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Table 1 Composition of indicator organisms in raw sewages from various communities

in USA
Estimat Densities per 100 mi
ed Rati
Fecal Fecal Perce
Sewer Source sewered Total . . 0
. . coliforms streptococci nt
populati coliforms (FO) (FS) EC FC/F
on S
. . 23.500.00
Esparto, California -- 0 6.200.000 -- 26.4 --
Shastina, California -- 9.600.000 2.300.000 -- 24 --
. . . 62.000.00
Los Barrios, California 6.090 0 23.000.000 37 --
. 47.400.00
Anoka, Minnesota 9.500 0 10.200.000 - 215 --
. 13.600.00
Newport, Minnesota 800 0 3.580.000 - 26.3 --
. . 17.700.00
Red Wing, Minnesota 11.000 0 4.050.000 -- 22.9 --
Mankato, Minnesota 81.490 5.525.000 2.630.000 -- 47.6 --
13.250.00
Oakwood Beach, New Jersey 45.000 0 4.240.000 -- 32.0 --
Perth Amboy, New Jersey 38.000 1.600.000 387.000 -- 24.2 -
. 12.900.00
Middlesex, New Jersey 300.000 0 1.070.000 -- 8.3 --
Keyport, New Jersey 5.600 2.210.000 641.000 -- 29.0 --
45.800.00
Omaha, Nebraska 180.000 0 5.360.000 -- 11.7 --
. . 17.200.00
Anderson Township, Ohio 11.000 0 4.600.000 -- 26.7 --
Mt. Washington, (Cincinnati) , 34.800.00
. 20.000 4.900.000 -- 141 --
Ohio 0
Linwood (Cincinnati), Ohio 22.000 - 10.900.000 2470.000 - 44
Preston, Idaho 3.640 -- 340.000 64.000 -- 5.3
Fargo. North Dakota 50.500 -- 1.300.000 290.000 -- 45
Moorhead, Minnesota 22.934 -- 1.600.000 330.000 -- 4.9
Lawrence, Massachusetts 67.000 -- 17.9000.000 4.500.000 -- 4.0
Monroe, Michigan 22.968 - 19.200.000 700.000 - 27.9
Denver, Colorado 520.000 -- 49.000.000 2.900.000 -- 16.9
21.900.00
Average values 0 8.260.000 1.610.000 3.37 5.1

Data from Geldreich (1978)
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Table 2Microbial densities in municipal raw sewage

(Two hospitals in South Africa)

Average count per 100 ml

Parameters Worcester . .
Pietermaritzburg sewage
sewage
Aerobic plate count (37 C; 48hr) 1.110.000.000 1.370.000.000
Total coliforms 10.000.000
E.coil type 1 930.000 1.470.000
Fecal streptococci 2.080.000
C. perfringens 89.000
Staphylococci
. 41.000 28.100
(coagulase positive)
Ps. Aeruginosa 800.000 400.000
Salmonella 31 32
Acid-fast bacteria 410 530
Ascaris ova 16 12
Taenia ova 2 9
Trichuris ova 2 1
Enteroviruses and reoviruses
2.890 9.500
(TCIDsp)

Data from Grabow and Nupen (1972) for two cities in South Africa
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Table 3 Enteric bacterial profiles in raw industrial wastes

Food
Wood pulp ) Meat
Beverag processin )
and paper . g processing
Percent of various coliform species
E. coli 0.4 5.6 35.0 56.9
Klebsiella pneumoniae 92.3 68.0 55.0 21.5
Enterobacter species 6.7 15.0 3.3 13.8
Pectobactrium 0.6 7.0 6.0 0.5
Salmonella strains 0.008 4.4 0.7 7.3
Viable counts/100ml
Klebsiella 10°- 10° 10*-10"  10°-10° 10°- 10°
Fecal coliform 10*- 10* 10°-10°  10*-10* 10°- 10°

DatafromHerman(1972)
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Table 4. Enteric bacterial profiles in treated industrial waste effluents

Entero- Pecto -
Waste effluent i E. )
Klebsiella coli bacter bacterium  Salmonella
___________________________________ 0/ —mm e
Wood pulp&
85.0 4.4 9.5 0.8 0.3
paper
Potato 81.1 0.9 94 0.9 1.6
Beverage
. 68.9 5.6 15.0 7.0 4.4
production
Food processing 55.0 24.0 3.3 6.0 0.7
Meat processing 21.5 56.9 13.8 0.5 7.3
Municipal
18.0 62.0 14.3 3.6 2.1
sewage

Data adapted from Herman (1972
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Table 5 Selected characteristics for rainwater

Season

Parameter Spring Summer Autumn Win
Nitrogen (mg/L) 0.93 0.83 0.59 0.49
Carbon (mg/L) <0.01 0.05 0.01 0.05
pH 4.5 5.6 5.6 5.6
Total coliforms* <1.0 <1.0 <0.4 <0.8
Fecal coliforms* <0.3 <0.7 <0.4 <0.5
Fecal streptococci* <1.0 <1.0 <0.4 <0.5

Data adapted from Geldreich et al. (1968). * Median denusities/100 ml
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Table 6. Fecal coliform and fecal streptococcus survivals in leachates fromsanitary
landfills

Densities per 100mL
Days after placement . .
Fecal coliforms Fecal streptococci
42 2.600.000 240.000.000
43 4.900.000 790.000
56 2.000 79.000
63 9.000 33.000
70 33.000 170.000

Data from Blannon and Peterson (1974)
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Table 7. Microorganisms ldentified in Commercial Landfill

Leachates

Organism

Coliform

Coliform
antagonist

Pigmented
organism

Opportunis
tic
pathogen

Primary
pathogen

Bacteria
Acinetobacter sp.
Alcligenes sp.
Bacillus sp.
Clostridium perfringens
Corynebacterium sp.
Enterobacter agglomerous
Enterobacter cloacae
Listeria monocytogenes
Micrococcus sp.
Moraxella sp.
Mycobacterium
Proteus sp.
Providencia alcalifaciens
Pseudomonas sp.

P. fluorescens
Salmonella sp.
Staphyloccoccus sp.
Streptococcus faecalis
S. durans
Fungi
Aspergillus niger
Cephalosporium sp.
Fusarium sp.
Neurospora
Penicillium sp.
Pseudallescheria boydii

I+

I+

X X X X X X X X X X X X X X X

X X X

Data adapted from Donnelly and Scarpino (1984)
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Overview on Microbial World
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3 sa e JI3all GaasaY) Jai 5 (NAD, Coenzyme A, Biotin
Jeladl)

62



WWM-gtz  sawall o peall 5 olall o ol zali S el al-sbaall bia ol g5 S

rabdl 6 () cilag JY) Cracd

32081 cililee e Jsiwe Oxidoreductases wiSa ) gasasi 1

Adal 8 J)pay
sala (e A slasll asalaall J8 e J e Transferase el s 2
A

s Ol e gl el Ham o KU Jss Hydrolases Jelgsae .3
CAdall Jada clsy )
Lplae A1) sl i) éai | yases ousald 4
somer 4udll o 55 i [somerase Jiasass .5
Jie 48l juas Jlaxinhy (i ja Bl )l 8= Ligases = .6
ATP

. Inhibitors <l 1Y) J=8 a8 55 3l g0 2a 535 138

Microbial Metabolism kg Saal) A A8 Jial 2
datia 1. 2

Catabolism a2 Jedd Al 5 4ibiaS 50 @Y saide senn g Azl Jhall
e A \giagis allati 5 4ianSl angd) Gilblee 5 Anabolism sl

3 ga g AUl Lgad paion oLy Vi ililae g 4y guianl) e 5 4y gumall LS all
L) e Ansaa ol ge S il aagd) clilee (e il dpdan 5 4l
il (8 andiud

A8 Bal) il ) anudil) 2, 2
Metabolic Classification of Microorganisms

(ST ¢y 53S0 o A s el LAl oS 55 8 JA ) A ) il

4yl oAV i) |y U sl cCan g el e g i)
ca sl (o saninall Jie ) il slS Jadi Alal) LS jal (5 gaall elid) cililenl
) 3alll pualiadl (ol S0 el ) SISI Jia) il gl 5 (asansli sl € 52 sacall
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a5 ¢((a i) (ISl el N caiadd gall ¢ Grimiall ¢ uladl) el 5SI) Jia
Jie )lisalihl Jo saill Jal se 5 by 5Y) (g0 ad 2o lise dale 5l <l 5SS
Crialiad ¢ gad) 2l gall (aala ¢ 12 o (el Gl el (5D 5 )
(LS 903 el 9070 (Ao Lu s (5 siad A saill 5V S Ll pdy) (6
ke S Cilagma 9622 ¢(haad) (5983 dy 553 Gabeal ddyiaal (alaal 063
oV gliad A8 dall Sl 4y pme e sl %61 « RNA, DNA «ilisis
sl e gm) Wb jrany (e G S sl OsSH 2l JB) G S sras
o) il dygae e ol Ay siae AleS ol se 3auS] (e 2350 Adl

S aas g Al jacas oot (iuald e adtay 438 bkl

Phototrophs.1.2.2

JURI PV S Al jaadS ¢ guall Jaatid 458y WIS
.Photoheterotrophs <Photoautotrophs
Photoautotrophs.1.1.2.2
LS s b S i) clladall Jads 4880l SIS (g0 de ganal 02
Jasinii a5 Phototrophic <lé i i Ladl i )5 Photosynthetic
G s0nY) 2 S om0 colll g 0 SU jaaeS (50 SH s
a3 Photosynthetic s swall aaaiud Al L il | g iSIBU jaaaS
Gassh J zling leakina s ANOXYQENIC GianS Y1 Gl e (5 guall oLl
Photosynthetic sl el Glasa ariail ana GaausSY) 4l Y
calladall ¢ L S il dnally i 5 Sl (o Sl i ) 5811« pigments
Gl Y Jare (B geall el b 5 (8 Laiy celall a0 g yiSIY) Jdava
a8 Jlenid e 5,081 G bl Gany ) e oY) a0 S s
(DA 2 LA S oS0 5 ) a5 el g S daxaS a5 52
9 dsa 4 seday Phototrophic LiSall alall syl

Laa (46 s ) Caand ¢ Phototrophic LiSal (e suis 60 (o llia
Al sa YL K el a5 Purple bacteria A ss Y1 L <4l
890 — 825 ic (abaid il )a & sl e o 0 Jis 58 e (5 gia
Lain ¢(iasili 1000 Mss e (abaial oail) b Jibs sl ¢ (Liagil
A ge die ¢ gl (a5 €00 5 xS Ji5 5K e ol ukadd) L S (5 gia
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Chlorobioceae, ) 4855 8l L Sl oda | jie 5ili 755 — 705 o ledsh
g sazall ()5S HaaeS G g ySI 2wl 56 Jesins (Chlromatiaceae
(ol o saY) A S Jia) sl S je Jiad s Adall juads
(S A ileS

~& Anoxygenic photosynthesis CpanSY) Gle 8 gl (L)
; b WS Gadlys J)FA) HaaeS Cpa s oa ) i S Jlexinly

12H,S + 6CO; CeH1,06 + 6H,0 + 12S°
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TABLE 9. Recognized Genera of Anoxygenic Phototrophic Bacteria

Taxonomic group Morphology

Purple bacteria
Purple sulfur bacteria (chromaticeae
and Ectothiorhodospiraceae)

Amoebobac cocci embedded in slime; contain gas vesicles

Chromatium Large or small rods

Lamprocystis Large cocci or ovoids with gas vesicles

Lamprobacter Large ovals with gas vesicles

Thiocapsa Small cocci

Thiocystis Large cocci or ovoids

Thiodictyon Large rods with gas vesicles

Thiospirillum Large spirilla

Thiopedia Small cocci with gas vesicles, cell arranged
in flat sheets

Ectothiorhodospirs Small spirilla; do not store sulfur inside cells

Purple nonsulfur bacteria (Rhodospirillaceae)

Rhodocclus Half circle or circle

Rhodomicrobium Ovoid with stalked budding morphology

Rhodopseudomonas Rods, dividing by budding

Rhodobacter Rods and cocci

Rhodopila Large or small spirilla

Green bacteria
Green sulfur bacteria (Chlorrobiaceae)

Anacalochloris Prosthecate sphere with gas vesicles

Pelodictyon Rods or vibrios, some form three-
Dimentional net; contain gas vesicles

Chlorobium Small rods or vibrios

Prosthecochoris Spheres with prosthecae

Green gliding bacteria (Chloroflexaceae)

Chloroflexus Narrow filaments (multicellular), up to
100 micron long

Chloroherpeton Short filaments (unicellular)

Chloronema Large filaments (multicellular), up to 250

Micron long, contain gas vesicles
Oscillochloris Very large flaments, up to 2500 micron
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a8 LS) 7 la 5 (o) puaddl L Sl dlls 4 LS Jalall 8 5 oS g
Photosynthetic (o swall elill L i< (e LAY (4l oo 5 L iUl

Photoheterotrophs or Photoorganotrophs .2.1.
3l e sl (e 28U aaiud 1 A AN by s gl S de panal) sda Ja
Sl SR Glaile s g S J daaS pad ) 5 4 guland) LS all (e
Purple  nonsulfur  bacteria 4z S Al g )Y L)
0L g ST il &y gaanl) LSl a2 «Rhodospirillaceae

Chemotrophs (Lstes 4l Ao Jgasll) (udg figas 2,
el 5 Ay gianll LS pall 3ans) DA (e 48Ul e Jiasd i<l s3a
Lithtrophs (chemoautotrophs) and | il a4y A giac
.heterotrophs
Litotrophs (Chemoautotrophs). 1.2.
i s (O 58 ) (5o S0 jaaeS () s KU 0T U Jeriads b g i il
Fe™, Jiedysac yuall LS yall 30uST 3y 5k e (ATP) &l (ge Lealiial
s lelel Hy S5 H, S, NO, , NH,
Nitrifying bacteria <Al L 1.1.2.
<y ) L el 2S5 o g ABL colalad) g plal) Ao il B s
N H4+ Nitrosomonaj N 02- Nitrobacter N 03-
Sulfur oxidizing bacteria <u xSl saasibss 2.1, 2.
Elemental sulfur ( S° axdl cuysSll e Hy S e saY) At 5€ Jeatas
) 8 saill o sl Ll oy A8l j1aeSS, 07 clilusd )
Lcadall
F YIS il € ) aeall <y 58U 50T (pH 2 or less)
S +302 +2H20 Thiobacillus thiooxidans‘ 2H2804 + energy
Iron bacteria =l Lis 3.1.2.
«Thiobacillus ferrooxidans « Ji« Acidophilic dsasall b Sl Jads
le 5508 a5 Fe iy N Fe?" saanl s2usi (e Aial) s oa
3auST Ao 358l Al Lpazany 5w <) 32|
Jie Jalaill da o 2ie dhagas ) 5 saaall
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Gallionella,Gallionella,ferruginea,Clonothrix,Genothrix,Liptoth
rix,pchracea, Sphaerotilus natans

Hydrogen bacteria ¢sasosgd bsiss . 4.1.2.2.2

2T 5 28N jaaeS G s el Jasios o s Hydrogenomonas Jie
sda aia s el miih Gansouel) saus] iad s KU juadS (g S
Ay gmall LS el a5 o Liad g ¢ Ay Jlgal Ly i)

Heterotrophs (organotrophs) w«éssssded . 2.2.2.2
dadall sl g . g ) 939 g ¢ st (b IS Jadd g dadll dale de ganall 38
haaS i Ll LeS 4 ganl) o) gall 300S] (e A8 daii 4 5 53 g gl
ragasall g Hsigodly kil s LSl dulle Jaliide ganall o (50 SU

As summary: Phototrophs include: Photoautotrophs and Photohetr-
otrophs.

Chemotrophs include: Lithotrphs and Heterotrophs.

Lithotrophs include:

Nitrifying bacteria

Sulfur-oxidizing bacteria
Iron bacteria
Hydrogen bacteria

Microbial growth kinetics .z 550l salll 45 2.3
Binary (s Uads¥l abudilos jSE L Sl Jie @l g S 5 all deslil) clialsl)
33k Al dane g Sl aiaall sa (opla e 4318 JS) fission
ALY ol A o Kol LA slaef 8 5al 0 | A o Sl ALK Jd 3ol ol alaey)
edinad o )3 el Growth rate sl Jare (oendi Gl e Baa 5 JS]
e s Generation time Jsall 33 e 23al) (& Cieliay (S g Sue
acinal QU ) @ e alisg Lo Al Doubling time  <ee Lol
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(Closed Batch culture — cladasysa o gais Of (Sa (o Sedll
Continuous culture saiwe i 513 jaina g ) a3 5a e sisystem)
.(Open system)

Batch culture cileds e g i3l 1, 3
saill (i a9 Sl adinall gad (U LA daulia gai Ay (s 2ic
(13 J8E) dal e (B ek Al

Lag phase (sugaill jshll) bl da 1.1 .3

OsSis . saaall Al oy plall aa Leaadd Janiay LAY o g8 Als jall 038 YA
< Sy Biochemical  4ass 4 slasS LS e prinai 84 srdia LIR))
J8 (e Gl ¢ pandl)  Glad) Adall 5 ) e aaixd A jall 538 30 anall
Ala e Jaad ol liad (Aol Ay g slas 5l dnnds Jalse o )
Cand g Agiliie i ) Exponentially Ll safide 3 (e Jii e shall)
AL Jaa) e Lalss cshalill 3558 Claa o) | gaill Cagyla
Ac) 3l 4y Alnjured

stationary phase death

W

axpodrenlial phase

lag phase

TIME

= Mlecrohnal gprovedth courve

LA padl iaie 13 JSE
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Exponential growth phase (Log phase) Ay le gl dla jall 21,3

£ 5 ity ) sadll Jaa Ly sle 8 QS Slae] a3 Als yall oda 3
cnliall Cag HJall cant (Al (S i 3l al) el Cag yla g (3800 (S
— 15 JS VS Ld ) aae Caeliaty Dad ) 4y Sl LA dae Caclialy
(2°, 2%, 2%, Geometric progression asmsia il sis oy saill (4i83 20

2"

X = X, e
u = Specific growth rate (hr),
X; = Cell biomass or number after time t
Xo = Initial number or biomass of cells.
Slo dianidaladl 8 el (e 38 e daplall ey jle 5l Jlertiny
Il aled)
Ln X, =Ln X, + pt

u = Ln X; - Ln X,

t

10588 by eol Gielaal 8 ot e 3 JuaY) 2xe an culS 1Y)

ty =t/n

M is related to the doubling time ty by
Ln 2 0.693
M= = _—
4 ty
Fanaalal 5 blaasl Jal sall i ST iy e gl gl Al e 8 LAY

Stationary phase ¢ sSed) sl Sl S ) Euy) s ye 8 @lli (eSS
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Stationary phase GsSed) i &) ol <l dds 0 3.1, 3

D gl pdaiost Y 488N S (Y Ll Als e Y sl LA o
il s a8l iy iy g JIY) e § bl (8 Gadil] L bl <2 gaa
azs Jie) Al Jiall gl b g8all Al Al ) 55 08 ) il

LAl A je JOIA i (A gead) ilabiaal) ecilay 33Y)
IS qaigmall ((Lellad o LOAT) & oy ¢ 315 Al gad) Galla gai llia (pud
il sk

Death phase <isall Jsh gidda s 4.1, 3

e ol S s Sl adinall (8 LA ga Jane s jall 028 SO

e ailiyy | LAY Jlas DA e ot LAY Cise | SN of saill Jana
o=l lay )y AU 5)S) Al Blrall L83 1Sl iy (e ae I e oSl
.Cell lysis LA Jla3 & sy de ) 3l 3 jlSe

Continuous culture of microorganis 488l Cililsl) ¢ 3 paiuall ds y3all 2 | 3
8_yidl oy jle gl gail) Al ja (A BB (AN (e Ao el el R O (S
Aty | anall o Lailay s Laba Ja glie Jelie 8 USAY) jaid) gailly ALl

G delin e 8 jlbe a5 ((14055) Chemostat <liv seS o Lo 1Y
'ﬁj.ﬁbdb;\ ujde}.ku‘ dAlS

71



WWM-gtz sasall G peall 5 sbaall o ol i 5 8 gl yll-obaal) L 5l s S

Sl Sterite medium

o Ty T e o B U, N . Watva Tor fow
(~ rate contral

Air inbat

L roculat ion

and air outlet %

-"‘.- L 3

Siphon overflow

=

Growlh chamber

Chemostat for continuous culture of mi-
croorganisms. From Muarison (1988a), with permis
siesn of the publisher.

da8al) ALK e B el Ao el iUl gaS 14 JSE
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Al Jal sl ¢ gaill 3aasall 3 ol Flow rate (8823l Jass Java ) ddlaYL
bt pH GenoouY) Gl S8 aolall As s comaSY) (6 sl Jia
V aaallsdeladl N Q damars Jlaiuly Substrate  dsalall saldl)
bl el ¢ D cagiall Jane  oall SN e X 38 55 Sle s sl

P Aalrall (8 ekt Sl yued) £ e 3 Reciprocal

D= dilution rate (time™)
V= reactor volume
Q= flow rate of substrate (liter/time)
T=time
P 4da s (Sa 2908l salll Continuous flow el @3l Jelss 8
sl ey alall
dx/dt=p X-D X=X (n-D)

I sl Jane aSa 83 sanall Ldaall o) gally DaeYl Jane o Asbaall (e el

LAY S 55 8 Gatill S | e e ST D S Laie
Adabaall (e it X S 53l Mass balance A< ¢ ) 63

dx
V—=puXV-—QX

dt
M max [S]
= XV - QX

Ko+ [S] °

Q M max [S]
Atsteady state dx /dt=0 —> p=D= =
\Y Ks+ [S]
Y= growth yield S: = influent substrate concentration.

S.= effluent substrate concentration.
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Ta iy lo Bl iy aal) 238 (b 5
Measurement of the viable numbers of microbes on solid growth media

—.,1 Jwxiuly Poured plates 4 suasd) Gkl 46 )l Jlaxinly a8 sas)
(b (8 paiall Jla¥) Ay e dalagy 40dls o Gy el Blae ge dle 1
b & Surface or Spread plate Ja¥) zdas o ol 48 jhay i ¢ 5
Colony forming unit <l jesiuall G sS53aa g die jany (el 22y il
300 — 300 Lo 58y Gaall (8 O penisall (e asliall 22015, (cfU)

e &l Membrane filter laall clald yall Jlantind Loagl (S
a gy Siall mbojell A e Al il 5 Aal) (e CaddS 8 Dl g Saall
Al @ jepiesall 23e g pant | Anilie jlal Ay e 8 pdla (Uil b jal)

ALIL 3 sael e Jies ) e Lo

Measurement of dry weight <ilad) ¢! (3.6
Akl iy ol (OS2 il ) Jlie e DA Al ) a
LA (0 oo e 008l Gl g e 105 2ie Caiag g Al (5 38 5l
107 - 107 ¢ Lo ity gy S o5l WAL Gilall 551 da s, ilal sally

'?‘ﬁ 10-7-lo-nuu\.acj\)u&"_i}a‘)lS}JY\u.me\); 11

Turbidity measurement 3\l uld 7
Spectrophotometer _ie siss yiSaw Jlea aladinly LIAY (3las s lSe s
Gy Saall A0S MacY) o L d8de @lia | jaliate | Claa g dic juag
Gadall 5 aall Balally Jilaiall sl cang IS e 5 L S Bleal 3 Sl
Aaet ) el jall dan i (e (ol inia (e o geall Galiaia¥) (il 8

74



WWM-gtz  sawall o peall 5 olall o ol zali S el al-sbaall bia ol g5 S

Determination of cells biochemicals G AliasS gl 14830 8
Jie L8l (e (pma e Ja a8 SIS (e A5 Saall Ao ) Sl gad (il (S
ATP, DNA, RNA sf ¢y sl

95l sall) o S AN & lasl g dalall () gal) 9

Substrate concentration a3 Wl Jeay Al 3alall 3851 . 9

m Y Lede Jamy (1) 3LV 35S 539 Specific growth rate p. osee a3 Jaga G A8l
R ARPIA cm;ﬂ S

Where

U max = Maximum specific growth rate (hr')
S = substrate concentration (mg/L)
Ks = half-saturation constant (mg/L)

Specific (el saill Jazaonic (3 Substrate 33l 58S 5 4 K

I .Substrate sabell (A A3y Lo JSKS LU max/ 2 s s growth rate
d‘“\}’d\ R \AJ.LG} U)"Jﬁ\ Jas :\:\QJ.U BJ\);AL’ \_)Ssm KS 3 max
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| Slope = H:-nl'p.rl-.h.

|

| 1/ max

| /

!—I.-"ﬂ5 1/15]

| E

‘Fig. 2.14. Relationship  between  the  specific

lgrowth rate p and substrate concentration £ Monod s
I.ﬁutu: Alion Curve.

