatic
reduction by xanthine oxidoreductase, nitrite reductase, and NO synthase (NOS), as well as
nonenzymatic acidic disproportionation reactions.

Organic Nitrites and Nitro Compounds

Aromatic Nitration

In organic chemistry, nitrites are esters of nitrous acid and contain the nitrosoxy functional group.
Nitro compounds contain the C-NO, group. Nitrites have the general formula RONO, where R is
an aryl or alkyl group. Nitrobenzene is a simple example of a nitro compound. In aromatic
nitration reactions a C-H bond is broken, leaving the two electrons on the carbon atom. These
two electrons are added to the nitronium ion, reducing it to nitrite.
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Selenium- Inorganic Contaminant 0.05 mg/L Water MCL

Selenium (Se) is an essential element for human nutrition, with the majority of our intake coming
from foods such as nuts, cereals, meat, fish, and eggs. The concentration of Selenium in drinking
water is usually low, and comes from natural minerals. In soils, selenium often occurs in soluble
forms such as selenate, which are leached into rivers very easily by runoff increasing the amount
of selenium in groundwater. Selenium in water is also a by-product of copper mining / smelting.
Selenium is also used in
photoelectric devises because its
electrical conductivity varies with
light.

Naturally occurring selenium
compounds have not been shown
to be carcinogenic in animals.
However, acute toxicity caused by
high levels of selenium in water or
other sources of intake has been
observed in laboratory animals
and in animals grazing in areas
where high selenium levels exist
in the soil. The US EPA has
established the MCL for selenium
in water at 0.05 mg/I.

What are selenium's health

effects?

Some people who drink water containing selenium well in excess of the maximum contaminant
level (MCL) for many years could experience hair or fingernail losses, numbness in fingers or
toes, or problems with their circulation.

This health effects language is not intended to catalog all possible health effects for selenium.
Rather, it is intended to inform consumers of some of the possible health effects associated with
selenium in drinking water when the rule was finalized.

What are EPA's drinking water regulations for selenium?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for selenium is 0.05 mg/L or 50 ppb. EPA has set this level of protection based on the
best available science to prevent potential health problems. EPA has set an enforceable
regulation for selenium, called a maximum contaminant level (MCL), at 0.05 mg/L or 50 ppb.
MCLs are set as close to the health goals as possible, considering cost, benefits and the ability of
public water systems to detect and remove contaminants using suitable treatment technologies.
In this case, the MCL equals the MCLG, because analytical methods or treatment technology do
not pose any limitation.
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The Phase Il Rule, the regulation for selenium, became effective in 1992. The Safe Drinking
Water Act requires EPA to periodically review the national primary drinking water regulation for
each contaminant and revise the regulation, if appropriate. EPA reviewed selenium as part of the
Six Year Review and determined that the 0.05 mg/L or 50 ppb MCLG and 0.05 mg/L or 50 ppb
MCL for selenium are still protective of human health.

Selenium Water Treatment

Selenium contamination of water systems may result whenever new agricultural runoff courses
through normally dry undeveloped lands. If you have high levels of selenium in your water the
following are recommended selenium water treatment options. Anion exchange can reduce the
amount of selenium in drinking water by 60 - 95%. Reverse Osmosis Systems are excellent at
removing selenium in drinking water.

Selenium shows borderline metalloid or nonmetal behavior. Its most stable form, the grey trigonal
allotrope, is sometimes called 'metallic’ selenium. This is because its electrical conductivity is
several orders of magnitude greater than that of the red monoclinic form.

The metallic character of selenium is further shown by the following properties:
e lts luster.

e lIts crystalline structure, which is thought to include weakly 'metallic' interchain bonding.
¢ Its capacity, when molten, to be drawn into thin threads.
e lts reluctance to acquire 'the high positive oxidation numbers characteristic of nonmetals'.

e lts capacity to form cyclic polycations (such as Se2+ 8) when dissolved in oleums (an
attribute it shares with sulfur and tellurium).

e The existence of a hydrolyzed cationic salt in the form of trihydroxoselenium (V)
perchlorate [Se(OH)s]".CIO- 4.

The Non-metallic Character of Selenium is shown by:
e |ts brittleness.
e lts electronic band structure, which is that of a semiconductor.

e The low electrical conductivity (~107° to 107" S:cm™) of its highly purified form. This is
comparable to or less than that of bromine (7.95x107'2 S-cm™"), a nonmetal.

o lIts relatively high electronegativity (2.55 revised Pauling scale).
e The retention of its semiconducting properties in liquid form.

e lts reaction chemistry, which is mainly that of its nonmetallic anionic forms Se?", Se02-
3 and Se02- 4.
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Selenium Explained

Selenium is a chemical element with symbol Se and atomic number 34. It is a nonmetal with
properties that are intermediate between those of its periodic table column-adjacent chalcogen
elements sulfur and tellurium. It rarely occurs in its elemental state in nature, or as pure ore
compounds. Selenium (Greek ogArjvn selene meaning "Moon") was discovered in 1817 by Jons
Jakob Berzelius, who noted the similarity of the new element to the previously-known tellurium
(named for the Earth).

Selenium is found impurely in metal sulfide ores, where it partially replaces the sulfur.
Commercially, selenium is produced as a byproduct in the refining of these ores, most often
during copper production.

Minerals that are pure selenide or selenate compounds are known, but are rare. The chief
commercial uses for selenium today are in glassmaking and in pigments. Selenium is a
semiconductor and is used in photocells. Uses in electronics, once important, have been mostly
supplanted by silicon semiconductor devices. Selenium continues to be used in a few types of DC
power surge protectors and one type of fluorescent quantum dot.

Selenium salts are toxic in large amounts, but trace amounts are necessary for cellular function in
many organisms, including all animals. Selenium is a component of the antioxidant enzymes
glutathione peroxidase and thioredoxin reductase (which indirectly reduce certain oxidized
molecules in animals and some plants). It is also found in three deiodinase enzymes, which
convert one thyroid hormone to another. Selenium requirements in plants differ by species, with
some plants requiring relatively large amounts, and others apparently requiring none.

Characteristics

Physical Properties

Selenium exists in several allotropes that interconvert upon heating and cooling carried out at
different temperatures and rates. As prepared in chemical reactions, selenium is usually
amorphous, brick-red powder. When rapidly melted, it forms the black, vitreous form, which is
usually sold industrially as beads. The structure of black selenium is irregular and complex and
consists of polymeric rings with up to 1000 atoms per ring. Black Se is a brittle, lustrous solid that
is slightly soluble in CS,. Upon heating, it softens at 50 °C and converts to gray selenium at 180
°C; the transformation temperature is reduced by presence of halogens and amines.

The red-colored a, B and y forms are produced from solutions of black selenium by varying
evaporation rates of the solvent (usually CS;). They all have relatively low, monoclinic crystal
symmetries and contain nearly identical puckered Ses rings arranged in different fashions, as in
sulfur. The packing is most dense in the a form. In the Seg rings, the Se-Se distance is 233.5 pm
and Se-Se-Se angle is 105.7 degrees. Other selenium allotropes may contain Seg or Se- rings.

The most stable and dense form of selenium has a gray color and hexagonal crystal lattice
consisting of helical polymeric chains, wherein the Se-Se distance is 237.3 pm and Se-Se-Se
angle is 130.1 degrees. The minimum distance between chains is 343.6 pm. Gray Se is formed
by mild heating of other allotropes, by slow cooling of molten Se, or by condensing Se vapors just
below the melting point. Whereas other Se forms are insulators, gray Se is a semiconductor
showing appreciable photoconductivity. Contrary to other allotropes, it is unsoluble in CS,. It
resists oxidation by air and is not attacked by non-oxidizing acids. With strong reducing agents, it
forms polyselenides. Selenium does not exhibit the unusual changes in viscosity that sulfur
undergoes when gradually heated.
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Isotopes

Selenium has six naturally occurring isotopes, five of which are stable: "“Se, "®Se, "Se, "®Se, and
8Se. The last three also occur as fission products, along with "°Se, which has a half-life of
327,000 years. The final naturally occurring isotope, %Se, has a very long half-life (~10%° yr,
decaying via double beta decay to #2Kr), which, for practical purposes, can be considered to be
stable. Twenty-three other unstable isotopes have been characterized.

See also Selenium-79 for more information on recent changes in the measured half-life of this
long-lived fission product, important for the dose calculations performed in the frame of the
geological disposal of long-lived radioactive waste.

Chemical Compounds
Selenium compounds commonly exist in the oxidation states -2, +2, +4, and +6.

Chalcogen Compounds
Selenium forms two oxides: selenium dioxide (SeO;) and selenium trioxide (SeQs3). Selenium
dioxide is formed by the reaction of elemental selenium with oxygen:

Seg + 8 O, — 8 Se0,

It is a polymeric solid that forms monomeric SeO, molecules in the gas phase. It dissolves in
water to form selenous acid, H,SeOs. Selenous acid can also be made directly by oxidizing
elemental selenium with nitric acid:

3 Se + 4 HNO3; + H,O — 3 H,SeO3; + 4 NO

Unlike sulfur, which forms a stable trioxide, selenium trioxide is thermodynamically unstable and
decomposes to the dioxide above 185 °C:

2 Se0; — 2 Se0, + O, (AH = -54 kJ/mol)

Selenium trioxide is produced in the laboratory by the reaction of anhydrous potassium selenate
(K2SeQO,) and sulfur trioxide (SOs3).

Salts of selenous acid are called selenites. These include silver selenite (Ag>SeO3) and sodium
selenite (Na,SeOs).

Hydrogen sulfide reacts with aqueous selenous acid to produce selenium disulfide:

H,SeO; + 2 H,S — SeS, + 3 H,O
Selenium disulfide consists of 8-membered rings of a nearly statistical distribution of sulfur and
selenium atoms. It has an approximate composition of SeS,, with individual rings varying in
composition, such as Se;S; and Se,S;s. Selenium disulfide has been use in shampoo as an anti-
dandruff agent, an inhibitor in polymer chemistry, a glass dye, and a reducing agent in fireworks.
Selenium trioxide may be synthesized by dehydrating selenic acid, H,SeO,, which is itself
produced by the oxidation of selenium dioxide with hydrogen peroxide:

SeOQ + H202 — H28€O4

Hot, concentrated selenic acid is capable of dissolving gold, forming gold(lll) selenate.
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Halogen Compounds

lodides of selenium are not well known. The only stable chloride is selenium monochloride
(Se,Cl,), which might be better known as selenium(l) chloride; the corresponding bromide is also
known. These species are structurally analogous to the corresponding disulfur dichloride.
Selenium dichloride is an important reagent in the preparation of selenium compounds (e.g. the
preparation of Sey). It is prepared by treating selenium with sulfuryl chloride (SO,Cl,). Selenium
reacts with fluorine to form selenium hexafluoride:

Seg + 24 F, — 8 SeFg

In comparison with its sulfur counterpart (sulfur hexafluoride), selenium hexafluoride (SeFg) is
more reactive and is a toxic pulmonary irritant. Some of the selenium oxyhalides, such as
selenium oxyfluoride (SeOF,) and selenium oxychloride (SeOCl,) have been used as specialty
solvents.

Selenides

Analogous to the behavior of other chalcogens, selenium forms a dihydride H,Se. It is a strongly
odiferous, toxic, and colorless gas. It is more acidic than H,S. In solution it ionizes to HSe". The
selenide dianion Se* forms a variety of compounds, including the minerals from which selenium
is obtained commercially. lllustrative selenides include mercury selenide (HgSe), lead selenide
(PbSe), zinc selenide (ZnSe), and copper indium gallium diselenide (Cu(Ga, In)Se;). These
materials are semiconductors. With highly electropositive metals, such as aluminum, these
selenides are prone to hydrolysis:

Alzse3 +6 Hzo — A|203 +6 ste
Alkali metal selenides react with selenium to form polyselenides, Se2-x, which exist as chains.

Other Compounds

Tetraselenium tetranitride, Se4sN4, is an explosive orange compound analogous to tetrasulfur
tetranitride (S4N4). It can be synthesized by the reaction of selenium tetrachloride (SeCl,) with
[((CH3)3Si)2N]2Se.

Selenium reacts with cyanides to yield selenocyanates:
8 KCN + Seg — 8 KSeCN

Organoselenium Compounds

Selenium, especially in the Il oxidation state, forms stable bonds to carbon, which are structurally
analogous to the corresponding organosulfur compounds. Especially common are selenides
(R.Se, analogues of thioethers), diselenides (R.,Se,, analogues of disulfides), and selenols
(RSeH, analogues of thiols). Representatives of selenides, diselenides, and selenols include
respectively selenomethionine, diphenyldiselenide, and benzeneselenol. The sulfoxide in sulfur
chemistry is represented in selenium chemistry by the selenoxides (formula RSe(O)R), which are
intermediates in organic synthesis, as illustrated by the selenoxide elimination reaction.
Consistent with trends indicated by the double bond rule, selenoketones, R(C=Se)R, and
selenaldehydes, R(C=Se)H, are rarely observed.
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History

Selenium (Greek oeAjvn selene meaning "Moon") was discovered in 1817 by Joéns Jakob
Berzelius and Johan Gottlieb Gahn. Both chemists owned a chemistry plant near Gripsholm,
Sweden producing sulfuric acid by the lead chamber process. The pyrite from the Falun mine
created a red precipitate in the lead chambers which was presumed to be an arsenic compound,
and so the pyrite's use to make acid was discontinued. Berzelius and Gahn wanted to use the
pyrite and they also observed that the red precipitate gave off a smell like horseradish when
burned. This smell was not typical of arsenic, but a similar odor was known from tellurium
compounds. Hence, Berzelius's first letter to Alexander Marcet stated that this was a tellurium
compound. However, the lack of tellurium compounds in the Falun mine minerals eventually led
Berzelius to reanalyze the red precipitate, and in 1818 he wrote a second letter to Marcet
describing a newly found element similar to sulfur and tellurium. Because of its similarity to
tellurium, named for the Earth, Berzelius named the new element after the Moon.

In 1873, Willoughby Smith found that the electrical resistance of grey selenium was dependent on
the ambient light. This led to its use as a cell for sensing light. The first of commercial products
using selenium were developed by Werner Siemens in the mid-1870s. The selenium cell was
used in the photophone developed by Alexander Graham Bell in 1879. Selenium transmits an
electric current proportional to the amount of light falling on its surface. This phenomenon was
used in the design of light meters and similar devices. Selenium's semiconductor properties found
numerous other applications in electronics. The development of selenium rectifiers began during
the early 1930s, and these replaced copper oxide rectifiers because of their superior efficiencies.
These lasted in commercial applications until the 1970s, following which they were replaced with
less expensive and even more efficient silicon rectifiers.

Selenium came to medical notice later because of its toxicity to human beings working in
industries.

Selenium was also recognized as an important veterinary toxin, which is seen in animals that
have eaten high-selenium plants. In 1954, the first hints of specific biological functions of
selenium were discovered in microorganisms. Its essentiality for mammalian life was discovered
in 1957. In the 1970s, it was shown to be present in two independent sets of enzymes. This was
followed by the discovery of selenocysteine in proteins.

Occurrence

Native (i.e., elemental) selenium is a rare mineral, which does not usually form good crystals, but,
when it does, they are steep rhombohedra or tiny acicular (hair-like) crystals. Isolation of
selenium is often complicated by the presence of other compounds and elements.

Selenium occurs naturally in a number of inorganic forms, including selenide-, selenate-, and
selenite-containing minerals, but these minerals are rare. The common mineral selenite is not a
selenium mineral, and contains no selenite ion, but is rather a type of gypsum (calcium sulfate
hydrate) named like selenium for the moon well before the discovery of selenium. Selenium is
most commonly found quite impurely, replacing a small part of the sulfur in sulfide ores of many
metals.

