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PUIPOSE ofi DISTRfECHION

e destroy. or inactivate pathegenic
organisms

Prevent the spread of waterborne disease
o Protect
Public water supplies
Recelving Waters for recreational uses
Shellfish growing areas



Disinfection
o Destruction (or iactivation) of all pathegens

Sterilization
» Destruction of ALL micreerganisms




Vieasure Effectiveness of
DISTRTEGCH OGN

Presence /absence off Coliform Bactera
group including total, fecal and E: coli

o [hey sunvive longer than most pathegenic organisms
N the water environment

o Ihey are easy & Inexpensive to test for

o Ihey are less sensitive to disinfection than many.
pathogens

o [hey exist only: in the intestinal tract ofiwarm bloedead
animals

o KNEWNRasHINDICATOR ORGANISIVIS



Chionnation

Disinfection works because PATHOGENS
are more susceptible to destruction by
chlorination than nonpathegens

Chloerine - Moest widely used oxidizing
agent

o Readily available

o Easily applied

o Cheaper
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Oher OXxidIizZing AGeEnts

Poetassium permanganate (KMnoO.)
Chlerine diexide (ClO;)
Ozone (O))



ihrnee Forms oliChlonne Used

Chlerine gas/liguid — 100% chlorine (CL.)

Calcium hypochlorite powder: (HTH)- up te 6 7%
chlorine [Ca(OCl).]

Sodium hypochlorte liguid (bleach) — 3'te 12 %
chlorine (NaOCl): Most expensive

* \/ery. effective even at low doses



Properties oiiCnionne Gas

Cl — basic element never found
uncombined In nature

2 atoms of Cl combine to form gas- Cl.
AS a gas Is 2.5 X heavier than air
(Sreenisn vellow in color

Slightly: seluble in water

1 parnt liguid preduces 450 parts gas
o LLTgUIA ChIGHNENS N COIOY



Poeisen gas - inhalation hazard

hreshold of eder — 0.08 te 0.4 ppm (0.2)
30 ppm Severe coughing

40 ppm dangerous after 30" minutes

1000 ppm Kills @

Classified as an Irritant

because. it does not build "URUN 3
Upiinthe hody. \/ |




85% filled
with liquid
chlorine
at 70 F

L LQUID
e LEV R[S

o

Chlorine is placed in the cylinder as a
liquid. '

150 Ib

1-ton steel containers
70°F - 85 psi

The liquid boils at room temperature
producing gas and pressurizing the
cylinder.

Chlorine gas is cheaper per pound than the
other forms of chlorine used.




Chiernine lierms

mg/l'er ppm
DeSsage

o Amount of chlerine added to the system

Demand

o [he amount of chlerine that'Is used by
substances like nitrogen compounds, Iron,
manganese, algae and microorganisms in the
Water

Residual

s Amount of chlerine avallable for disinfection
AFTER the demand s satified
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Types ofiResiduals. &>

'

Free Residual /W

o Chlorine as Cl; (dissolvedigas), hypochlerous acid
(HOCI) and'the hypochlorite ion (OCI) in the water

Combined Residual

o ISthe result offcombining free chlorine with nittogen
compounds — ferms chlieramines, weak disinfectants

requiring higher concentrations & longer detention

Jiotal Residual
o IS the combination ofifree and compined residuals



AKEXKXEKXEXEXREXEXXREKXEXKREXEX

Desage - Demand’ = Resiadual

No disinfection will take place unless the
Dosage exceeds the Demand

Leaving a Residual

PDEemMandsERESIAdUalN=SIDOSE[E



Chienne Chemisthy.

TWwo Reactions
e Cl. + HO == HOC| + H: + CI|= Hydrochloric

/ A

e HOC|I =—= H: + OCI|"

\ N

HYPOCHIGreuUS Hypoechlorite

Acid lon
\ 4

Best disinfecting power!




Germicidall EfiCIENCY.