Y Ledde Jany 3l 8alall 58 515 sail) Jna (s 283 115 S
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s e XS 5 5 ySaall il o g Al daled) dal gl s2a) (a5 ) sl
Lol all (e gl s Jae (8 o O (Sad) (g0 (25 pSaall gailld | oa g Sl
¢ saill Biall da il o alaie Gy 5ie 100 0 p ST ) beal) s oy
Psychrophilic <l s Suw s Mesophilic @llé s e ) andi dadal) il
B35 ¢l e 55 Thermophilic <llése jis «

Al s 3 ) adl Jasi g Saal) gad Jana

n=Ae"

A = constant

E = activation energy (K cal/mole)
R = gas constant

T = absolute temperature (K)

5)a e saii of LeiSay Psychrophilic 33 5_all daall iy 5 S0l
Aaiie Agiad galeal Gedlle o o s sing g lall cLiall Y diaidie
oalal) e el 3l Lai celiadl Ay BliiaY) e acls il
des3 e Thermophilic s,loalldma J) QUK ae by dadial) 4aal)
Llai g gent N qa Al el die P paiill | Al 5 )l
QS i (A i ) sam 1 5 Sl Y Aals Gl s 5l Denaturation

A 408 8yt ) gag sl 5 e )

sl 2.9

PH ceaooa¥ sl 385.3.9

SE) gailld (Jalatl) s Ha die 3ale A5 AL Calalaall dua ol sl dallaall
Laia aiasls Lpdans Of (e a2 ) e ¢ pH 7 4a 0 2ie 438 culuslsl
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shilly 2 e 8l pH 2 a5 Sulfolobus — Thiobacillus, Jis
el pH e Wi s 4 53 bl 5 S8 5f pH 5 2ie dpcaalad) 250 Juady

s A e i) pH o=l ) o dale by b S 503 7 (e
CLASD (any a5 (i Sl Gadla 5 4 sl paleal) ) 22 Sl
PH iy .llakall s Nitrifiers 45 il LSy Jie 2andl pH - (e pd 55 43l
D abidlld e s il glasl i e Sy g pSaall e ) DLl e

Al Jals ALl o gall g cibdsal) e

Oxygen level gausY) s giwa 4. 9

A ga ) il gd . panSYI e ol asa s (A saill LeiSay 33800 <)
Jazing 400 gol) Aadall il | Lais 30 Y s o lial 3l Y s dlaia
Jia JAT gy Jifiine a2aie A0 a5 il g SIS JifieneS (Y]
Zhia¥) daas Gl (e | s SU ST S0 1 el il ey ,S))
saill GuanSYI (e paddia 5 sime zliad s Microaerophilic  guswsU
il Aalie Al Jrat Ly 48l sl by g jSaall (8 ¢ IR Leliiad JOA (e
oY) @Bleiuls il sl

Super oxide o (ST saall Jie dabos LS 3a 05 GaansSY ()AL
<o 5 Hydroxyl radicals sl (Hp Oy) ossson¥) ansi G585 «(0,7)
1Sl 548 Ol el Liaadd S cla ) Ll dadall o Wikl e @l
iy 2ST o gl L ¢ S g pull g Sl ey 3l il cpa gy
DS Bl e o Al Y aleall Superoxide dismutase s ik akalis
n spennd 2T o guill g

Superoxide
- f—_— >
202 + 2H Dismutase 02 + H202
Catalase
2H,0, — > 2H,+20,
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&l bl

Aalal) dauall Lix ol g 9 S0a
Public Health Microbiology

2 siall Gl e o e g oball sl oaall anll e ¢ el AL ¢ jad) 1a
Lalad (280 ) oS5 a8 & gl 138 5, 45 sl olpe 5l Al paniall (8 L L
c.ag\gajwu-a\fbm\@%@m\%mbg&)wd@\@
M\dsuewmexCADQAUMA@\PQMJNJMJM”
e oliall = 5 A ) (g3 (5 oY) Al N Aiadl e dallaadl il slady
5 slaall 03 iy g (al ) Clasuead Aldla ) 3 Y o8 g Aallaall Adasa
ainall 3l al Y

A3 A (e el Aasall (g L 5oa ny olaall sl g5 AT Jlaial llia
Lol ) 6 1) A L) (ol 5o e Jl s 3555 51
0555 Cross Connections asas aes Jalall L = Al (e oy dga g

58 s S SR L) (gl oyl At 5 el J 53
ASual) s 1 b5 slal) e adlad¥ yal il SIS St IS,
At ol o3 Sletne 1) a5 Sltonn S 3

I Led a2 olaal) 5l syl 5a Y1 2 JiiE (o Ll (S el (145
S sahall Clalie J gom gn s 3lad) AaSae sl b AN MR ey o Sloll
aas ol Yl e piSlAlala (oS5 8 Al (S g adadll) 4 yall il gaall
O5Siades ale Ll o g dagaia 46yl il Jal) dilay Hlaia¥) aae
Ll 138 JYA e el 138 B jran g, AailE ¢ 5 udadll il ) JlES) Aa
O Sl (g (o Lgilasnsa 5 (il 5aY) e Aanssa 5 S8 e | (3 ylaians (52
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Aaia ¥l @i & S ¢ asall ol adand) jaaall cld sl (5 Hh e Jiis
Led oaall Gle¥) s Guiad g olsall LnSla (g 28 Gl inal) (e IS
35l Gz Hla @lld ()Y il el 2 e CRSSH G5kl (5 ki () aadally
slsall a5l g 5 ySsall Jallaill e J gisall 5 38 (5% ) el (10 @aalls oS
ot Layy il asil 1) 5 25 )l shall a8 Lgie RSSD (3 kg ple e
Jerall (8 1ghe azy e il
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slaal) A clylpdlall g cilia yaall
Pathogens and parasites in water

Elements of Epidemiologyais¥) ale jalic .1
iy ladll a1 .1

DSl (y sf aaianall 8 dpamall ial o) Ll Al 50 58 4 5Y) ale

& Osaadially AT ) Jile (e 05 Of LeiSay Sl (o Dpanall (al jeY
aalsi, paleY) el B aSall i aa 50 agd Epidemiologists alal) 13a
¢ Ol i with the disease o=l 38 sae s a5 Incidence
L Cre (b3 die el 0 JEY) A 8 Prevalence il s liny) Laiy
055 Leie Endemic o5 bain (e 8355 (580 Ledie elyg (2 all 58y
AN e el LI ) ess Pandemic paddie 335

Goboe) Jdsdadelns, g oy S Jilall Aaales o Infection
soall Ll oanlly . Jilall Jala (el ( aladl ¢ sl Sleadl 5 elaad)
o= el 05 Subclinical 4 p e a5 s3e oo (ke 5l slhia (5 52)
G Yl geaz )l ey (0 el e Jilall b ) o e 5oall
Siad . 5_aUall (s saall Ladant il e liall (pe da ol il riay (1 ¢ pial e
3l sl ye (al el s Enteric viruses 4 szall il s il alies
Ol ¢ Glb aas Healthy carrier  gosaa dela a3 jala il (5 saally
il (A o AY) g3l i juas Jiey (m all dlall

Ll iy (e Glaal e (i e dalal 308l 4 Pathogenicity
A Blal 4pne ¢ dulia Jilge saxd ) capali Loy ) A gaal) 438l s
oSar Glls Clinical 4 paloel e sii M a5 @l ¢ alla a s

de all Jadi ¢ Adlise Jal se (o aaing (2 je s gy, A sgun Lgilaadle
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Pathogenicity (el &iaal e 350 3 ¢ Infectious dose s y—dl
LJJL@-U\&MJAAU@‘QLU&\UA&JU\B&J‘;Q} w\&\}d\ ¢ Jiladl ¢
L Aol (o shane (el i e s Opportunistic pathogens

Chain of infection g 4l 2 . 1

Aalise Jalse e el b (it (5 g0 Shaal Lo a sl dule 58
o Lad S ¢

Types of infectious agent gaxall Jaladl 3o i 1.2 .1

L yaal) Jalgall odd | D (a ye o Lay ) dgasall COLES) e yaall
pli | il gl g ((Oluall) s bl ¢ 5559 sl ¢ hadll ¢ Ly SO Jads
ol e e o Virulence  Linl i o adiag dia el Jal g2l
Ao 015 Jalall (g duza yaall Ao adly T i Al 5 Qi) (G (a sel)

Al e Ceadl adiad a gl Elaa) e 338l 5 | a gal) Elaad g Jiladl g ganl
Minimal infective dose (MID) 4w de s J81 |, 43l & sanall Jalall
i salluall 4, illy Slied Jislall 5l i paall £ 53 o By i
On Gmdhe G BT 8 ¢ A seal) Y Sledis ad) 5 Salmonella typhi
OS5 Ol S W il e e e B Ly ¢ 5 9l GilaaY 4 3Y il
Ol il ga 5l 155 555 ) By s (e Sl LA 10 () Josl 5 i
s o anls ¢ Glug il st Ay | (g ae CalaaY AIK () oS L
ST e s (e gane pren]7 Olhiad, (alasY) AlaY AlS Clasa

(1. Jsx) ssae Qlaay
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Table10. Minimal infective doses for some pathogens and parasites

Organism Minimal infective dose

Salmonella spp. 10*to 10’

Shigella spp. 10" to 10°
Escherichia coli 10° to 10°

Vibrio cholerae 10°

Giardia lamblia 10" to 102 cysts
Cryptosporidium 10" cysts
Entamoeba coli 10" cysts
Ascaris 1-10eggs
Hepatitis A virus 1-10PFU

Reservoir of infectious agent gaxal) Jalal) gagiwsa . 2 1 2.1

ol a5 ganad) Jalall (e (o 2 ) (oa Sime ()5S 3 £ sl

¢ Dlm peall o 3aall g o giasa 5l (500 o8 Gl aun SN 5 oL
Aol Gl gall | pall 3553 sl (5 ) 5 pin (add — (add G oSl
¢ Rabies el Jix) Gl ) e el J g siseS aads Loagl 4 )
« Antbrax oS! 55 « Tuberculosis dud! « Brucellosis us s st s yall
<=3 ¢ (Toxoplasmosis LSt suS il Leptospirosis s silll
Jie oa L) g sinuall s Gl ) ol seall e JBi o (Sae 5| ZOONESES
Sl sall Alela 55 o Lmd (S 2 il ¢ ol3all ¢ ALY chlalaall ¢ olal)

s yadll

Mode of transmission J&i 44 3.2 .1
Laanl YIS a5, diladl o siaal (e (sare dale Ji Jady JlEY)

ool ) ) o0 sisall (e JiE () Sy il el | (5 saedl Al 8
Adlise 3k
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e sp sl Jal gall W T g3 iKY 35kl Person — to — person
¢ daiall (el Y1 ga palaall (el JEES Jlie Jadl | jadd ) (adld
>3 Herpes wwosed) ¢ Syphilis a3V Gonorrhea  o3d) Jis
e G s M3 = A Sneezing  oshalls4aSl ae . AIDS
ol skl 0dgs JEY) (M3, ssae)  Jiadl e aldl auzay yie Gl el
sl el JEEI JUES 3453 Glad dyaaal)

Waterborne transmission slsall culal gia Juaii) 1 |

R s oo ddaul 51854 Hle Case |y (I oSU Jie oluall il sia Jlam)
g b B b e ol gl 5 )l s8I el g (g Le A83e BaaY (5 )
- pand Gn oeadll 3yl Apaaly Gl oliall Al g Gy iyl (il 2
sl Laidll ey (a1 JEmY ad s

claw Waterborne disease out breaks sbwl) culal g (il yel ciliiia
111.228 <lad s Qutbreaks (~idis 502 ) sedar 1985 — 1971 5l JSa
clie ye Aol sfdallae e ol Jleaind ) dan) ) CilS 5 A je dlla
e Ay saa ial el o8 AaSLEN Db gall g ndand) olaal) e 33l sl Ll e
2y Lgie | pea) Outbreaks clbudisiall Jaza g, Lo jladl Lgia g Cunall 32354
Ostle [ VAN 23y e Tyuna) iasall Jana s (ol aU531000 / Cibadiiall
(11 Jsan) olaall jaghali sy madi iy (i () i — (i

Table 11. Effect of water treatment on outbreak and illness rates: 1971-85°

3.

2.1

Type of community water
system

Waterborne outbreaks Waterborne illness
per 1.000 water per million person —
systems years

Untreated surface water 325 370.9

Disinfected-only surface water 40.5

66.3

Filtered and disinfected surf-ace
water

5.0

4.7

*FromCraum(1986).
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Foodborne transmission s)d) cuialgia SB35 2 .3.2 .1

¢ oo o Aadall s Bl (al ) e el JlE) Al € Jary ¢)321)
A )l clileal) (e iy o132l Gl Abalall Glanall 9 15 559 50 ¢ LG
3 gall 8 s gl llalall 5 Clia jaall e sl | Saeadll ol ¢ LY DA
psalll g sl ¢ cplll ¢ &g padll ¢ Shellfish b laal) (e 251321
wtb 050 dS5 e elaall Ll Aala ¢ a5 jre D a5 da g il
Coan) Ul ) L e Al gie Loagl AL COlalaally &5 slad) cul g puzadl)
o2 JUH) jlalae (Gaitlas (o ¢ GuolSuY baaW) ¢ Ol salladl ¢y il
8 A Aallre Aallaal) AL clalaall ansins ) Jsall 3 e (gl Y
Jraladll 5

¢ Clams <laladlc Qysters «ldaall Jic) Shellfish @b laxll
LS e Gl il e Jalss a (Mussels (sl @) clsa
AV Gl Gial a3 dala B a5, Glaall ¢ 585 e ad

All) clalaally 46 sla Lol gl A (i (1

ClaaS 227 JMA (e clilighall g Clia yaall 3K 53 gd e il Clidria A (2
Z A Al B e lerdn s e o138 (aDlainY Lgabual Jala slaall (15 1S
Sl el & ) a8 aily HS eh 5w ol A 5l JS5 GlLe (3 ¢ Lealual
Laiijo Al aa jpamding, (A8 eda ysn L B ke JS S5
psenall S 3 Je Mollusks <k sa i oda 5 )08 (e ity by jlaall Blgiuly
Jala dadial) o) gall g lanall ¢ b gr S5 Haell ¢ ALdl alalll <TOXiNS
(FRREN

Airborne trans mission slsgd @ldlgia Jai) 2 .3.2.1
) selly JE o Sy ¢ Ayl (ymal e (s ¢ Q (oen Ji) (al Y mny
Caliall Aallae Cillana (e oS0 a sl sall 33,01 J5 ol 3kl 1 |

Al clalaall alasiuly (51 sl e o Al
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Vector — borne transmission 38Ul cialgia JE3)  3.3.2.1
252505V Lo s L ST (e (yml Y] ML Gy e (al e ) )

( Ladaal) ¢ DSl ¢zl @l ¢ Jie)  clliadadl o (sl ¢ Jadll)
MLy Jais 3l eal eV G s 305 53,Y1 Jak HSE Y Ly clia yadll
iiallani¥) 5 o) jiaall caall (assa O a) LSl (i e il )

Attt JEiy g b (2 pe) Jland) ((and Y e LaadS) Encephalitis

(ool Clan Lad 5 QIS (e duae

gVl ¢ padlall) Jiedn e oLl Al g JE55 O (Sae Gl yaall gy
(d\sﬁ:‘)ﬂ =l ¢

Portal of entry Jsadli ki 4.2 .1

sl 300 e Lulad Jilall 11 Ly ke aa3 o Sy Aa peall Al cHlS
Sl Jia) - Apadiil) sLEN ¢ (L iS5 A grall il g jill) daian)l
o suSaa ¢ Legionella Sisealll « Klebsiella pneumonae Lz s«
iy i glS ¢ Glises >l Ji) sl ol ¢ Myxoviruses
«Clostridium perfringens (i 8 » s i S ¢ Clostridium tetani
Loy 3588l 5 7 5 yadl Ol Clia yaall aa Jala sa alad) O e e Il e
ikl Jals ) 3l e Jeass

Host susceptibility Jis) dsslua | 5,2, 1

Jal gall Jilall G glia (AT 50 canlitanas e Jalse 5 acliall alai (IS
Aelial Acquired dmiSe 5 dpand (585 Lay ) (sane Jalal delial) Zpaedl)
ST Gpuall Sy ¢ Slaall ) el ¢ uinll i Cilins 5 Uil 5 23a5 dpaplal)
Jlall mdall 5 ) danall 5 ¢ Ao sl Aladl (1 gl A

O s saall Laula ST ) LS 3 ) daall (553 palasY)
Jalad Jiladl goa y2 A Law dpeakal) delial) | elanal) sl (alasy)
a1 Cpiall CLSl i) A5lS 5 585 ) (S A€l Ao il 5 | (sana
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s a2l DA e Liall aluaa DU Jladll L) Jia) Allad ol (&30 dpelidll
(e dale

MJ@\ Jal gad)

Ol cdnlia pe pH Aa 0 Ji)  Jsaal e die da o) uad a5 Je
¢ il s _Saall diae il Led (g AT il slasS 5 danala ey 33l ) ¢ o) iall
Cpealgall anhaatig (sl g8l (8 Apalal) KN 20 Competition (Ll

.Phagocytosis 4w sl slua¥) cilalive dau 50

olaall 8 Laa g g (Saall g Aran¥) Alilud) cildliial) B 32 52 sal) cilubidhal) g cilida yaal) 2

AL el asale aa) g1 bl g dca yaal) 48l LK (he 2l
sy Jaial S Wy, Ablad) cilaliall Aadles cilana (e dallaall z3U
IR (e el 5 38 J5Y1 bl (8 S0 LS dglall jobiadl) ) cilalag)) ells
Hanall ol gall o3 (o et (o g A (6 HAl o 48y Hhay cHlalAal) o gean
Lt A (yml 5a Y1 IS 5 A sl
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Bacterial pathogens 4 eall Lisdl 1, 2

S S (5 gimall 5, ala /LI WA e T 10 (a5 siad A )l ol sl
Cidia ALl Sl b il 551 969 (s Jia A 5l ol gall
A el ) i Ll an
, Aeromonas  (biss ¥l Jie)  ToLas) 400 sa 3l bl el bl <l 1
Escherichia , klebsiella , Enterobacter , Vibrio ,Plesiomonas
Shigella ,
« Alcaligenes « Pseudomonas dJis) 43 sell 5 ol jad daa gall Ly 5S4, 2
.(Acinetobacter « Flavobacterium
(Bacillus Spore — forming adl = 058 Al s ol sl o sall L I, 3
Spp.)
« Rhodococcus , Arthrobacter ) adl s 0sSiY 50l A sa b iS4, 4
.(Corynebacterium
CSaall (po 5 D Az ye oS5 Ly I L S a0 Y aaand ) i
12 s o et olaal) (ke (e 8 il e 5l 3 pile JE O
Nzl ¢ 1ol S ¢ il ea Jie 4 e (5 930 il Glia jegl) 02a
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Table 12. Major Waterborne Bacterial Diseases

Bacterial agent

Major disease

Major reservoir

Principal site affected

Opportunistic

Salmonella typhi
Salmonella
paratyphi
Shigella
Vibrio choleae
Enterpathogenic
E. coil
Yersinia
enterocolitica
Campylobacter
jejuni
Legionella
pneumophila

Mycobacterium
tuberculosis

Leptospira

bacteria

Typhoid fever
Paratyphoid fever

Bacillary dysentery
Cholera

Gastroenteritis

Gastroenteritis

Gastroenteritis

Acute respiratory illness
(legionnaire's disease)

Tuberculosis

Leptospirosis
(Weil's disease)

Variable

Human feces
Human feces

Human feces
Human feces

Human feces

Human/animal feces

Human/animal feces
Thermally enriched
waters

Human respiratory
exudates

Animal feces
and urine

Natural waters

Gastrointestinal tract
Gastrointestinal tract

Lower intestine
Gastrointestinal tract

Gastrointestinal tract

Gastrointestinal tract

Gastrointestinal tract

Lungs

Lungs

Generalized

Mainly gastroint-estinal
tract

423L3) 5 Enterobacteriaceae s

Salmonella Seigalld) | 1.1 .2

o L 5 Y Alile ai S gallial

S @lal | (m eall 58 5 ¢ Serotypes 2000 ¢ ST ey Al b jLasy)
elaa¥) Claill 5 5851 U 2 o8l cas o 4 5 AL lala) b L)
100/ S8000 () dasiis guaall (s Lo = ) i AL colalaall 8 Laalae
LY Sl A Le g B U salldl agaal (55 Sl 50 960.1 o L5 L
ehaad) &gl ) aa s (Sl salbad) dsand (31 (2 yall) (o) 5 ol gallial) Basiall
< Salmonella typhi . alaa¥) ad J) 3 Y o pall sl o g allms) oK1
5 il Aa i€ Sl nd manal (5315 Can a ge 98 5 25l cead Cusdl)
i o aall g pSaall 138 (i il oIS olaall Al ol ghad yy da
okl iyl 1) gl L 5 Jlgn) 5 4ind ¢ (eand) oy (5301 5 (S 53 50
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B eIl gl e A el QA A saad) cilaliaally culial)
13l 4 saii of (Kay uliaYl o2 S typhimurium ,  S.paratryphi
) sl Cannsi 5 5Ll

@5 ¢ 5 sma il s S enteritidis « S.typhimurium  Jie sulal
bl (B parall 5 JlenYU L smaan (555

Shigella ¥sgsad. 2. 1.2

Sl Csnimn (230 585 ¢ Anlius Ll Lyl goll el Jalall (o8 Yoo
4 Mia 5 elaad Ghall (55 sSaall sLiall & 515 el e il pally o same
« S.boydii «S.dysenteriae ¢ S.Flexneri 1% gl (e 4nia yo elial

A 5 pam y0 add ae il Seadlilly JiiE Glia jeall 238 | S sONNEI

Lo Lo 53 duaidia Yogmudll A jaall Ao ally 31l e pl a1 2 10 s oA

b padd — oad S Guadldl) () (e pe I e s by Sae 10 0S5 O (S
slall 5 1320l 3y 5k e JEBY) 8 ¢ s ySaall 13gd JEBY) b ) By k)

lu sl 8 Vs el (565 (g A ghe A sall obaall O aa g Sl Ll Jans 8

OV 8l L S e 81 i) Ca g lall s Yozmaidl 5, 123051.200 Jad 53l 5

Cliby 2 g Y el e g i) )) ruall o (oda jall g jSaall 128 455 0l

Ciasall 8 dadleall AlLW colalaal) g elall (e adll ) g saa) 63 (e A0S

Vibrio cholerae 1ydsS s158.3.1.2

D8 el Basb e 3uS As o JEi dyiate & pae o el Al b 1S o
A\ PYPWEN |3 PR SR PR RTSAC DY PIN QUETIRPL PR TN g ¥
o Ll axe eat Il o (el jual Cd g SRS ) (s05 28
13, Lol OO 5 K 3halia L (o siie (e 431 W) L ol 5 asiall Y )

o e 100/ S 410 ) 10 (5 gy AL clilaall 6 aa) gy g ,Saall

il 5 1l & e Al g ol il el Ll cal i A Al calala)

Gilalaa 45 gla il 5 paimd MELY dabiae Sy by g m (S Cila

¢ dlall o sall Ao dlasa g 30l 8 Lapda 2ol 55 L iSO 028 oauall o yuall
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Jis Phytoplankton s Copepods  Ji Zoo Plankton J adiy
Y ads e aal 58 Ly Plankton @Y sell daaladdl U 53S0 038 5, VVolvox
Al s Sl cad gilaaSle Sy s nonculturable Wie! ) (Sa

fluorescent - mono - clonal - antibody 4& )k

E.coli ¢¥sSbdugini4 1.2

slaal) 8 aal gt ¢ jlia e Lgie i ¢ oY oS L il e SV e dxe
Y s (g Ba0wie Cilapa s | dlall Al Culd ) gaally lesDU dadal)
i s Virulence factors saal) Jal e Jaat Al g oo oS Ly i)
o e il 5V oS Lady pdal e O Yoo lia g, Jleuy!
enteropathogenic ( EPEC) L s (= 2« enterotoxigenic ( ETEC)
eleadl daaledlls enteronemorrhagic  ( ETEC) L of WS
& sl 3 el s Enteropathogenic E.coli .enteroinvasive
2 %8-2 A, (B okl (B alalily el cmian Sl Jle
Al s Enteropathogenic ad s slall 833 s sall (Y oS Ludy il
138 Jo 8 lege slall 5 o120l Traveler's diarrhea  iluall Jleu)
(S 10 010 asas G pas e le sidle dimseall de salls i sadl)
ale 1) 5 Laladld 8 il ole (he Gua el CHYSL (amy il e 8l
Slo oale¥ el (8 L uilS 51990 slid A (5 e «J 5185 1910
Al B o) (S (Gldg4 ¢ Jen) A 243) Gl (e S 2

C D ole a5 4S5 & I8 8 uAY)