In living systems, selenium is found in the amino acids selenomethionine, selenocysteine, and
methylselenocysteine. In these compounds, selenium plays a role analogous to that of sulfur.
Another naturally occurring organoselenium compound is dimethyl selenide.

Certain solids are selenium-rich, and selenium can be bioconcentrated by certain plants. In soils,

selenium most often occurs in soluble forms such as selenate (analogous to sulfate), which are
leached into rivers very easily by runoff. Ocean water contains significant amounts of selenium.
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Anthropogenic sources of selenium include coal burning and the mining and smelting of sulfide
ores.

Production

Selenium is most commonly produced from selenide in many sulfide ores, such as those of
copper, silver, or lead. Electrolytic metal refining is particularly conducive to producing selenium
as a byproduct, and it is obtained from the anode mud of copper refineries. Another source was
the mud from the lead chambers of sulfuric acid plants but this method to produce sulfuric acid is
no longer used.

These muds can be processed by a number of means to obtain selenium. However, most
elemental selenium comes as a byproduct of refining copper or producing sulfuric acid.

Since the invention of solvent extraction and electrowinning (SX/EW) for the production of copper
this method takes an increasing share of the world wide copper production. This changes the
availability of selenium because only a comparably small part of the selenium in the ore is
leached together with the copper.

Industrial production of selenium usually involves the extraction of selenium dioxide from residues
obtained during the purification of copper. Common production from the residue then begins by
oxidation with sodium carbonate to produce selenium dioxide. The selenium dioxide is then mixed
with water and the solution is acidified to form selenous acid (oxidation step). Selenous acid is
bubbled  with  sulfur dioxide (reduction step) to give elemental selenium.

Toxicity

Although selenium is an essential trace element, it is toxic if taken in excess. Exceeding the
Tolerable Upper Intake Level of 400 micrograms per day can lead to selenosis. This 400
microgram (ug) Tolerable Upper Intake Level is based primarily on a 1986 study of five Chinese
patients who exhibited overt signs of selenosis and a follow up study on the same five people in
1992.

The 1992 study actually found the maximum safe dietary Se intake to be approximately 800
micrograms per day (15 micrograms per kilogram body weight), but suggested 400 micrograms
per day to not only avoid toxicity, but also to avoid creating an imbalance of nutrients in the diet
and to account for data from other countries. In China, people who ingested corn grown in
extremely selenium-rich stony coal (carbonaceous shale) have suffered from selenium toxicity.
This coal was shown to have selenium content as high as 9.1%, the highest concentration in coal
ever recorded in literature.

Symptoms of selenosis include a garlic odor on the breath, gastrointestinal disorders, hair loss,
sloughing of nails, fatigue, irritability, and neurological damage. Extreme cases of selenosis can
result in cirrhosis of the liver, pulmonary edema, and death. Elemental selenium and most
metallic selenides have relatively low toxicities because of their low bioavailability. By contrast,
selenates and selenites are very toxic, having an oxidant mode of action similar to that of arsenic
trioxide. The chronic toxic dose of selenite for humans is about 2400 to 3000 micrograms of
selenium per day for a long time. Hydrogen selenide is an extremely toxic, corrosive gas.
Selenium also occurs in organic compounds, such as dimethyl selenide, selenomethionine,
selenocysteine and methylselenocysteine, all of which have high bioavailability and are toxic in
large doses.
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In fish and other wildlife, low levels of selenium cause deficiency while high levels cause toxicity.
For example, in salmon, the optimal concentration of selenium in the fish tissue (whole body) is
about 1 microgram selenium per gram of tissue (dry weight). At levels much below that
concentration, young salmon die from selenium deficiency; much above that level they die from
toxic excess.
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Thallium- Inorganic Contaminant 0.002 mg/L Water MCL
Thallium is a metal found in natural deposits such as ores containing other elements.

Uses for Thallium.
The greatest use of thallium is in specialized
electronic research equipment.

What are Thallium's Health Effects?

Some people who drink water containing thallium
well in excess of the maximum contaminant level
(MCL) for many years could experience hair loss,
changes in their blood, or problems with their
kidneys, intestines, or liver problems.

This health effects language is not intended to
catalog all possible health effects for thallium.
Rather, it is intended to inform consumers of some of
the possible health effects associated with thallium in
drinking water when the rule was finalized.

What are EPA's Drinking Water Regulations for Thallium?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine the
level of contaminants in drinking water at which no adverse health effects are likely to occur.
These non-enforceable health goals, based solely on possible health risks and exposure over a
lifetime with an adequate margin of safety, are called maximum contaminant level goals (MCLG).
Contaminants are any physical, chemical, biological or radiological substances or matter in water.

The MCLG for thallium is 0.0005 mg/L or 0.5 ppb. EPA has set this level of protection based on
the best available science to prevent potential health problems. EPA has set an enforceable
regulation for thallium, called a maximum contaminant level (MCL), at 0.002 mg/L or 2 ppb. MCLs
are set as close to the health goals as possible, considering cost, benefits and the ability of public
water systems to detect and remove contaminants using suitable treatment technologies.

The Phase V Rule, the regulation for thallium, became effective in 1994. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed thallium as part of the Six
Year Review and determined that the 0.0005 mg/L or 0.5 ppb MCLG and 0.002 mg/L or 2 ppb
MCL for thallium are still protective of human health. States may set more stringent drinking water
MCLGs and MCLs for thallium than EPA.

How does Thallium get into my Drinking Water?
The major sources of thallium in drinking water are leaching from ore-processing sites; and
discharge from electronics, glass, and drug factories.

A federal law called the Emergency Planning and Community Right to Know Act (EPCRA)
requires facilities in certain industries, which manufacture, process, or use significant amounts of
toxic chemicals, to report annually on their releases of these chemicals.

For more information on the uses and releases of chemicals in your state, contact the Community
Right-to-Know Hotline: (800) 424-9346.
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How will | know if Thallium is in my Drinking Water?

When routine monitoring indicates that thallium levels are above the MCL, your water supplier
must take steps to reduce the amount of thallium so that it is below that level. Water suppliers
must notify their customers as soon as practical, but no later than 30 days after the system learns
of the violation. Additional actions, such as providing alternative drinking water supplies, may be
required to prevent serious risks to public health.

How will Thallium be Removed from my Drinking Water?
The following treatment method(s) have proven to be effective for removing thallium to below
0.002 mg/L or 2 ppb: activated alumina; ion exchange.

How do | learn more about my Drinking Water?

EPA strongly encourages people to learn more about their drinking water, and to support local
efforts to protect the supply of safe drinking water and upgrade the community water system.
Your water bill or telephone book's government listings are a good starting point for local
information.

Contact your water utility. EPA requires all community water systems to prepare and deliver an
annual consumer confidence report (CCR) (sometimes called a water quality report) for their
customers by July 1 of each year. If your water provider is not a community water system, or if
you have a private water supply, request a copy from a nearby community water system.

Thallium Explained

Thallium is a chemical element with symbol Tl and atomic number 81. This soft gray poor metal
is not found free in nature. When isolated, it resembles tin, but discolors when exposed to air.
Chemists William Crookes and Claude-Auguste Lamy discovered thallium independently in 1861,
in residues of sulfuric acid production. Both used the newly developed method of flame
spectroscopy, in which thallium produces a notable green spectral line. Thallium, from Greek
6aAAd¢, thallos, meaning "a green shoot or twig," was named by Crookes. It was isolated by
electrolysis a year later, by Lamy.

Thallium tends to oxidize to the +3 and +1 oxidation states as ionic salts. The +3 state resembles
that of the other elements in thallium's group (boron, aluminum, gallium, indium). However, the +1
state, which is far more prominent in thallium than the elements above it, recalls the chemistry of
alkali metals, and thallium(l) ions are found geologically mostly in potassium-based ores, and
(when ingested) are handled in many ways like potassium ions (K*) by ion pumps in living cells.

Commercially, however, thallium is produced not from potassium ores, but as a byproduct from
refining of heavy metal sulfide ores. Approximately 60—70% of thallium production is used in the
electronics industry, and the remainder is used in the pharmaceutical industry and in glass
manufacturing. It is also used in infrared detectors. The radioisotope thallium-201 (as the soluble
chloride TICI) is used in small, nontoxic amounts as an agent in a nuclear medicine scan, during
one type of nuclear cardiac stress test.

Soluble thallium salts (many of which are nearly tasteless) are highly toxic in quantity, and were
historically used in rat poisons and insecticides. Use of these compounds has been restricted or
banned in many countries, because of their nonselective toxicity.

Thallium poisoning notably results in hair loss. Because of its historic popularity as a murder
weapon, thallium has gained notoriety as "the poisoner's poison" and "inheritance powder"
(alongside arsenic).
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Characteristics

Thallium is extremely soft, malleable and sectile enough to be cut with a knife at room
temperature. It has a metallic luster that, when exposed to air, quickly tarnishes to a bluish-gray
tinge, resembling lead. It may be preserved by immersion in oil. A heavy layer of oxide builds up
on thallium if left in air. In the presence of water, thallium hydroxide is formed. Sulfuric and nitric
acid dissolve thallium rapidly to make the sulfate and nitrate salts, while hydrochloric acid forms
an insoluble thallium(l) chloride layer. Its standard electrode potential is —0.34, slightly higher than
the potential for iron (at —0.44).

Isotopes

Thallium has 25 isotopes which have atomic masses that range from 184 to 210. 2°*TI and #°°Tl
are the only stable isotopes, and *Tl is the most stable radioisotope, with a half-life of 3.78
years.

202T| (half-life 12.23 days) can be made in a cyclotron, while 2Tl is made by the neutron
activation of stable thallium in a nuclear reactor.

20'T| (half-life 73 hrs), decays by electron capture, emitting Hg X-rays (~70-80 keV), and photons
of 135 and 167 keV in 10% total abundance; therefore it has good imaging characteristics without
excessive patient radiation dose. It is the most popular isotope used for thallium nuclear cardiac
stress tests.

208T| (half-life 3.05 minutes) is generated in the naturally-occurring thorium decay chain. Its
prominent 2615 keV gamma ray is the dominant high-energy feature observed in natural
background radiation.

Chemistry

The two main oxidation states of thallium are +1 and +3. In the oxidation state +1 most
compounds closely resemble the corresponding potassium or silver compounds (the ionic radius
of thallium(l) is 1.47 A while that of potassium is 1.33 A and that of silver is 1.26 A), which was
the reason why thallium was sometimes considered to be an alkali metal in Europe (but not in
England) in the years immediately following its discovery.'?® For example, the water-soluble and
very basic thallium(l) hydroxide reacts with carbon dioxide forming water-soluble thallium
carbonate. This carbonate is the only water soluble heavy metal carbonate. The similarity with
silver compounds is observed with the halide, oxide, and sulfide compounds. Thallium(l) bromide
is a photosensitive yellow compound very similar to the silver bromide, while the black thallium(l)
oxide and thallium(l) sulfide are very similar to the silver oxide and silver sulfide.

The compounds with oxidation state +3 resemble the corresponding aluminum (llI) compounds.
They are moderately strong oxidizing agents, as illustrated by the reduction potential of +0.72
volts for TP* + 3 e — TI(s). The thallium(lIl) oxide is a black solid which decomposes above 800
°C, forming the thallium(l) oxide and oxygen.
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History
Thallium (Greek 6aAAdg, thallos, meaning "a green shoot or twig") was discovered by flame
spectroscopy in 1861. The name comes from thallium's bright green spectral emission lines.

After the publication of the improved method of flame spectroscopy by Robert Bunsen and
Gustav Kirchhoff and the discovery of caesium and rubidium in the years 1859 to 1860, flame
spectroscopy became an approved method to determine the composition of minerals and
chemical products.

William Crookes and Claude-Auguste Lamy both started to use the new method. William Crookes
used it to make spectroscopic determinations for tellurium on selenium compounds deposited in
the lead chamber of a sulfuric acid production plant near Tilkerode in the Harz mountains. He had
obtained the samples for his research on selenium cyanide from August Hofmann years earlier.
By 1862, Crookes was able to isolate small quantities of the new element and determine the
properties of a few compounds. Claude-Auguste Lamy used a spectrometer that was similar to
Crookes' to determine the composition of a selenium-containing substance which was deposited
during the production of sulfuric acid from pyrite. He also noticed the new green line in the
spectra and concluded that a new element was present. Lamy had received this material from the
sulfuric acid plant of his friend Fréd Kuhlmann and this by-product was available in large
quantities. Lamy started to isolate the new element from that source.

The fact that Lamy was able to work ample quantities of thallium enabled him to determine the
properties of several compounds and in addition he prepared a small ingot of metallic thallium
which he prepared by remelting thallium he had obtained by electrolysis of thallium salts.

As both scientists discovered thallium independently and a large part of the work, especially the
isolation of the metallic thallium was done by Lamy, Crookes tried to secure his priority on the
work. Lamy was awarded a medal at the International Exhibition in London 1862: For the
discovery of a new and abundant source of thallium and after heavy protest Crookes also
received a medal: thallium, for the discovery of the new element. The controversy between both
scientists continued through 1862 and 1863. Most of the discussion ended after Crookes was
elected Fellow of the Royal Society in June 1863.

The dominant use of thallium was the use as poison for rodents. After several accidents the use
as poison was banned in the United States by the Presidential Executive Order 11643 in
February 1972. In the subsequent years several other countries also banned the use.

Occurrence and Production

Although thallium is a modestly abundant element in the Earth's crust, with a concentration
estimated to be about 0.7 mg/kg, mostly in association with potassium-based minerals in clays,
soils, and granites, thallium is not generally economically recoverable from these sources. The
major source of thallium for practical purposes is the trace amount that is found in copper, lead,
zinc, and other heavy-metal-sulfide ores.

Thallium is found in the minerals crookesite TICu;Se4, hutchinsonite TIPbAssSs, and lorandite
TIAsS,. Thallium also occurs as a trace element in iron pyrite, and thallium is extracted as a by-
product of roasting this mineral for the production of sulfuric acid.

Thallium can also be obtained from the smelting of lead and zinc ores. Manganese nodules found

on the ocean floor also contain some thallium, but the collection of these nodules has been and
continues to be prohibitively expensive.
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There is also the potential for damaging the environment of the oceans. In addition, several other
thallium minerals, containing 16% to 60% thallium, occur in nature as complexes of sulfides or
selenides that primarily contain antimony, arsenic, copper, lead, and/or silver. However, these
minerals are rare, and they have had no commercial importance as sources of thallium. The
Allchar deposit in southern Macedonia was the only area where thallium was ever actively mined.
This deposit still contains a loosely estimated 500 tons of thallium, and it is a source for several
rare thallium minerals, for example lorandite.

The United States Geological Survey (USGS) estimates that the annual worldwide production of
thallium is about 10 metric tons as a by-product from the smelting of copper, zinc, and lead ores.
Thallium is either extracted from the dusts from the smelter flues or from residues such as slag
that are collected at the end of the smelting process. The raw materials used for thallium
production contain large amounts of other materials and therefore a purification is the first step.

The thallium is leached either by the use of a base or sulfuric acid from the material. The thallium
is several times precipitated from the solution and to remove further impurities. At the end it is
converted to thallium sulfate and the thallium is extracted by electrolysis on platinum or stainless
steel plates. The production of thallium decreased by about 33% in the period from 1995 to 2009
— from about 15 metric tons to about 10 tons. Since there are several small deposits or ores with
relatively high thallium content, it would be possible to increase the production of it if a new
application, such as a hypothetical thallium-containing high-temperature superconductor,
becomes practical for widespread use outside of the laboratory.

Applications

Historic Uses

The odorless and tasteless thallium sulfate was once widely used as rat poison and ant killer.
Since 1972 this use has been prohibited in the United States due to safety concerns. Many other
countries followed this example in the following years. Thallium salts were used in the treatment
of ringworm, other skin infections and to reduce the night sweating of tuberculosis patients.
However this use has been limited due to their narrow therapeutic index, and the development of
more-advanced medicines for these conditions.