Iype ofiresidual’'— Freeis bhest

For. wastewater: use lotal Residual

» Nitrogen compounds react with free chlorine
SO guickly In wastewater that we usually can't
detect free chlorine in a test sample — high
demand

Residual Concentration - 0.5t6: 1.5 mg/i



Detention time of 20 to 30 minutes
Good mixing - plug flow

No short circuiting

Algae growth a problem

Residuals of 0.5 to 1.5 mg/L of total

Test for residual
here







Effects ofipHand lemperature

pH = ldealirange 6.5 — 7.5

o < pPH 6.0 — Hypochlorous acid doesn’'t breakup into
the second part of the reaction — hypochlorite 1on
fermation

o PH 7.3 — 7.5 — Free residual is half hypochlerous acid
and half-hypochloerite ion

o > pPH10 — Hypochlereus acid breaks up toe form
nypoechlorite 1on (weak disinfectant)
lemperature —
s Coldertemperatures slow reaction times

o Reguirel’on g errdetention times to: achieve Proper
disinfection



Interfernng Materials

Turbidity
o S0lids use chlerine
o Provide hiding places for microorganisms

Organic Matter %

s SUCh as leaves %

o Combine with' chlerine imcreasing demand
o Reaucing residual




Brieakpoint-Chlornaticn

Addition of chlorine to water or wastewater
until the DEMAND has been satisfied

At this point (the breakpoint), further
additions of chlorine resultin a RESIDUAL
that Is directly proportional (1.:1) te the
amount of chlerine added beyond the
preakpoint
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REACTIONS OF CHLORINE IN WATER
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PPM
CHLORINE
RESIDUAL

A. As chlorine is added, it reacts with ammonia and a

combined residual is obtained.
B. As the dosage increases to 2 ppm, the combined
residual drops because the chlorimines are being destroyéd.
C. When the dosage reaches 3 ppm, the breakpoint occurs
and the first free chlorine residual is obtained. Once the
breakpoint has been reached, the free residual
will increase at the same rate as the dosage.

PPM CHLORINE ADDED
BREAKPOINT CURVE




Sizes of Chlorine Cylinders Typically Found
At Wastewater Treatment Facilities

Chlorine gas is drawn off the cylinder by a chlorinator and
mixed with water to form a concentrated chlorine solution
which is mixed with the wastewater effluent flow

_— 1 ton container
150 pound Three fusible pIt_Jgs
- on each end — six
cylinder total

One fusible plug



Cylinder Valve

Meck Ring

150 Ib cylinder
e Tare weight 85 to 140 pounds
* 88% full of liquid at factory (Study Guide says
e 70°F - 85 psi

e Boil at -29°F

e 158°F - 100% full - 310 psi

(Study Guide says 157 F)

a4

Drawoff rate based on temperature
e Too high of draw off rate - frost
on cylinder

* To open - 1 turn - 8" wrench

DO NOT use a longer wrench!!!




(Study Guide says 157 F)
Fusible plug melt - 158°F - 165°F

Lead or pressed fiber cap gasket
1 new with each cylinder change

Clean connection with steel wool



ransportaton & Storage

Keep bennet en When moyving or Stering
Never lift by bennet!

Chain up 2/3 from the bottem

Secure at bottem In earthguake area
Use hand truck to move

Transportation reguires special training



Do NOT store with ether chemicals such
as

o COmpressed gases
o Hydrecarbons, gas, diesel
o FlOOr SWeeping compounds

Keep In an upright pesition

Maintain temperature between 60-120
USIing Indirect heat

Steel burns with chlorine at 483 -
Separate full from empty: cylinders:— mark

POST PIOPERSIGNS






Chlerne Building

Should contain a leak
Do0r 6pen out

Two doors are desirable
Windew te reduce entry

Electrical equipment NEMA 4X — coerresion
PrEOf

EXternior light and ventilatien fan Switch
o RUN'S=4"mINuUtes pProrte entry.