Yersinia Wi . 5.

ge slaa¥ly el Gl (e sala @Y e A e Y, enterocolitica
Jazy Al () gl sp aad) | (Lall) A58l olaa¥) (e V) ¢ ) daales
AV o 0S8 O oS Alivaa) 5 4l Ul ol (el e (ST 2 glaS
Baaiall LY 8 lll (8 g jSaall aal g5 Jas o) 8 g sSaall 13g] 3 s
J8 e Jsadl ga eld) f At cWls Glla (Klg ey oWl 0
(2°4)  Aumidiall sl jall dic a0 5535l conall g Saall 138 g Suall
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a8 | adliae Ealill Aol adalii ) OIS (S50l ) sl 8 J e a3l
(o pal sle ¢ LY ol Al laladl (e J e g Sl

Campylobacter (e.g.C. fetus and C.jejuni) Sk sksals 6.1 .2

ooy Aaliveall Gl pall g GladY) a4l Cag yma im gall g Sl 12a
Jai g (o ¢ Jlend ¢ 0 Dl oW1 caini ¢ (an ) s (s e )
Yl a3l g 3 slal) sluall ccpad sall e Lubad & gladl o 3all Lyl )
W e g Baatall LY gl 3 (g small AW e Quthreaks (dll (e 5 S
L sanll jacae Ll Caagdl Jlad) &l jaed (e o Cilanall (e el g o pi) olia
A Sl Al clalaall dpadandl sball e il slae (30 g Saall J e 23l
O adaid) slaall e 4l e 5 Digested sludge e swagall slaall (e J a
(= 90 39 Lein doa 0 Dliall (e 9055 <ilS 5 Hlaall da sdus 0 5 S A Hay
a5 L Sl ool ABNe lia (Ko aly | Ll 8 L se Siligal)
0l A S Ll 5 4 5105 A0 (580 g S5 — IS (5 5

Leptospira lomw sl 7.1.2

o sl Aall el A Jilall ) Ll yla a5 0 pphem Cunig pians (A | yans 5l
Jeadls MU anay (ull g aall ) diay g jSaall 5 Aphalaall 422e ) s
cAnailivead I gl (a8l ) )sall e el JEi O Sy g (oaaaanl)
12 O el lalie 45 gla olyay aleain VU dled Lallaall Glusy) ) ey il
Crlelall () ey ey s () Ol saal (g Ji 0 (Sl (3 ) (22 5l
ba B Y Y el alaia Wl aag of g pSadl) a5 sl iyl
Al colalaal) 8 al ol sae

Legionella pneumophila Swisgsaslll 8.1 .2
P 41976 ple e JsY Chaays ¢ ubisad (e e Ly S 028
b sl A (S5 alall (5 53,01 QY (e 58 G all 18 Ll LalaDld

Gy By sl Sleall s Jsall (5 mas elaa¥) Gleil) Jady Loy 5 42l o 48
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ki gallly Abad (s AT 5 5 o4 5 Pontiac fever @i s oas (oo e
o 5l oy Loy ) (S el (L &Y (g i ¢y il yridy L

OsSa 38 000 a5 31500 Gaob e el i oy pSad) 13 5 23l
ploall (& (2l Gl 5l i) 8 ead eadiSill 5 il ol ¢ 2 7 e (U
Lnanal) olsall (g Ay sansall olpall 58 2 5l ) 5 Aonailly S syl jma g
35553 O3 sl 3 S sy Aasiieal) oyl slse |

Ligionella pneumophila serogroup | <

o8 o) il Bt a5 it o (S0 eyl s e (50
b ol @58 A%l (8 M gaalll 3 ga 5 (e im el Ly 0 (S s
ASat 8 il 3 mliail gan Gide (i el Ll Jaa o) Sl g cilingl)
252 sall (5 saall aldll aliaall D saaalll Juadil (8 oty Lay ) 531 5 2530
el ya) e la¥l Vs Caadti) 1305 | JAIA) (e ASLED sl o jlan e
Al sl of ¢usy Hyperchlorination Sl e sISIL sl dlee
Sl ane 2 e ST 5K (a

b N P e P O (G Y EOO IRV (PP B P Y PR WP I (YN
da i L Jasi ) Al Colalaall L8 o sa g s Al giad) olall Jaii g dpmgalall
ity )l clelall G saliaall aluaV1 il gie 33l 5 JAY) e 3aal
Al claladl

cs A LSy adalii jb e o (S ugSaal) 138 Dpaplall Al 3

) seaall dia g (pa 23 138 5 Lusa¥) 5 puimiall ol 5 35 o) yumall (el
(i pall (A8 48 Cas a8 ge A5 Aladl )l jall s pH (aliaal ¢ IS L
g e le Gl S salll gai e sl e 5,08 155555l o s
Led LSl Gamy 155550l ae e ) 3o (8 Ligaell o2 LS Jas o ol 2y g
e OBl Leie Cung By Jleatinly D g lll ST 5 gad e i e 5yl
ol e Led e &8 (Al Agd ) 559 el L S (00 9032 - %16 «psSall
i galll Guial e sladl) e 5508 gl aa g 5IKIL Aallas
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A pall 5N LS, 9,1, 2

Al i) aiti s ol ad Al agd g 55 piel L S Jadit de sanall o2a
Pseudomonas, Aeromonas, Klebsiella, Flavobacteriun,
Enterobacter, Citrobacter, Serratia, Acinetobacter, Proteus, and
Providencia.

AW LSl ALl e had 315068 ) seandl (e Aima CilelUad
Loy s Saall 03 | (aa pall 5 ) HLS 530 6l Jhas JlaaY) Jia
e gy Al (5 oS5 g bpiinaally ol slae (83 S dlae by aal i

LS ey Aledll ol olie (8 sy Lgia planall 5 ¢ a5l 4SS
el s 3 s Non-tubercular mycobacteria s ,aY¥! 4 ey
il slae Luald e il obia () 2a g 3815 (5 AT Ul el 5 s 58
Ll o3 gai pe i ) iy

4 gaal) clabizaall da glBal) L il 2, 2

LSl (e 3 S dlae ] () steny 4y sl Cilalizadlly 2 3le ) siily Gl i yall
pebonS dlacliz ai byl eda 5 | elaal) (8 4 saal) Claliaall 4 laal
Lasliall e A gl cilially | ALL cladaal) ) Jeai La Wi 5 50 )
gkl cads (Rfactors) e Sl e aal g5 e 4 pall Cilaliaall
) zling A5 ol )Y IS e AT LSy ) JEi o ¢Sy edaulial)
Lal (g Apanl Led 0585 48 (daa ye Alual) Ly S S 1) iR aadls
Aadall QWK 5 L Ay gaad) Clabicadl] Ak glial) dpald i€ LY dalal) daall

oAl e a5y gl A 2y 355 Gl el ot £ 500U A sl

Chalaally iy jall s A o Slall CallSs (e 3 55 G S 4 923 da slaall
Laglgul s . Al Ge (i pee g Saal G el Aaii i salls cueal (531
Jlarinl (e JOEY) 5 208 55 58 L yiSAll 038 (e 2all g A guia gall jladll (e 2al)
Cilaliaall Ao glall b 35 L ol gaadl o Gl 8 o) g Ay gaad) Clabizaal)
i) e AL B Ll el Fala dulalull 5 Alal) Rl b calia ]
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Table 13. Some Human Enteric Viruses

Virus group Serotypes Some diseases caused

A. Enteroviruses

Poliovirus 3 Paralysis, aseptic meningitis.

Coxackievirus

A 23 Herpangia, aseptic meningitis, respiratory
illness, paralysis, fever.

B 6 Pleurodynia, aseptic meningitis, pericar-
ditis, myocarditis, congenital heart
disease, anomalies. Nephritis, fever.

Echovirus 34 Respiratory infection, Aseptic meningitis,
diarrhea. pericarditis. myocarditis, fever
and rash.

Enreroviruses (68-71) 4 Meningitis, respiratory illness.

Hepatitis A virus (HAV) Infectious hepatitis.

B. Reoviruses 3 Respiratory disease.

C. Rotaviruses 4 Gastroenteritis.

D. Adenoviruses 41 Respiratory disease, acute conjunctivitis,
gastroenteritis

E. Norwalk agent 1 Gastroenteritis

(Calicivirus)

F. Astroviruses 5 Gastroenteritis

Adapted from Bitton (1980), Jehi-Pietri (1992), and Schwartzbrod (1991).
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Table14 . Methods Used for Concentrating Viruses from Water®
Initial
Method volume Applications Remarks
of water
Filter adsorption — Elution Large All but the most Only system shown useful for
Negatively charged filters Turbid water concentrating viruses from large
volumes of tap-water, sewage,
seawater, and other natural waters;
cationic salt concentration and pH
must be adjusted before processing.
Positively charged filters Large Tapwater, No preconditioning of water
Sewage seawater necessary at neutral or acidic pH
level.
Adsorption to metal salt Small Tapwater, Have been useful as
precipitate. aluminum Sewage reconcentration methods.
hydroxide, ferric hydroxide
Charged filter aid Small Tapwater, 40-L volumes tested, low cost;
Sewage used as a sandwich between
prefilters.
Polyelectrolyte PE60 Large Tapwater, lake Because of its unstable nature and
wa-ter. lot to lot variation in efficient for

concentrating viruses, method has
not been used in recent years.
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Table 15  (Continued)
Initial
Method volume Applications Remarks
of water

Bentonite Small Tap water, sewage

Iron oxide Small Tap water, sewage

Talcum powder Large Tap water, sewage Can be used to process up t0o100-L
volumes as a sandwich between filter
paper support

Gauze pad Large First method developed for detection
of wviruses in water, but not
quantitative or very reproducible

Glass powder Large Tapwater, sewage Columns containing glass powder
have been made that are capable of
processing 400-L volumes

Organic flocculation Small Reconcentration Widely used method, method for
reconcentrating viruses from primary
filter eluates

Protamine sulfate Small Sewage Very efficient method for
concentrating reoviruses and
adenoviruses from small volumes of
sewage

Polymer two-phase Small Sewage Processing is slow; method has been
used to reconcentrate viruses from
primary eluates

Hydroextraction Small Sewage Often wused as a method for
reconcentrating viruses from primary
eluates

Ultrafiltration

Soluble filter Small Clean waters Clogs rapidly even with low turbidity

Flat membranes Small Clean waters Clogs rapidly even with low turbidity

Hollow fiber or Large Tap water, lake water Up to 100 L may be processed, but

capillary water must often be prefiltered

Reverse osmosis Small Clean water Also concentrates cytotoxic

compounds that adversely affect
assay methods

Adapted from Gerba (1987)
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Fig, 46, Waterborne transmission of enteric viruses. From Gerbi et (1973a),
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TABLE 15.  Rotavirus Waterborne Outbreaks®
Year Location Number Remarks
ill

1977 Sweden 3.172  Small town water supply contaminated
with sewage effluent

1980 Brazil ~900 Contamination of private school's
water

1980 Norfolk - Contamination of community water

Island system

1981 Russia 173 Source contaminated by children

1981 Colorado 1.500  Reservoir contaminated by children

1982 Israel 2.000  Floodwater contamination of wells

1981- East 11.600  Contaminated water supply

1982 Germany

1982- China 13.311  Well water contaminated by sewage at

1983 a resort

1991 Arizona 900

a. Adapted from Gerba et al. (1985) and Williams and Akin (1986).

Protozoan Parasites duliikl) § 385 s

TS G Gl ) e 3l Leaal i ay sa it ulislall 15 )53 gl plana
Jie Jal g2 oSy Encystment (Sl 5 dSlaall 4000 o g Hlall cas Jila)
e Ll Aatad 5 3380 Sl e Al el o) pall o) 5 sl 38))

S8 Al )t ddaaliall cag )kl s Host immuneresponse Jitall
Excystment eus 4uleall 038 5 Cyst 4la sall (e 2321 Trophozoite
dsan) o o) e i Gl g sbad) G sl giall A saall )55 550 aal s

(16
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TABLE 16. Major Waterborne Diseases Caused by Protozoa®

Disease
Organism (site affected) Major reservoir

Giardia lamblia Giardiasis Human and animal feces

(Gl tract)
Entamoeba Amoebic Human feces
histolytica meningoencephalitis

(Gl tract)
Acanthamoeba Amoebic Soil and water
castellani meningoencephalitis

( central nervous system )
Naeleria gruberi Amoebic Soil and water

meningoencephalitis
( central nervous system )

Balantidium coli Dysentery / intestinal ulcers Human feces
(Gl tract)
Cryptosporidium Profuse and watery diarrhea ~ Human and animal feces

weight loss : nausea :low
grade
fever ( Gl tract)

Adapted from Sobsey and Olson (1983).

Giardia lamblia WY Lajg) 1.4 .2
U908 12-9 (Sl (5 iaS iy j o8 5 5l SUaDld b dldall 155 63 yall 238
JE) 0908 10-7 Lo 5 Y sh (9 806 12-8 Apanll dliay gall g ¥ 5ha
(17

Gl 5 e al e /Ay sn 810 X 5 1 7 s lay) sl sl
Jand Acailiveal) g 2o yal) Ul gaal) g Lo jlaall st ) Haas & dsaa) ALLLY
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Fig. 7. Giardia ebdia trophozoite and cyst, From Lin (1983),
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Table 17. Major Parasitic Helminths

Organism Disease (main site affected)

Nematodes (roundworms)

) . Ascariasis — intestinal obstruction in children (small
Ascaris lumbricoides

intestine)
Trichuris trichiura Whipworm — (trichuriasis) (interstine)
Hookworms
Necator americanus Hookworn disease (Gl tract)
Ancylostoma duodenale Hookworn disease (Gl tract)

Cestodes (tapeworms)
Beef tapeworm — abdominal discomfort, hunger pains,
chronic indigestion (Gl tract)

Taenia solium Pork tapeworm (Gl tract)
Termatodes (flukes)

Taenia saginata

Schistomiasis (complication in liver [cirrhosis], bladder
and large intestine)

Schistosoma mansoni

= P B s Aazall Gl sl @i dpilall | (Al JiaS Jamy 315 ¢ ly)
Cysticerci sk axlexs Taenia saginata Ul 8 s s JaS Jaxi
a5 ke ¢ Ay pre Gl lacal G llishall oda | el ¢ Call ¢ D)
00 288 ¢ ol &

Ascaris lumbricoides (S 2. 5.2
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¢ by gl (e 8 S CLaaS (g ga Ay Cbaal) (alds Y | Apaee iy s
sl (84 0 200.000 s> i O S ST s e S8 IS
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Hands carry infective ova
from soil contaminated
with human excreta,

Pneumonitis vegelables, dusl elc

Larvae penelrate mucosa - enfer
lymphatics and vehules - 1o right
heart and lungs - break out into
alveoli — moult twice — ascend
respiratory tree - descend
oesophagus lo malture in the

Intestine

Eosinophilla \

R Leach Mature '™ ¥

Fig. . .1} Life cycle of Ascaris lumbricoides (roundwormi, Adapted from H.C. Jeffrey and
R-M. Leach {1972)
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Controlling the drinking Water by treatment
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Table 18. Settling Rate for Waterborne Particles

Diameter of particle Type of material Time required to
(mm) settle®

10 Gravel 0.3s

1 Coarse sand 3s

0.1 Fine sand 38s

0.01 Silt 33 min

0.001 Bacteria 55h

0.0001 Colloidal particles 230d

0.00001 Colloidal particles 6.3 years

a. Calculations based on time required for particles with a specific gravity

of 2.65 to settle 0.3 m.
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Table 19. Seasonal Microbial Quality of Groundwater Treated by Aeration

Heterotrophic

Water .
bacter- Total coliform
Date of temperature =
o ia® (CFU ) per ml (CFU per 100 ml)
sample (°C)

Raw Aerated Raw Aerated Raw Aerated

October,1981 115 11.6 40 84 <1 <1
November 115 115 390 880 <1 <1
December 2, 115 11.6 128 2.200 <1 <1
December 8, 11.9 12.0 27 200 <1l <1l
December 15, 11.3 11.3 42 1.150 1° 1°
January 5, 82 9.1 8.8 74 700 <1 <1
January 20 9.9 10.8 115 14.800 <1 <1
May 9.2 9.7 128 168 <1 1°

July 11.3 12.3 119 1.800 <1 <10°

December 11.4 11.4 10 178 <1 <1
Januaryll, 83 11.3 11.3 9 34 <1 <1
January 25 11.3 114 53 120 - -
February 9 11.3 11.3 186 190 - -
February 23 11.2 11.2 1.300 316 <1l <1l
February 25 114 114 53 120 1° <1
March 29 6.0 6.0 57 108 <1l <1l

a R.2A medium (27 C for 7 days)

b Enterobacter agglomerans in influent and aerated effluent.
c. Citribacter freundii.
d.Klebsiella pneumonia, K. oxytoca, C.freundii, and E.coli.
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Table 20. Settling Rate by Coagulant for Waterborne Particles

Test Initial Al(so)dosag Final Final Percent surviving
series | turbidity e(mg/1) pH turbidit | Coxsackie Colifrom
units y(J.U) virus Bacteria
60-100 15 71.1-74 5-10 4.3 36.2
16-240 25 6.7-7.3 1-5 14 0.2
160-240 25:25a 7.3-7.8 0.1 0.1 0.01

a. Two-state coagulation and sedimentation: second-stage coagulant —FeCls.
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What isPureWater ?

We know that all life is dependent on water and that water exists in nature in
many forms- clouds, rain, snow, ice, and fog; however, strictly speaking,
chemically pure water does not exist for any appreciable length of time in
nature. Even while falling as rain, water picks up small amounts of gases,
ions, dust, and particulate matter from the atmosphere. Then, as it flows over
or through the surface layers of the earth, it dissolves and carries with it
some of almost everything it touches, including that which is dumped into it
by man.

These added substances may be arbitrarily classified as biological, chemical
(both inorganic and organic), physical, and radiological impurities. They
include industrial and commercial solvents, metal and acid salts, sediments,
pesticides, herbicides, plant nutrients, radioactive materials, road salts,
decaying animal and vegetable matter, and living microorganisms, such as
algae, bacteria, and viruses. These impurities may give water a bad taste,
color, odor, or cloudy appearance (turbidity), and cause hardness,
corrosiveness, staining, or frothing. They may damage growing plants and
transmit disease. Many of these impurities are removed or rendered
harmless, however, in municipal drinking water treatment plants.

Pure water means different things to different people. Homeowners are
primarily concerned with domestic water problems related to color, odor,
taste, and safety to family health, as well as the cost of soap, detergents,
"softening," or other treatments required for improving the water quality.
Chemists and engineers working for industry are concerned with the purity
of water as it relates to scale deposition and pipe corrosion.
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Regulatory agencies are concerned with setting standards to protect public
health. Farmers are interested in the effects of irrigation waters on the
chemical, physical, and osmotic properties of soils, particularly as they
influence crop production; hence, they are concerned with the water's total
mineral content, proportion of sodium, or content of ions "toxic" to plant
growth.

One means of establishing and assuring the purity and safety of water is to
set a standard for various contaminants. A standard is a definite rule,
principle, or measurement which is established by governmental authority.
The fact that it has been established by authority makes a standard rigid,
official, and legal; but this fact does not necessarily mean that the standard is
fair or based on sound scientific knowledge. Where human health data or
other scientific data are sparse, standards have sometimes been established
on an interim basis until better information becomes available.

The Safe Drinking Water Act sets minimum standards to be met by all
public water systems. New Jersey and most other states have established
their own drinking water regulations using federal regulations as a basis.
State regulations may be more stringent than the federal regulations.

» Health Effects of Drinking Water Contaminants

Chemicals in drinking water which are toxic may cause either acute or
chronic health effects. An acute effect usually follows a large dose of a
chemical and occurs almost immediately. Examples of acute health effects
are nausea, lung irritation, skin rash, vomiting, dizziness, and, in the
extreme, death.

The levels of chemicals in drinking water, however, are seldom high
3
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enough to cause acute health effects. They are more likely to cause chronic
health effects, effects that occur after exposure to small amounts of a
chemical over a long period. Examples of chronic health effects include
cancer, birth defects, organ damage, disorders of the nervous system, and
damage to the immune system.

Evidence relating chronic human health effects to specific drinking water
contaminants is very limited. In the absence of exact scientific information,
scientists predict the likely adverse effects of chemicals in drinking water
using laboratory animal studies and, when available, human data from
clinical reports and epidemiological studies.

USEPA classifies compounds for carcinogenicity potential according to the
"weight of evidence" approach as stated in the Agency's Guidelines for

Carcinogen Risk Assessment.

These Guiddines specify five car cinogenicity classifications:

Group A :
Human carcinogen (sufficient evidence from epidemiological studies).

Group B .
Probable human carcinogen

Group B1:
At least limited evidence of carcinogenicity in humans.

Group B2:
Usually a combination of sufficient evidence in animals' and inadequate
data in humans.
Group C :
Possible human carcinogen (limited evidence of carcinogenicity in the
absence of human data).

Group D :
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Not classifiable (inadequate human and animal evidence of
carcinogenicity).

Group E - Evidence of no carcinogenicity for humans (no evidence of
carcinogenicity in at least two adequate animal tests in different species or
in both epidemiological and animal studies).

The possible health effects of a contaminant in drinking water differ
widely, depending on whether a person consumes the water over a long
period, briefly, or intermittently. Thus, MCLs and monitoring requirements
for systems serving permanent populations (Public Community Water
Systems and No transient No community Water Systems) may be more
stringent than those regulations for systems serving transient or intermittent
users (Public Noncommunist Water Systems).

Maximum contaminant levels are based, directly or indirectly, on an
assumed drinking water rate of two liters per person per day. MCLs for
organic and inorganic contaminants (except nitrate) are based on the
potential health effects of long-term exposure, and they provide substantial
protection to virtually all consumers. The uncertainty in this process is due
In part to the variations in the knowledge of and the nature of the health
risks of the various contaminants.
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Abstract

Industrialization and technological development processes have led to the
introduction of hazardous chemicals into the environment — water, air and
land. These have increased the number and level of dangerous chemicals
such as environmental pollutants (heavy metals), agrochemicals (herbicides,
pesticides, halogenated polycyclic hydrocarbons), sewage wastes, food
additives and other allied contaminants, thereby, exposing man and animals
health wise. The dangers and health hazards caused by the above pollutants
can be reduced by the use of microbial degrading enzymes and natural plant
products proved to have cytoprotective properties against the free radicals
generated by the harmful pollutants.

This presentation has highlighted the above with particular emphasis on
water pollution and man's health and opined by way of recommendation that
proper and efficient environmental policies which will emphasize on proper
disposal of industrial and sewage wastes can serve as additional panacea to
the problems created by water pollution to man's health.

| ntroduction

Pollution is the introduction by man into the environment of substances or
energy liable to cause hazards to human health, harm to the living resources
and ecological systems, damage to structures or amenity or interference with
legitimate uses of the environment. Pollution had always been misused for
contamination which can be defined as the presence of elevated
concentrations of a substance in the air, water, soil or any other such thing
not necessarily resulting in a deleterious effect. Water pollution, therefore, is
the direct or indirect human introduction of substances into the water
environment such as to harm living resources, affect human health by
various cytotoxic and infilterative disorders and impair water environment
quality
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The Origin Of Pollution

The word pollution is difficult and notorious to define. The Latin word
pollere —to soil or defile provides little help and pollere could also mean
contamination of any feature of the environment (Glenn and Toole, 1997).
Industrialization and technological advancement/development processes
have led to the introduction of hazardous chemicals into the environment
(water, air, sea, lake, atmosphere land/soil). These chemicals include the
following: environmental pollutants, heavy metals, agrochemicals,
herbicides, pesticides, halogenated polycyclic hydrocarbons, food additives
and other allied contaminants and sewage wastes.

Any definition of pollution should take the following important points
into account:

1. Pollution is not merely the addition of a substance to the water
environment, but its addition at rate faster than the environment can
accommodate it. There are natural levels of chemicals such as arsenic
and mercury in the environment but only if Ithese levels exceed
critical values can they be considered pollutants.

2. Pollutants are not only chemicals. Forms of energy like heat, sound,
and &- particles, ? — particles, ? rays and X — rays may also be
pollutants.

3. To be a pollutant, a material has to be potentially harmful to life —
some harmful effects must be recognized (e.g. irritants).

The impact of pollution on the environment: Pollution x affluence x

technological development (Meadows et. a.l. 1992). The combined effect of
population, affluence and technology are the factors responsible for

10
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pollution and other types of environmental degradation. Pollution arose as a
result of technological development.

The first major oil pollution incident in UK was in 1967. 120,000 tonnes of
crude oil was washed upon many cornish beaches. The effect was that sea
birds could not fly because oil coated their feathers. The result was
hampering of insulatory properties, death and hypothermia. Sea weed
couldn't photosynthesise. Gills of fish were covered, no feeding and no
respiration. This also caused termination of most of the fish.