Optics

Thallium(l) bromide and thallium(l) iodide crystals have been used as infrared optical materials,
because they are harder than other common infrared optics, and because they have transmission
at significantly longer wavelengths. The trade name KRS-5 refers to this material.

Thallium(l) oxide has been used to manufacture glasses that have a high index of refraction.
Combined with sulfur or selenium and arsenic, thallium has been used in the production of high-
density glasses that have low melting points in the range of 125 and 150 °C. These glasses have
room temperature properties that are similar to ordinary glasses and are durable, insoluble in
water and have unique refractive indices.
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Electronics

Thallium(l) sulfide's electrical conductivity changes with exposure to infrared light therefore
making this compound useful in photoresistors. Thallium selenide has been used in a bolometer
for infrared detection. Doping selenium semiconductors with thallium improves their performance,
and therefore it is used in trace amounts in selenium rectifiers. Another application of thallium
doping is the sodium iodide crystals in gamma radiation detection devices.

In these, the sodium iodide crystals are doped with a small amount of thallium to improve their
efficiency as scintillation generators. Some of the electrodes in dissolved oxygen analyzers
contain thallium.

High-Temperature Superconductivity

Research activity with thallium is ongoing to develop high-temperature superconducting materials
for such applications as magnetic resonance imaging, storage of magnetic energy, magnetic
propulsion, and electric power generation and transmission. The research in applications started
after the discovery of the first thallium barium calcium copper oxide superconductor in 1988.

Other Uses

A mercury-thallium alloy, which forms a eutectic at 8.5% thallium, is reported to freeze at —60 °C,
some 20 °C below the freezing point of mercury. This alloy is used in thermometers and low-
temperature switches. In organic synthesis thallium(lll) salts, as thallium trinitrate or triacetate,
are useful reagents performing different transformations in aromatics, ketones, olefins, among
others. Thallium is a constituent of the alloy in the anode plates in magnesium seawater batteries.
Soluble thallium salts are added to gold plating baths to increase the speed of plating and to
reduce grain size within the gold layer.

The saturated solution of equal parts of thallium(l) formate (TI(CHO,)) and thallium(l) malonate
(TI(C3H304)) in water is known as Clerici solution. It is a mobile odorless liquid whose color
changes from yellowish to clear upon reducing the concentration of the thallium salts. With the
density of 4.25 g/cm?® at 20 °C, Clerici solution is one of the heaviest aqueous solutions known. It
was used in the 20th century for measuring density of minerals by the flotation method, but the
use is discontinued due to the high toxicity and corrosiveness of the solution.

Thallium iodide is used as an additive to metal halide lamps, often together with one-two halides
of other metals. It allows to optimize the lamp temperature and color rendering, and shift the
spectral output to the green region, which is useful for underwater lighting.

Toxicity

Thallium and its compounds are extremely toxic, and should be handled with great care. There
are numerous recorded cases of fatal thallium poisoning. Contact with skin is dangerous, and
adequate ventilation should be provided when melting this metal. Thallium(l) compounds have a
high aqueous solubility and are readily absorbed through the skin. Exposure to them should not
exceed 0.1 mg per m? of skin in an 8-hour time-weighted average (40-hour work week).

Thallium is a suspected human carcinogen. For a long time thallium compounds were easily
available as rat poison. This fact and that it is water soluble and nearly tasteless led to frequent
intoxications caused by accident or criminal intent.

Treatment and Internal Decontamination
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One of the main methods of removing thallium (both radioactive and normal) from humans is to
use Prussian blue, which is a material which absorbs thallium. Up to 20 g per day of Prussian
blue is fed by mouth to the person, and it passes through their digestive system and comes out in
the stool. Hemodialysis and hemoperfusion are also used to remove thallium from the blood
serum. At later stage of the treatment additional potassium is used to mobilize thallium from the
tissue.

Thallium Pollution

According to the United States Environmental Protection Agency (EPA), man-made sources of
thallium pollution include gaseous emission of cement factories, coal burning power plants, and
metal sewers. The main source of elevated thallium concentrations in water is the leaching of
thallium from ore processing operations.

Organic chemicals that are regulated in drinking water are a group of human-made chemical
compounds and are components of a variety of pesticides and industrial and commercial
products, including degreasers, paints, and petroleum distillates.
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SOC Section

Common water sampling bottles.
SOC/VOC bottles are the smaller, thin bottles with the septum tops. Be careful not to get any air
bubbles in the SOC/VOC bottles and this may take a few weeks to learn to collect a proper
sample.

SOC Introduction

Synthetic Organic Chemicals (SOCs) are organic (carbon based) chemicals that are less volatile
than Volatile Organic Compounds (VOCs). SOCs are used as pesticides, defoliants, fuel
additives and as ingredients for other organic compounds. They are all man made and do not
naturally occur in the environment. Some of the more well-known SOCs are Atrazine, 2,4-D,
Dioxin and Polychlorinated Biphenyls (PCBs).

SOCs most often enter the natural environment through application of pesticide (including runoff
from areas where they are applied), as part of a legally discharged waste stream, improper or
illegal waste disposal, accidental releases or as a byproduct of incineration. Some SOCs are
very persistent in the environment, whether in soil or water.
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SOCs are generally toxic and can have substantial health impacts from both acute (short-term)
and chronic (long-term) exposure. Many are known carcinogens (cancer causing). EPA has set
Maximum Contaminant Levels (MCL) for 30 SOCs under the Safe Drinking Water Act.

The Safe Drinking Water Act requires that all water sources of all public water systems be
periodically monitored for regulated SOCs. The monitoring frequency can be adjusted through a
waiver if SOCs are not detected.

EPA established Maximum Contaminant Levels (MCL), Maximum Contaminant Level Goals
(MCLG), monitoring requirements and best available technologies for removal for 65 chemical
contaminants over a five year period as EPA gathered and analyzed occurrence and health
effects data. This series of rules are known as the Chemical Phase Rules and they define
regulations for three contaminant groups:

¢ Inorganic Chemicals (I0C),

e Synthetic Organic Chemicals (SOC), and
¢ Volatile Organic Chemicals (VOC).
The Chemical Phase rules provide public health protection through the reduction of chronic risks

from:
e cancer;

organ damage; and

circulatory,

nervous, and

reproductive system disorders.

They also help to reduce the occurrence of Methemoglobinemia or "blue baby syndrome" from
ingestion of elevated levels of nitrate or nitrite.All public water systems must monitor for Nitrate
and Nitrite. Community water systems and Non-transient non-community water systems must
also monitor for IOCs, SOCs, and VOCs.

This is a list of the organic chemicals—which include pesticides, industrial chemicals, and
disinfection by-products—that are tested for in public water systems (those that provide water to
the public), along with the maximum standard for the contaminant, and a brief description of the
potential health effects associated with long-term consumption of elevated levels of the
contaminants.

The federal standard for most contaminants is listed as a Maximum Contaminant Level (MCL),
the lowest concentration at which that particular contaminant is believed to represent a potential
health concern. Unless otherwise noted, the MCL is expressed as parts per billion (ppb). Also,
because of technological limitations or other factors, it is not possible to test for some
contaminants in a reliable fashion. Instead, public water systems are required to use specific
Treatment Techniques (TT) that are designed to remove these particular contaminants from the
water.
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In addition to the chemicals listed, monitoring is done for approximately 60 organic chemicals for
which MCLs have not been established. If unacceptable levels are found of these “unregulated”
contaminants—based on established state health standards and an assessment of the risks they
pose—the response is the same as if an MCL has been exceeded: the public water system must

notify those served by the system.

Synthetic Organic Chemicals

Potential Health Effects

Acrylamide
Alachlor

Aldicarb

Aldicarb sulfoxide

Aldicarb sulfone
Atrazine

Benzo(a)pyrene (PAHSs)
Carbofuran

Chlordane

2,4-D

Di(2-ethylhexyl) adipate
Di(2-ethylhexyl) phthalate

Dibromochloro-propane
(DBCP)

Dinoseb

Diquat

Endothall

Endrin

Epichlorohydrin

Ethylene dibromide (EDB)
Glyphosate

Heptachlor

Heptachlor epoxide
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Cancer, nervous system effects
Cancer

Nervous system effects
Nervous system effects
Nervous system effects

Liver, kidney, lung, cardiovascular effects;
possible carcinogen

Liver, kidney effects, possible carcinogen
Nervous system, reproductive system effects
Cancer

Liver, kidney effects

Reproductive effects

Cancer
Cancer

Thyroid, reproductive effects
Ocular, liver, kidney effects

Liver, kidney, gastrointestinal effects
Liver, kidney effects

Cancer

Cancer

Liver, kidney effects

Cancer

Cancer
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Hexachlorobenzene

Hexachlorocyclopentadiene
(HEX)

Lindane

Methoxychlor

Oxamyl (Vydate)
Pentachlorophenol
Picloram

Polychlorinated biphenyls
(PCBs)

Simazine

2,3,7,8-TCDD (Dioxin)
Toxaphene

2,4,5-TP (Silvex)
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Volatile Organic Compounds (VOCs)

Definitions

Volatile Organic Compounds (VOCs) — “VOCs are ground-water contaminants of concern because
of very large environmental releases, human toxicity, and a tendency for some compounds to persist
in and migrate with ground-water to drinking-water supply well ... In general, VOCs have high vapor
pressures, low-to-medium water solubilities, and low molecular weights. Some VOCs may occur
naturally in the environment, other compounds occur only as a result of manmade activities, and
some compounds have both origins.” - Zogorski and others, 2006

Volatile Organic Compounds (VOCs) — “Volatile organic compounds released into the atmosphere
by anthropogenic and natural emissions which are important because of their involvement in
photochemical pollution.” - Lincoln and others, 1998

Volatile Organic Compounds (VOCs) — “Hydrocarbon compounds that have low boiling points,
usually less than 100°C, and therefore evaporate readily. Some are gases at room temperature.
Propane, benzene, and other components of gasoline are all volatile organic compounds.” - Art, 1993

Volatile Organic Compounds (VOCs) — “VOCs are organic compounds that can be isolated from the
water phase of a sample by purging the water sample with inert gas, such as helium, and,
subsequently, analyzed by gas chromatography. Many VOCs are human-made chemicals that are
used and produced in the manufacture of paints, adhesives, petroleum products, pharmaceuticals,
and refrigerants. They often are compounds of fuels, solvents, hydraulic fluids, paint thinners, and dry-
cleaning agents commonly used in urban settings. VOC contamination of drinking water supplies is a
human-health concern because many are toxic and are known or suspected human carcinogens.” -
U.S. Geological Survey, 2005

VOCs Explained

Volatile organic compounds (VOCs) are organic chemicals that have a high vapor pressure at
ordinary, room-temperature conditions. Their high vapor pressure results from a low boiling point,
which causes large numbers of molecules to evaporate or sublimate from the liquid or solid form of
the compound and enter the surrounding air. An example is formaldehyde, with a boiling point of —19
°C (-2 °F), slowly exiting paint and getting into the air.

VOCs are numerous, varied, and ubiquitous. They include both human-made and naturally occurring
chemical compounds. Most scents or odors are of VOCs. VOCs play an important role in
communication between plants. Some VOCs are dangerous to human health or cause harm to the
environment. Anthropogenic VOCs are regulated by law, especially indoors, where concentrations are
the highest. Harmful VOCs are typically not acutely toxic, but instead have compounding long-term
health effects. Because the concentrations are usually low and the symptoms slow to develop,
research into VOCs and their effects is difficult.
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Specific Components

Paints and Coatings

A major source of man-made VOCs are coatings, especially paints and protective coatings. Solvents
are required to spread a protective or decorative film. Approximately 12 billion liters of paints are
produced annually. Typical solvents are aliphatic hydrocarbons, ethyl acetate, glycol ethers, and
acetone. Motivated by cost, environmental concerns, and regulation, the paint and coating industries
are increasingly shifting toward aqueous solvents.

Chlorofluorocarbons and Chlorocarbons

Chlorofluorocarbons, which are banned or highly regulated, were widely used cleaning products and
refrigerants. Tetrachloroethene is used widely in dry cleaning and by industry. Industrial use of fossil
fuels produces VOCs either directly as products (e.g., gasoline) or indirectly as byproducts (e.g.,
automobile exhaust).

Benzene

One VOC that is a known human carcinogen is benzene, which is a chemical found in environmental
tobacco smoke, stored fuels, and exhaust from cars in an attached garage. Benzene also has natural
sources such as volcanoes and forest fires. It is frequently used to make other chemicals in the
production of plastics, resins, and synthetic fibers. Benzene evaporates into the air quickly and the
vapor of benzene is heavier than air allowing the compound to sink into low-lying areas. Benzene has
also been known to contaminate food and water and if digested can lead to vomiting, dizziness,
sleepiness, rapid heartbeat, and at high levels, even death may occur.

Methylene Chloride

Methylene chloride is another VOC that is highly dangerous to human health. It can be found in
adhesive removers and aerosol spray paints and the chemical has been proven to cause cancer in
animals. In the human body, methylene chloride is converted to carbon monoxide and a person will
suffer the same symptoms as exposure to carbon monoxide. If a product that contains methylene
chloride needs to be used the best way to protect human health is to use the product outdoors. If it
must be used indoors, proper ventilation is essential to keeping exposure levels down.

Perchloroethylene

Perchloroethylene is a volatile organic compound that has been linked to causing cancer in animals. It
is also suspected to cause many of the breathing related symptoms of exposure to VOC'’s.
Perchloroethylene is used mostly in dry cleaning. Studies show that people breathe in low levels of
this VOC in homes where dry-cleaned clothes are stored and while wearing dry-cleaned clothing.
While dry cleaners attempt to recapture perchlorothylene in the dry cleaning process to reuse it in an
effort to save money, they can’t recapture it all. To avoid exposure to perchlorothylene, if a strong
chemical odor is coming from clothing when picked up from the dry cleaner, do not accept them and
request that less of the chemical be used as well as a complete drying of the garments

MTBE

MTBE was banned in the US around 2004 in order to limit further contamination of drinking water
aquifers primarily from leaking underground gasoline storage tanks where MTBE was used as an
octane booster and oxygenated-additive.

Formaldehyde

Many building materials such as paints, adhesives, wall boards, and ceiling tiles slowly emit
formaldehyde, which irritates the mucous membranes and can make a person irritated and
uncomfortable. Formaldehyde emissions from wood are in the range of 0.02 — 0.04 ppm. Relative
humidity within an indoor environment can also affect the emissions of formaldehyde. High relative
humidity and high temperatures allow more vaporization of formaldehyde from wood-materials.

Health Risks
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Respiratory, allergic, or immune effects in infants or children are associated with man-made VOCs
and other indoor or outdoor air pollutants. Some VOCs, such as styrene and limonene, can react with
nitrogen oxides or with ozone to produce new oxidation products and secondary aerosols, which can
cause sensory irritation symptoms. Unspecified VOCs are important in the creation of smog.

Health effects include:
Eye, nose, and throat irritation; headaches, loss of coordination, nausea; damage to liver,
kidney, and central nervous system. Some organics can cause cancer in animals; some are
suspected or known to cause cancer in humans. Key signs or symptoms associated with
exposure to VOCs include conjunctival irritation, nose and throat discomfort, headache,
allergic skin reaction, dyspnea, declines in serum cholinesterase levels, nausea, emesis,
epistaxis, fatigue, dizziness.

The ability of organic chemicals to cause health effects varies greatly from those that are highly toxic,
to those with no known health effects. As with other pollutants, the extent and nature of the health
effect will depend on many factors including level of exposure and length of time exposed. Eye and
respiratory tract irritation, headaches, dizziness, visual disorders, and memory impairment are among
the immediate symptoms that some people have experienced soon after exposure to some organics.
At present, not much is known about what health effects occur from the levels of organics usually
found in homes. Many organic compounds are known to cause cancer in animals; some are
suspected of causing, or are known to cause, cancer in humans.