No other electrical equipment In reem
Ventilation system near floor
Remoyve air in 3 to 4 minutes

Allew fresh air te enter near ceiling

New. facilities must have a caustic soda air
Scrubber system

o [reat alli te below 15 ppm —release te
atmosphere



Viaintain' negative pressure in roem
Tepid water eye wash & Shower

Floor drains proetected

Fire sprinkier system

Emergency: power

L.eak detector alarm at 1 ppm chlerine
\andal resistant

Scales to/weighi cylinders daily



CHLORINE
LEAK DETECTOR

Water

FROM AUXILIARY
PUMP

Chlorine solution to CCT

CAUSTIC SODA
SCHUBBEAR




Maximum feed rate from a 150 Ib cylinder is 40 |bs per day For aton

o cylinder it is
DIFFERENTIAL Lo, 400 Ibs/day

RAEGULATING VALVE

WAT V-100 GAS CHLORINATOR
wall mounted unit

CHECK VALVE

~1000mg/I

Water flowing past the _
chlorine

injector creates the

vacuum that draws \/acyum operated for safety
gas into the system

A break in any component will cause vacuum to be lost
shutting down the system and preventing escape of chlorine gas




=\V/210)0) (2110) S

Installed at large plants that use a lot of
1lerine

ot water heater surrounding a steel tank

C
|_
IHeat In water IS transferred to liguid
chlorine In inner steel tank

|_

eat causes liguid chlorine to vaporize

Chlerine gas flews frem evaperator te. gas
manifeld
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Safety Eguipment

Respiratory. Protection
« SCBA — Enough air for — 30 minutes
o (Gas masks for guick escape ONLY

Regulation' Requirements

o An evaluation ofihazards

» Written policy and procedures

o Initial training including respirator fitting
» Monthly Inspection ofithe devices

» Annual retraming on use ofidevices

» Documentation ofithe training and the evaluation

Emergency. RESPONSE

o 29 CER1910-40 hourr hazardeus materals reSpense
training (HAZIVIATH = tsually firefighters




Repair Kits

o KItA - For 1501 cylinders

o Kit B' - For 1 ton containers

o Kit C - For Tank cars and trucks

Use ofithe Kits
» Part of an official HAZMAT response team

Einding LLeaks
» A Strong ammeonia selutien Is used/squwted
o A White vapor er cloud will'ferm %




Hypochiorte Systems

Common System
o 20-50 gal' tank/drum

o Chemical Feed Pump
LM
\Wallace & Tiernan
Stenner

RProtect pump
o Strainer at end of suction line

\Weight & Foeot valve
o Welght te keep line in solution
o FOOtValve o help mamtam prime
o DISchiarge side has checkivalve




DISCHARGE
LINE

FLOW
SWITCH

CHLORINE
SOLUTION

—
FOOT VALVE
-

STRAINER




MiIXing Calcium Hypochlorlte
(KT

\Wear

o Safety goggles

o Cartridge respirator
o Rubberized gloves

Partially fill tank with water before adding
pPOWAEer toraveid an explosion

Store HTH

o INa cool; dny reom
s AWay from 0il; gas; ether organic matter

o Keeplidtightly closed
o ChEecK o Cracks



Jlablet Feeders

Tubes must be In proper
posItion
Invert unused tubes

Spacers can be used to
fine-tune feed rate

Tubes must be kept free
of selids and debris
Changing Welir plates Is
another way. te control
dosing

Tablets must be flat In

the stack and all tubes
mUust Be 1 contact wWith
feeder bottom

Use calcium hypochlorite




USing Seditm Hypoechiorite

Vear
o Safety gogales
» RUbbErized gloves

Solution Strength
2.5% - 10%




Example Strengn

6% Chiorne means —
°) ‘o’ °)
6 parts per 100 L@‘
60 parts per 1,000 =
600 parts per 10,000
6,000 parts per 100,000
60,000 parts per 1,000,000 OR
60,000/ ppm 660,000 mag/l




ROULINE OPErations & ReECOAS

Daily
Check chloerine residual
Determine guantity: of chlorine used
Determine chlorine dosage