Over 60,000 chemicals are in common use while up to 500 new ones are
introduced to the commercial market annually. Similarly, the production and
use of energy, production and use of industrial chemicals and increased
agricultural practices have had a deleterious effects on water affecting man's
health generally and specifically.

= Classes Of Pollution

Pollution can be classified based on transport media as air, water and soil.

e Air Pollution

This can be defined as any gaseous or particular matter in the air that is not
normal constituent of the air or is not normally present in such a high
concentration. Air pollution is one of the most difficult to control because it
poses international and national threat. The pollution in air can be caused by
burning fossil fuels e.g. oil, natural gas and coal as well as those released
everyday by vehicle exhaust such as Carbon monoxide, oxides of nitrogen
and hydrocarbons such as ethane and methane (CO, NO,, NOs, C,H,4, C,Hg,
respectively).

11



WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

Two other types of pollution have been classified. The first is characterized
by SO, and smoke from incomplete combustion of coal and by conditions of
fog and cool temperatures. This is termed the reducing type of pollution
because of its chemical nature. The second is characterized by hydrocarbons,
oxides of nitrogen and phytochemical oxidants and because of the
meteorological inversion layer; it is described as an oxidizing type of
pollution or photochemical air pollution.

12
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e Land Soil Pollution

Land pollution does with the terrestrial environment which extends from the
top of the growing vegetation to the capillary fringe of groundwater which is
the primary home of most living things on earth. Land pollution is the
introduction of harmful chemicals into the environment to grow and increase
food supply, to protect man and his crops from pests and diseases and
dispose off wastes. Unintended entry also occurs through transport
accidents, inaccurate or inappropriate application procedure and leaking
sewage facilities. Because the chemicals and other living things share the
environment, this can lead to significant exposure to the chemicals and
therefore, resulting in detrimental health impact. The rains carry non —
degradable pollutants and wastes into groundwater, nearby streams and the
soils too.

The wastes in the landfill can also decompose under heat and pressure of the
soil above releasing harmful gases like methane (CHy,).

e Water Pollution

Water pollution becomes most obvious when it involves poisoning of
drinking water or causes the death of a large number of fish or other aquatic
population. This could be caused by sewage. Disposal of sewage wastes into
a large volume of water could reduce the biological oxygen demand to such
a great level that the entire oxygen may be removed. This would cause the
death of all aerobic species — fish.

Some toxic chemicals released into the rivers and seas such as Pb, Cu, Zn,
Hg, CN will cause the death of fish, algae and lesions in human beings even
at very low concentrations. These are related to occupational hazards and

13
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constitute elements of environmental pollution especially with respect to
pollution by heavy metals. Such incidents had been reported in the past. For
example, the Minimata and Niigata epidemics in Japan in 1950s and 1960s
respectively. The Minimata epidemic was a case of mercury poisoning
caused by consumption of fish from the Minimata Bay of Japan which was
heavily contaminated by mercury compounds discharged by a nearby plastic
industry. This epidemic occurred during 1953 — 60 and was the 1 * serious
outbreak of Hg poisoning.

It was characterized by severe damage to the nervous system leading to
ataxia, paraesthesia (abnormal pricking sensations), loss of vision and
hearing and ultimately death. The primary pollutant was inorganic Hg, but
an organic derivative, methyl mercury was found in the fish. This was
converted by methylation through the microorganism in the water, fish gut,
mud or all. Organomercury compounds being lipid soluble have very high
affinity for cellular lipids and therefore accumulate in lipids of nervous
tissues (Okoye 1992). This was a typical case of metabolic activation giving
rise to a toxic metabolite

Threeforms of mercury pollute the environment:

1. Metallic mercury — this is excreted in urine mainly in the inorganic
form.

2. Inorganic mercurous or mercuric ions — Hg forms very stable
complexes with the free — SH (thiol) groups of proteins and
consequently inhibits enzymes with — SH at their reactive sites
irreversibly.

3. Organo mercury (Hg is part of an organic compound) and remains in
organic form in the tissues e.g. hair. The rate of removal of mercury
from the blood is very slow. Hg is removed by prolonged treatment of

14
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patients with an appropriate mercury ion chelator like N —
acetylpenicillamine.

The second case of Hg poisoning was the epidemic of consumption of fish
from polluted Kalu River in the Thana district of Bombay, India. The major
symptom was paralysis.

Another major epidemic of water pollution was the Itai — itai disease which
affected a Japanese population that consumed fish and other foods harvested
from coastal waters into which cadmium — containing industrial effluent was
being discharged. The disease was characterized by brittleness of bones,
muscular weakness and loss of appetite.

Pb poisoning is another serious source of environmental pollution which
causes water pollution. Pb poisoning is characterized by CNS damage,
anaemia and deposition of Pb in bones and teeth.

The major sources of this pollutant are paint manufacturing
industries/factories, lead smelting works; petrol engines discharged
inorganic Pb salts, metallic Pb and organic Pb respectively. Pb (C,H,)4 — IS
used as an anti knock in petrol engines and is a pollutant. The anaemia
caused by Pb is due to inhibition of haem biosynthesis. Inorganic Pb inhibits
aminolaevulinic acid dehydratase and ferrochetalase (haem synthetase)
which catalyses the formation of the pyrrole porphobilinogen and
incorporation of Fe 2* into protoporphyrin IX respectively. Pb forms very
stable complexes with — SH groups of enzymes. The above is by no means
exhaustive. In 1996, there were cases of chromium and cadmium pollution
in sediments of Suzhou Creek while cases of metal poisoning were earlier
recorded in USA and Britain between 1974 — 1975. The susceptibility of any
individual within a group of people equally exposed to a metal toxin varies
with age, sex and social habits, such as smoking and alcohol usage.

15
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Organic pollutants contain hydrogen, carbon and oxygen e.g. petroleum
products (gasoline, oil, pesticides) solvents, cleansing agents,
polychlorinated biphenyls (once used in electrical transformers), human and
animal wastes. These also constitute serious sources of water pollution.
Some of these pollutants are found to cause cancer and other health effects
in humans. They are toxic to fresh water and salt water organisms.
Hazardous wastes are potential dangers due to their nature or quantities.
They have the characteristics of toxicity, flammability, corrosivity with a
high tendency to remain/persist in the body e.g. phenols, arsenic, mercury, lead
and a host of others.

» |mmediate Consequences

1. Crops grown on soils polluted by industrial chemicals accumulate
varying concentrations of these chemicals. In the course of absorbing
water and nutrients from the soil, plants take up the chemicals. The
agrochemicals cannot be degraded because they lack the enzymic
machinery to degrade and excrete them. They are deposited in tissues
and cellular structures including those of edible parts that are not
active in metabolism (Okoye 1992).

2. Aquatic foods harvested from coastal waters, rivers and waterways
into which industrial effluents have been deposited contain high levels
of these harmful chemicals which induce cytotoxicity in cells.

3. Meat and dairy products from livestock grazing on polluted pastures,
drinking polluted water e.g. Hg, Cd, Pb, radioactive materials,
complex organic compounds e.g. polycyclic aromatic hydrocarbons
and halogenated aromatic compounds. The human body cannot handle
these pollutants.

16
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The industrial solvents/chemicals may contain nutrient substances — Mo, Cu,
Fe and Zn at very high concentrations.

Some of these associated toxic effects include the following:

Excessive iron is associated with damage to the inner lining of the

gastrointestinal tract while the toxic effects of zinc include heartburn and
serious circulatory and gastrointestinal disorders.

17
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Theoretical Rationalization And Concepts Of Water
Pollution And Man's Health

One is at a loss considering the enormity of hazards caused by water
pollutants and their toxicological consequences on man's health. Xenobiotic
oxidants are discharged into water with the result that oxidative stress is
imposed on aquatic organisms (fish, crab, prawn etc). Free radicals are
generated such as those of organomercury, Pb, Cd and the other heavy
metals resulting in the peroxidative deterioration of membrane lipids.

Lipids yielding breakdown products like hydroperoxides, peroxyl radicals,
endo-peroxides, carbonyls and aldehydes, malonaldehyde, mahendialdehyde
and other TBA - reactive species, low molecular weight hydrocarbon gases
(ethane and pentane) which are all toxic to cells.
Oncogenesis/Carcinogenesis could develop. Cytotoxic enzyme markers such
as gamma glutamyl transferase, alkaline phosphatase, acid phosphatase,
serum amino transferases, all show-elevated activities.

Physiological Parameters — PCV, HB, RBC status are compromised while
WBC proliferates with attendant increased lymphocyte maturation.
Histopathological Lesions — fatty degenerations, necrosis, cirrhosis,
destruction of blood vessels and connective tissues occur.
All these are as a result of the free radicals generated from consumption of
water pollutants which cause lipid peroxidation of the membranes. If the
source of pollution in the water is microbial, the following diseases may
ensure:

1. Dysentery

2. Diarrhoea

3. Cholera

18
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4. Typhoid Fever
5. Mycosis/mytoxicosis/Aflatoxicosis—caused by aflatoxins B, B,, My,
M:

Plamatoxins Bo, GO, acetogenins and polyketydes all produced by the
ubiquitous fungi,Aspergillus flavus. These have their biochemical effects
and are potent oral hepatocarcinogens.

= Microbial Pollutants of Water and Symptoms of I ngested Microbial
Pollutants

Microbial pollutants such as those ellaborated by algal species
like cyanobacteria are major pollutants of fresh and salt waters
globally right from Europe,North and South america,Asia and
Africaespecially the West coast of Africa including countries like
Ghana and Nigeria. The toxic cyanotoxins produced have been
characterised from many cyanobacteria such as

microcystis,anaebena,plankthothrix,oscillatoria,radiocystis and
cylindrospermopsis(Sivonen and Jones 1999 ,Senogles-Derham
et.al,2003,Vierra et.al,2003).Because of the cyclic nature of these
cyanotoxins especially microcystins which are cycli peptides,they
are chemically stable and water solluble,thus accounting for their
persistence and exposure in the environment.The cyanotoxins can
not penetrate easily through the biomembranes and their toxicity is
restricted to the liver as their target organ.

The hepatotoxic cyanotoxins produced by cyanobacteria are
microcystins,oscillatoria and nodulatoria with diverse inhibitory effects on
plants,protozoa,crustaceans and even mammals.Ingested microcystins
present with extensive hepatic hemorrage and necrosis,increased liver weight

19
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and marked activities of aminitransferases in the plasma as well as lactate
dehydrogenase(Runnegar and Falconer 1982,Falconer and Runnerger
1987).Microcystin--YM ingestion causes perilobular necrosis while
microcystin--LR causes initial centrilobular necrosis(Falconner,1993);this
probably points to the localisation of the enzymes responsible for the
reported metabolic transformations.

As mentioned earlier,the liver is the main organ intoxicated by this group of
cyanotoxins but there had been other reports of damages of tissues such as
abomasum,small and large intestines,as well as the kidney in experimental animal
models like sheep,mice and rats.Other reported toxic effects of ingested
hepatocyanoginsincluded depletion of hepatic glutathione with little changes in
respiration,protein synthesis,DNA synthesis and cell membrane
intergrity,depletion of glycogen and dose-response activation of glycogen
phosphorylase(Runneger and Falconer 1982,Falconer and Runneger 1987).

Earlier diagnosis of patients infected by cyanogin ingestion showed major
sympthoms of malaise,anorexia,vomiting, headache,initial constipation followed
by bloody diarrhoea and varying levels of dehydration(Byth,1980).The urine
sample analysed showed loss of electrolytes with glucose,ketone bodies and
proteins being identified.The gastrointestinal tracts,kidneys and livers of treated
mice werealso observed to present with wide spread tissue damages(Hawkins et
al,1985).The microcystin toxicity is mediated through irreversible inhibition of
the 1&2A catalytic sub-units of protein phosphatases.

Apart from the hepatotoxins,neurotoxic alkaloids are produced by neurotoxic
cyanobacteria such as anaebena sp,cylindrospermopsis-raciborskii and
planktothrix agardhii.some of theneurotoxins classified are anatoxina,saxitoxin
and cylindrospermopsin.They represent a broad group of heterocyclic nitrogenous
compounds with at least,one C-N bond,usuallyof low molecular weight(Sivonen
and Jones,1999).

20
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Anatoxin is an inhibitor of anticholiesterase while saxitoxin,a paralytic shellfish
poison is a gastrointestinal disease causing agent as well as a sodium ion
blocker.The dinoflagellate-induced intoxication of seafoods as well as ciguatera-
induced paralytic and diarrhetic effects in fish and shellfish had been documented.

Fatal intoxications of consumptionofwater infected by microcystins as well the
cases of gastroenteritis after the appearance of cyanobacteria in drinking water
sources in North and South America have not been fully controlled.The only
control measure so far is the introduction of stratification in water
reservoirs(Addico,2004).
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Salmonella food poisoning

Salmonella food poisoning is a bacterial food poisoning caused by the
Salmonella bacterium. It results in the swelling of the lining of the stomach
and intestines (gastroenteritis). While domestic and wild animals, including
poultry, pigs, cattle and pets such as turtles, iguanas, chicks, dogs and cats
can transmit this illness, most people become infected by ingesting foods
contaminated with significant amounts of Salmonella.

Improperly handled or undercooked poultry and eggs are the foods which
most frequently cause Salmonella food poisoning. Chickens are a major
carrier of Salmonella bacteria, which accounts for its prominence in poultry
products. However, identifying foods which may be contaminated with
Salmonella is particularly difficult because infected chickens typically show
no signs or symptoms. Since infected chickens have no identifying
characteristics, these chickens go on to lay eggs or to be used as meat.

Anyone may contract Salmonella food poisoning, but the disease is most
serious in infants, the elderly, and individuals with weakened immune
systems. In these individuals, the infection may spread from the intestines to
the blood stream, and then to other body sites, causing death unless the
person is treated promptly with antibiotics. In addition, people who have had
part or all of their stomach or their spleens removed, or who have sickle cell
anemia, cirrhosis of the liver, leukemia, lymphoma, malaria, louse-borne
relapsing fever, or Acquired Immunodeficiency Syndrome (AIDS) are
particularly susceptible to Salmonella food poisoning.
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= Causes & symptoms

Salmonella food poisoning can occur when someone drinks unpasteurized
milk or eats undercooked chicken or eggs, or salad dressings or desserts
which contain raw eggs. Even if Salmonella-containing foods such as
chicken are thoroughly cooked, any food can become contaminated during
preparation if conditions and equipment for food preparation are unsanitary

In accordance with the Americans with Disabilities Act, this material is
available in alternative formats upon request. Please contact your University
of Minnesota Extension office or the Distribution Center at (800) 876-8636.
University of Minnesota Extension is committed to the policy that all
persons shall have equal access to its programs, facilities, and employment
without regard to race, color, creed, religion, national origin, sex, age,
marital status, disability, public assistance status, veteran status, or sexual
orientation.
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Bacterial Food-Borne |lInesses

William Schafer
= |ntroduction

Food-borne illnesses are those diseases which are transmitted by food. These
ilinesses often occur when disease producing bacteria, yeast and molds or their
toxins are present in the food when eaten. Poisonous chemicals, parasites
orviruses may also be causes. The food may serve a number of different purposes
In the transmission of the illness. It may merely serve to transfer the
microorganism or chemicals. It may also provide nutrients for microbial growth or
protect the organisms from destructive agents such as heat or chlorine. Food-borne
Ilinesses have been a concern for many years and there are several publications
available for the general public and food professionals on this topic. A reference
list of these is included in this publication.

Recent recalls of milk products containing Listeria, illnesses from eating raw
seafood and recent salmonellosis outbreaks have renewed interest about the
microbiological hazards in the American food supply. Of particular interest are
hazards related to "new" bacteria. This publication is an update for consumers,
educators and food professionals. It includes information on 1) Incidence and
Economic Effects, 2) Major Bacterial Food-Borne IlInesses, 3) General
Recommendations for Prevention and 4) References.

» |ncidence and Economic Effects
Recent estimates suggest that "about 99 million acute cases of vomiting and/or
diarrhea occur in the U.S. per year as a result of intestinal infectious disease" (5).
The same U.S. Food and Drug Administration authors estimate that one-third of
the illnesses or 33 million cases were attributed to food-borne disease with
associated costs of $7.67 billion for medical care and lost productivity.
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Illness causing organisms of greatest concern are Salmonella, Campylobacter,
Yersinla and Escherichia coli. These bacteria are responsible for an estimated 8 to
10 million cases per year and $2 billion in direct medical costs and lost

productivity.

In addition to the immediate medical implications of these organisms, current
medical literature suggests that certain chronic diseases, such as those of the joints,
may be triggered by or follow the occurrence of food-borne illnesses (5).

= Major Bacterial Food-Borne | lInesses

The first chart below explains the three actual causes of symptoms associated with
bacterial food-borne illnesses. The second chart classifies these illnesses according to

these causes. (2)
Causes of Symptoms

Toxin Ingestion
Ingestion of toxin previously
produced by the bacteria.

Infection

Bacteria invade or infect the
intestinal membrane(s) or lining
where they multiply and may
move to other organs through the
blood stream.

Classification of IlInesses by Cause

Toxin Ingestion

a) Staphylococcal poisoning

b) Botulism

c) Bacillus cereus gastroenteritis

Infection

a) Salmonellosis

b) Shigellosis

¢) Vibrio parahaemolyticus
gastroenteritis

d) Vibrio vulnificus septicemia
e) Yersiniosis

f) Campylobacter enteritis

g) Listeriosis

Infection Followed by Toxin
Production

Bacteria multiply in the intestine
and produce an entertoxin which
causes the gastrointes—tinal
disturbance.

Infection Followed by Toxin
Production

a) Clostridium perfringens
gastroenteritis

b) Cholera

¢) Enterotoxigenic Escherichia
coli gastroenteritis

These illnesses are listed by these classifications in Table 1. This table details symptoms, illness
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characteristics, examples of foods involved and prevention. Treatment of the illnesses is not given,
however. This should be obtained from a family physician or other health care professional. It
should be noted that not all people who eat contaminated food will become ill and not all who
become ill will have the same symptoms. The intensity of the symptoms and the seriousness of the
illness may vary with concentration of organisms or toxins, quantity of food consumed and
susceptibility of the individual to the disease. Infants, the elderly and people with altered immune
systems due to medication or disease may be more susceptible to these diseases.

TABLE 1 BACTERIAL FOOD-BORNE ILLNESSES

I. TOXIN INGESTION (Caused by ingestion of toxin formed by bacteria)

ILLNESS

Staphylococcal poisoning
(staph)

FOODSINVOLVED

Custards, egg salad, potato salad,
chicken salad, macaroni salad,
ham, salami, cheese.
SYMPTOMS

Vomiting, diarrhea, prostration,
abdominal cramps. Generally
mild and often attributed to other
causes.

CHARACTERISTICS
Transmitted by food handlers who
carry the bacteria and by eating
food containing the toxin.

Onset: Usually within 3 to 8 hours
Duration: 1 to 2 days;
PREVENTION

Growth of bacteria that produce
toxin is

inhibited by keeping hot foods
above 140° F

and cold foods at or below 40° F.

ILLNESS

Botulism
FOODSINVOLVED

Canned low-acid foods, smoked
fish, perishable vacuum-packed
foods.

SYMPTOMS

Double vision, inability to
swallow, speech difficulty,
progressive respiratory paralysis.
Fatality rate is high, in the United
States about 65 percent.
CHARACTERISTICS
Transmitted by eating food
containing the toxin. Bacteria
responsible for producing the
toxin requires a low oxygen (or
vacuum) environment.

Onset: Usually within 12 to 36
hours or longer

Duration: 3 to 6 days
PREVENTION

Bacterial spores in food are
destroyed by high temperatures

obtained only in pressure canning.

The toxin is destroyed by boiling
for 10 to 20 minutes; time
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ILLNESS

Bacillus cereus
gastroenteritis
FOODSINVOLVED
Vegetables, salads, meat dishes,
casseroles, puddings, sauces,
soups, rice, and macaroni and
cheese.

SYMPTOMS

Diarrhea or vomiting
CHARACTERISTICS
Transmitted by eating food
containing the toxin. Diarrheal
form

Onset: 6 to 16 hours

Duration: Less than 24 hours
Vomiting form

Onset: 1/2 to 6 hours

Duration: Less than 24 hours
PREVENTION

Cool foods rapidly and refrigerate
promptly at 40° F or below. Do
not store starchy foods at room
temperature prior to reheating and
serving.
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required depends on kind of food.
Proper refrigeration (below 40° F)
of perishable vacuum-packed
foods is essential.

(D) aipall-olsall L ¥ 515 S50

A scanning electron micrograph of Staphylococcus
aureus, the bacteria that produces staphylococcal
poisoning (staph). The diameter of the bacteria is 1
micrometer (um) or 1/25,000 inch. Courtesy of EA.
Zottola, University of Minnesota.

I1. INFECTIONS (Caused when pathogenic bacteria invade and multiply in intestinal tract)

ILLNESS

Salmonellosis
FOODSINVOLVED
Poultry, red meats, eggs, dried foods,
dairy products.
SYMPTOMS
Severe headache followed by vomiting,
diarrhea, abdominal cramps, and fever.
Infants, elderly, and persons with low
resistance are most susceptible. Severe
infections cause high fever and may even
cause death.
CHARACTERISTICS
Transmitted by eating
contaminated and undercooked
food, or by contact with infected
persons or carriers of the
infection. Also transmitted by
insects, rodents, and pets.
Onset: Usually within 12 to 36
hours
Duration: 2 to 7 days

ILLNESS

Shigellosis

FOODSINVOLVED

Salads (potato, tuna, shrimp, macaroni,
chicken), and cut, diced or chopped and
mixed foods.

SYMPTOMS

Diarrhea, abdominal pain and fever.
Vomiting, chills and headache may also
occur. Feces may contain blood, mucus
or pus.

CHARACTERISTICS

Transmitted by food handlers
(symptomless carriers or persons
recovering from the disease). Food is
contaminated by hand manipulation or
mixing.

Onset: 1 to 7 days

Duration: 12 hours to 3 weeks (5-6 days
average)

PREVENTION

Maintain high standard of personal
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ILLNESS

Vibrio parahaemolyticus
gastroenteritis
FOODSINVOLVED

Raw fish, clams, oysters, raw crab, crab
salad, lobster and shrimp.
SYMPTOMS

Severe abdominal cramps, diarrhea,
nausea, vomiting, headache, chills and
prostration.

CHARACTERISTICS

Transmitted by ingestion offish and shell
fish which were contaminated in their
aquatic environment or cross-
contamination of cooked foods with raw
products.

Onset: 2 to 48 hours

Duration: 2 hours to 10 days (2-3 days
av.)

PREVENTION

Cook seafood thoroughly, eliminate
cross- contamination and properly
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PREVENTION

Destroy by heating the food to 140° F and
holding for 10 minutes or to higher
temperatures for less time; for instance,
155° F, for a few seconds. Refrigeration
at 40° F inhibits the increase of
Salmonellae, but they remain alive in
foods in the refrigerator or freezer, and
even in dried foods.

@illmoneila montivideg

HEGATIVE STAIN

hygiene, wash hands after using the toilet;
do not work with food when ill.

A el all-olaall L sl 505 S

refrigerate cooked seafood.

A transmission electron micrograph of Salmonella
montivideo, one of the salmonella bacteria that causes

BACTERIAL FOOD-BORNE ILLNESSES

I1. INFECTIONS (continued)

ILLNESS

Vibrio vulnificus septicemia
(blood infection)
FOODSINVOLVED

Raw or undercooked seafood,
particularly oysters and clams.
SYMPTOMS

Malaise followed by chills, fever
and prostration. VVomiting and
diarrhea are uncommon, but
sometimes occur after chills and
fever.

CHARACTERISTICS

V. vulnificus is widespread in the
estuarine waters of most U.S.
coastal states. The organism
penetrates the intestinal tract and

ILLNESS

Yersiniosis
FOODSINVOLVED

Dairy products, raw or rare meats,
seafood, fresh vegetables.
SYMPTOMS

Abdominal pain, fever and
diarrhea. Vomiting and skin
rashes may also occur.
CHARACTERISTICS

Yersinia enterocolitica are found
in the intestinal tracts and feces of
animals, raw foods of animal
origin, non-chlorinated water
supplies and wells, lakes, streams
and rivers. Transmission may be
by animal to food/water to human
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salmonellosis. The magnification of the micrograph is 1
micrometer (um) = 1/25,000 inch. Courtesy of E.A.
Zottola, University of Minnesota.

ILLNESS

Campylobacter enteritis
FOODSINVOLVED

Raw meat and poultry.
SYMPTOMS

Vary widely but may include
abdominal pain and cramping,
diarrhea, fever and prostration.
Blood may appear in feces after 1
-3 days of diarrhea. Other
symptoms that may occur are
headache, malaise, muscle pain,
dizziness and delirium.
CHARACTERISTICS
Campylobacter jejuni is found in
great numbers in the intestinal
tracts of healthy cattle, sheep,
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produces a primary septicemia.
The infection is rare in healthy
people, usually being associated
with liver disease, malignancy,
and renal disease. However, it has
been reported to cause death in
40-60% of the infected patients.
Onset: 16-48 hours
PREVENTION

Cook seafood thoroughly,
eliminate cross-contamination and
properly refrigerate cooked
seafood.