Reducing Exposure

To reduce exposure to these toxins, one should buy products that contain Low-VOC’s or No VOC'’s.
Only the quantity which will soon be needed should be purchased, eliminating stockpiling of these
chemicals. Use products with VOC'’s in well ventilated areas. When designing homes and buildings,
design teams can implement the best possible ventilation plans, call for the best mechanical systems
available, and design assemblies to reduce the amount of infiltration into the building. These methods
will help improve indoor air quality, but by themselves they cannot keep a building from becoming an
unhealthy place to breathe. While proper building ventilation is a key component to improving indoor
air quality, it cannot do the job on its own. As stated earlier, awareness is the key component to
improving air quality, when choosing building materials, furnishings, and decorations. When architects
and engineers implement best practices in ventilation and mechanical systems, the owner must
maintain good air quality levels thereafter.

Limit Values for VOC Emissions
Limit values for VOC emissions into indoor air are published by e.g. AgBB, AFSSET, California
Department of Public Health, and others.

Chemical Fingerprinting

The exhaled human breath contains a few hundred volatile organic compounds and is used in breath
analysis to serve as a VOC biomarker to test for diseases such as lung cancer. One study has shown
that "volatile organic compounds ... are mainly blood borne and therefore enable monitoring of
different processes in the body." And it appears that VOC compounds in the body "may be either
produced by metabolic processes or inhaled/absorbed from exogenous sources" such as
environmental tobacco smoke. Research is still in the process to determine whether VOCs in the body
are contributed by cellular processes or by the cancerous tumors in the lung or other organs.
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Volatile Organic

Potential Health Effects

Chemicals
Benzene
Carbon tetrachloride
Chlorobenzene
o-Dichlorobenzene
para-Dichlorobenzene
1,2-Dichloroethane

1,1-Dichloroethylene

cis-1,2-Dichloroethylene

trans-1,2-Dichloroethylene

1,2-Dichloropropane
Ethylbenzene
Methylene chloride

Styrene
Tetrachloroethylene (PCE)
Toluene

Total trihalomethanes
Chloroform

Bromoform
Bromodichloromethane
Chlorodibromomethane

1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene (TCE)
Vinyl chloride

Xylenes (total)
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Cancer

Liver effects, cancer

Liver, kidney, nervous system effects
Liver, kidney, blood cell effects

Kidney effects, possible carcinogen
Cancer

Liver, kidney effects, possible carcinogen

Liver, kidney, nervous system, circulatory system
effects

Liver, kidney, nervous system, circulatory system
effects

Cancer
Liver, kidney, nervous system effects
Cancer

Liver, nervous systems effects, possible
carcinogen

Cancer

Liver, kidney, nervous system, circulatory system
effects

Cancer

Liver, kidney effects

Liver, nervous system effects

Kidney, liver effects, possible carcinogen
Cancer

Nervous system, liver effects, cancer

Liver, kidney, nervous system effects
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Disinfection By-products MCL (ppb) Potential Health Effects

Bromate 10 Cancer
Chlorate 1,000 Anemia, nervous system effects
Haloacetic Acids (HAA5)* 60 Cancer
Total trihalomethanes (TTHMs)** 100 Cancer

*Haloacetic acids consist of monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid.

**Total trihalomethanes consist of chloroform, bromoform, bromodichloromethane, and
chlorodibromomethane.

Pretreatment 101 ©TLC11/13/2012 205 (866) 557-1746 Fax (928) 468-0675



Periodic Table of the Elements
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Metalloid Section

Drinking water contaminants that can cause health effects after continuous long-term exposure at
levels greater than the maximum contaminant level (MCL) are considered “chronic” contaminants.
Examples of chronic drinking water contaminants regulated by EPA include inorganic contaminants
like arsenic, cadmium, and copper; organic contaminants such as pesticides and industrial chemicals;
and radiological contaminants like radium and uranium.

If your water system has installed some form of inorganic contaminant or arsenic treatment, keep in
mind that the treatment you installed may change the water quality in other ways. It might cause the
water to react differently in the distribution system. Depending on the kind of treatment you've
installed, consider what distribution system problems might result.

A change in the taste, odor or appearance of the water at customers’ taps may be the first indication
of a problem. Some water quality parameters to consider monitoring, depending on your arsenic
treatment technology, include iron, pH, manganese, alkalinity, and aluminum.

In contrast, “acute” contaminants can cause short-term health effects within hours or days of
exposure. Microbes such as E. coli and Cryptosporidium are examples of contaminants that can
cause an acute health risk. Some chronic-type contaminants can also fall in this category if they are
present at high enough concentrations to cause immediate health effects. For example, nitrate levels
over the MCL can cause “blue-baby” syndrome in children less than 6 months.

Arsenic, boron, silicon, germanium, antimony and tellurium are commonly classified as metalloids.
One or more from among selenium, polonium or astatine are sometimes added to the list. Boron is
sometimes excluded from the list, by itself or together with silicon. Tellurium is sometimes not
regarded as a metalloid. The inclusion of antimony, polonium and astatine as metalloids has also
been questioned.

A metalloid is a chemical element with properties that are in-between or a mixture of those of metals
and nonmetals, and which is considered to be difficult to classify unambiguously as either a metal or a
nonmetal. There is no standard definition of a metalloid nor is there agreement as to which elements
are appropriately classified as such. Despite this lack of specificity the term continues to be used in
the chemistry literature.

Some authors do not classify elements bordering the metal-nonmetal dividing line as metalloids noting
that a binary classification can facilitate the establishment of some simple rules for determining bond
types between metals and/or nonmetals. Other authors, in contrast, have suggested that classifying
some elements as metalloids 'emphasizes that properties change gradually rather than abruptly as
one moves across or down the periodic table. Alternatively, some periodic tables distinguish elements
that are metalloids in the absence of any formal dividing line between metals and nonmetals.
Metalloids are instead shown as occurring in a diagonal fixed band or diffuse region, running from
upper left to lower right, centered around arsenic.

The six elements commonly recognized as metalloids are boron, silicon, germanium, arsenic,
antimony and tellurium. They are metallic-looking brittle solids, with intermediate to relatively good
electrical conductivities, and each having the electronic band structure of either a semiconductor or a
semimetal.
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Chemically, they mostly behave as (weak) nonmetals, have intermediate ionization energy and
electronegativity values, and form amphoteric or weakly acidic oxides. Being too brittle to have any
structural uses, the metalloids and their compounds instead find common use in glasses, alloys and
semiconductors. The electrical properties of silicon and germanium, in particular, enabled the
establishment of the semiconductor industry in the 1950s and the development of solid state
electronics from the early 60s onwards.

Other elements less commonly recognized as metalloids include carbon, aluminum, selenium,
polonium and astatine. On a standard periodic table these elements, as well as the elements
commonly recognized as metalloids, occur in or near a diagonal region of the p-block, having its main
axis anchored by boron at one end and astatine at the other. Some periodic tables include a dividing
line between metals and nonmetals and it is generally the elements adjacent to this line or, less
frequently, one or more of the elements adjacent to those elements, which are identified as
metalloids.

The term metalloid was first popularly used to refer to nonmetals. It's more recent meaning as a
category of elements with intermediate or hybrid properties did not become widespread until the
period 1940-1960. Metalloids are sometimes called semimetals, a practice which has been
discouraged. This is because the term semimetal has a different meaning in physics, one which more
specifically refers to the electronic band structure of a substance rather than the overall classification
of a chemical element.

There is no universally agreed or rigorous definition of a metalloid. The feasibility of establishing a
specific definition has also been questioned, noting anomalies can be found in several such attempted
constructs. Classifying any particular element as a metalloid has been described as 'arbitrary’.

The generic definition set out at the start of this article is based on metalloid attributes consistently
cited in the literature. lllustrative definitions and extracts include:
e 'In chemistry a metalloid is an element with properties intermediate between those of metals

and nonmetals.’

e 'Between the metals and nonmetals in the periodic table we find elements...[that] share some
of the characteristic properties of both the metals and nonmetals, making it difficult to place
them in either of these two main categories.'

e 'Chemists sometimes use the name metalloid...for these elements which are difficult to
classify one way or the other.'

o 'Because the traits distinguishing metals and nonmetals are qualitative in nature, some
elements do not fall unambiguously in either category. These elements...are called
metalloids...".

More Broadly, Metalloids have also been referred to as:
¢ 'elements that...are somewhat of a cross between metals and nonmetals' or

e 'weird in-between elements.’
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The criterion that metalloids are difficult to unambiguously classify one way or the other is a key tenet.
In contrast, elements such as sodium and potassium 'have metallic properties to a high degree' and
fluorine, chlorine and oxygen 'are almost exclusively nonmetallic.'

Although most other elements have a mixture of metallic and nonmetallic properties most such
elements can also be classified as either metals or nonmetals according to which set of properties are
regarded as being more pronounced in them. It is only the elements at or near the margins, ordinarily
those that are regarded as lacking a sufficiently clear preponderance of metallic or nonmetallic
properties, which are classified as metalloids.

Which Elements are Metalloids?

There is no universally agreed or rigorous definition of the term metalloid. So the answer to the
question "Which elements are metalloids?" can vary, depending on the author and their inclusion
criteria. Emsley, for example, recognized only four: germanium, arsenic, antimony and tellurium.
James et al., on the other hand, listed twelve: boron, carbon, silicon, germanium, arsenic, selenium,
antimony, tellurium, bismuth, polonium, ununpentium and livermorium. As of 2011 the list of metalloid
lists recorded an average of just over seven elements classified as metalloids, per list of metalloids,
based on a sample size of 194 lists.

The absence of a standardized division of the elements into metals, metalloids and nonmetals is not
necessarily an issue. There is a more or less continuous progression from the metallic to the
nonmetallic. A specified subset of this continuum can potentially serve its particular purpose as well
as any other. In any event, individual metalloid classification arrangements tend to share common
ground (as described above) with most variations occurring around the indistinct margins, as
surveyed later.

How Are Chronic Contaminants Regulated?

In 1974, Congress passed the Safe Drinking Water Act (SDWA) to give EPA the authority to set
standards to ensure the safety of drinking water provided by public water systems. The SDWA, which
was amended in 1986 and 1996, directs EPA to establish non-enforceable health goals called
maximum contaminant level goals (MCLGs) which reflect the level at which no adverse health effects
are expected from a particular contaminant.

Once an MCLG is established, EPA sets enforceable standards for contaminants called maximum
contaminant levels (MCLs). MCLs are set as close to the health goals as possible considering cost,
benefits, and the ability of public water systems to detect and remove contaminants using appropriate
treatment technologies. When there is no reliable method to measure a contaminant that is
economically and technically feasible, EPA develops a treatment technique requirement rather than
an MCL. EPA continues to assess the occurrence of unregulated contaminants through the
Unregulated Contaminant Monitoring Regulation (UCMR). Information about the UCMR can be found
at http://www.epa.gov/safewater/ucmr/.
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What Are Some Best Practices For Effective Communication About Chronic
Contaminants?

If you expect that your public water system will exceed EPA'’s standard for a contaminant or that the
costs of compliance may require public funding, communicate early and often. The most effective
communication efforts follow these simple steps:

Provide simple, straightforward, and consistent messages;

Describe potential adverse health effects and populations at risk;

Describe actions you are taking to correct the situation and when you anticipate it will be
resolved;

Describe actions the consumer can take such as using alternate water supplies and when to
seek medical help;

Provide links to useful information resources such as EPA’s Web site.

Use graphics, photographs, maps, charts, and drawings to illustrate your messages;
Assume that consumers will only read the top half of the notice or what can be read in ten
seconds;

Display important elements in bold and/or large type in the top half of the notice;

Communicate in multiple languages to meet the needs of your non-English speaking
consumers; and Include contact information for further information in all communications.
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Near Metalloids

The concept of a class of elements intermediate between metals and nonmetals is sometimes
extended to include elements that most chemists, and related science professionals, would not
ordinarily recognize as metalloids. In 1935, Fernelius and Robey allocated carbon, phosphorus,
selenium, and iodine to such an intermediary class of elements, together with boron, silicon, arsenic,
antimony, tellurium and polonium. They also included a placeholder for the missing element 85
(astatine), five years ahead of its synthesis in 1940.

They excluded germanium from their considerations as it was still then regarded as a poorly
conducting metal. In 1954, Szabé & Lakatos counted beryllium and aluminum in their list of
metalloids, as well as boron, silicon, germanium, arsenic, antimony, tellurium, polonium and astatine.
In 1957, Sanderson recognized carbon, phosphorus, selenium, and iodine as part of an intermediary
class of elements with 'certain metallic properties', together with boron, silicon, arsenic, tellurium, and
astatine. Germanium, antimony and polonium were classified by him as metals. More recently, in
2007, Petty included carbon, phosphorus, selenium, tin and bismuth in his list of metalloids, as well
as boron, silicon, germanium, arsenic, antimony, tellurium, polonium and astatine.

Elements such as these are occasionally called, or described as, near-metalloids, or the like. They are
located near the elements commonly recognized as metalloids, and usually classified as either metals
or nonmetals. Metals falling into this loose category tend to show 'odd' packing structures, marked
covalent chemistry (molecular or polymeric), and amphoterism. Aluminum, tin and bismuth are
examples. They are also referred to as (chemically) weak metals, poor metals, post-transition metals,
or semimetals (in the aforementioned sense of metals with incomplete metallic character). These
classification groupings generally cohabit the same periodic table territory but are not necessarily
mutually inclusive.

Nonmetals in the 'near-metalloid' category include carbon, phosphorus, selenium and iodine. They
exhibit metallic luster, semiconducting properties and bonding or valence bands with delocalized
character. This applies to their most thermodynamically stable forms under ambient conditions:
carbon as graphite; phosphorus as black phosphorus; and selenium as grey selenium. These
elements are alternatively described as being 'near metalloidal', showing metalloidal character, or
having metalloid-like or some metalloid(al) or metallic properties.

Allotropes

Some allotropes of the elements exhibit more pronounced metallic, metalloidal or nonmetallic
behavior than others. For example, the diamond allotrope of carbon is clearly nonmetallic. The
graphite allotrope however displays limited electrical conductivity more characteristic of a metalloid.
Phosphorus, selenium, tin, and bismuth also have allotropes that display borderline or either metallic
or nonmetallic behavior.

Categorization and Periodic Table Territory

Metalloids are generally regarded as a third category of chemical elements, alongside metals and
nonmetals. They have been described as forming a (fuzzy) buffer zone between metals and
nonmetals. The make-up and size of this zone depends on the classification criteria being used.
Metalloids are sometimes grouped instead with metals, regarded as nonmetals or treated as a sub-
category of same.
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Metalloid
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Periodic table extract showing elements that have
sometimes! been classified as metalloids:

Elements that appear commonly to rarely in the
list of metalloid lists.

Elements that appear still less frequently.

Outlying elements showing that the metalloid net
is sometimes cast very widely. Although they do
not appear in the list of metalloids lists, isolated
references to their designation as metalloids can
be found in the literature.

Metalloids cluster on either side of the dividing line between metals and nonmetals. This can be
found, in varying configurations, on some periodic tables (see mini-example, right). Elements to the
lower left of the line generally display increasing metallic behavior; elements to the upper right display
increasing nonmetallic behavior. When presented as a regular stair-step, elements with the highest
critical temperature for their groups (Li, Be, Al, Ge, Sb, Po) lie just below the line.