Annually

o Rebulld pump

» Clean and replace gaskets

» Replace foot and difftiser check valves



MiXed Oxidant:Systems

Utilize an electrelytic cell'to generate
exidant selution

o SOdium chloride MIOX and Chlor-Tech
are examples

o \VVater

o ElEectricity

Produces a stream of Very aggressive
mixed oexidants

Very effective In disinfection



Process

Add dry salt'te brine tank
Add water to form saturated brine soelution
Feed brine to electrolytic cell

Liguid mixed exidant selution produced
Collected in a sterage tank

Solution Is Injected Inte wastewater: stream at an
appropriate concentration

Chlerine residualican be measured using DPD
[estequipment



Safety,

Safer to use than chlorine

Hydregen gas IS produced during the
reaction

Must be safely vented from the system

HAZIVIAT training and Risk Management
RPlaninet necessarny



Ultravieletr (UNV)ISYSteEmMS

UV radiation IS albsoerbed by
mIcreorganism cells damaging the genetic
material in such a way. that the erganisms
are no lenger able to grow. or reproduce

They are “Inactivated®




Sounce o UV,

LOW pressure mercury vaper lamps
Multilamp assemblies

A guartz sleeve protects each lamp
_Lamp assemblies mount en racks
RACKS are Immersed In waste stream
N epen channel or closed vessel







OpPEeration

\Water level over lamps must be maintained at
appropriate level

Moniter lamp eutput tensity

Replace lamps that no lenger meet design
standards

Do NOT exceed maximum turbidity aesign
standards

llack of residual disinfection means no
pProtection against recontamination

\When treated waterisiexposed to visiblelight,
MICIOeIGanNISMSs can be reaciivated



UNESalety,

UV light can cause Serious burns to eyes and skin

NEVER ook directly into the uncovered parts of the UV
chamber without protective glasses

Do NOT pluga UV unit inte an electrical eutlet without
properly securing the unit first

Handle lamps with care-mercury. Vapor IS a hazardous

supbstance e

2

Be prepared to clean up:any: spiils



De-chlorination

Physical er chemical remoeval of all
traces of residual chlorine after.the
disinfection process and before discharge

of the effluent



Sulitir Compeunds Ceommonly
Used to'Chemically:Remove

Residual

Sulfur diexide (gas)

SO0
S00

S00

ium sulfite

UM metabisulfite
jum bisulfite S Sulfio-

Atomic Number-: 16
Atomic Mass:32.06



Other Means of De-chlorination

Long detention periods - residual will
dissipate

Aeration - bubbling air thru chlernated
Water

Sunlight - chlerine Is destroyed by sunlight
(shallow water)

Activated canben - adserptien of chlerine
ONLe activated carnon




Sulfur Dioxide — SO

Colorless gas

IHeavier than air — settles in lew areas
Non-flammable

DEADLY, affects central nern/ous system
Pungent (sharp, biting odor)

Viay be cooeled and compressed to a liguid
Liguidiisicoleriess



Sulfur Diexide Gas cont’

In presence of moisture, forms sulfuric acid
(H2S0:)

IS extremely corrosive

More soluble in water than chlerine

AS temperature increases, SO: selubllity: Inwater
OECreases

DenSIty 0 SOzs simiiarterthat eiichlionne



Sulfenators and Chlerinators are NOT:
iInterchangeable

Sulfenator diaphragms are manuractured
of special maternials to handle SO: rather
than chlernine

SOz reacts instantaneously with chlerine
0N an appreximately 1:1. basis
(1 ma/lrSOz remoyves 1 mg/l chierne)



Chemical Reaction of
De-chlornation

All"active positive chlorine ions are

converted/reduced to non-active negative
chloride 1ons

Sulfur Is converted to sulfate
.

Sulfur diexide = 1.1 te 1 ma/l Total
Residual Chlerne



Do NOI; Overfeed Sulfur
Coempounads

\Wasteftul

In_Effluent:
Can result in DO reduction
lncrease in BOD
Drop in pH




It Can Always Be Worse
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