ILLNESS

Listeriosis
FOODSINVOLVED

Milk, cole slaw (from manure
contaminated cabbage) and
Mexican-style cheese.
SYMPTOMS

In a healthy person, influenza-like
symptoms and fever may occur.
Infection in pregnant women may
result in infection of fetus and
interrupted pregnancy. Persons
debilitated by alcoholism diabetes,
cardiovascular disease, and
immunocompromised individuals
are at the most risk. Meningitis or
meningoencephalitis
(inflammation of the brain and
surrounding membranes) are
common manifestations of the
disease in adults.
CHARACTERISTICS

Listeria monocytogenes is found
in soil, decaying vegetation and
the intestines of domestic and wild
animals, stream water, mud,
sewage and silage. Consumption
of contaminated food is one mode;
others or exact means are
unknown.

PREVENTION

or human to human. Yersinia can
grow at refrigerated temperatures
but are killed at 140° F. Not all
strains cause the illness.

Onset: 24 to 36 hours

Duration: 3 to 7 days (Appears
most often in children and
teenagers.)

PREVENTION

Cook foods thoroughly; avoid
contamination during processing
and preparation.
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swine and poultry. Fecal material
may contaminate the animal
carcasses with the bacteria during
slaughtering or other food (milk,
eggs) with which it comes in
contact.

PREVENTION

Avoid contamination during
handling and processing; cook
properly and refrigerate.
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Avoid raw meats, unpasteurized
milk and foods made with
contaminated ingredients.

BACTERIAL FOOD-BORNE ILLNESSES
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I11. INFECTION FOLLOWED BY TOXIN PRODUCTION (Bacteria invade and multiply in intestinal tract and produce an
enterotoxin which causes the gastrointestinal disturbance)

ILLNESS

Clostridium perfringens
gastroenteritis

FOODSINVOLVED

Stews, soups, or gravies made from
poultry or red meat.

SYMPTOMS

Nausea without vomiting, diarrhea, acute
inflammation of stomach and intestines.
CHARACTERISTICS

Transmitted by eating food contaminated
with abnormally large numbers of the
bacteria.

Onset: Usually within 8 to 20 hours
Duration: May persist for 24 hours
PREVENTION

To prevent growth of surviving bacteria
in cooked meats, gravies, and meat
casseroles that are to be eaten later, cool
foods rapidly and refrigerate promptly at
40° F or below, or hold them above 140°
F.

ILLNESS

Cholera

FOODSINVOLVED

Water, raw and undercooked fish and
shellfish from polluted water,
contaminated food.

SYMPTOMS

Vomiting (without nausea) and painless
watery diarrhea. Rapid dehydration may
result in circulatory collapse.
CHARACTERISTICS

Humans carry Vibrio cholerae which may
survive in the environment and
contaminate water and food.

Onset: 1 -5 days

PREVENTION

Avoid consuming fish and shellfish from
polluted water; ensure sanitary sewage
disposal and safe water supplies; wash
hands after using the toilet and before
handling food.

= |f aFood-Bornelllness Does Occur

ILLNESS

Enterotoxigenic Escherichia coli

gastroenteritis

FOODSINVOLVED

Contaminated foods not subsequently
heat processed.

SYMPTOMS

Mild to severe diarrhea with severe
dehydration and shock. No fever.
CHARACTERISTICS

Transmission is by fecal contamination of
foods. Due to presence in animal and
human intestines, feces may contaminate
soil, water, animal carcasses used for food
and shellfish from waters with sewage.
Onset: 8 to 44 hours

Duration: Diarrhea usually stops after 30
hours

PREVENTION

Avoid consuming fish and shellfish from
polluted water; ensure sanitary sewage
disposal and safe water supplies; wash
hands after using the toilet and before
handling food.

1. Contact your family physician if symptoms are severe, persist, or high risk
individuals are involved. High risk individuals are the elderly, infants, or
people with altered immune systems due to medication or disease.

2. If the illness was due to prepared food purchased or eaten away from home,
report the incident to the local public health department and to the Minnesota

32



WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

Department of Health, 717 S.E. Delaware St., P.O. Box 9441, Minneapolis,
MN 55440 (612)-623-5275. Indicate the foods consumed, where purchased,
time of onset of symptoms after consumption, and type of symptoms.

3. If possible, retain and refrigerate samples of questionable food and feces for

possible microbiological analysis. In doing so, take care that household
members do not come in contact with these samples.

= General Recommendationsfor Prevention

Individuals who process, prepare, store or serve food should attempt to 1) limit and
prevent contamination, 2) inhibit multiplication of bacteria and 3) destroy bacteria.
Following are ways in which to accomplish these goals applied to food prepared in
the home, prepared food purchased out and eaten at home, and prepared food eaten in
restaurants

» Food Prepared in the Home

Assuming there are no serious illnesses in the home, prevention may be
accomplished if you:

1. Avoid prolonged exposure of frozen and refrigerated foods to warm/hot
temperatures, such as during trans portation from supermarket to home.

2. Practice good personal hygiene. Wash hands frequently, especially after using
the bathroom, handling raw foods, or touching the nose, mouth or hair.

3. Cook foods thoroughly.
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4. Hold hot foods above 140° F.
5. Cool foods rapidly in shallow containers.
6. Reheat leftovers to 165° F.

7. Boil home-processed, low-acid canned foods for 10 to 15 minutes before
serving.

8. Avoid holding cooked foods between 40° F and 140° F for longer than two
hours.

9. Refrigerate foods at 40° F or below.

10.Prevent cross-contamination by keeping raw and cooked foods separate and by
using different equipment with each.

11.Keep equipment and utensils clean and properly stored.

Prepared Food Purchased Out and Eaten at Home

1. Purchase food from reputable, established businesses.

2. Observe general food sanitation practices of personnel and cleanliness of
facility. These often reflect potential for food-borne illness

3. Be certain hot foods are purchased hot and cold foods are purchased cold.*

4. Hold hot foods above 140° F at home.
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5. Hold cold foods at 40° F or below at home.

6. Avoid holding prepared food between 40° and 140° F for longer than two
hours, especially when bringing them home.

7. Prevent cross-contamination by keeping raw and prepared foods separate and
using different equipment with each.

» Prepared Food Eaten in Restaurants

1. Eat in reputable establishments.

2. Observe general food sanitation practices of personnel and cleanliness of
facility.

3. If cold foods are served warm, ask for a replacement.
4. If hot foods are served cold or warm, ask food to be simmered thoroughly, ask
to make another selection, or do not consume food in question.*

5. Avoiding holding leftovers taken from the restaurant between 40° F and 140°
F for longer than two hours.

6. Refrigerate leftovers at 40° F or below.
7. Before eating leftover hot foods, reheat to 165° F.
*The Minnesota Department of Health requires holding hot foods above 150°F in

restaurants and other food service establishments. This further ensures that bacteria
will not multiply during the holding period.
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ANNEX 5

Gram Staining
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Gram Sain

The Gram stain, performed properly, differentiates nearly all bacteria into
two major groups. For example, one group, the gram-positive bacteria,
include the causative agents of the diseases diphtheria, anthrax, tetanus,
scarlet fever, and certain forms of pneumonia and tonsillitis. A second
group, the gram-negative bacteria, includes organisms which cause typhoid
fever, dysentery, gonorrhea and whooping cough. In Bacteria the reaction to
Gram stain reagents is explained by different cell wall structures. Gram-
positive microbes have a much thicker cell wall, while that found in Gram-
negative microbes is thinner. Microbes from the Archaea domain contain
different cell wall structures than that seen in microbes commonly found in
the lab (Bacteria domain). However, they will still have a species specific
Gram stain reaction, even though the underlying macromolecular structures
are different.

The Gram stain is one of the most useful differential stains in bacteriology,
including diagnostic medical bacteriology. The differential staining effect
correlates to differences in the cell wall structure of microorganisms (at least
Bacteria, but not Archaea as mentioned above). In order to obtain reliable
results it is important to take the following precautions:

« The cultures to be stained should be young - incubated in broth or on a
solid medium until growth is just visible (no more than 12 to 18 hours
old if possible). Old cultures of some gram-positive bacteria will
appear Gram negative. This is especially true for endospore-forming
bacteria, such as species from the genus Bacillus. In this class, many
of the cultures will have grown for more than 2 days. For most
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bacteria this is not a problem, but be aware that some cultures staining
characteristics may change!

When feasible, the cultures to be stained should be grown on a sugar-
free medium. Many organisms produce substantial amounts of
capsular or slime material in the presence of certain carbohydrates.
This may interfere with decolorization, and certain Gram-negative
organisms such as Klebsiella may appear as a mixture of pink and
purple cells.

Gram stain procedure

Below is a procedure that works well in the teaching laboratories.

1.

2.

Cover the slide with crystal violet stain and wait one minute.

After one minute wash the stain off (gently!) with a minimum amount
of tap water. Drain off most of the water and proceed to the next step.
It may help to hold the slide vertically and touch a bottom corner to
paper toweling or blotting paper.

. Cover the slide with iodine solution for one minute. The iodine acts as

a mordant (fixer) and will form a complex with the crystal violet,
fixing it into the cell.

Rinse briefly with tap water.

Tilt the slide lengthwise over the sink and apply the alcohol-acetone
decolorizing solution (dropwise) such that the solution washes over
the entire slide from one end to the other. All smears on the slide are
to be treated thoroughly and equally in this procedure. Process the
sample in this manner for about 2-5 seconds and immediately rinse
with tap water. This procedure will decolorize cells with a Gram
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negative type of cell wall but not those with a gram-positive type of
cell wall, as a general rule. Drain off most of the water and proceed.

6. As the decolorized gram-negative cells need to be stained in order to
be visible, cover the slide with the safranin counterstain for 30
seconds to one minute.

7. Rinse briefly and blot the slide dry. Record each culture as Gram
positive (purple cells) or Gram negative (pink cells).

The Gram Stain

A photomicrograph of gram-positive and gram-negative bacteria. Note that
Gram reaction is dependent upon cell wall structure. A) E. coli a common
gram-negative rod found in the colon. B) Staphylococcus epidermidis a
gram-positive cocci found on the skin. C) Bacillus cereus a gram-positive
rod found in the soil.
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ANNEX 6

Par asites
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T he Sitent Killers

The Secret World of Parasites
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Intestinal Fluke Amoeba Parasite  Fish Tapeworm Dwarf Tapeworm

"What you will probably never hear from your family doctor"

Researchers estimate that parasites are found in more than 80% of the people
in the world. It is thought that 92% of Americans host one or more forms of
parasites. Parasites can range from tiny amoebas, visible only under a
microscope, to tapeworms 3 feet to 30 feet in length. There was a case in
which a 19 pound worm was taken out from an obese woman. She not only
had to eat for herself but for this worm as well. In addition to the digestive
tract, they can inhabit in muscle tissue, the bloodstream, the brain the heart
and other vital organs!!

Parasitesinfest people in many ways:

THREADWORM LARVAE, enter skin from the soil and pass through the
bloodstream to the lungs, sometimes causing pneumonia. They travel
through air passages to the the pharynx where they are swallowed and grow
to adulthood in the small intestine.
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TRICHINA WORM LARVAE found in undercooked pork, migrate from the
intestines to other parts of the body through the blood and lymphatic
systems, eventually lodging in muscles, especially chest muscles and the
diaphragm. When the larvae of the pork tapeworm enters the vain, it can
cause seizures and epilepsy. Blood flukes and eggs enter the body through
infected drinking water.

FLUKES can live in the bladder, intestines, liver, lungs, portal venus
system, rectum and spleen, laying eggs in a host for up to 20 years.

Pinwor m

PINWORMSEGGS can be transferred to the mouth by fingers, clothing and
bedding. Certain amoebas and most parasites are thought to be transferred to
the host body through the food we eat and the water we drink.

TAPEWORMS there is one type of fish tapeworm that used to be prevalent
in the Great Lakes region. In some people, this may produce a condition
closely resembling pernicious anemia. This is because the worm absorbs
vitamin B 12 from the body. If the head is not expelled the whole worm will
grow back!!! The fish tapeworm can produce more than 1,000,000 eggs a
day in humans!!!
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Whipworm

WHIPWORM makes a soup out of colon tissue -- then sucks it up.
Whipworms, another type of roundworm that can be present in humans, eat
the tissue in your colon. Most of these worms live in the cecum but heavy
infestation can be found throughout the entire colon. These worms are
shaped like a whip. The top two-thirds is thin, the bottom third is thicker.
The whipworm feeds itself by thrusting its thin end into the colon wall, and
then injects a digestive fluid which converts this colon tissue into liquid
which the worm sucks up. They make a soup of the tissue, in effect.

Roundworm

ROUNDWORMS looks like a common earth worm. The female worm may
be as thick as a lead pencil, and both sexes are creamy-white in color. Some
of the largest roundworms are 6 to 12 inches long. The mature female
roundworm can produce an estimated 200,000 eggs daily. According to
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Markell and VVoge in Medical Parasitology, "the amount of roundworms in a
single individual may reach staggering levels." They estimate an infected
person may have hundreds, and even thousands or more roundworms.

One unknown side effect of drugs is that they can drive a parasite from one
organ to another. This shows a potential danger of drugs that hardly any
doctors are aware of. Imagine if a person takes a drug to eliminate one
problem and this drug indirectly drives a parasite from its natural resting
place into another organ--such as the liver. Then the person later comes
down with severe liver problems, and no one will ever know what caused
the problem in the first place. Perhaps there must be dozens of similar
examples which could apply to other organs as well.

Hookworm

HOOKWORMS inject an anti-coagulant into the blood to insure it will get a
good supply. It has an innate intelligence like all creatures in nature. It often
penetrates the wall of the small intestine until it reaches a small blood vessel.
Once it finds this vessel, it will inject and anti-coagulant into the blood to
prevent the blood from clotting. In this way, the hookworm is insured of a
good supply of blood. The hookworm uses the hemoglobin in the blood to
get oxygen to breath.

[Reference: Alternative Medicine- The Definitive Guide compiled by The
Burton Goldberg Group]

Parasites Are Dangerous

46



WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

Parasites are like unwanted guests who eat your food, leave trash on the
floor, and throw the day-to-day functions on your household completely out
of kilter. Although some parasites may not cause apparent symptoms, others
are sources of justifiable concern because they:

1) Steal nutrients intended for your body.

2) Damage your tissues and / or infuse your system with toxic byproducts.
3) Unbalance your system by forcing it to continuously compensate for their
presence.

Some parasites are life-threatening--killing or handicapping many people
every year--while others are a perpetual drain on the nutrients needed to
drive and maintain the normal functions of your biosystems.

Purge Drivesthem Out

Over the millennia, parasites have learned to invade and live in the human
body because it provides them a constant flow of nutrients. Having
developed specialized defensive mechanisms to protect themselves from the
body's efforts to recognize and kill them, these parasites thrive in a
bountiful, living environment to which they are well acclimated.

Unfortunately, this is not a two-sided proposition. Parasites thrive in your
body, but your body does not thrive hosting most parasites. The all-natural
ingredients of NEWAYS' Purge help your body create an environment
hostile to these opportunistic parasites, but nourishing to the naturally
occurring flora and biosystems that help your body function properly.

Three Aspects of Parasites Purging

Your body really needs three things to occur in an effective program of
parasite elimination:

1- The Parasites must be neutralized or weakened so they will release their
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hold in your body's structures.

2- The dead or weakened parasites and their toxins must be flushed from
your system.

The newly liberated systems should be supplemented with reinforcing
3- nutrients to help your body strengthen them and help prevent
reinfestation.

Purge, Feelin' Good and Maximol Solutions are a powerful triad of natural
products that work interactively to help achieve each of these goals.
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Common Symptoms of Parasitesin
Humans

Constipation: Some worms, because of their shape and large size, can
physically obstruct certain organs. Heavy worm infections can block the
common bile duct and the intestinal tract, making elimination infrequent and
difficult.

Diarrhea: Certain parasites, primarily protozoa, produce a prostaglandin
(hormone-like substances found in various human tissues) which creates a
sodium and chloride loss that leads to frequent watery stools. The diarrhea
process in parasite infection is thus a function of the parasite, not the body's
attempt to rid itself of an infectious organism.

Gasand Bloating: Some parasites live in the upper small intestine where the
inflammation they produce causes both gas and bloating. The situation can
be magnified when harder-to-digest foods such as beans and raw fruits and
vegetables are eaten. Persistent abdominal distention is a frequent sign of
hidden invaders. These gastrointestinal symptoms can persist intermittently
for many months or years if the parasites sites are not eliminated from the
body.

Irritable Bowel Syndrome; Parasites can irritate, inflame and coat the
intestinal cell wall, leading to a variety of gastrointestinal symptoms and
cause inadequate absorption of vital nutrients, particularly fatty substances
which are absolutely essential for the proper inner working of our bodies.
This malabsorption leads to bulky stools and steatorrhea (excess fat in
feces).

Joint and Muscle Aches and Pains: Parasites are known to migrate to
encyst (becomes enclosed in a sac) in joint fluids and worms can encyst in
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muscles. Once this happens, pain becomes evident and is often assumed to
be caused by arthritis. Joint and muscle pains and inflammation are also the
result of tissue damage caused by some parasite or the body's ongoing
Immune response to their presence.

Anemia: Some varieties of intestinal worms attach themselves to the
mucosal lining of the intestines and then rob vital nutrients from the human
host. If they are present in large enough numbers, they can create enough
blood loss to cause a type of iron deficiency or pernicious anemia.

Allergies. Parasites can irritate and sometimes perforate the intestinal lining,
increasing bowel permeability to large undigested molecules. This can
activate the body's immune response to produce increase levels of
eosinophils, one type of the body's fighter cells. The eosinophils can inflame
body tissue, resulting in an allergic reaction. Like allergy, parasites also
trigger an increase in the production of immunoglobulin E (IgE).

Skin Conditions: Intestinal worms can cause hives, rashes, weeping
eczema, and other allergic-type skin reactions. Cutaneous ulcers, swellings
and sores, itchy dermatitis and a number of types of lesions can all result
from protozoa parasite invasion.

Granulomas. Granulomas are tumor-like masses that encase destroyed
large or parasitic eggs. They develop most often in the colon or rectal walls
but can also be found in the lungs, liver, peritoneum, and uterus.

Nervousness: Parasites metabolic wastes and toxic substances can serve as
irritants to the central nervous system. Restlessness and anxiety are often the
result of a systemic parasite infestation. Perhaps that's why after completing
a parasite cleansing program, many people swear that their persistently
grouchy mates or relatives have become a lot more pleasant and patient.
:The most famous tapeworm of recent years belonged to "the legendary
opera singer Maria Callas. She had a serious weight and skin problem. When
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the tapeworm was detected and removed, her weight dropped, her skin
improved and her temperament mellowed", writes Gittleman.

Sleep Disturbances: Multiple awakening during the night, particularly
between 2 and 3 a.m. are possibly caused by the body's attempts to eliminate
toxic wastes via the liver. According to the traditional Chinese medicine
these hours are governed by the liver. Sleep disturbances are also caused by
nocturnal exists of certain parasites through the anus, creating intense
discomfort and itching.

Tooth Grinding/Clenching: Bruxism - abnormal grinding, clenching, and
gnashing of the teeth has been observed in cases of parasitic infection. These
symptoms are most noticeable among sleeping children. Bruxism may be a
nervous response to the internal foreign irritant.

Chronic Fatigue: Chronic fatigue symptoms include tiredness, flu-like
complaints, apathy, depression, impaired concentration and memory
problems. The physical, mental and emotional symptoms can be caused by
parasites which facilitate malnutrition resulting in improper absorption of
proteins, carbohydrates, fats and especially vitamins A and B-12

Immune System Dysfunction: Parasites depress immune system functioning
by decreasing the secretion of immunoglobulin A (IgA). Their presence
continuously stimulates the system response and over time can exhaust this
vital defense system, leaving the body open to bacterial and viral infections.

Excess Weight, Acne, Cancer and Others: The following conditions may
also be tell-tale signs of a parasitic invasion: weight gain, excessive hunger,
weight loss, asthma, bad taste in the mouth and bad breath, diabetes,
epilepsy, acne, migraines and as incredible as this may sound, even the
biggest killers: heart disease and cancer.
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Some of the experts are quite cautious about this subject, and will only
acknowledge a "possible" link between the parasites and these diseases.
Other doctors, like the much-quoted Dr. Hulda Clark, her ground-breaking
book "The Cure for all Cancers" claims that most cancers are caused by the
"fasciolopsis buskii" parasites and that every single one of her patients with
cancer had parasites. Once Dr. Clark eliminated their parasites, incredibly,
the tumors also disappeared.

Although the doctor's point of view was based on hundreds of well-
documented case histories, her skillfully argued view can be considered by
some to be controversial. Yet some of us at this point may wonder why all
the world's doctors are presumably trying to find a cure for cancer and heart
disease if the answer is so simple? The politics of disease treatment is a
hotly debated subject and is a topic of many future articles, however, it's
worthwhile to think for a minute about the tens of thousands of dollars that
each heart surgery or chemotherapy costs, as opposed to say an herbal
alternative that would only cost a couple of hundred dollars. Where is the
incentive for the medical profession and the hospitals to promote such and
inexpensive option? Where would they profit more? If tomorrow we found a
cure for one of the leading diseases, then a huge part of our economy would
collapse and millions of health care workers would lose their jobs. Food for
thought isn't it?
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A Colon Therapist Speaks

" People Who Are The Sickest, They Have The M ost Par asites!”

Q. Can wor ms affect peoples health?

A. The people that are the sickest, those are the ones | get the most out of.
Like the lady with shingles. She was about 70. She had terrible shingles - a
very bad skin condition - all over her face. Her whole face on one side, and
her eye and hair were all weeping water. We got an hour and a half of solid
worms out of the colonic tube. And I filled her only once. It was SOLID
worms! About seven different kinds, all intermingled. Every worm you
could think of came through that colon tube. No pulp, no water, just worms -
for an hour and a half --if just flowed through. SOLID! After the worms
were all out, the shingles went away. Completely.

For ten years | had horrible liver pain. It was caused by liver flukes

Q. Did you ever have worms your self?

A. Are you kidding? Everyone has worms. | have had liver flukes that were
12 inches long.

Q. And you saw them?

A. Yes! They were horrible! They were twisted around each other 4-5 at a
time. | had pain in my liver for over ten years. | ended up in the hospital
twice all doubled up with pain. They said it was a muscle spasm. After the
liver flukes came out, | haven't had any pain since. | even got the eggs of the
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flukes out. | showed them to another therapist who de-worms people, but |
didn't tell her they were mine. She said, "Those aren't worms from the colon,
those are worms from the liver. Those are liver flukes." | showed them to
another expert who also confirmed that they were liver flukes. "These are
huge." He said.

Q. How many people haveliver flukes?

A. | don't know exactly...but the number is large, and they don't even know
they have them.

Tapeworms are scavengers, they eat your food before you do.

Q. | can seethewaste of taking vitamins and mineralswithout de-
worming first.

A. The worms will eat them. They eat the nutrients first.
Q. Tel meabout the Tapewor m.

A. It can weigh up to seven pounds! It eats so much of your food, your
nutrients, it makes you anemic. They make people so sick...I can't tell you.
The head usually lives in your stomach, waiting for your food. They're
vicious; they eat a lot; they're scavengers. Even when you sleep, they're
eating. Every other person has a tapeworm. You can quote me on that...every
other person.

Q. What a horriblethought. They just sit there waiting for your food!
A. It's true. They wait for you to eat. Your dinner is their dinner.

Q. That'samazing. You go out to a good restaurant, eat and expensive
meal, and the tapewor m get first crack at it.
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A. That's right. That's why people are so anemic. My friend in New York
had a big one...it was attached to the intestinal wall right by the ileocecal
valve. She said she could feel this worm wiggle. After she killed it, she
reeked because it was rotting inside of her. She smelled awful.

Q. Why couldn't she get it out?

A. Because it wasn't rotting enough. It had to fall apart first. Her breath
smelled like something rotting. The dying tapeworm was permeating and
odor through the tissues of her body.

Q. Soif aperson hasalot of worms, they will have an odor ?

A. Absolutely. Many of my patients come in smelling terrible. That's how
one of my patients knew she had a tapeworm. A 50-inch worm came out.
They are flat and about an eighth of an inch thick. All the segments are
joined together like a chain and they keep growing one segment after
another. Just one little segment remaining in the body can grow a new
tapeworm. Just one little segment can grow a monster. That's all it takes.
They live in your stomach, not the colon, usually right near the cecum where
it dumps into the small intestine, where they can get all your food before it
gets absorbed in the intestine.