The diagonal positioning of the metalloids represents somewhat of an exception to the phenomenon
that elements with similar properties tend to occur in vertical columns. Going across a periodic table
row, the nuclear charge increases with atomic number just as there is as a corresponding increase in
electrons. The additional 'pull' on outer electrons with increasing nuclear charge generally outweighs
the screening efficacy of having more electrons. With some irregularities, atoms therefore become
smaller, ionization energy increases, and there is a gradual change in character, across a period, from
strongly metallic, to weakly metallic, to weakly nonmetallic, to strongly nonmetallic elements.
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Going down a main group periodic table column, the effect of increasing nuclear charge is generally
outweighed by the effect of additional electrons being further away from the nucleus. With some
irregularities, atoms therefore become larger, ionization energy falls, and metallic character increases.
The combined effect of these competing horizontal and vertical trends is that the location of the metal-
nonmetal transition zone shifts to the right in going down a period.

A related effect can be seen in other diagonal similarities that occur between some elements and their
lower right neighbors, such as lithium-magnesium, beryllium-aluminum, carbon-phosphorus, and
nitrogen-sulfur.

Other Metalloids
Given there is no agreed definition of a metalloid, some other elements are occasionally classified as
such. These elements include hydrogen, beryllium, nitrogen, phosphorus, sulfur, zinc, gallium, tin,
iodine, lead, bismuth and radon. The term metalloid has also been used to refer to:

¢« Elements that exhibit metallic luster and electrical conductivity, and that are also amphoteric.

Arsenic, antimony, vanadium, chromium, molybdenum, tungsten, tin, lead and aluminum are
examples.

e Elements that are otherwise sometimes referred to as poor metals.

e Nonmetallic elements (for example, nitrogen; carbon) that can form alloys with, or modify the
properties of, metals.

Heavy Metals

A heavy metal is a member of a loosely defined subset of elements that exhibit metallic properties. It
mainly includes the transition metals, some metalloids, lanthanides, and actinides. Many different
definitions have been proposed—some based on density, some on atomic number or atomic weight,
and some on chemical properties or toxicity. The term heavy metal has been called a
"misinterpretation" in an IUPAC technical report due to the contradictory definitions and its lack of a
"coherent scientific basis". There is an alternative term toxic metal, for which no consensus of exact
definition exists either. As discussed below, depending on context, heavy metal can include elements
lighter than carbon and can exclude some of the heaviest metals. Heavy metals occur naturally in the
ecosystem with large variations in concentration. In modern times, anthropogenic sources of heavy
metals, i.e. pollution, have been introduced to the ecosystem. Waste-derived fuels are especially
prone to contain heavy metals, so heavy metals are a concern in consideration of waste as fuel.

Motivations for controlling heavy metal concentrations in gas streams are diverse. Some of them are
dangerous to health or to the environment (e.g. mercury, cadmium, lead, chromium), some may
cause corrosion (e.g. zinc, lead), some are harmful in other ways (e.g. arsenic may pollute catalysts).
Within the European community the eleven elements of highest concern are arsenic, cadmium,
cobalt, chromium, copper, mercury, manganese, nickel, lead, tin, and thallium, the emissions of which
are regulated in waste incinerators. Some of these elements are actually necessary for humans in
minute amounts (cobalt, copper, chromium, manganese, nickel) while others are carcinogenic or
toxic, affecting, among others, the central nervous system (manganese, mercury, lead, arsenic), the
kidneys or liver (mercury, lead, cadmium, copper) or skin, bones, or teeth (nickel, cadmium, copper,
chromium).

Heavy metal pollution can arise from many sources but most commonly arises from the purification of
metals, e.g., the smelting of copper and the preparation of nuclear fuels. Electroplating is the primary
source of chromium and cadmium. Through precipitation of their compounds or by ion exchange into
soils and muds, heavy metal pollutants can localize and lay dormant. Unlike organic pollutants, heavy
metals do not decay and thus pose a different kind of challenge for remediation. Currently, plants or
microrganisms are tentatively used to remove some heavy metals such as mercury.
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Plants which exhibit hyper accumulation can be used to remove heavy metals from soils by
concentrating them in their bio matter. Some treatment of mining tailings has occurred where the
vegetation is then incinerated to recover the heavy metals.

One of the largest problems associated with the persistence of heavy metals is the potential for
bioaccumulation and biomagnification causing heavier exposure for some organisms than is present
in the environment alone. Coastal fish (such as the smooth toadfish) and seabirds (such as the
Atlantic Puffin) are often monitored for the presence of such contaminants.

Living organisms require varying amounts of "heavy metals". Iron, cobalt, copper, manganese,
molybdenum, and zinc are required by humans. Excessive levels can be damaging to the organism.
Other heavy metals such as mercury, plutonium, and lead are toxic metals that have no known vital or
beneficial effect on organisms, and their accumulation over time in the bodies of animals can cause
serious illness. Certain elements that are normally toxic are, for certain organisms or under certain
conditions, beneficial. Examples include vanadium, tungsten, and even cadmium.

Toxic Metals

Toxic metals are metals that form poisonous soluble compounds and have no biological role, i.e. are
not essential minerals, or are in the wrong form. Often heavy metals are thought as synonymous, but
lighter metals also have toxicity, such as beryllium, and not all heavy metals are particularly toxic, and
some are essential, such as iron. The definition may also include trace elements when considered in
abnormally high, toxic doses. A difference is that there is no beneficial dose for a toxic metal with no
biological role.

Toxic metals sometimes imitate the action of an essential element in the body, interfering with the
metabolic process to cause illness. Many metals, particularly heavy metals are toxic, but some heavy
metals are essential, and some, such as bismuth, have a low toxicity. Most often the definition
includes at least cadmium, lead, mercury and the radioactive metals. Metalloids (arsenic, polonium)
may be included in the definition.

Radioactive metals have both radiological toxicity and chemical toxicity. Metals in an oxidation state
abnormal to the body may also become toxic: chromium (lll) is an essential trace element, but
chromium (VI) is a carcinogen.

Toxicity is a function of solubility. Insoluble compounds as well as the metallic forms often exhibit
negligible toxicity. The toxicity of any metal depends on its ligands. In some cases, organometallic
forms, such as dimethyl mercury and tetraethyl lead, can be extremely toxic. In other cases,
organometallic derivatives are less toxic such as the cobaltocenium cation.

Decontamination for toxic metals is different from organic toxins: because toxic metals are elements,
they cannot be destroyed. Toxic metals may be made insoluble or collected, possibly by the aid of
chelating agents. Toxic metals can bioaccumulate in the body and in the food chain. Therefore, a
common characteristic of toxic metals is the chronic nature of their toxicity. This is particularly notable
with radioactive heavy metals such as thorium, which imitates calcium to the point of being
incorporated into human bone, although similar health implications are found in lead or mercury
poisoning. The exceptions to this are barium and aluminum, which can be removed efficiently by the
kidneys.
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Toxic Heavy Metals

e Antimony (a metalloid)

¢ Arsenic is a metalloid

e Barium

e Beryllium

e Cadmium - cadmium poisoning
e Lead - lead poisoning

e Mercury - mercury poisoning

e Osmium

e Thallium

e Vanadium

o Radioactive metals:

o Actinium
o Thorium
o Uranium
o Radium

o The transuraniums, such as plutonium, americium, etc.
o Polonium

o Radioactive isotopes of metallic elements not otherwise strongly toxic, e.g. cobalt-60
and strontium-90.

Aluminum has no biological role and its classification into toxic metals is controversial. Significant
toxic effects and accumulation to tissues have been observed in renally impaired patients. However,
individuals with healthy kidneys can be exposed to large amounts of aluminum with no ill effects.
Thus, aluminum is not considered dangerous to persons with normal elimination capacity.
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Trace Elements with Toxicity
e Chromium as hexavalent Cr(VI)

e Nickel — nickel salts are carcinogenic
e Copper — copper toxicity

e Zinc - zinc toxicity

e lron — iron poisoning

e Fluorine-fluoride poisoning

Nonmetals
Some heavy nonmetals may be erroneously called "metals", because they have some metallic
properties.

e Selenium — a nonmetal; essential element

e Tellurium

Atomic Spectrometry

Atomic spectrometry converts each metal in the water sample to a particulate emission that can then
be weighed. Extrapolations are made to determine each metal concentration in each water sample
taken. The complicated analysis requires preserving the sample with acid, heating the sample to
convert to a particulate emission and then identifying each metal and its weight.

A simple analogy is to capture the steam from a pot of water, separate every atom in the steam,
identify each atom, weigh each atom and then apply these numbers back to the original volume of
water contained in the pot. The result is an accurate picture of what is in the water.

Heavy Metals in Water

High heavy metals concentrations can be naturally occurring. Every geologic formation contains a
certain amount of heavy metal. Mine operations extract and process these metals in areas with the
highest concentrations. Water in these areas may have high metal concentrations due to the
combination of naturally occurring deposits and mine waste. Water samples are usually taken
randomly within a contaminated area and offsite to identify the source of contamination and the
pathway it travels, into the drinkable groundwater system or away from potable water sources.
Accurate determination of heavy metal contamination is important to identify cumulative risks to
people drinking water derived from these areas.

Treating Heavy Metal Contamination in Water

Heavy metal water contamination is a difficult expensive problem to address. Most cleanup activities
use a pump and treat system where contaminated groundwater is pumped out of the ground, treated
with activated carbon to remove contaminants and then replaced into the groundwater system.
Because large volumes of water must be pumped and treated over long time periods, associated
operation and maintenance systems are very expensive. There are some new technologies being
developed that actually treat the water in the ground which operate more efficiently and quickly,
decreasing costs.

If groundwater is contaminated with heavy metals, an alternative source of drinking water must be

used to prevent harmful health effects, until the water is treated to meet standards protective of
human health and the environment
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Health Significance of Metals in the Environment

The metallic elements can be categorized into two groups. The heavy metals are those having
densities five times greater than water, and the light metals, those having lesser densities. Well-
known examples of heavy metallic elements are iron, lead, and copper. Examples of light metals are
sodium, magnesium, and potassium. Humans consume metallic elements through both water and
food. Some metals such as sodium, potassium, magnesium, calcium, and iron are found in living
tissue and are essential to human life-biological anomalies arise when they are depleted or removed.
Probably less well known is that currently no less than six other heavy metals including molybdenum,
manganese, cobalt, copper, and zinc, have been linked to human growth, development, achievement,
and reproduction (Vahrenkamp, 1979; Friberg and others, 1979). Even these metals, however, can
become toxic or aesthetically undesirable when their concentrations are too great. Several heavy
metals, like cadmium, lead, and mercury, are highly toxic at relatively low concentrations, can
accumulate in body tissues over long periods of time, and are nonessential for human health. Table 1
lists metals according to their toxicities.

No specific health guidelines for heavy metals associated with suspended or bed sediments have
been established by the U.S. Environmental Protection Agency. This lack of national guidelines based
on concise scientific criteria causes’ difficulty when evaluating the environmental effects of heavy
metals in sediments. Several different criteria have been defined, primarily on the basis of observed
effects on aquatic life (Lyman and others, 1987). Table 2 lists criteria for open-water disposal of
polluted sediments that can be used for comparison purposes.

Tahle 1. Classification of naturally occurring metals according to their toxicity and availability in the hydrologic
enwvironment (from “Wood, 1974)

[Metals that normally do not exdst as dissolved species in natiral waters or are very rare in crgtal rocks are In italics ]

Montosgc L o tozaci by Moderate to high toegcity
Alurnimim Ilagnesium Barium Froseodymizm  Ackinizm Indium Polonium Uranium
Bismuth Manganese Clerium Fromethinm Antimony Tridzum Fadium Vanadium
Calciurn Molybdenum DMveprosium  Rhenium Beryllium Lead Eutheminwm  Zinc
Cesturmn Potassium Erbinm Fhodinm Boron Mercury Silwer L ORI
Iron Strondum Europaum W clerg Cadmium Mickel Tantaium
Lithium Rubidium Cadelinizm  Scandium Chromiumn MNiobium Thalliurn
Sodium Gallium Terbinm Cobalt Cisminm Thoriwrmn
Germanirn  Thulium Copper Palladiurmn Titanium
Cold Tin Hafnizm Platdnum Tungsten
Holmium Yiterbium

Neodymizm  Yrorium

Tahle 2. L5, Environmental Protection Agency maximum contaminant levels for heawy-metal concentrations in drinking water
and water supporting aquatic life, and criteria for open-water disposal of polluted sediments

[pgfL, microgram per liter; plefe, microgram per gram, >, greater than; <, less than; --, no guideline available]

Cadmium  Chromium Copper Lead Mercury Uranium

Drinking weater, in pg/LT 5 100 21,000 15 2 20
Water supporting aquatic life, in pg/f L* 12 100 20 100 0.05 —
Namral sediments, nonpolluted, in pg/e> - <25 <25 <40 <l —
Mamral sediments, moderately polluted, in u.gfgs - 25t 75 2510 50 40 to &0 - -
Namural sediments, heavily pollured, in pg/e® >8 »75 50 >80 »1 -

I3, Environoaental Protection Agency, 1992, I3, Environoaental Protection Agency, 1982,

23 econdary maximoun contaminant level based on esthetic water quality. 5Grear Lakes Water Quality Board, Dredging Subcomumittes, 1982,

*Proposed maximmin contarminant level.
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Antimony - Inorganic Contaminant 0.006 mg/L MCL
Metalloid See Antimony in IOC Section for more information

Antimony is a toxic chemical element with symbol Sb and atomic number 51. A lustrous gray
metalloid, it is found in nature mainly as the sulfide mineral stibnite (Sb,S;3). Antimony compounds
have been known since ancient times and were used for cosmetics; metallic antimony was also
known, but it was erroneously identified as lead. It was established to be an element around the 17th
century.

For some time, China has been the largest producer of
antimony and its compounds, with most production coming
from the Xikuangshan Mine in Hunan. The industrial
methods to produce antimony are roasting and subsequent
carbothermal reduction or direct reduction of stibnite with
iron.

What are EPA's drinking water regulations for
antimony?

In 1974, Congress passed the Safe Drinking Water Act.
This law requires EPA to determine the level of
contaminants in drinking water at which no adverse health
effects are likely to occur. These non-enforceable health
goals, based solely on possible health risks and exposure
over a lifetime with an adequate margin of safety, are called maximum contaminant level goals
(MCLG). Contaminants are any physical, chemical, biological or radiological substances or matter in
water.

The MCLG for antimony is 0.006 mg/L or 6 ppb. EPA has set this level of protection based on the best
available science to prevent potential health problems. EPA has set an enforceable regulation for
antimony, called a maximum contaminant level (MCL), at 0.006 mg/L or 6 ppb. MCLs are set as close
to the health goals as possible, considering cost, benefits and the ability of public water systems to
detect and remove contaminants using suitable treatment technologies. In this case, the MCL equals
the MCLG, because analytical methods or treatment technology do not pose any limitation.

The Phase V Rule, the regulation for antimony, became effective in 1994. The Safe Drinking Water
Act requires EPA to periodically review the national primary drinking water regulation for each
contaminant and revise the regulation, if appropriate. EPA reviewed antimony as part of the Six Year
Review and determined that the 0.006 mg/L or 6 ppb MCLG and 0.006 mg/L or 6 ppb MCL for
antimony are still protective of human health.

Applications

The largest applications for metallic antimony are as alloying material for lead and tin and for lead
antimony plates in lead-acid batteries. Alloying lead and tin with antimony improves the properties of
the alloys which are used in solders, bullets and plain bearings. Antimony compounds are prominent
additives for chlorine- and bromine-containing fire retardants found in many commercial and domestic
products. An emerging application is the use of antimony in microelectronics.

Antimony is in the nitrogen group (group 15) and has an electronegativity of 2.05. As expected by
periodic trends, it is more electronegative than tin or bismuth, and less electronegative than tellurium
or arsenic. Antimony is stable in air at room temperature, but reacts with oxygen if heated to form
antimony trioxide, Sb,O3. Antimony is a silvery, lustrous gray metal that has a Mohs scale hardness of
3. Therefore, pure antimony is not used to make hard objects: coins made of antimony were issued in
China's Guizhou province in 1931, but because of their rapid wear, their minting was discontinued.
Antimony is resistant to attack by acids.
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Four allotropes of antimony are known, a stable metallic form and three metastable forms, explosive,
black and yellow. Metallic antimony is a brittle, silver-white shiny metal. When molten antimony is
slowly cooled, metallic antimony crystallizes in a trigonal cell, isomorphic with that of the gray allotrope
of arsenic. A rare explosive form of antimony can be formed from the electrolysis of antimony (lll)
trichloride. When scratched with a sharp implement, an exothermic reaction occurs and white fumes
are given off as metallic antimony is formed; when rubbed with a pestle in a mortar, a strong
detonation occurs.

Black antimony is formed upon rapid cooling of vapor derived from metallic antimony. It has the same
crystal structure as red phosphorus and black arsenic; it oxidizes in air and may ignite spontaneously.
At 100 °C, it gradually transforms into the stable form. The yellow allotrope of antimony is the most
unstable. It has only been generated by oxidation of stibine (SbH3) at =90 °C. Above this temperature
and in ambient light, this metastable allotrope transforms into the more stable black allotrope.

Metallic antimony adopts a layered structure (space group R3m No. 166) in which layers consist of
fused ruffled six-membered rings. The nearest and next-nearest neighbors form a distorted octahedral
complex, with the three atoms in the same double-layer being slightly closer than the three atoms in
the next. This relatively close packing leads to a high density of 6.697 g/cm?®, but the weak bonding
between the layers leads to the low hardness and brittleness of antimony.

Isotopes

Antimony exists as two stable isotopes, *'Sb with a natural abundance of 57.36% and '*Sb with a
natural abundance of 42.64%. It also has 35 radioisotopes, of which the longest-lived is '*Sb with a
half-life of 2.75 years. In addition, 29 metastable states have been characterized. The most stable of
these is '**Sb with a half-life of 60.20 days, which has an application in some neutron sources.
Isotopes that are lighter than the stable '2Sb tend to decay by B* decay, and those that are heavier
tend to decay by B” decay, with some exceptions.

Occurrence

The abundance of antimony in the Earth's crust is estimated at 0.2 to 0.5 parts per million,
comparable to thallium at 0.5 parts per million and silver at 0.07 ppm. Even though this element is not
abundant, it is found in over 100 mineral species. Antimony is sometimes found natively, but more
frequently it is found in the sulfide stibnite (Sb,S;) which is the predominant ore mineral.
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Astatine- Nonmetal or a Metalloid

Astatine may be a nonmetal or a metalloid. It is ordinarily classified as a nonmetal, but has some
'marked’ metallic properties. Immediately following its production in 1940, early investigators
considered it to be a metal. In 1949 it was called the most noble (difficult to reduce) nonmetal as well
as being a relatively noble (difficult to oxidize) metal. In 1950 astatine was described as a halogen and
(therefore) a reactive nonmetal.

In terms of metallic indicators:

Samsonov observes that, '[L]ike typical metals, it
is precipitated by hydrogen sulfide even from
strongly acid solutions and is displaced in a free
form from sulfate solutions; it is deposited on the
cathode on electrolysis'. : o O
Rossler cites further indications of a tendency for -
astatine to behave like a (heavy) metal as: '...the
formation of pseudohalide
compounds...complexes of astatine
cations...complex anions of trivalent astatine...as B
well as complexes with a variety of organic : ;,'iﬂ' .
solvents'. 2 G
Rao and Ganguly note that elements with an .
enthalpy of vaporization (EoV) greater than ~42

kJ/mol are metallic when liquid. Such elements include boron, silicon, germanium, antimony,
selenium and tellurium. Vasaros & Berei give estimated values for the EoV of diatomic
astatine, the lowest of these being 50 kdJ/mol. On this basis astatine may also be metallic in the
liquid state. Diatomic iodine, with an EoV of 41.71, falls just short of the threshold figure.
Siekierski and Burgess contend or presume that astatine would be a metal if it could form a
condensed phase.

Champion et al. argue that astatine demonstrates cationic behavior, by way of stable At" and
AtO" forms, in strongly acidic aqueous solutions.

For Nonmetallic Indicators:

Batsanov gives a calculated band gap energy for astatine of 0.7 eV. This is consistent with
nonmetals (in physics) having separated valence and conduction bands and thereby being
either semiconductors or insulators.

It has the narrow liquid range ordinarily associated with nonmetals (mp 575 K, bp 610).

Its chemistry in aqueous solution is predominately characterized by the formation of various
anionic species.

Most of its known compounds resemble those of iodine, which is halogen and a nonmetal.
Such compounds include astatides (XAt), astatates (XAtO3;), and monovalent interhalogen
compounds.

Restrepo et al. reported that astatine appeared to share more in common with polonium than it did
with the established halogens. They did so on the basis of detailed comparative studies of the known
and interpolated properties of 72 elements.
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Chapter 3

POTW Pretreatment Program Responsibilities
This Chapter provides an overview of these POTW programs, highlighting each of the specific
program areas that are to be addressed.

Legal Authority

POTWs seeking pretreatment program approval must develop policy and procedures for program
implementation and establish the legal authority to implement and enforce program requirements. The
General Pretreatment Regulations do not provide Control Authorities with the legal authority to carry
out their pretreatment programs; rather, the regulations set forth the minimum requirements for
POTWs with pretreatment programs.

A Control Authority’s legal authority actually derives from State law. Therefore, State law must confer
the minimum Federal legal authority requirements on a Control Authority. Where deficient, State law
must be modified to grant the minimum requirements. In order to apply regulatory authority provided
by State law, it is generally necessary for the Control Authority to establish local regulations to legally
implement and enforce pretreatment requirements. Where the Control Authority is a municipality, legal
authority is detailed in a Sewer Use Ordinance (SUO), which is usually part of city or county code.

Regional Control Authorities frequently adopt similar provisions in the form of “rules and
regulations.” Likewise, State agencies implementing a Statewide program under 40 CFR §403.10(e)
set out pretreatment requirements as State regulations, rather than as an SUO. [Local regulations
cannot give the Control Authority greater authority than that provided by State law.]

The EPA’s 1992 guidance, EPA Model Pretreatment Ordinance provides a model for POTWs that are
required to develop pretreatment programs. As POTW service areas expand, new contributions may
arise from “extra jurisdictional”’ |Us located outside of the Control Authority’s legal jurisdiction (see
Figure 22). Multijurisdictional arrangements require special legal/contractual mechanisms to ensure
adequate authority to implement and enforce program requirements in these other jurisdictions. Some
state statutes may provide for general extraterritorial powers (i.e., a Control Authority is automatically
allowed to regulate extra jurisdictional IUs contributing to their system).

However, the extent to which authorities (i.e., to permit, inspect, enforce, monitor, etc.) are granted
may be somewhat limited, thereby, restricting a Control Authority’s ability to implement and enforce a
program. Where obtaining authority from the State to regulate extra jurisdictional |Us is not feasible,
other options may be pursued:

Districts The creation of an independent organization (by affected municipalities or the State) which
is authorized to administer and enforce an approved pretreatment program for the entire area in which
it provides services is common in areas where multiple POTWSs each serve various jurisdictions.

Agreements Affected Control Authorities may opt to enter into agreements requiring each
municipality to implement and enforce the approved pretreatment program covering all IUs within their
jurisdiction. The Control Authority must retain the means to regulate extra jurisdictional IUs where the
contributing jurisdiction’s efforts are inadequate. It is essential that agreements clearly define the roles

of each party.

Annexation Where extra jurisdictional IUs lie in unincorporated areas, a Control Authority may annex
or utility annex the service area.
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Contracts

A Control Authority may enter into a contract with an extra jurisdictional IU, although contracts
generally limit the enforcement capabilities of the Control Authority. As such, contracts should only be
pursued when all other means fail. Since procedures for obtaining jurisdiction, creating sanitary
districts, annexing service areas, etc. vary among states, Control Authority personnel should consult
with their legal staff to thoroughly examine options allowed. This may include requesting State
legislative changes if necessary.

The EPA’s 1994 Multijurisdictional Pretreatment Programs - Guidance Manual provides more
information on these jurisdictional issues, including sample language for agreements and contracts.

Industrial Waste Surveys
As part of program development and maintenance, the Federal regulations [40 CFR §403.8(f)(2)(1)]
require Control Authorities to identify and locate all 1Us that might be subject to the pretreatment
program. While the General Pretreatment Regulations do not specify how a Control Authority is to
accomplish this, it is beneficial to conduct an initial in-depth survey, and then institute measures to
update the list continuously.

Control Authorities must ensure that the entire service area is reviewed. This may include 1Us located
outside the jurisdictional boundaries of the POTW. In these instances, it may be appropriate to solicit
assistance from other jurisdictions in developing the list of potential dischargers. The types of
resources that may be consulted in compiling and updating the master list include:
o Water and sewer billing records
Applications for sewer service
Local telephone directories
Chamber of Commerce and local business directories
Business license records
POTW and wastewater collection personnel and field observations
Business associations
Internet

Once IUs are identified, the Control Authority must classify these users to determine if pretreatment
standards and requirements should apply to these facilities. Typically, the Control Authority develops
and distributes an Industrial Waste Survey (IWS) questionnaire to the identified IUs. The IWS
qguestionnaire requests information regarding U activities and the nature of wastes discharged.

The Control Authority may opt to send a detailed IWS questionnaire initially or conduct the survey in
two phases (i.e., send a screener requesting basic information to eliminate obvious facilities and then
send a detailed IWS to those facilities with greater potential to be SIUs). Key to the IWS is to identify
facilities that are subject to categorical standards (i.e., ClUs) or otherwise have the potential to impact
the POTW (i.e., SIUs). A POTW’s IU inventory should include the name, location, classification,
applicable standards, basis for limits imposed, and volume of discharge, control mechanism status,
compliance dates and other special requirements for each IU.

The IWS should provide most of the information required to develop the inventory, although some
supplementary information might be required from other sources, such as the permit application or
monitoring data. The IU inventory must be updated as needed [40 CFR §403.8(f)(2)(1)] and provided
to the Approval Authority as part of the annual report requirement (see POTW Reports section in this
Chapter). The ongoing task of maintaining a complete list of IUs requires the Control Authority to
implement a system to track existing IU information and/or classification changes and new user
information. Some Control Authorities may proactively opt to institute a “utility connect
questionnaire” program. These types of forms are completed when a customer applies for new utility
service (e.g., water, sewerage, or electricity).

Pretreatment 101 ©TLC11/13/2012 224 (866) 557-1746 Fax (928) 468-0675



Permitting

The General Pretreatment Regulations require all IlUs be controlled through permit, order, or similar
means to ensure compliance with applicable pretreatment standards and requirements. Section
403.8(f)(1)(iii)(A-E) clarifies this requirement to specify that all SIUs be issued a permit or equivalent
individual control mechanism which contains, at a minimum:

Statement of duration (not to exceed five years);

Statement of nontransferabililty (unless outlined provisions are met);

Effluent limitations based on applicable standards;

Self-monitoring, sampling, reporting, notification, and record-keeping requirements;

Statement of applicable civil and criminal penalties; and a schedule of compliance (where
appropriate).

VVVYYYVY

The EPA’s 1989 Industrial User Permitting Guidance Manual details procedures for drafting U
discharge permits. SIU permits issued are site specific and tailored to the unique circumstances of the
IU. Permit conditions must establish clear and explicit requirements for the permittee, to include using
such terms such as “shall” and “must” in lieu of vague terms such as “recommend” or “may”. The
Control Authority must document its decision-making process when developing permits to ensure
defensibility and enforceability. Adherence to sound, documented procedures will prevent any
arbitrary and capricious claims by the permittee.

Whether developing or reissuing a permit, the permitting process consists of three phases:
Phase | - Collection and verification of information

Phase Il - Data interpretation and fact sheet development

Phase Ill - Permit development and issuance.

Phase |

As part of Phase I, Control Authorities may review and verify information contained in the permit
application, perform an inspection of the U for confirmation of facts, tally data, and potentially sample
and analyze the IU’s wastestream. Knowledgeable Control Authority personnel, effective
communication, and SIU cooperation are essential to collection of complete and accurate information.

Phase Il requires that the Control Authority interpret data and other information and document the
permit decision-making rationale, preferably in a permit fact sheet. Although the contents of a fact
sheet will vary by permittee, fact sheets should provide a justification of all permitting decisions.

Typical components of a fact sheet are provided. Completed fact sheets should be included as part of
the permit and provided to the Permittee to document the soundness of permitting decisions. For
ClUs:

Components of Permit Fact Sheet
o the basis for the categorical determination(s)
¢ the identity and flow volume of all wastestreams generated and discharged to the POTW, and
classified accordingly (i.e., regulated, unregulated, or dilution)
e data used and/or justification for estimates used to determine categorical limitations
basis for limits imposed for categorical parameters.

For SIUs/ClUs:
e basis for limits imposed for non-categorical parameters
¢ rationale for compliance schedules, special plans required, special conditions, etc.
e basis for monitoring and reporting frequencies.
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Inspection Considerations

Provide current data on IUs

Confirm or determine IUs' compliance status

Determine completeness and accuracy of the 1U's performance/compliance records
Assess the adequacy of the 1U's self-monitoring and reporting requirements
Assess the adequacy of monitoring locations and 1U's sampling techniques

Assess the adequacy of imposed limitations and pollutants of concern

Develop rapport with IUs

Evaluate operation and maintenance and overall performance of an IU's pretreatment system
Assess the potential for spills and slug loadings

Evaluate the effectiveness of slug control plan

Reveal issues requiring action

Identify noncompliance needing resolution

Suggest pollution prevention opportunities

Collect samples

Obtain data to support enforcement actions

After all permitting decisions are made; the Control Authority must incorporate those decisions into a
permit. The permit, signed by the specified Control Authority official, is provided to the Permittee for
comment and after comments are addressed, a final permit is issued to the IU. While many comments
may be easily addressed/resolved by the Control Authority, occasionally resolution must be obtained
through a formal adjudicatory hearing process where both the Permittee and Control Authority present
their case to a third party.

Non-SlUs

Many POTWs also control contributions from non-SIUs using various means, such as through general
permits issued to an entire industrial sector. These types of control mechanisms may not necessarily
require compliance with specific pollutant limitations.
For example:

v' Grease trap maintenance and record keeping requirements for food establishments;

v" Maintenance and record-keeping requirements for photo processors' silver

reclamation units;
v' Best management practices for mercury recovery by hospitals and dentists.

Pretreatment 101 ©TLC11/13/2012 226 (866) 557-1746 Fax (928) 468-0675



Permit Application

All industrial users that require a permit must be sampled to determine the characteristics of the
wastes to be discharged into the POTW’s sewer system. Prior to the issuance of a permit for existing
industrial users, the POTW’s Inspector or Water Quality Department/Pollution Control Division
samples the user's effluent, and performs the analyses required by the applicable discharge
standards (i.e., Categorical standards or local limits).

For new industrial users, estimates of the wastes to be discharged into the POTW’s sewer system
must be submitted along with the permit application. No sampling would be performed at these new
facilities, since they do not presently discharge wastes into the sewer system.

A four-day sampling program is usually conducted at each site to collect both composite and grab (for
pollutants not amenable to composite sampling) samples as needed.

Industrial Sector

Industrial sector general permitting programs are common where a real or potential POTW problem is
linked to a particular pollutant discharged (e.g., collection system blockages caused by the discharge
of excess oils and grease from food establishments). POTWs have authority to enforce their SUO or
rules or regulations against non-SIUs without the need for any type of individual control mechanism.
Control Authorities have the authority to require non-SlUs to comply with pretreatment standards and
requirements contained in their local regulations and then take appropriate actions against IUs as
noncompliance is identified.