Q. You've actually seen a 50 inch tapeworm come out?

A. Oh, sure. And once | saw a 36 inch segment that lay in the colon tube
and wouldn't break off. It just lay there with everything else washing around
it. Finally, it broke off. Another man got a tapeworm out of his stool - he
saw it in his toilet. But he never got the head out, so it keeps re-growing.
Three times a woman in New York had tapeworms come out. It is like a
head with an octopus...a head with feelers. She got segment of 50 inches, 36
inches, 20 inches and more. Everyday she would get more tapeworm out.

Beef is loaded with tapeworms.
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Q. Where do most people get the tapewor m from?

A. We get it from beef. | recently went to dinner with some friends and |
told them about the dangers of eating rare beef. | told them about the
tapeworm problem, but they ordered rare beef anyway. They said they
couldn't eat it any other way.

Q. Didn't they believe you?

A. They didn't believe that good meat has tapeworms in it. What they didn't
understand is that just one little spore in the meat can hatch in your stomach
and grow a tapeworm. It can be deadly. It's the price people have to pay for

eating their steaks rare, or medium rare.

Q. Tell memore.

A. | once had a woman with a large tapeworm. | could feel it by placing my
hand on her stomach. If | disturbed it by rubbing her stomach, I could feel it
unwind, stretch out and start moving through the intestine and curl up in
another place. It was huge! Enormous! And she was a little person - only
115 pounds. Worms can cause blockage in your colon.

Q. How do worms cause health problem?

A.. You already know that they eat your nutrients. But their filthy excretions
are very toxic and can cause many health problems by spreading throughout
your body. Every organ can be affected.

Q. You say wormsand parasiteslivein thelayers of the colon?

A. That's right. When a person is constipated, it's because of layer upon
layer of impacted fecal matter in the colon. This is where the parasites live.
Different parasites live in different layers of this fecal matter. That's why |
see so many different parasites and worms as | clean a persons' colon.
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Q. You've mentioned that you see a lot of worms.

A. Yes, one girl lost two gallons of them. She was tiny to begin with and
was constipated - she could never get a nice, steady flow. It was the worms
that prevented her from having bowel movement.

Q. Do peoplelose weight when they pass these wor ms?

A. Certainly! If you pass a seven pound tapeworm, you've just lost seven
pounds. If you pass several quarts of worms and parasites, you're now many
pounds lighter. People also lose inches from their waist, too, because these
filthy critters take up a lot of space. If you're constipated, and have a lot of
impacted fecal matter, this also takes up space. Many people with large
tummies are really not fat--they just have a lot of backed-up fecal matter
bulging out. This compounds the problem, because the colon muscles cannot
contract if there is too much weight in it.

Q. Haveyou ever seen a patient who didn't have wor ms?

A. Never! In nine years of doing colonics, | have never seen a person who
didn't have worms. Every single patient had worms.

Be Careful of pork products.

Q. How safeisit to eat pork today?

A. A doctor in Chicago put a piece of raw pork tissue under a microscope. It
was loaded with living worms. Everything was moving, and all the samples
were the same. Then he cut the pork, and charred in on the grill. He made it
into charcoal and then put some of that under the microscope. The parasites
were still moving.
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Q. Would that apply to most pork today?

A. Well, if charcoal pork still had living parasites, this would mean that it's
impossible for a normal person to kill the parasites in the pork. Why take
chances?

Q. Haveyou ever seen hookwormsin a client?

A. Oh yes. They were all alike. They were about six inches long, gray in
color and came to a point at each end.

Q. What isthe most prevalent worm you seein people?

A. Those long, white ones. The granddads are black. They are as thick as
fountain pens and usually ten inches long. Some tumors-like masses may
really be pockets of parasites.

Q. I'veheard that there can be parasitesin the heart.

A. Absolutely! You can have worms in every organ...the eyes, the brain, the
liver, the spleen, the pancreas...the heart is no exception. Many people have

fatty tumors in the legs. They may feel like hardened material, but these can

be pockets of parasites. They are encased in calcified material.

Q. What other areas of the body have wor ms?
A. Worms are everywhere. Worms in the pancreas causes diabetes.
Q. You mean if worms migrate to the pancreas, you get diabetes?

A. If you get too many of them there, yes. Guess what causes appendicitis?
Worms! Often when an inflamed appendix is removed, it is full of worms.
They are what caused the rupture. You can have worms in the tonsils. They
can be in the gall bladder - or any other organ in your body.
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Q. Wormsareterrible. They go wherever you go.
A. You're right. And when you die, they eat you up.
Q. Can you get worms and parasitesin the muscles?

A. You bet. What do you think trichinosis is? Parasites in the muscles.
Remember the woman earlier who had worms crawling out of her skin?They
were from her muscles. She was in her garden and the warmth of the sun
drove them out.

Q. Isanyoneworm free?

A. No. Someone told me that 98% of the people have worms...l say 100%
have worms of one type or another. People with pets have different worms
than people without pets...people on farms have different worms than people
in the cities. But we all have worms!

Note: Colonics come very handy. Everyone should go through a colonic
cleansing, done by a professional. Just remember one thing; Colonics do not
kill the worms or parasites, it just helps you to unload them faster. Purge will
do the killing!
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United States Office of Water September 2000
Environmental Protection Agency 4304

GIARDIA: DRINKING WATER FACT SHEET

What is Giardia?

Giardia (je-ar’de-ah) are protozoanparasites which occur in a trophozoite
and an oval-shaped cyst form. Cysts excreted in the feces of an infected host
move passively through the environment. If cysts areingested, infection may
be transmitted to another vertebrate host. The trophozoite causes infection.
Excystation to the trophozoite form is initiated in the stomach and completed
in the small intestine. The trophozoites divide, attach to the small intestine,
and then detach for unknown reasons. During the encystment process, they
become rounded and elaborate a cyst wall that protects the cyst as it is
excreted and carried through water and other media.

Numerous species of Giardia havebeen found in a variety of mammals,
birds, reptiles, amphibians, and fishes. Giardia hasalso been detected in
beaver, muskrats,wading birds, voles, mice, shrews, gerbils, rats, deer,
native marsupials, Australian brush tail possums, ringed seals, and llamas.
There is no general agreement on the criteria to define species; host
specificity, body size and shape,internal structures, and
biochemical,molecular, and genetic techniques have all been used. Scientists
and physicians describe the specie(s) responsible for human infectionsas G.
lamblia, G. duodenalis, or G.intestinalis.
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Wher e has Giardia been found?
The wide occurrence of cysts in humans and animals suggests that soil can

Be contaminated with Giardia through fecal deposition and sewage disposal
practices.

Municipal waste waters likely always contain Giardia cysts. Giardia is
distributed worldwide in lakes, ponds, rivers, and streams. It is even found in
high quality water sources with no municipal wastewater discharges. All
surface waters probably contain Giardia, and whether cysts are detected
depends largely on the methods used to collect and analyze watersamples.

In North America, higher levels in water are often reported in the late
summer, fall and early winter. Generally, there is nocorrelation of cyst levels
in water with coliform bacteria. When Giardia cysts are detected in
environmental samples, information about viability, infectivity, or species is
not usually available.

Reported Giardia levels have ranged from 10,000 to 100,000 cysts/L in
untreated sewage, 10 to 100 cysts/L in treated sewage, and 10 or few cysts/L
in surface water sources and tap water. Cysts have also been detected in
cisterns and in wells contaminated by surface water or sewage. Levels are
generally higher in water sources influenced by agriculture (e.g., cattle or
dairy farming) or municipal and residential wastewaterdischarges.
Contamination levels may fluctuate due to storms, agricultural practices, and
the operation of wastewater facilities. Giardia has been detected on stainless
steel and Formica® surfaces in day care centers. Limited information is
available on the levels of cysts in foods; improvements areneeded in both
sampling and analytical methods. There are no published reports on the
occurrence of Giardia in air.
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How long can Giardia cysts survivein the environment?
The survival of Giardia cysts in the environment is significantly affected by

temperature; survivability decreases as the temperature increases. A small
fraction of cysts can withstand a single freeze-thaw cycle. Cysts can survive
for 2 to 3 months in water temperatures of less than 10/ C, and at 21/ C,
cysts have remained viable for almost onemonth. Cysts are killed in 10
minutes at a water temperature of 54/ C. Raising the water temperature to
boiling immediately kills cysts.

How infective are Giardia cysts?

Giardia cysts are highly infective. As few as ten human-source Giardia cysts
produced infection in a clinical study of male volunteers. The incubation
period (time interval between ingestion and the first appearance of
symptoms) can range from 3 to25 days.

Can Giardia betransmitted between animal species?

Giardia from some animals exhibit anapparent high degree of host
specificity, but other isolates may infect more than one host. The role of
animals in causing human infection is not clear, but evidence suggests that
the beaver and possibly the muskrat is a source of infection for humans.

How prevalent is Giardia infection in humans?

Giardiasis is the most commonly reported intestinal protozoan infection
worldwide; an estimated 200 million people are infected each year. In the
United States, G. lamblia is the most frequently identified parasite in stool
specimens submitted for parasitological evaluation. Giardia infection tends
to be more common in children than adults. Depending on the geographical
area, studies have found from 1-68% of children to be infected. In many
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developing countries, most children under five years of age have been
infected at least once. In two studies in the United States, 7% of children
aged 1 to 3 years and 11% of infants and toddlers tested for admission to
day-care centers were found to be infected.

How prevalent is Giardia infection in domestic and wild animals?

Giardia is a common protozoan parasite of farm animals, especially calves
and lambs. Dogs are frequently found infected; cats less frequently. In
different areas of the United States, 7-16% of beavers were found to be
infected; 95% of muskrats were found to be infected.

What arethe health effects of Giardia infection?

Giardia infection may be acquired without producing any symptoms, and
this is often the case for children. In symptomatic patients, acute diarrhea is
the predominate feature. In some instances, diarrhea may be transient and
mild, passing without notice; in others diarrhea can be chronic. Other
symptoms may include abdominal cramps, bloating, flatulence, steatorrhea
(daily losses of fat in feces greater than 7 grams), weight loss, and
occasionally vomiting. Stools may be pale, greasy, and malodorous. Weight
loss may be significant. In some patients, symptoms last for only 3 or 4 days,
while in others symptoms can last for months or years. Rarely does Giardia
infection cause death, but each year 4,600 persons with giardiasis are
estimated to be hospitalized in the United States.

Hospitalized cases are primarily children under five years of age, and
dehydration is the most frequent co-diagnosis. A potentially serious
consequence is nutritional insufficiency which may result in impaired
growth and development of infants and children. Other reported associations
with giardiasis in children include malabsorption of iron, allergic reactions,
inflamation of the synovial membranes of major joints, and nonprogressive
retinal changes; these all require additional study.
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| streatment available for giardiasis?

As with all diarrheas, fluid replacement is important. Anti-giardial agents
can be important in the management of individual cases but may not prevent
reinfection of children in day-care centers or areas where exposures are
frequent. Drugs have different effectiveness in their ability to clear Giardia,
and side-effects should be considered, especially for pregnant women.

Whoisat risk?

Giardia is frequently spread directly from person to person, especially
among young children in day-care centers, nurseries, or institutions and
among persons living in areas with poor sanitation and hygiene. Although 7-
54% of children attending daycare centers in the United States may be
infected, infections are primarily without symptoms and do not result in
adverse growth effects. An estimated 5-20% of household contacts and 9-
35% of care-center staff also may be infected. Studies have not found that
pets are an importance source of infection. Several small foodborne
outbreaks have been associated with ice and foods contaminated by food
service workers, but restaurant-associated transmission of Giardia does not
appear to be a significant problem. High attack rates have been reported in
travelers to endemic areas. Giardiasis can also be transmitted by some sexual
activities, particularly among male homosexuals who practice oral-anal sex.

Giardia can be an important cause of endemic and epidemic waterborne
iliness. In the United States, increased risks have been found in populations
where surface water sources are not filtered, persons who use shallow well
water systems, persons who drink contaminated water while picnicking,
camping, and hiking, and persons who accidently ingest water during
swimming and other water recreational activities. Poorly maintained wading
and swimming pools and heavily used swimming areas at lakes and ponds
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pose an increased risk, especially if they are used by diaper-age toddlers or
other persons prone to fecal accidents.

What causes water bor ne outbreaks?

Since 1971, Giardia has been the most commonly identified pathogen in
waterborne outbreaks reported in the United States. More than 130
waterborne outbreaks have been reported in 27 states; both residents and
travelers have been affected. Outbreak statistics emphasize the need for
filtration of surface water, optimization of the filtration process, frequent
monitoring of treatment effectiveness, and better protection and treatment
for ground water.

How effectiveiswater treatment?

When operated under appropriate conditions, commonly used filtration
technologies can effectively remove Giardia cysts from water. The highest
removal by granular filters is achieved when coagulation is optimized. Care
must be exercised when selecting membranes; those that can remove Giardia
cysts may not be effective for other protozoa, like Cryptosporidium, that are
smaller in size. Commonly used water disinfectants can effectively
inactivate Giardia cysts depending on the disinfectant concentration and
contact time. Cysts are relatively more resistant to disinfectants than bacteria
and viruses, and high doses and lengthy contact times may be needed. This
may result in high levels of disinfection byproducts which are regulated by
the EPA.

What is being doneto reduce waterbornerisks?

EPA’s Surface Water Treatment Rule (SWTR) requires that public water
systems filter, except in rare circumstances, and disinfect surface water and
groundwater that is directly impacted by surface water; 99.9% of Giardia
must be removed or killed.
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How important iswater bor ne transmission of giardiasis?

A risk assessment has estimated that in the United States as many as 250
infections per 10,000 people may occur each year from exposures to Giardia
in drinking water. Although the limitations of this risk assessment are
recognized, this estimate suggests that more stringent water treatment
requirements may be needed. The EPA is currently collecting occurrence
information about Giardia in water systems throughout the country. When
this information becomes available, waterborne risks can be estimated again
using this and other newly developed risk assessment models.

Whom should | contact if | suspect an outbreak is occurring?

If you or members of your family are diagnosed with giardiasis and suspect
that your neighbors, fellow travelers, or children’s friends may also be
infected, you should discuss this with your physician or a public health
worker in your local or state health department. Most health departments
require that physicians and laboratories report giardiasis cases to them.
Health department epidemiologists investigate disease clusters and increased
reports of disease to determine if they are caused by contaminated water or

food or other sources. Health departments may ask the Centers for Disease
Control and Prevention (CDC) in Atlanta to assist in an outbreak
investigation. The EPA can assist the CDC in the investigation of suspected
waterborne outbreaks.

Whom should | contact if | am concerned about my drinking water ?

If you suspect your water system is contaminated, you should contact your
water utility and ask about the effectiveness of their treatment. State
agencies can also provide information about public water systems and their
water quality. In some states, the health
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department will have regulatory jurisdiction; in others, a department of
environmental quality or natural resources will have this responsibility. Your
health department or county agriculture extension office can provide
assistance and advice about the contamination and water treatment of
nonpublic or individual water systems. Home and personal water treatment
systems should be carefully selected. If your home water supply is subject to
contamination with Giardia, you should select a system that can remove or
kill 99.9% of Giardia and Cryptosporidium and 99.99% of waterborne
enteric viruses and bacteria. Independent testing groups, like NSF
International, evaluate the effectiveness of water treatment devices. Heating
water to at least 700 C for 10 minutes or boiling water for one minute at sea
level (three minutes at high altitudes) is also acceptable.
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BASIC REQUIREMENTSFOR OPTIMISATION

1.1 Introduction

1.2 Personnel

1.3 Management structure
1.4 Plant maintenance

1.5 Housekeeping

1.1 Introduction

Optimising water treatment plant operation is a concept applying to all

plants because some operational improvements can always be made, whether
in plants equipped with sophisticated instruments to monitor and control the
operation, or in those with no laboratory or appropriate equipment; and
whether in plants with highly trained and competent operators, or in those
with operators who have little formal training but know from experience
how to carry out their routine work.

Orientation for optimisation of plant operation must therefore cover a very
broad spectrum of treatment plants and the people who operate them.
Generalisations are difficult because each plant and situation will require a
particular combination of measures to obtain optimum performance. In the
industrialised world with well-equipped laboratories and well-trained
personnel much of what follows may not apply, but in many less developed
countries most or all of the suggested measures can bring significant
improvements.
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Producing best quality finished water and working at maximum capacity
begins with the decision of water department managers to improve plant
operation and provide the necessary resources. This implies a profound
enquiry into the best treatment for the specific raw water; the application of
new knowledge probably not available to the original designer; the use of
the treatment plant operational history as contained in plant records; daily
operator attention and monitoring of the important indicators of optimum
treatment; and a renewed dedication of the operators to understand the
fundamentals of water treatment, applying them in daily work.

Improved treatment plant operation does not just happen in response to
decisions of policy: it is the action of many people throughout the water
department that makes it happen.

1.2 Personndl

Optimising the performance of existing water treatment plants must be done
mainly by plant operators - the design and construction have long been
finished, and any errors or mistakes are now cast in steel and concrete. At
this point, the problems which may have been built into the plant cannot
easily be corrected and for all practical purposes will not be. Plant
performance is therefore in the hands of those who operate it, from managers
of the water department through to the operators and general workers in the
plant itself.

1.2.1 Top management

In most cases where serious efforts to optimise performance are urgently
needed, the water treatment plant would probably not have all the required
equipment, supplies and qualified personnel. Meeting these needs will
require the authorisation and support of top management including the head
of the water department, the engineers in charge of water treatment and
those empowered to allocate funds and personnel.
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Major improvement will be possible if the water department is willing and
able to provide engineering design assistance and financial support, resulting
in a plant that produces two to three times more water of much better
quality, and at a much lower unit cost.

1.2.2 Senior technical staff

Those most deeply involved with plant improvement are the operators
themselves, but in most plants (both large and small and especially in the
developing world) these operators are rarely qualified for laboratory work,
or in the use of equipment such as jar-test stirrers, turbidimeters and pH
meters, or qualified to make use of information from the laboratory to
improve performance. It is essential therefore to have a technically trained
person to be directly responsible, to lead work and to train the operators in
these aspects of effective plant operation.

The best solution would be an engineer with relevant training who would
understand more fully the physics and chemistry of treatment operations,
follow manufacturers' instructions for equipment operation and maintenance,
and use published material on plant operation and improvement. It is
valuable to have an engineer as team leader, because engineering input will
be essential for design and installation of some improvement measures.

The engineer should be assisted by one or more treatment plant operators
who will thus acquire practical experience in making and maintaining
improvements to the plant. Operators with capacity for learning and with an
interest in self-improvement should be selected. If the treatment plant has an
operating laboratory, the laboratory technician should also be directly
involved in optimisation work, and should be aware of requirements for
ongoing maintenance.

Optimisation is a continuing process and so the involvement of operators
should be as broad as possible and should certainly include the long-term
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supervisor. In most smaller treatment plants (less than about 2.5 1 s™* or 200
m? per day) a qualified technical person (engineer, chemist or highly skilled
operator) will probably not be available and will have to come from some
other sector of the water department. Whatever the situation, broad
involvement encourages use of the acquired information, monitoring of plant
performance, and thus a sustained improvement process.

1.2.3 Plant operators

For treatment plant operators to carry out their work properly they must:
[1 Betrained in the fundamentals of water treatment plant operation.

[1 Betrained in the operation of their specific plant.

[] Understand raw water characteristics at their plant and the quality
standards to be met.

[1 Know their own specific job, know whatthey are supposed to do at all
times and know what information is to be collected or calculated and
recorded.

[] Receive proper supervision and provide it to their subordinates.
Unfortunately, in most water treatment plants throughout both developing
and industrialised regions, these requirements are not all met.

Few designers have any experience of water treatment plant operation and
fewer operators have any input into the conceptual or final design of the
plant for which they will eventually be responsible. If they had, many
problems could be eliminated or at least greatly alleviated, but this is rarely
the case and probably will not be for some time to come. Operators,
therefore, must do the best with the physical structure for which they are
responsible.
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Competent, well-informed and motivated plant operators can do many things
on their own to improve the performance of existing plants. These actions
are, for the most part, directly related to operation but can also include
simple structural or hydraulic changes. Such activities include:

[1 Control of theleve of the intake structure from which raw water is drawn.
[1 Measurement of raw water flow into the plant.

[1 Control of the concentration of the coagulant solution in the solution
tanks.

[1 Control of the coagulant dilution and dosage.

[1Construction of an effective diffuser.

[1 Location of adiffuser at the point of best application of the coagul ant.
[ Improving the shape and location of baffles in a hydraulic flocculation
basin.

L1 Improving the energy input of mechanical flocculation bagns.

[1 Removal, cleaning and replacement of filter sand and support gravel.
[1 Building a new supportgravel layer using inverse gradation.

[ Repairing the filter bottom where it may be damaged.

[1 Verification of filter and backwash rates.

[1 Control of thedosage of chlorine and of lime.
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[] pH correction after the application of chlorine.
[1 Preventative maintenance programmes for plant equipment and structures.
With technical assistance from the water department engineers and some

modest financial support, competent operators can also expect to be able to
do the following:

[1 Modify or relocate intake structures for flexible draw-off of high quality
raw water.

[1 Design and construct aweir or flume to measure intake of raw water
accurately.

[1 Construct and irstall a diffuser and piping to apply dilute coagulant at a
weir or flume.

[ Redesign and modify a flowdividing manifold, if needed to distribute
between basins.

[1 Provide proper energy input to flocculation basins by appropriate design.

[1 Design and buildcompartments for flocculation basins which use
mechanical mixing, or modified baffling for those basins which use
hydraulic mixing.

[1 Design and build auxiliary flocculation unitsif they are needed.

[1 Design and build a perforated baffle for the entranceinto the settling
basin.

[ Design and install a more efficient system of settled water removal.

[1 Verify the head loss through the filter and cal cul ate the maximum filter
rate.
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[0 Modify filter bottom and outlet piping for afiltration rate of 406450 m®
m™ per day.

[1 Remove rateof-flow controllers and design and install a perforated disk
into the filter outlet, to control maximum filter rate for adapting the unit to
declining rate control.

It is clear from these lists that operators (on their own, or preferably with
both technical and financial assistance from the water department) can make
very many important operational improvements. These measures can
improve treated water quality, reduce treatment costs and, in most situations,
increase the production capacity of the plant.

1.3 Management structure

Optimisation of plant performance is the result of effective plant operation
and maintenance which depend on good management throughout the water
department, starting at the top and influencing everything that the
department does.

Many water departments are organised more or less as shown in Figure 1.1.
Under the treatment division is the treatment plant but, depending on the
city, there may be more than one plant. A treatment plant of 200-3001 s,
operating around the clock, should have a staff of one chief operator, one
assistant chief operator, three to four operators, one or two electromechanics,
four to five general workers, one laboratory technician and one
administrative clerk.

The chief operator is responsible for overall plant operation, maintenance
and supervision of all work. Under the chief operator there may be an
assistant who substitutes for other operators in the case of illness or vacation
and who is responsible for supplies of chemicals and materials, day-to-day
maintenance of equipment and plant upkeep. During each shift of 8-12
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hours, a designated operator is responsible for treating water at correct
dosages, controlling plant flow to satisfy demand and taking note of any
problems requiring the chief operator's attention. In smaller plants, the
electromechanic is available during the day to work on any problem
requiring specific expertise. Pumps, motors and equipment are always in
need of overhaul and repair. Therefore the electromechanic does routine
maintenance jobs, minor piping and hydraulic and structural work around
the plant. Serious situations (including repairs which call for additional
expertise) require help from the engineering division. During each shift there
are one or more general workers available and during the day there can be
more to do yard work and assist the electromechanics. Depending on the size
of the plant, there is also a laboratory technician to do routine laboratory
monitoring and testing. The clerk is responsible for producing reports,
keeping inventory and other administration such as timekeeping and
personnel reports.

Figure 1.1 Typical structure and functionswithin a medium-sized water
utility

Director & Assistants

|| |
| |

Legal Adviser Financial Adviser

[ I | |

Distribution  Engineering Treatment Administration  Commercial

and and and
Heavy Water quality ~ Personnel
maintenance training

These are the people upon whom the optimisation of treatment plant
performance directly depends. Their training and motivation is a major
factor towards the success of the improvement process. For complete and
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thorough optimisation the personnel need concerned support from top
management, proper equipment, and assistance from the engineering
division. A new plant can thus emerge within the structure of the old one,
producing much more water of an excellent quality.

1.4 Plant maintenance

The importance of plant maintenance is obvious, yet maintenance is so poor
In many cases that continued emphasis is required. The subject is large and
covering it in depth is beyond the scope of this book. Thus plant
maintenance is treated only in general terms, with some specific reference to
pumps and motors.

Maintenance includes the use and care of plant structures and equipment, in
a way that will extend their useful life and will avoid breakdowns and
emergencies. General rules can be stated which cover the broad maintenance
picture:

[1 Provide good housekeeping- everything clean, orderly, and organised.
This is of great importance to efficient running, reflecting on the plant
operation and its personnel.

[1 Develop aplan of dailyoperation and follow it. Everyone in the plant
should know their job, and when and how to do it, so that the plant runs
smoothly without problems.

[1 Modify the daily plan as experience and conditions indicate. No plan can
be perfect and unforeseen conditions may require changes or alternatives.
Make these arrangements an integral part of the daily plan even if they apply
only in particular situations, such as excessive turbidity, so that when such
situations occur the operators know what to do.

[1 Follow manufacturers' recommendations for operation and maintenance
of equipment. All equipment comes with instructions. Sometimes manuals
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are in a foreign language and must be translated well so that important
details are not lost or misinterpreted. There is a tendency always to find fault
with equipment. Sometimes there may be a genuine fault, but more problems
are due to misunderstanding or failing to follow instructions.

[ Establish and follow an inspection and lubrication routine for each piece
of equipment. Schedules and procedures should follow manufacturers'
recommendations. To monitor implementation, these might be documented
In maintenance records discussed below.

[1Keep records of maintenance and repair for each piece of equipment.
Such records, properly filed, are important for the long-term efficiency of
the plant. They show which items of equipment are easy or difficult and
expensive to operate and maintain, guiding further purchase or rejection. A
possible example (pump record) is shown in Table 1.1.

[1 Establish aplan for maintenance of the plant structures. Routines of
cleaning, painting, and repair pay dividends in long and useful service. Most
of water treatment is carried out in corrosive conditions and protective
coatings need to be periodically repaired. The failure to repair concrete
surfaces can cause exposure of reinforcing steel with eventual structural
weakening and loss. Good preventative maintenance avoids expensive
waste.

[1 Use photographs where possible. VWWhenever the need to record a speific
condition is important, a photograph can be extremely useful as an exact
record of the condition at a given time.

[1 Maintain awellequipped workshop with a competent electromechanic,
having a reasonable stock of pipes, electrical wire and essential repair parts.
Pumps, motors and similar pieces of equipment are always wearing out,
therefore a good workshop and competent mechanic are essential in
maintaining the plant in good condition. Tools are sometimes lost or
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"borrowed" and so an investment in maintaining a reasonable stock should
be made. Many people in the plant use tools and a system to account for
them is advisable. An example of a suitable scheme is one where everyone
who uses tools has a set of chips that are lodged in exchange for tools and
retrieved when the tools are returned to the store.

Table 1.1 Example of a pump maintenance and repair record, illustrating
typical entries

Pump: High Service Pump No. 1
Pump (manufacturer, model, serial number, power rating, maximum flow rate,
data: etc.)
. . By
Date Maintenance and repair Remarks
whom
Every day Inspect and observe operation JD
25-01-98 Installed new packing rings JD
10-02-98 Checked and greased JD
i Old impeller badly
20-02-98 Installed new impeller JD
worn
28-02-98 Noticed hearing unusual noise JD Reported to Chief
10-03-98 Noise continues, so reported to Chief JD
Electromechanic inspected pump and Repair work
11-03-98 JD
motor scheduled

1.5 Housekeeping

Housekeeping in the water treatment plant means cleanliness, orderliness
and organisation. This means that the yard should not be cluttered with
abandoned equipment and materials; the laboratory, warehouse and shops
should be well organised and have an air of purpose about them; and
electrical and hydraulic repairs should be done cleanly and securely by the
appropriate personnel.

The appearance of the treatment plant, inside and outside, and the areas
surrounding it give a good first indication of what may be expected.
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Conscientious operation is suggested by a clean and orderly plant and
grounds, whilst a dirty and disorderly plant raises concern over its efficient
operation and the final water quality.

ASSESSING PLANT PERFORMANCE AND IDENTIFYING
DEFECTS

2.1 Observing plant operation
2.2 Raw water intake

2.3 Raw water metering

2.4 Coagulant handling

2.5 Flocculation systems

2.6 Settling basins

2.7 Filters

2.8 Disinfection

2.9 Stabilisation

2.10 Checklist for plant review

2.1 Observing plant operation

The best way to observe plant operation is to follow the same route the water
takes. Start with the raw water intake and go through the plant to the treated
water reservoir. Firstly observe the operation of each unit, noting obvious
problems, and begin to study the possible solutions. The next step is routine
sampling to assess performance of each unit. Together with bench scale
testing and pilot filter testing, an overall picture will emerge from which
comprehensive improvement plans can be developed.

A study of the design of the plant is essential before making critical
observations. Some plant problems are directly related to design, and there
are several possible reasons for this:
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[1 The design may not be effective for the specific raw water, particularly if
good information on the raw water characteristics was not available at the
time of design.

[1 Designs are not aways suited to the level of operation and maintenance of
each plant.

[1 Designers might not have had the best information on physical and
chemical concepts in treatment plant design.

[1 A predesign study may have been incomplete, laking adequate bench and
pilot scale testing.

Flows, volumes, surface loadings and velocities should be checked carefully
when studying the plans and specifications. Table 2.1 provides an example
of such information from a plant investigation. Another important aspect of
design is the ease of operation. Very few designers have operated a
treatment plant and most are therefore quite unfamiliar with operation issues.

After studying the plans carefully an observer should be fully aware of the
general layout and unit design performance, as well as problems that exist or
are possible in the future. All treatment plants can be improved (some more
than others) to produce more water of higher quality. Study and analysis of
each plant can yield substantial dividends to the water agency.

Table 2.1 Unit loadings - information from a plant investigation

Grit chamberst Presettling basing Flocculation basins® | Final settling basins® | Filters®
Plan L oadings L oadings L oadings
Detent .
t ) Plant Detentio Plant . Plant Plant
fon 3 . Detention s . -
flow . flow (m°*m (cm/ ntime flow . . flow (m*m | (cm/mi flow (m°*m (cm/
3 time 3 1 2 : . 3 1) time (m'n) 3 1) 2 3 L 2 .
(m (min) (m®s?) /day) | min) (min) (m°s (m°s /day) n) (m*s™) /day) | min)
sh
4 10.6 4 38.7 2.7 130 4 30 4 27.2 1.9 4 120 14
5 8.5 5 48.4 34 104 5 24 5 34.0 2.4 5 150 1.7
6 7.0 6 58.0 4.0 87 6 20 6 40.7 2.9 6 180 2.1
7 6.0 7 67.7 47 74 7 17 7 475 3.3 7 210 24
8 5.3 8 77.4 5.4 65 8 15 8 54.3 3.8 8 240 2.8
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tVolume = 2,535 m?

2 Area = 8,934 m% volume = 31,269 m?
*Volume = 7,200 m?

*Area=12,723 m?

s 16 filters, total area = 2,880 m?

2.2 Raw water intake

Considerable effort should be made to decide the best intake location,
because it will provide a benefit for the life of the water treatment plant. The
intake structure should be located as close as possible to the plant, but more
importantly at the point in the river or reservoir where the best quality raw
water (lowest turbidity and pollution) may be found.

The quality of raw water may vary greatly with depth below the surface in
still waters or large rivers. In addition, the depth at which the best raw water
is found will often vary during the year. It is therefore of utmost importance
that the intake structure has the flexibility of drawing raw water from
various depths, from just below the surface down to a point near the bottom.
If the structure does not offer flexibility or is in the wrong location,
consideration can be given to changes (depending on the severity of the
resulting problems) (see Chapter 7).

2.3 Raw water metering

It is important that operators know the rate of raw water intake at all times,
because chemical dosing is directly related to raw water flow. Unfortunately,
most plants in less developed countries, and many elsewhere, have
unsatisfactory measurement of raw water flow. Measuring devices that need
continued maintenance or which fail easily through corrosion or wear should
be avoided.

Operators tend to rely on the number and capacity of raw water pumps
operating to give them the flow of water through the water treatment plant.
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Wear of pump impellers and surface deterioration in the transmission line
means that flow will vary over time. Nevertheless, this approach can still be
a useful method if pumps are calibrated at least annually, using one of the
flocculation and settling basins as a place to determine the actual volume of
raw water entering the plant. For example, if the raw water pumping station
has three pumps, and a standby pump, all of equal size, a settling and
flocculation basin should first be drained to a known level, e.g. 2 m below
the outlet elevation. The first raw water pump should then be started and
pumping should be continued until the basin level has risen to the outlet
level. The pumping rate is then calculated from refilled depth, basin area and
pumping time. This exercise should be repeated using each pump and pump-
combination in operation. This simple calibration test will give plant
operators good information (typically as | s* or m® per minute) for all
pumping combinations with which to control proper coagulant dosages.

If a flow meter has been installed in the pipeline, calibration testing remains
important and should be done each year, because meters shift out of
adjustment and are not always correct.

2.4 Coagulant handling

The methods of handling chemicals in treatment plants vary widely from
highly mechanised continuous systems to completely hand and batch
methods. Any system can be satisfactory if designed and operated properly.
What is important is that a correct dose be applied to the raw water as
effectively as possible. This means certain information must be known
accurately, namely:

[1 The dose required.

[] The amount of coagulant per unit of volume in each batch.

[1 The amount of dilution water.

L1 That the dosing equipment applies the desred dose all the time.
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2.4.1 Primary coagulant selection

The most effective coagulant or coagulant and polymer combination can be
determined with considerable precision and economy in the laboratory.
Bench scale jar testing (see Chapter 5) should be used to determine the best
coagulant, combination and sequence, and the most effective and
economical dosing. Unfortunately, most plants do not carry out this simple
but worthwhile procedure. Relatively few water treatment plants test the
chemicals and dosages routinely and continuously to search for more
effective and economical processes.

2.4.2 Preparation for use

Almost all plants in less developed countries and many plants in
industrialised regions use dry, solid aluminium sulphate as their primary
coagulant. Usually the solid alum is put into solution in batches, preparing
one or more batches whilst another batch is being applied to the raw water.
This method of preparation is unreliable and unsatisfactory in most plants,
because the amounts of dry alum and water are not carefully determined for
each batch, which in turn is because operators do not realise the importance
of maintaining an exact alum concentration. The volume of the batch tank
may never have been determined exactly, or the control marks may have
been lost. Most batches may be within 10 per cent of the target but much
better accuracy (e.g. 1 per cent) is easily obtainable, thus efforts to control
amounts of water and alum, so that concentrations are more exact, are
worthwhile.

The volume of the batch tanks and the amount of dry coagulant being
dissolved should be known accurately. Tank volume is easily measured and
dry aluminium sulphate is most often added from sacks on which the weight
is clearly, and usually accurately, marked. It is essential, however, that the
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operator clearly understands the importance of having an exact amount of
water mixed with a certain number of sacks of coagulant to give a specific
concentration. This principle of understanding as a foundation for good
practice applies throughout the operations of the water treatment process.

To save space in batch tanks, alum solution prepared from solids is often too
concentrated, usually in the 20-25 per cent solution range. The batch system
is better designed to give a 10 per cent solution of alum (which is most
economical) and makes it easier to dissolve the dry solids.

2.4.3 Application of coagulant to raw water

The most widely encountered deficiency in water treatment is in the manner
of application of the coagulant to the raw water. Dilution of the coagulant
down to a low concentration is very seldom done in any water treatment
plant, simply because operators and plant engineers do not appreciate its
importance and value. The tendency in many plants is to apply alum solution
as it comes from the batch tanks. In those plants using solid alum cake this
usually means a solution of about 20 per cent, and in plants supplied with
liquid alum, it means almost a 50 per cent solution. In consequence it is
common to observe a small, thin stream of alum solution falling into one
comer of a mixing basin or onto the surface of a channel. This results in
uneven dosing - a small amount of raw water receives far too much alum,
while most of the raw water receives too little.

Coagulant should be applied at a concentration of around 0.5 per cent, and
certainly less than 1 per cent. This provides a maximum volume of coagulant
solution while maintaining a high enough concentration to avoid
polymerisation and reaction with the dilution water. Plant performance
observations will note insufficient dilution of the coagulant (see Chapter 7
for recommended coagulant feed systems).
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Checking the system is relatively simple. Concentration of coagulant in the
batch and the amount of coagulant solution being applied can be easily
determined. Then, given the flow rate of raw water, the applied dose can be
calculated. If the required dose is known it can be easily verified. Bench
scale jar tests would indicate the proper dose but are seldom done.

The problems most commonly found in chemical feed systems are:
[1 Coagulant dose is not changed in response to changes of raw water flow.

[1 Constant head system not operating properly- the applied dose varies
with the level of coagulant solution in the feed tanks.

[1 Chemicalfeed pumps out of adjustment or completely worn and
performing erratically.

The consequences are that expensive coagulant is wasted, floc formation is
much less than is desired, and a large proportion of the colloids pass through
the filters into the treated water.

The full importance of complete and instantaneous dispersion of all the
coagulant with all the raw water has been recognised quite recently. It is
very difficult to attain, due simply to physical constraints, but a close
approach can be made. The requirements are application at a point of high
turbulence, where the velocity gradient is at least 1,000 s™*; and dilution of
the coagulant to not more than 0.5 per cent (or 5 g of solid alum per litre of
water).

Rapid mixing or coagulant dispersion is very seldom attempted in the most
efficient and effective way. The initial reaction of the raw water with the
coagulant is extremely rapid (and is over in a fraction of a second) and
therefore it is most important that all the raw water and coagulant are mixed
in less than 1 second or before the initial reaction is completed.
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All or most of the colloids must be exposed to a portion of the coagulant, to
accomplish the destabilisation so that a floc will be formed. Positively
charged metal ions (most often AI**) neutralise the negatively charged
colloids and effective coagulation and agglomeration for floc formation can
then occur. There are many mixing systems by which satisfactory results
may be obtained. Hydraulic methods as described in Chapter 7 are
recommended for less developed countries.

2.5 Flocculation systems
2.5.1 Manifold hydraulics

The transport of dosed raw water to flocculation basins is usually through an
open concrete channel. Two main difficulties that can arise at this stage are
ensuring an equal distribution among the flocculation basins, and avoiding
excessive head loss along the route.

Manifold hydraulics must be applied wherever a pipe or channel discharges
water to several points (distributing manifold), or collects it from several
points (collecting manifold). In water treatment plants, distributing
manifolds are often encountered in taking dosed water from the initial
mixing point to a series of parallel flocculation basins; in distribution of
water from flocculation basins to a series of settling basins; and in the filter
backwash system, where water may be distributed to a series of transverse
pipes or channels from a common header. All of these instances require
application of manifold hydraulics to attain proportional (usually equal)
distribution among all the points of discharge.

Distribution of water from a transport channel to a number of basins
perpendicular to the channel might seem simple, and may be so when all
hydraulic factors are understood and taken into account during plant design.
Unfortunately for operation of most existing water treatment plants, the
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effective application of manifold hydraulics has been neglected in their
design.

Head loss in the transport system from the rapid mix unit to the flocculation
basins occurs at 90° turns where velocities are high, or at the weirs that some
designs incorporate to distribute the water. Chapter 7 illustrates ways to save
head loss in design and to alleviate it in existing plants. This may be
important if plant production is to be increased, because head loss increases
at a parabolic rate with respect to velocity and can become a major
impediment.

Examples of collecting manifolds in a water treatment plant include settling
basin launder systems, and stages at which a series of parallel basins
discharge into a common channel. These manifolds rarely function as they
should, because of improper design. When four to six basins receive water
from a single channel, it is common to find that one or two basins are getting
40-50 per cent more water than others. Clearly this is bad for treatment.
Overloaded basins cannot function properly and will send high turbidity
water on to the filters, causing filter maintenance problems and serious
impairment of treated water quality. The trouble lies in the distributing
manifold and in the filter backwash system. Poor distribution of wash water
from headers to take-off piping causes uneven washing and soon leads to
problems in the filter bed.

2.5.2 Flocculation

The fundamental defect in most flocculation systems is that they have been
designed without good information on optimum velocity gradients,
flocculation time, optimum energy input or taper of energy input during
flocculation. All of this is basic information on how water reacts in the
flocculation basins and which bench scale jar testing can provide. Over-
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flocculation and under-flocculation often occur in the same basin, whether
hydraulic or mechanical mixing is used.

Basins for mechanical flocculation must be divided into compartments to
control the process. Short-circuiting and dead space are prevalent in basins
with just one or two compartments, as most commonly found in older
treatment plants. At least four compartments are needed to provide a
reasonable evenness of flocculation. Direct effects of the mixing system
have to be appreciated also, for example vertical rotary paddles create a
higher velocity gradient at their faster-moving outer ends than near the axis
of rotation.

In hydraulic systems, the velocity gradient around the ends of baffles is high
while between bends it is very low. As floc particles collide and build during
the process, this high and low energy input can be very detrimental and
prevent optimum or even good floc formation. This results in poor settling,
higher floc loads on the filters, and treated water of lesser quality.

Tapered input of energy in the flocculation process is needed to build large,
settleable floc, yet few plants are designed to control tapered energy input
properly. This is accomplished easily in hydraulic systems if the baffles are
spaced correctly and the designer is aware of the velocity gradient to apply
along the flocculation route. In mechanical mixing systems, several
compartments are required with a separate agitator in each. Different energy
inputs are applied in successive compartments, high at the beginning of
flocculation and low at the end.

2.5.3 Horizontal flow systems

In observing a horizontal flow flocculation system, several factors should be
examined:
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[1 Appearance of the floc at the outlet

[1 The number and design of compartments.

[1 Means of applying agitation.

[ Flexibility of the agitation equipment to increase and decrease agitation.
[ Timein the flocculation unit.

[ Short circuiting.

[1 Application of a polymer, where used.

Flocculated water, as it approaches the basin outlet, should have a thick floc
churning around in clouds, which are of characteristic appearance. Between
the heavy floc clouds there should be cracks, which are openings between
floc clouds, where the water is very clear. These may be 2-5 cm wide,
perhaps several metres long, and vary continuously with new cracks
appearing, closing, opening, and changing position. The floc particles
themselves will vary widely in size (some being very small and some large)
but a floc size of 2-3 mm should dominate.

Compartmentalisation, as shown in Chapter 7, is simply a means of making
the water follow a route designed to reduce short-circuiting, aiming to
maintain flocculation time close to the optimum. It should be clear in bench
testing that when the flocculation time is too short, poor floc is formed
which does not settle well. By contrast, when floc stays in the basin for too
long it has a tendency to break up, which also hinders settling. Hydraulic,
baffled flocculation systems are compartmentalised effectively by design
and so there is no possibility of short-circuiting (see Figures 8.9, 8.11 and
8.12 in Chapter 8).

Once the charge on colloidal turbidity particles has been neutralised by the
metallic coagulant, the particles no longer repel each other and stick together
as growing floc particles. In a completely quiescent environment, contact
occurs less often than if there is some agitation. Bench tests show that too
much agitation shears the floc and it does not grow, but too little agitation
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does not provide enough opportunity for gentle contact between floc
particles. There is therefore an optimum and bench testing can indicate the
best floc-building environment. As floc grows, it can more readily be broken
up and so the energy input must diminish along the flocculation system, i.e.
agitation must be most gentle at the end of the system when the floc is
largest and most easily fragmented. This applies both to the external
provision of energy in mechanical mixing and to the design of baffle series
in hydraulic mixing systems.

The agitation system has to maintain proper energy input across flocculation
basins. Some kinds of equipment provide more even input, for better
flocculation, than others (Figure 2.1). Axial flow propellers avoid the
velocity-gradient variation of rotary paddles and agitate the entire basin quite
evenly. Some hydraulic systems also transfer energy unevenly. At the ends
of each baffle, where the water takes a 180° turn, the velocity gradient is
higher than towards the midpoints of the baffles. The hydraulic system,
therefore, must be an almost continuous system of turns and bends in order
to be effective (see Figure 8.11 in Chapter 8).

Agitation equipment must be flexible to provide the tapered input discussed
above, and to allow seasonal adjustment for changes in raw water
temperature and chemical composition. Cold water requires less agitation
because the floc is weaker and can break up more easily. Hydraulic systems
should be designed for tapered input of energy, but are less readily made
flexible.
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Figure 2.1 Assumed spatial distribution of velocity gradient for various
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Flocculation time, short-circuiting and compartmentalisation are interrelated.
Well-designed compartmentalisation keeps water in the system for close to
the optimum time determined by bench tests and improves evenness of
flocculation. In hydraulic systems there is no short-circuiting, but the time in
the system is directly related to flow.

In some plants, heavy non-ionic polymers are used to accelerate settling.
These may be used only at certain times of the year, such as in cold weather
or when seasonal runoff causes problems. Other plants have continuous
difficulties related to coloured water, and where it is essential to apply the
polymer after the floc has formed. Bench scale testing can find the best time
of application, which is often about 5 minutes after flocculation begins (see
Figure 5.8 in Chapter 5).
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2.6 Settling basins

After flocculation, the floc-laden water must be transported very carefully to
settling basins, to avoid breaking up the floc. It might be expected that once
in the basin, the floc would settle readily and relatively clear water would
exit the basin; but this is not usually the case because many things happen to
reduce the efficiency of settling basins.

Unless the entrance to the settling basin is well designed, energy from
flocculation mixing can carry over to form currents and short-circuiting. It is
very common to find settling basins in which a large proportion of the water
goes through in half or less of the design time; also there may be dead space
in which the remainder stays for much longer than desired. Both of these
defects reduce effectiveness of the settling basin, with poor clarification and
too much floc going to the filters, where problems then follow with a poorer
quality of the filtered water.

Temperature differences between the water in the basin and the water
entering, cause currents and short-circuiting, again with poor settling
efficiency and too much floc carried over to filters. If incoming water is
much colder or warmer it short-circuits along the bottom or top of the basin.
Sudden increases in turbidity also increase the specific weight of the
flocculated water, causing it to short-circuit along the bottom of the basin.

Proper design of the entrance to the settling basin can greatly alleviate these
problems and avoid some altogether. An entrance baffle (Figures 8.17 and
8.18 in Chapter 8) distributes flocculated water equally across the basin and
gets it started in "plug flow" configuration, i.e. all water will travel along the
basin at approximately the same velocity. Once water has entered the settling
basin and distributed equally across the section, it has to be removed in the
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proper way. Just letting settled water drop over the outlet end of the basin is
not the best method.

The settled water removal system plays an important role in obtaining water
of the lowest possible turbidity for subsequent filtration. Exit velocity should
be reduced to a minimum, and this requires a take-off system with the
longest possible weirs or launders. The outlet weir is often only as long as
the basin width, which is by no means the longest design. The result is that
the velocity of the water is high, and the naturally upsweeping current
carries with it a lot of floc from the basin. If the outlet weir can be doubled
in length as in Figure 8.22, then water velocity over the weir can be halved,
and if weir length can be tripled, quadrupled or even increased ten-fold, the
overflow velocity will be correspondingly lessened. This is very desirable.

Based on sampling from hundreds of rectangular settling basins, the least
turbid water is always from the middle to the third quarter of the length of
the basin (see Figure 5.23 in Chapter 5). This is true in treatment plants the
world over with all standards of operation, and thus weirs or launders of the
settled water take-off system should extend through the final third of the
basin length. Such a system reduces exit velocities and upsweeping effects,
alleviates temperature and density currents, and takes water of the lowest
turbidity for filtration. This results in longer filter runs, lower filtered water
turbidity, and a less frequent need for filter maintenance.

A perforated outlet baffle is an effective and economical way to achieve the
removal of the lowest turbidity raw water from the basin. The headloss
designed into the baffle causes the water to exit across the end of the basin,
thereby eliminating upflow currents (see Figures 8.17 and 8.18 in Chapter
8).
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2.6.1 Sludge deposition patterns

The sludge pattern in settling basins provides a useful indicator of the
effectiveness of mixing and flocculation, although this only applies to those
basins without continuous sludge removal (i.e. those which must be drained
and have sludge removed, usually two or three times a year). The profile of
the sludge leaves a distinct mark on the basin wall, indicating very clearly
the settling pattern. Figure 8.4 in Chapter 8 shows the ideal condition and
also the pattern typical of poor flocculation.

2.7 Filters

Almost all filters used outside the industrialised nations use a single
medium. This is sand of depths from 25-30 cm up to 60-70 cm, of which
effective grain size varies from 0.5-0.6 mm up to 0.8-0.9 or even 1.0 mm.
Although dual media filters of sand and coal are becoming more common,
they are mainly used at water treatment plants in industrialised countries.

In observing and analysing filter performance, the first and most important
characteristic is filtered water quality, and although turbidity has some
limitations it is still the best measure of clarification for most treatment
plants. With good design and operation, treatment plants should be able to
produce a consistent supply of filtered water of less than 0.5 NTU. When the
turbidity of filtered water is frequently more than 1.0 NTU, problems that
need attention are likely.