Inspections

Control Authorities are required to inspect and sample all SIUs a minimum of once per year pursuant
to 40 CFR §403.8(f)(2(v). The frequency with which a Control Authority actually inspects an SIU may
vary depending on issues such as the variability of an SIU’s effluent, the impact of their discharge on
the POTW, and their compliance history.

Inspection considerations (see Figure 24) will hinge upon the type of inspection performed (i.e.,
scheduled, unscheduled or demand).

The EPA’s 1994 Industrial User Inspection and Sampling Manual for POTWs provides a detailed
reference for inspection procedures and protocols. Scheduled inspections are useful when the Control
Authority wants to gather specific information from the facility that necessitates meeting with specific
SIU contacts. However, since scheduled inspections may interrupt normal operations (e.g., altered
production schedule as a result of preparative work undertaken by the IU), unscheduled inspections
may more accurately reflect IU compliance status when the inspection is performed for that reason.

POTWs must evaluate, at least once every two years, whether each SIU needs a plan to control slug
discharges (i.e., a discharge of a non-routine, episodic nature, including but not limited to an
accidental spill or non-customary batch discharge). To accurately evaluate the slug potential, Control
Authorities likely will have to examine the SIU during normal operating conditions. If undetected, slug
discharges can have serious impacts on the POTW.

The EPA’s 1991 Control of Slug Loadings to POTWs Guidance Manual provides a description of
procedures for development, implementation, and review of slug control plans. Demand inspections
are non-routine in nature and occur in response to a concern (e.g., POTW collection problems
downstream from an IU, elevated enforcement actions against an U, suspicious IU behavior, or an
informer complaint).

Routine Control Authority inspections of SIUs typically consist of three activities; preparation, on-site
assessment, and follow-up.
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Preparation

Control Authority personnel should review POTW records for SlUs to be inspected to familiarize
themselves with the facility. Information reviewed may include compliance status, compliance
schedule activities, reports and plans, upcoming report and plan due dates, enforcement activities,
permit applications, waste surveys, previous inspection summaries, categorical regulations, water
use/billing records, and POTW collection system maps.

Control Authority personnel should also be familiar with any specific issues and concerns regarding
the POTW treatment plant or collection system problems receiving the SIU's discharge.

On-site Assessment

Control Authority personnel typically discuss IU operations with IU contacts and perform a
walkthrough of the facility to: update IU information regarding contacts, processes, production rates,
pretreatment, and other waste management activities; review records required to be kept by the IU;
visually verify the need for a slug control plan; and review pretreatment system maintenance,
categorical standards applicable to processes employed, metering and sampling equipment, sampling
procedures, chemicals used, processes employed, management practices, containment structures,
locations of floor drains, etc. Many POTWSs have developed a standard inspection questionnaire to
facilitate the interview process and promote consistency during the inspection.

Follow-up

An inspection report should be prepared as soon as possible after the inspector returns to the office.
Unanswered questions, required permit modifications, and/or necessary enforcement actions should
be processed in a timely manner. Non-routine inspections (e.g., demand) may not encompass all the
activities and steps specified above, but, like routine inspections, these activities may provide the
Control Authority an opportunity to collect samples of the IU’s discharge.

L]

DOUGLAS FRE=VIDED = &=

SHOT 23 . 1 +94, 36 <~ 13+87. 33,
VCP Vitrify e C Gjirculan 12"

5 % within 8 inch: YES

63'01"

Pretreatment 101 ©TLC11/13/2012 228 (866) 557-1746 Fax (928) 468-0675



Sewer System Evaluation

On a regular basis, selected locations in the sewer system are sampled to develop background data
for purposes of updating the local limits, and to screen areas for higher than "background" pollutant
levels. In addition, problem areas are sampled on an as needed basis to determine potential sources
of Code violations that either occur on a frequent basis, or are the result of a slug load to the sewer
system.

To monitor sewers for background information, the sampling program would typically be conducted
over a four-day period. In instances where the intent is to determine sources of pollutants and/or slug
loads, the length of the program would vary.

Multi-City Users (Metering Stations) Example
All wastewater, which is transported to the POTW Treatment Plant from the Multi-City users, must be
analyzed for pollutants of concern to the Industrial Pretreatment Program.

This type of sampling program is usually conducted over a seven-day period to obtain four-seven
days of sampling data at each sewer location (i.e., a metering station) on a quarterly basis.

Once the sampling dates have been determined, the Inspector will notify, in writing, the Subregional
Organizational Group (SROG) representative for that City of the dates when the sampling will be
conducted.

Upon arrival at the site, safety is the priority. A visual inspection must be completed prior to any entry.
The site must be free of any obstructions or hazards which may cause injury when entering the
sampling area. If there are any problems detected, the SROG representative and the Inspector
should be notified, and no entry should be attempted until the problem has been corrected.

Metering stations qualify as confined spaces (Example Policy)

If all safety criteria have been met, prepare equipment for the site. Check the assignment sheet to
determine what parameters are required to be sampled, which in turn determines the type of tubing to
be used (i.e. Tygon or Teflon).

The sampler must be completely assembled before performing QA/QC procedures. After QA/QC is
complete, a sufficient amount of weight must be attached to the tubing to keep the strainer submerged
in the effluent for proper siphoning of the sample, without allowing the strainer to hit the bottom of the
flume. Make sure the intake tubing does not kink.

If the metering station has a flow meter, you may connect either their cable or a POTW cable to the
sampler from the flow meter. Occasionally, you will set up a flow meter to have a comparison
reading. Determine the pulse rate and proper setting from the flow, and program the sampler. After
entering the data into the sampler, wait to make sure the equipment is pulling samples.

After the initial set-up of the sampling equipment, samples will be collected during the remainder of
the sampling period. Split samples may be requested by the SROG representative. If the volume of
the sample is adequate, these may be given, provided the representative supplies the containers and
allows the City Inspector to pour off the samples.
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No grab samples will be collected by POTW Inspectors for any SROG representatives.
(Example Policy)

Upon exiting the confined space, continue to follow the confined space entry procedures as outlined
by OSHA Standards. When you return to the sampling vehicle, you must immediately perform field
tests and preserve the samples according to the techniques set forth in by Standard Methods or the
State/Federal Rule.

All paper work must be filled out completely before the sampling crew's departure. This paperwork
includes the chain of custody which is turned in to the laboratory with the samples, "Metering Station
Field Observation Form" that remains with the sampling site file, and the Multi-City Metering Station
Sample Record, of which the original is given to the Inspector and the copy is given to the SROG
representative.

If there is not an SROG representative at the site, these copies will be turned over to the Inspector
with the originals at the end of the week. Remember, all paperwork must be completed prior to
leaving the site.

Compliance Monitoring
There are two types of sampling activities that are performed as part of compliance monitoring for
permitted industries: unscheduled and demand.

Unscheduled sampling is used to determine the compliance status of the user. Instances of
noncompliance are often identified during unannounced monitoring visits. No notice is given for this
type of sampling. This type of sampling is performed two to four times a year, at each industrial user
site, over a two to five-day period to obtain sampling data

Demand sampling is usually initiated in response to a known or suspected violation, discovered as a
result of a self-monitoring report, routine sampling visit, public complaint, unusual influent condition at
the wastewater treatment plant, or emergency situations (e.g., plant upsets, sewer line blockages,
fires, explosions, etc.). Most often, this type of sampling is conducted to support enforcement actions
against an industrial user. This type of sampling activity is performed on an as needed basis.

The length of the sampling program depends on the flow, nature of the wastes, and type of samples
(i.e., grab or composite) to be collected.

Typically, composite and grab samples are collected at each user site.

Nonpermitted Industrial Users (User Rate Charge Program) (Example Policy)

On a periodic basis (i.e., once every two to three years), commercial and minor industrial users are
sampled to determine discharge concentrations of various pollutants. Typical types of users which
may be sampled include: restaurants, photo processing laboratories, laundries, car washes, and
printing shops.

A three- to four-day sampling program is usually conducted at each assigned site. Commercial
establishments are sampled to establish BOD and SS levels for various groups of users for the
Finance/ Utilities department.

This activity is also helpful in identifying industrial or commercial users which may discharge pollutants
of concern.
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Chapter 4 Sampling

The General Pretreatment Regulations require Control Authorities to monitor each SIU at least
annually and each SIU to self-monitor semi-annually. As with inspections, the Control Authority should
assess site-specific issues, such as SIU effluent variability, impact of this effluent on the POTW, and
the SIU’s compliance history to determine appropriate sampling frequencies (i.e., if more frequent
monitoring is necessary).

For more detailed information on sampling frequencies, consult the EPA’s 1994 Industrial User

Inspection and Sampling Manual for POTWs.

Parameter Sample type Container Preservative Holding time
pH Grab Polyethylene or N/A analyze
Glass immediately
BOD Composite Polyethylene or chilled to 4°C 48 hours
Glass
TSS Composite Polyethylene or chilled to 4°C 7 days
Glass
NH3asN Composite Polyethylene or chilled to 4°C, H 2 | 28 days
Glass SO 4 to pH<2
Oil and Grease Grab Glass chilled to 4°C, HCI | 28 days
orH2SO4to
pH<2
Cyanide, total Grab Polyethylene or chilled to 4°C, 14 days
Glass NaOH to a pH
>12, and 0.6g
of ascorbic acid if
residual chlorine
is present
Metals (total) excl. | Composite Polyethylene or HNO 3 to pH<2 6 months
Cr* Glass
B, and Hg
624 (volatiles Grab Amber glass, w/ chilled to 4°C 7 or 14 days,
organics) Teflon septum lid | (additional depending on
and zero laboratory specific organic
headspace preservation
required)
625 (semi-volatile | Composite Amber glass w/ chilled to 4°C 7 days for sample
organics) Teflon lined lid (additional prep; 40
laboratory days for extract
preservation
required)
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Types of Samples
General

There are four types of samples that are collected by the POTW’s Sampling Section: grab, time
proportional composites, flow proportional composites, and hand composites. The sampling method
used depends largely on the types of analyses to be run, and the nature of the wastestream being
sampled. Each sampling method is described in this section.

Most POTW'’s will define the sampling methods which must be used by industrial users (IUs) to obtain
representative samples to show compliance with their permits: Example

(1) A grab sample is an individual sample collected in less than 15 minutes without regard
for flow or time of day. pH, cyanide, oil and grease, sulfide, and volatile organics must
be collected as grab samples.

(2) 24-hour flow proportional composite samples where feasible. The POTW may waive
this requirement if the IlU demonstrates that this method is not feasible. Samples
would then be taken by means of time proportional composite sampling methods, or by
hand composite where the IU can demonstrate that this will provide a representative
sample of the effluent being discharged.

The volume of sample to be collected by any of these methods is dependent on the number and types
of analyses that must be performed.

Grab Samples

Grab samples are individual samples
collected in less than 15 minutes without
regard to flow or time of day. Grab samples
are normally taken manually, but can be
pumped. Oil and grease samples and
purgeable organics are exceptions and
must be taken manually. A grab sample is
usually taken when a sample is needed to:

(1) Provide information about an 0
instantaneous concentration
of pollutants at a specific
time.

(2) Quantify the pollutants in a non-continuous discharge (e.g., batch discharge).
(3) Corroborate composite samples if the waste is not highly variable.
(4) Monitor parameters not amenable to compositing such as pH, temperature, dissolved

oxygen, chlorine, purgeable organics and sulfides, oil and grease, coliform bacteria,
and sulfites.
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Collecting Procedure for Water/Wastewater Grab Samples

» Lower dipper or mouth of the bottle into water just below surface. In some cases, you will
need to rinse the bottle or dipper three times in the sample before obtaining the sample.

Retrieve the collected sample to a clean processing area.
Rinse the outside of the bottle 3 times to remove any contaminants.

Pour the sample into the required laboratory bottle.

YV V V V

You may need to filter the sample; this is true with some water and wastewater samples.
Filtering (for ortho-P and NOx samples)--some Surface water virus samples need to be
filtered.

\4

Bottle preservation is performed in the truck or lab before sampling.
» Secure sample container caps tightly.
» Label the sample containers and place them in an iced cooler before storage.

Timed Composites
Timed samples are usually taken in instances where the intention is to characterize the wastes over a
period of time without regard to flow, or where the flow is fairly constant.

Timed composite samples consist of a series of equal volume grab samples taken at regular intervals.
Usually the interval is 15 minutes, with a maximum sampling duration of 24 hours.

However, other intervals can be used and may be more appropriate under some circumstances.

Samplers are available which can take up to 10 discreet samples per bottle, for a total of 240 discreet
samples. The sampler may be programmed to take any number of samples into one composite bottle
which has a 2.5-gallon capacity.

Flow Proportional Composites

Flow proportional composite samples consist of: a series of grab samples whose volumes are equal
in size and proportion to the flow at the time of sampling. Samples are taken at varying time intervals,
or continuous samples taken over a period of time based on the flow. Wherever possible, flow
proportional sampling is recommended because it most accurately reflects the nature of the
wastestream. Equal volume samples taken at varying time intervals are most often collected by the
sampling inspectors. A flow measuring device must be used in conjunction with the automatic
sampler.

This sampling method is used for all sampling activities except for instances where grab samples are

required or time proportional sampling is more expedient and can provide the same accuracy as flow
proportional sampling (i.e., constant flow levels).
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Hand Compositing

Hand compositing is a series of time proportional grab samples which are collected and composited
by hand. Provided the sample volumes are equal and are collected at even intervals, the results
should be the same as if done by an automatic sampler (i.e., flow proportional composite sampling).

A specific instance where this sampling method may be used is in metal plating shops which have
batch discharges from the treatment tank.

Provided the tank contains a homogeneous mixture, a minimum of four grab samples are taken of
equal amounts and at evenly spaced intervals of time during discharge, to accurately represent the
entire tank.

This should represent the waste characteristics of the entire batch discharge to the sewer. One hand
composite per batch discharge would be equivalent to a 24-hour composite sample taken at other
types of facilities. The sampling data would be compared with the average daily categorical standards
or local limits where applicable.

Pre-Sampling Procedures
To ensure acceptable analytical results, numerous steps must be followed before a sampling program
can be initiated:

(1) Sampling equipment must be clean and be in good working order.
(2) Sampling site must be selected.

(3) Types of analyses must be determined.

(4) Proper sample containers must be selected and prepared.

Sampling Equipment Example

The POTW may use one of the following portable samplers, ISCO Ultra-Sonic flow meters, SIGMA
Depth Sensor samplers, and SIGMA pH Probe samplers. Safety equipment and other necessary
equipment are also used.

The equipment that is kept in the sampling vehicle is dependent on the types of sampling activities
planned each week, while the equipment stored in the storeroom is for back-up needs and future
sampling demands.

Each sampling vehicle should be equipped with at least one sampler and one flow meter more than is
needed for the particular sampling period. For example, three scheduled flow proportionate sampling
sites would require a vehicle to be equipped with four samplers and four flow meters. At least one
spare battery for each type of equipment taken into the field should also be placed in the sampling
vehicle.

Auxiliary equipment, such as supports, harnesses, blowers, etc., that must be carried in each vehicle
will depend on the nature of the sampling location.

In order to keep the equipment in good working order, the equipment should be maintained and

cleaned on a regular basis. Routine maintenance and cleaning procedures should be written into
your standard operating procedures.
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Sampling Equipment Maintenance Example

Basic maintenance for samplers includes: periodic calibration and general equipment checking, and
replacement of the internal desiccant and fuses. Routine cleaning should be done as covered in
SOP.

Basic maintenance of the flow meters includes: periodic replacement of the internal desiccant, plotter
paper, ribbon, fuses, and any broken re-roll spool assemblies. Note: on the flow meters there are
two tabs on the sides which are extremely thin and easily broken.

The NiCad and Gel Cell batteries need to be recharged on a regular basis. Any battery that reads
less than 12.50 when checked should not be installed or left on any of the sampling equipment. At
the battery charging station, areas are set aside for batteries that need to be charged and batteries
already charged.

To prolong battery life, NiCad batteries should be fully discharged before recharging for a maximum of
24 hours, in accordance with the procedures described in the manufacturer's operations and
maintenance manuals. Always bring a second set or back-up set of batteries with you.

It is important to note that charged NiCad batteries, if left unused for a long time, are nevertheless
slowly discharging. Gel cell batteries are generally more stable. Voltage readings should be taken
before the charged batteries are taken into the field to be sure that they still have a full charge.

When a sampler, flow meter, or ancillary equipment needs more specific repairs, the manufacturer
representative should be contacted and arrangements made for repair or replacement of the
equipment.

Inside Modern Wastewater Sampling Trucks

Wastewater sampler set-up in traffic to obtain composite sample from a sewer manhole.
Notice the tri-pod and barricades.
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Sampling

Sampling is the most appropriate method for verifying compliance with pretreatment standards.
Monitoring location(s) are designated by the Control Authority and must be such that compliance with
permitted discharge limits can be determined. Where possible, the Control Authority should not
designate monitoring locations that are confined spaces or that are difficult to access or difficult to
place the automated sampling equipment.

Monitoring locations should:
e be appropriate for waste stream conditions;
e be representative of the discharge;
e have no bypass capabilities; and
e allow for unrestricted access at all times.

Control Authorities should measure flow to allow for collection of flow-proportioned composite
samples, which are required, unless flow-proportional sampling is not feasible. Flow-proportional
composite samples are preferred over time composite samples particularly where the monitored
discharge is intermittent or variable.

Desired analyses dictate the preparation protocols, equipment, and collection bottles to be used to
avoid contamination of samples or loss of pollutants through improper collection. Sampling for such
pollutants as pH, cyanide, oil and grease, flashpoint, and volatile organic compounds require manual
collection of grab samples.

Similar to composite samples, grab samples must be representative of the monitored discharge and
are to be collected from actively flowing wastestreams. Fluctuations in flow or the nature of the
discharge may require collection of and hand-composting of more than one grab sample to accurately
assess compliance.

To ensure defensibility of data, Control Authorities should develop and implement standard operating
procedures and policies detailing sample collection and handling protocols in accordance with 40 CFR
Part 136.

Adherence to proper sample collection and handling protocols, 40 CFR Part 136 approved analytical
methodologies, and record-keeping requirements [40 CFR §403.12(0)(1)] (see Figure 25) can be
verified through review of field measurement records, chain of custodies, and lab reports. Field
measurement records may require information regarding sample location, condition of and
programmed settings for sampling equipment, wastewater meter readings, and information for such
parameters as pH and temperature which require analysis in the field.

Chain of custody forms serve as a link between field personnel and the laboratory and contain
information regarding sample matrix, type, and handling. Lab reports should contain the minimum
information specified in 40 CFR §403.12(0)(1)(ii-iv) as well as any additional information necessary to
demonstrate compliance with 40 CFR Part 136 requirements (e.g., analytical methodology, sample
preparation date and time, time of analysis).

Use of standardized forms which prompt recording of information necessary for demonstrating

compliance with applicable requirements will aid in ensuring it can be used as admissible evidence in
enforcement proceedings or in judicial actions.
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Wastewater Sampling Information
Required Containers, Preservation Techniques, and Holding Times
40 CFR 136.3

Parameter No./name Container Preservation Maximum holding time

Table |A--Bacteria Tests:

1-4 Coliform, fecal and total. P,G.............. Cool, 4C, 0.008% Na,S,0;...... 6 hours.
5 Fecal streptococci.......... | C Cool, 4C, 0.008% Na,S,0s; ...... 6 hours.
Table 1A--Aquatic Toxicity

Tests:

6-10 Toxicity, acute and PG....... Cool,4 deg.C ... 36 hours.
chronic.

Table IB--Inorganic Tests:

1. Acidity......ccoveeeennns P,Gu Cool, 4 deg. C.......cccuunee.. 14 days.

2. Alkalinity................. P,G. Cool,4deg.C......cocuvveeee. 14 days.

4, Ammonia.................... P,G........ Cool, 4 deg. C, H,SO,to pH< 2..... 28 days.

9. Biochemical oxygen demand.. P, G............. Cool,4deg.C................... 48 hours.

10. Boron.......ccceeeeuen... P, PFTE, or HNO; TO pH2...........c.......... 6 months. Quartz.

11. Bromide................... P,Gueees None required................... 28 days.

14. Biochemical oxygen demand, P, G............. Cool, 4 deg. C............ 48 hours. carbonaceous.

15. Chemical oxygen demand.... P, G............. Cool, 4 deg. C, H,SO4 to pH<2..... 28 days.

16. Chloride.................. P,G....... None required................... 28 days.

17. Chlorine, total residual.. P, G............. None required ........................ Analyze immediately.

21.Color....ciieeiainann. P,G........... Cool,4deg.C.......ccuuve. 48 hours.

23-24. Cyanide, total and P,G.ccc.. Cool, 4 deg. C, NaOH to pH>12, 14 days.
amenable to chlorination. 0.6g Ascorbic acid

25. Fluoride.................. P, None required................... 28 days.

27. Hardness.................. P,G........... HNO; to pH<2, H,SO,4 to pH <2....... 6 months.

28. Hydrogen ion (pH)......... P,Gueees None required................... Analyze immediately.

31, 43. Kjeldahl and organic P, G............. Cool, 4 deg. C, H,SO, to pH <2..... 28 days.
nitrogen.

Metals:

18. Chromium VI............... P,G........ Cool,4deg.C................... 24 hours.

35. Mercury.......ccoouueee. P,Gue HNO;to pH<2.................. 28 days.

3,5-8,12,13,19,20,22, P,G.ccceeeeer e o [0 JOUUUTRRR 6 months.

26, 29, 30, 32-34, 36, 37, 45,47, 51, 52, 58-60, 62,63, 70-72, 74, 75. Metals, except boron, chromium VI and
mercury.

38. Nitrate................... P,G........ Cool,4 deg.C.......cccuuvue 48 hours.

39. Nitrate-nitrite........... P,G..cccuu. Cool, 4 deg. C, H,SO,4 to pH <2..... 28 days.

40. Nitrite................... P,G.......... Cool,4 deg. C.......ccueeeee. 48 hours.

41. Oil and grease............ (C T Cool to 4 deg. C, HCl or H,SO,4 to pH <2 to 28 days.
42. Organic Carbon............ P,G........ Cool to 4 deg. C HC1 or H,SO,4 to pH <2 or 28 days.
44. Orthophosphate............ P,Gueees Filter immediately, Cool, 4 deg. C. ............. 48 hours.
46. Oxygen, Dissolved Probe... G Bottle and top. None required......... Analyze immediately.
47. Winkler......cccccceeeen oo G Bottle and top. Fix on site and store in dark... 8 hours.

48. Phenals................... Gonly........... Cool, 4 deg. C,..... H,SO,4 to pH <2 28 days.

49. Phosphorus (elemental).... G................ Cool,4deg. C....cocovuvveeeen. 48 hours.

50. Phosphorus, total......... P,G...... Cool, 4 deg. C, H,SO4 to pH <2.............. 28 days.
53. Residue, total............ P,G........ Cool,4deg.C......covveeee.. 7 days.

54. Residue, Filterable....... P,G............ Cool,4deg.C.......c.ouuvee 7 days.

55. Residue, Non-filterable P, G............. Cool,4deg. C...cooovvvveeennn 7 days.

56. Residue, Settleable(TSS)........ P,G.eee Cool,4deg. C...ccoovvvveveeen. 48 hours.

57. Residue, volatile......... P,Gu Cool,4deg.C.....ccvveveeenen. 7 days.

61. Silica.................... P, PFTE, or Quartz........ Cool, 4 deg.C......cc.eee 28 days.

64. Specific conductance...... P,G......... .Cool,4deg.C....c.ooeeviiiieenn. 28 days.
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65. Sulfate................... P,Gueiiii e Cool,4deg.C....cceeeeenne 28 days.
66. Sulfide.... P, G...... Cool, 4 deg. C add zinc acetate plus sodium hydroxide to pH>9. 7 days.

67. Sulfite........c......... P,G.eees None required................... Analyze immediately.
68. Surfactants............... P.G. ... Cool,4deg.C....cccocuvveeene. 48 hours.

69. Temperature............... P,G........ None required................... Analyze.

73. Turbidity................. P,G....... Cool,4deg.C ... 48 hours.

Table IC--Organic Tests

13, 18-20, 22, 24-28, 34-37, G, Teflon-lined septum Cool, 4 deg. C, 0.008% NA,S,0;

14 days.

39-43, 45-47, 56, 76, 104, 105, 108-111, 113.

Purgeable Halocarbons. 6, 57, 106.

Purgeable aromatic hydrocarbons G, Teflon-lined septum Cool, 4 deg.C, 0.008% NA,S,0;

14 days.

3, 4. Acrolein and acrylonitrile G, Teflon-lined septum Cool, 4 deg.C, 0.008% NA,S,0; pH 4-5 14 days.

23, 30, 44, 49, 53, 77, 80, 81, 98, 100, 112. G, Teflon-lined Cool, 4 deg.C, 0.008% NA,S,03; 14 days.
Phenols G, Teflon-lined septum Cool, 4 deg.C, 0.008% NA,S,0; pH 4-5 7 days until extraction; 40 days after
extraction.

7, 38. Benzidines G, Teflon-lined septum............ Cool, 4 deg.C, 0.008% NA,S,05; 7 days until extraction.
14, 17, 48, 50-52. Phthalate G, Teflon-lined septum Cool, 4 deg.C.................. 7 days until extraction; esters
40 days after extraction.

82-84. Nitrosamines G, Teflon-lined septum ...... Cool, 4 deg. C, 0.008% NA,S,0;_ Store in dark

88-94. PCBs G, Teflon-lined septum Cool, 4 deg.C ............. 7 days until extraction; 40 days after extraction.
54, 55, 75, 79. Nitroaromatics ...... G, Teflon-lined septum............. Cool, 4 deg.C, 0.008% NA,S,0; and
isophorone

1,2,5,8-12, 32, 33, 58, 59, 74, 78, 99, 101. Polynuclear aromatic hydrocarbons. Cool, 4 deg.C, 0.008%
NA,S,0; Store in dark

15, 16, 21, 31, 87. Haloethers ........ G, Teflon-lined septum....... Cool, 4 deg.C, 0.008% NA,S,05; 7 days until
extraction; 40 days after extraction.
29, 35-37, 63-65, 73, 107. Chlorinated hydrocarbons G, Teflon-lined septum............. Cool, 4 deg.C, 7 days

until extraction; 40 days after extraction.

60-62, 66-72, 85, 86, 95-97, 102, 103. CDDs/CDFs aqueous: field and lab G....... Cool, 0-4 deg. C, pH9,
0.008% NA,S,0; 1 year preservation.

Solids, mixed phase, and ... do......... Cool, 4 deg.C............ 7 days.tissue: field preservation..

Solids, mixed phase, and ...... do......... Freeze, -10 deg.C.............. 1 year.

tissue: lab preservation.

Table ID--Pesticides Tests:

1-70. Pesticides \11\......... ...... do......... Cool, 4 deg. C, pH5-9 ........ Do.
Table IE--Radiological Tests:
1-5. Alpha, beta and radium... P, G............. HNO; to pH2..................... 6 months.
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Polyethylene (P) or glass (G). For microbiology, plastic sample containers must be made of sterilizable materials
(polypropylene or other autoclavable plastic).

Sample preservation should be performed immediately upon sample collection. For composite chemical
samples each aliquot should be preserved at the time of collection. When use of an automated sampler makes it
impossible to preserve each aliquot, then chemical samples may be preserved by maintaining at 4 degrees C
until compositing and sample splitting is completed.

When any sample is to be shipped by common carrier or sent through the United States Mails, it must comply
with the Department of Transportation Hazardous Materials Regulations (49 CFR part 172). The person offering
such material for transportation is responsible for ensuring such compliance. For the preservation requirements
of Table Il, the Office of Hazardous Materials, Materials Transportation Bureau, Department of Transportation
has determined that the Hazardous Materials Regulations do not apply to the following materials: Hydrochloric
acid (HCI) in water solutions at concentrations of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid
(HNOsin water solutions at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid
(H2S0O,) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater); and Sodium
hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or less (pH about 12.30 or less).

Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that
samples may be held before analysis and still be considered valid. Samples may be held for longer periods only
if the permittee, or monitoring laboratory, has data on file to show that for the specific types of samples under
study, the analytes are stable for the longer time, and has received a variance from the Regional Administrator
under Sec. 136.3(e). Some samples may not be stable for the maximum time period given in the table. A
permittee, or monitoring laboratory, is obligated to hold the sample for a shorter time if knowledge exists to show
that this is necessary to maintain sample stability. See Sec. 136.3(e) for details. The term ““analyze
immediately" usually means within 15 minutes or less of sample collection. Should only be used in the presence
of residual chlorine.

Maximum holding time is 24 hours when sulfide is present. Optionally all samples may be tested with lead
acetate paper before pH adjustments in order to determine if sulfide is present. If sulfide is present, it can be
removed by the addition of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered
and then NaOH is added to pH 12.

Samples should be filtered immediately on-site before adding preservative for dissolved metals.
Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds.
Sample receiving no pH adjustment must be analyzed within seven days of sampling.

The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH
adjustment must be analyzed within 3 days of sampling.

When the extractable analytes of concern fall within a single chemical category, the specified preservative and
maximum holding times should be observed for optimum safeguard of sample integrity. When the analytes of
concern fall within two or more chemical categories, the sample may be preserved by cooling to 4 deg. C,
reducing residual chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9;
Samples preserved in this manner may be held for seven days before extraction and for forty days after
extraction. Exceptions to this optional preservation and holding time procedure are noted in footnote 5 (re the
requirement for thiosulfate reduction of residual chlorine), and footnotes 12, 13 (re the analysis of benzidine).

If 1,2-diphenylhydrazine is likely to be present, adjust the pH of the sample to 4.0<plus-minus>0.2 to prevent
rearrangement to benzidine.

Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free)
atmosphere.

For the analysis of diphenylnitrosamine, add 0.008% NA,S,0O; and adjust pH to 7-10 with NaOH within 24
hours of sampling.
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The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% NA,S,0;,

Sufficient ice should be placed with the samples in the shipping container to ensure that ice is still present when
the samples arrive at the laboratory. However, even if ice is present when the samples arrive, it is necessary to

immediately measure the temperature of the samples and confirm that the 4°c temperature maximum has not
been exceeded.

In the isolated cases where it can be documented that this holding temperature cannot be met, the permittee
can be given the option of on-site testing or can request a variance. The request for a variance should include
supportive data which show that the toxicity of the effluent samples is not reduced because of the increased
holding temperature.

Metals Sampling (Example Procedure)

Metals sampling will encompass a variety of individual samples within a sample, i.e., nickel, zinc,
silver and others. As a general rule, metals samples need to be collected as a composite and
preserved with 1:1 nitric acid to pH < 2.

If ICP (inductively coupled plasma) laboratory analysis will be used, a 500 ml sample is sufficient. ICP
is used for a general scan; if more stringent detection limits are needed then furnace analysis is used.

If additional analysis is required, i.e., furnace method analysis, collect a 2 liter bottle of sample
(instead of the 500 ml sample) and preserve with nitric acid.

Ice is not necessary for preservation, but it won't jeopardize the sample, either.

PARAMETER CONTAINER PRESERVATIVE MAX. HOLDING TIME

Metals P HNO; to pH < 2 6 months

Pretreatment 101 ©TLC11/1