Raw waters vary in treatability, but those producing light, weak floc need
special attention in both process and hydraulic design. Preliminary bench-
scale tests can identify this problem so that measures can be taken early to
solve it. These measures could include use of polymers, iron as coagulant
instead of alum, longer flocculation time with lower velocity gradients,
lower loadings in settling basins, or special attention to velocities and
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turbulence. Such measures in combination can make a significant difference
to the floc load that reaches the filter.

Problems relating to treatability should really be identified and analysed in
the predesign phase, because the physical and process design can then
incorporate whatever measures are required in response. Because few
treatment plants, especially in less developed countries, are designed from
bench scale, pilot scale, and plant testing, these problems are recognised
only after operation begins. As a result, solutions are obviously more
difficult, complex and expensive. Careful predesign investigations are most
vital for water providers in regions with the least resources available for
plant modification, but the reality is almost always that in such cases
predesign studies are seen as a luxury rather than a necessity.

The first place to look for causes of poor-quality filtered water is not the
filter itself but in pretreatment prior to filtration. If relatively high-turbidity
settled water has been applied to the filter for a long period it may be subject
to clogging, formation of mud balls, and possible breakthroughs in the filter
beds - all of which impair filtered water quality. Causes may be found in
initial dispersion and dilution of coagulant, in the flocculation and in
settling.

Improvements to pretreatment are necessary before attending to the filter
itself because there is no point in replacing filter sand if operation will
continue with poorly pretreated water, because the filter will again
deteriorate quickly. One large plant in south-east Asia has needed to change
and rebuild filters constantly for 25 years. Their raw water is difficult to
treat, the plant has poor initial mixing and no flocculation, and the settling
basin inlet and outlet need improvement. Under such conditions, the filters
will never do a good job and will always be under repair.
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Although pretreatment is often the root of filter problems, there are several
issues which relate to the filter itself. Properly designed filter systems are
discussed in Chapter 7, and some general problems are described below.

The sand in the filter is most commonly supported by a gravel bed, below
which an underdrain system removes filtered water. The same system is
used for the backwash, and this underlies many filter problems - especially
upset beds, breakthroughs in the beds, and poor distribution of backwash
water resulting in uneven filterwash. Unsatisfactory distribution of backwash
water over the filter is found in most older plants and many new ones. That
part of the bed that is underwashed eventually becomes clogged and that part
which is overwashed may receive backwash water at very high velocities
causing an upset of the bed. Sometimes uneven backwashing occurs because
of elevation differences between washwater drain troughs. The design of an
effective, properly functioning backwash system requires good knowledge
and application of manifold hydraulics.

Many water treatment plants (especially the older ones) were designed with
an insufficient backwash rate. The bed is not expanded enough to allow a
good shearing, high-velocity wash which will remove the embedded floc
particles. Many systems do not provide sufficient water to give a full wash
for more than 5-6 minutes, although a longer wash is sometimes necessary.

Plants may have been designed with only shallow filter boxes, saving a
small amount of concrete. This produces low water depth over the filter bed
and subjects the filter to negative pressures early in the filter cycle, with a
small head loss. Gullets and troughs are often flooded during backwash,
because they were not designed with enough capacity or grade to carry away
washwater. The upper end of the drainage system floods and poor cleaning
Is obtained. This also occurs if part of the filter receives excessive amounts
of water in uneven washing.
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Air entrainment in the backwash water disrupts filter bottoms and media. If
the level of the backwash header is above the level of the washwater troughs,
air may collect in the header between backwash cycles. This condition
occurs most often when backwash is provided by direct pumping. Air
entrainment may also occur if vortices form in the elevated washwater tank
as water is drained down. This problem is most pronounced in shallow tanks
(see Figure 4.6 in Chapter 4).

2.8 Disinfection

Almost all treatment plants throughout the world disinfect filtered water
with chlorine, although there are some, mainly in Europe, which use ozone.
It is not unusual to observe one or more of the following conditions in the
plant related to application of chlorine:

[1 Very low chlorine dose.

[] Short contact time.

[1 Applying chlorine after lime has been added for stabilisation.
[ Poorly or noroperating chlorination equipment.

To safeguard the health of consumers, the disinfection process must be
complete. A low dose is effective with long contact; but contact time is more
commonly short and the dosage must be high. Whatever the situation, the
dose must be large enough so that the reaction will carry through to a free
chlorine residual (i.e. enough to oxidise all the oxidisable material and still
provide a remainder through the water distribution. Any lesser dose of
chlorine will provide very precarious disinfection or none at all. In some
waters where there is little or no pollution this is not critical but with highly
polluted raw water, poor disinfection can be very dangerous for human
health.

Chlorination equipment is produced almost exclusively in the industrialised
countries. The water departments of less developed countries must import
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equipment and thus it is not unusual to find poorly operating chlorination
equipment. Immediate reasons include poor maintenance, lack of spare parts,
shortage of foreign exchange to buy the equipment and repair parts, and
occasionally failure to appreciate the importance of disinfection.
Chlorination equipment must be maintained in good condition to avoid the
danger of a serious chlorine leak. Manufacturers' operating instructions are
the best source of information regarding operation and maintenance of the
equipment, and should be followed scrupulously. If the application of
chlorine is erratic, the safety of the finished water is often uncertain. It is
common to find the rate of chlorine withdrawal higher than the
environmental temperature permits.
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Figure 2.2 Effect of pH and temperature on the formation of
hypochlorous acid for disinfection
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The effectiveness of the chlorine as a sterilising agent is related to water pH.
At 20 °C, the most useful oxidising and disinfecting agent (HOCI) is about
75 per cent formed at pH 7.0 but only 25 per cent formed at pH 8.0 (Figure
2.2). It is therefore essential that chlorine is applied before the pH of filtered
water (normally pH 7.0 or lower) is adjusted upwards for distribution. The
effectiveness of chlorine as a disinfecting agent is significantly reduced
above pH 7.2-7.3, mostly wasted at pH 8, and at pH 9 or above almost no
disinfection occurs.

The clear well (see Figure 8.3 in Chapter 8) should be designed so that the
chlorinated water will remain in the basin for at least 30 minutes and
preferably longer. This is done by baffling the tank so that the water will not
short-circuit and discharge too quickly into the distribution system.

2.9 Stabilisation

Stabilisation of the treated water is very important, because water which is
either corrosive or depositing can do great harm when discharged to the
distribution system. Many water plants are operated without full regard for

100



WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

the importance of stabilisation, and the distribution system may be damaged
before this problem is recognised and corrected.

2.10 Checklist for plant review

Box 2.1 Checklist for review of plansand plant performance

Raw water intake

&

.Correct location

Flexibility to draw water from various levels if appropriate to source

Raw water metering

<

.Accurate determination of flow (weir, flume or meter)
Periodic calibration

Channels of raw water
Calculate the maximum volume under the existing gradient

Chemical handling

Storage capacity for each chemical such as coagulant, lime, chlorine, etc.

EDosing capacity of each chemical (including the method, capacity and limit)
Initial mixing of coagulant and raw water
Describe the method used, including sketches where appropriate

Application of limefor coagulation - for pH adjustment

S

.Describe the method used
At what point in the treatment process is lime applied

Flocculation system
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Describe the flocculation system used
ETheoreticaI time of flocculation
Volume of the system

EType of system (hydraulic or mechanical)

Settling system

<

.Number of basins and their surface areas
.Surface loading

.Dimensions of unit

R R

.Describe the entrance and exit

<

.Exit weir overflow rate
.Settled water turbidity.

S

Filter system

Number of filters and surface area of each
EDepth and particle size of the filter media
Support for media

EFiIter bottom

Rates of filtration and backwash
ECIean-up rate

Briltered water turbidity

Describe filter and wash piping

<

.Dimensions of drains

Disinfection

S

.Chlorinator size, location

<

.Minimum and maximum rates

s

.Safety precautions

Stabilisation
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Application point
EAmount applied (and flexibility)
pH of stabilized water

IMPROVING PLANTSAND THEIR OPERATION

4.1 Plant records

4.2 Raw water intake and flow

4.3 Rehabilitation of the chemical building
4.4 Pretreatment units

4.5 Filter rehabilitation

4.6 Filter operation

4.7 Stabilisation

4.1 Plant records

Good plant records can be extremely valuable for any plans to improve plant
performance, or for design of upgraded units treating the same raw water.
However, critical studies for such work most commonly find that records of
plant performance are incomplete, inadequate or even, for practical
purposes, non-existent. If records are kept, their value for monitoring the
operation of the plant is often disregarded and they are archived without
analysis.

To improve plant performance one of the first factors to examine is the raw
water and its characteristics, and the more information that is available the
better the improvements will be. The ideal situation for older plants would
be reliable data gathered over at least twenty years, including a large number

103



http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm1-4.1%20Plant%20records�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm2-4.2%20Raw%20water%20intake%20and%20flow�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm3-4.3%20Rehabilitation%20of%20the%20chemical%20building�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm4-4.4%20Pretreatment%20units�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm5-4.5%20Filter%20rehabilitation�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm6-4.6%20Filter%20operation�
http://www.who.int/docstore/water_sanitation_health/watreatplants/ch06.htm#bm7-4.7%20Stabilisation�

WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

of maxima and minima for important indicators such as turbidity, colour,
pH, temperature, alkalinity, iron and manganese. Depending on drainage
area characteristics, other indicators may be important, such as phosphate,
chloride, sulphate, nitrate, pesticides, heavy metals, or various contaminants
from industry.

For most treatment plants, even in industrialised countries, there would be
neither time nor capability in personnel or laboratory facilities to do more
than the analyses that bear directly on the treatment process. In this book,
therefore, the discussion is limited to the analyses that a basic laboratory for
a small water treatment plant could realistically achieve. The information
that should be collected and recorded is shown in Box 4.1, including data
needed for specific analyses described in this and other chapters.

4.2 Raw water intake and flow

Recommendations on raw water treatment are available for performance
improvement. Chapters 5,6 and 7 describe this work which starts with intake
structures and raw water metering. Location and design of the intake are
important for obtaining raw water of best quality.

Operations personnel cannot easily modify the intake but it is usually
possible, in reservoirs at least, to take water from a variety of depths.
Sampling in the reservoir can indicate the depth where algal density is
lowest, turbidity and other pollutants. If the intake is defective in design or
location, the water department should be informed and if analysis of the
problem shows serious defects, improvements beyond the resources of plant
operators can be considered.
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Box 4.1 Basic information which should berecorded at a water treatment plant
General reference

] Date

[ Rainfall every 24 hours

] Air temperature at 12.00h each day

Raw water

1 Temperature at 06.00h, 12.00h, 18.00h and 24.00h

[ Turbidity and pH each shift under stable conditions or every 2 hours if changing
Settled water (each basin)

U Turbidity and pH every 2 hours

0] Residual chlorine during each shift

Filtered water (each filter)

O] Turbidity every 2 hours

1 Record hours of filter operation, as stipul ated below
Finished water (each clearwell)

U Turbidity and pH during each shift

Chemical dosages

] Coagulant and polymer doses every 2 hours

] Lime and chlorine doses each shift

Chemical consumption

] Coagulant, lime and chlorine during every shift

Filter operation (each filter)

[ Hour of backwash (time of day)

[ Total time out of service (minuted

[ Hours of operation (hours)

[ Duration of backwash (minutes)

[0 Backwash rate if available (mf m™ per min)

[ Final head loss in filter before wash (m)

Raw water quality

U River level (daily)

[] Reservoir level (daily)

L] Intake levels

Flow rates

O Raw water into the plant (m® per day)

O Treated water out of the plant (ni per day)

Chemical analysis: each shift when water is changing, or weekly when water is stable
[ Alkalinity, hardness (carbonate, norrcarbonate, total)

I Iron, manganese

1 Others which nay be important depending on the situation
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4.2.1 Laboratory testing of raw water

Assuming that preliminary preparations have been made, the best place to
start is by testing raw water to determine optimum process parameters.
Chapter 5 discusses this procedure in detail, and it is recommended that the
team leader and the operators should study Chapter 5 carefully before
starting the testing work. Those not trained in handling laboratory equipment
and materials will need some practice, for example in using pipettes and
making dilutions. Nevertheless, with an experienced team leader, sufficient
accuracy in jar testing can be gained reasonably quickly. Repeated tests of
some variables are very important, and therefore those operators who work
routinely at the treatment plant need to master such tasks.

The time required for experienced personnel to carry out complete bench
scale jar testing on the raw water might be up to 10 working days. To be
realistic, an inexperienced group should initially allow three to four times as
long to obtain good data, in which they have confidence. The bench scale jar
testing programme should seek to determine the following:

[1 The most effective coagulant and optimum dosage for conditions at time
of testing.

[1 The optimum sequenceof chemical dosing if applicable.
[1 Whether sludge recycling would be advantageous.
[1 Effective polymers and the dosages required.

[1 Optimum flocculation time, energy input (in terms of velocity gradient)
and tapering of energy input through the flocculation process.

[] Settling velocity distribution curves for the test trials, and the optimum for
the plant.
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4.3 Rehabilitation of the chemical building

Storage and housekeeping often cause problems in chemical buildings. In
most treatment plants several activities share that building such as the chief
operator's office, operators' bathing and changing facilities, the laboratory,
shops and general storage. If housekeeping is good there are advantages in
having all activities grouped together, such as the chief is able to observe
and supervise closely plant operation, capacity for interchange and
communication among all personnel is good, and overall administration is
simplified. With poorer housekeeping however, this situation becomes very
difficult, such that plant operation is disrupted and any tendency for
inefficiency or laxness spreads throughout the plant.

In general, the most difficult chemical for effective handling is lime, which
IS corrosive, dusty and spreads easily throughout the building if not carefully
handled and confined. Lime handling and preparation should be separated
and isolated as much as possible to avoid contamination of other operations.
Isolation can be helped by using a separate closed area or by canvas curtain
walls, or by any method appropriate for local conditions which will keep
lime dust away from other activities. Lime transport by closed compressed
air systems is rarely used in smaller treatment plants, and is custom-designed
for each installation.

Aluminium sulphate (the most usual coagulant) is not very dusty because it
is normally supplied in bags of caked solid. Some plants are supplied with
alum in liquid form, which is discharged directly from trucks into storage
tanks. The latter method avoids any dust.

It is rare to find an old treatment plant in which handling and application of
chemicals are done well and accurately, because operators often do not
appreciate the importance of applying a correct dose of fully diluted
coagulant, or of ensuring complete and quick dispersion. Accuracy of the
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process begins with dilution in the preparation tanks (day tanks), followed
by feed and dilution of coagulant and finally knowledge of raw water flow to
calculate coagulant amounts. Preparation tanks have to be measured so that
true volumes are known. A calibration rod should be installed in each tank
clearly indicating the amount of water for a specific amount of dry chemical
(perhaps a certain number of bags) to provide a solution which is about 10
per cent alum or lime. If the amount of insolubles is high, for example more
than 6-8 per cent, concentrated solutions leave too much AI** in the sediment
which, over a period of time, can be expensive. Smaller tanks are needed for
more concentrated solutions, but the difference in construction is of minor
value unless space is a particular problem.

Another important preference is that the chemicals should be fed by gravity,
which eliminates pumps with their associated maintenance and operation
problems. The building must be high enough to give the required difference
in elevation, and where the land is sloping the building can be sited uphill.

An example is shown below of calculations in chemical preparation, relating
to plant flow and the required dosage:

A maximum dose of 25 mg I is required with a maximum flow of 100 I s™.

The preparation tank is to hold 24 hours' supply of 10 per cent alum solution.
Daily flow of water = 86,400 s per day x 100 | s* = 8,640,000 litres per day.
Amount of alum = 8,640,000 litres per day x 25 mg I = 216 kg per day.

Volume = 216 kg per day x 10 | kg™ (10 per cent) = 2,160 litres (i.e. 2.16
3
m’)

The required tank size could be 2.0 x 1.0 x 1.40 m = 2.80 m® with 0.30 m
freeboard (see Chapter 7 for details, including piping and feeding).
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In practice, it is important to make the tank a size that will accommodate a
specific number of sacks of dry chemical. For example, if dry alum is
shipped in sacks of 40 kg, the above tank could be enlarged a little to take
240 kg of dry alum or six sacks. If the sacks are 45 kg each, five sacks
would provide almost the calculated amount of 220 kg. The calibration rod
can then be marked with the appropriate water level for the required number
of sacks or bags of chemical.

When the exact concentration of coagulant in the preparation tank is
controlled, the rate of addition of raw water can also be determined and
controlled. Continuing the example above (100 | s™ raw water, dosed at 25
mg 1) the amount of 10 per cent alum required is 2,160 litres per day. Thus
the constant head feeder is adjusted to provide a flow of 1,500 ml per min.

The prepared solution is 10 per cent, but to be most efficient the alum should
be applied at 0.5 per cent. Consequently, dilution water of 19 times the
volume must first be added to flow from the preparation tank. For example,
the alum feed of 1,500 ml per min would require dilution with 28.5 litres per
min before addition to the raw water.

Figures 8.9 and 8.10 in Chapter 8 illustrate typical details of preparation
tanks, constant head feeders, dilution control system and diffusers for
coagulant application.

4.4 Pretreatment units
4.4.1 Coagulant preparation and dispersion

Maintenance of stocks of coagulant, lime and other chemicals in preparation
tanks is quite simple once a routine has been established and it then only
requires occasional monitoring.

Applying and diluting the coagulant or lime depends on feed equipment or
chemical flow control and on the amount of raw water requiring a specified
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dosage. Amounts of raw water, applied chemical and dilution water must be
monitored more closely and the design of the system should allow easy
sampling of the chemical flow. Measurements of stock solution and dilution
water flow rates can be made simply by collecting the flow for a standard
time. The flow of raw water should be measurable from the weir, flume or
venturi readings, and the correct dosage should have been found by jar
testing.

Mixing and feeding lime involves dealing with a substance that creates dust
and easily pollutes the areas where it is made up. Consequently, lime storage
and handling should be isolated as much as possible from other operations.
Due to its tendency to react readily with dilution water, new suspensions of
Ca(OH), should be prepared daily. To keep the lime in suspension, it must
flow at a relatively high velocity and the conduits must be designed for easy
cleaning.

Figure4.1 A mixing basin with mechanical agitation

Dilute __—— Motor

coagulant ,,- Water level

Impeller

J Dilute >
coagulant

{(should be

applied close

4.4.2 Coagulant application

Diffusers used to apply coagulant at weirs or flumes are illustrated in
Figures 8.7-8.9 in Chapter 8. Construction of a diffuser along with piping
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and valves is well within the capability of plant operators. In plants without
a laboratory, correct dosage has to be judged from observations of floc
formation and the appearance of the settled water. If mixing is mechanical,
dilute coagulant must be applied as near as possible to the point of maximum
agitation, close to the impeller (e.g. Figure 4.1).

4.4.3 Dividing the water among basins

In smaller plants, such as the two examples introduced in Chapters 5, 8 and
9, coagulant-dosed water would go directly to one basin; otherwise, as in the
third example, water has to be divided equally among the various
flocculation basins. To achieve this most simply, the exit ports from the
distributing channel should be of equal size and the velocity in the channel
should be constant along its length. A review of the plans and measurement
of channel ports will indicate whether their dimensions are correct. If the
distributing channel is in good repair, effective velocity can be calculated
closely enough from flow and cross-sectional area. The channel may be
tapered by design to maintain velocity with a reducing flow. Alternatively, a
good solution is to calculate flow between exit ports and add filling to
reduce the depth of the channel (e.g. Figure 4.2).

4.4.4 Flocculation

Operation of flocculation systems requires nothing more than to follow
directions designed and constructed into the plant. Success is determined
mainly by decisions in plant design. The design of the flocculation system
should ideally be based on the results of jar testing. If this is not possible,
experience has shown that a flocculation time of 25-30 minutes is often
appropriate. It is important always to provide a properly tapered input of
energy. The first half of the flocculation mixing cycle can be quite vigorous
but the remainder should use relatively gentle mixing as the sizes of the floc
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particles increase. Examples in Chapters 8 and 9 discuss designs for both
hydraulic and mechanical flocculation systems in detail.

Figure 4.2 General layout of a dividing flow manifold

Plan

Section
Walkway
Gates
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SN s o R T R dimensions and

Sloping manifold bottonrt for equal discharge

maintaining constant velocity

The main problem in hydraulic mixing is the long baffle walls, where flow is
quiescent and little mixing occurs; the only mixing occurs at the bends.
Baffle walls can be filled with perpendicular struts or fins to cause agitation
as the water flows between bends, as shown in the examples that use
hydraulic mixing in Chapter 8. Hydraulic flocculation systems may also
accumulate sludge, especially if the actual flow is less than assumed in plant
design. The lower velocities encourage settling of heavy, fully formed floc
particles at the end of the unit.
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Mechanical flocculation requires good maintenance of motors and agitation
equipment. The rotary speed of the agitators must be close to that of the
design, and should provide tapered energy input by running at decreasing
speeds through the course of flocculation. Problems with mechanical
flocculation are usually in the compartmentalisation of the system. If the
water is left to take its own route it will usually short-circuit. It is not
unusual to find as much as half of the water having only 5-10 minutes
flocculation time. A predesigned route should be constructed with baffles
and walls, so that all of the water stays in the system a full 25-30 minutes.
Chapter 7 shows that quite simple changes can be sufficient to obtain much
better results in mechanical flocculation basins.

If bench-scale testing equipment is not available to find the optimum
velocity gradient along the flocculation path, a safe assumption would be 30-
70 s during the first half of the cycle and around 20 s™ for the remainder.
The operators, with a minimum of help from the engineering department,
can make the adjustments in flocculation to improve performance
significantly.

4.4.5 Settling basins

Almost all rectangular settling basins experience hydraulic problems at their
entrance from the flocculation system and with the process of removing
settled water from the basin. The first aim is to bring water into the basin at
equal velocity across its section, so that all water starts flowing down the
basin at the same velocity (in plug or piston flow). Chapter 8 discusses, with
examples, the calculation of dimensions for a perforated entrance baffle that
introduces a head loss in the flow. Water will always take the route which
incurs the lowest head loss. Because all the ports have equal head loss, the
water will enter evenly across the basin. Plans and observation of the basin
will show whether or not a baffle is needed. Water exiting the flocculation
basin should not flow directly on the perforated baffle; therefore a blind
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baffle is placed in the line of flow to absorb and reduce the energy and to
distribute the flow.

The perforated baffle can be designed and installed regardless of bench-scale
jar testing work. In plants having the equipment for jar tests the velocity
gradient in the baffle should follow that of the last portion of the flocculation
system. If no jar testing has been done, experience suggests that a maximum
velocity gradient of 30-35 s™ can be used for water above 10 °C.
Alternatively a limit of 20-25 s™ can be used for colder water.

Generalisations are less reliable for basin loading than for velocity gradients
and their tapering. Specific bench-scale testing is needed to determine the
optimum settling velocity, otherwise it is prudent to use a settling velocity or
surface loading which is conservative. Loading at 2.8 cm per min (about 40
m® m™ per day) may be sustainable, and it is possible that the loading could
be more. However, without testing there is no sure guide.

It is valuable to have good loading information, because flow through the
flocculation system is often the limiting factor in plant improvements.
Increasing flow rate reduces flocculation time in an existing unit, perhaps
until it is ineffective. If there is severe short-circuiting the actual flocculation
time may be quite short. Correction of such a defect will improve
flocculation time so that loading can be increased without detriment to floc
formation.

The most common type of settled water removal from the basin is a simple
weir across the end of the basin. The volume of water per unit length is very
high over this relatively short weir design, causing an upflowing current
which carries a great deal of floc which could otherwise have settled.
Furthermore, the least turbid water, which is usually in the middle of the
basin, remains there, with the result that the best quality settled water is not
withdrawn.
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Figure 4.3 Design optionsin the system for removal of settled water
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Figure 4.3 shows the most efficient ways of removing the settled water from
the basin. The key to success is a long length of weirs or launders, unflooded
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at their discharge points. With this design overflow rates are very low, the
upflowing currents are trivial and the best quality settled water is removed.

Financial and technical assistance will be required for the design and
installation of the perforated baffle and settled water removal system. Head
losses must be taken into account in the design of both the perforated baffle
and submerged launders. Long weirs for removal of the settled water are
simpler in design but more difficult to construct and install. The resulting
improvement in settled water quality will be well worth the cost and effort.

Settling basins need further attention if the system involves sludge
accumulation, where every 3-6 months the basins are each taken out of
service for sludge removal. Basins are usually cleaned with hoses and high
pressure jets, maybe using adjacent basins as a source of water. Portable
pumps and siphons can be employed to bring in wash water, but some plants
have high pressure lines installed along the basins, and these are to be used
specifically for cleaning. Even in basins with continuous sludge removal
equipment it is still important to drain the basin about once a year, for
inspection and maintenance of the cleaning equipment. Basins that use
hydraulic sludge removal should also be cleaned periodically, because some
sludge always remains in the basins and should be washed out. When basins
without continuous sludge removal are drained, the sludge profile line will
show clearly on the basin wall. This mark can be used to assess proper
operation and it should be similar to that shown in Figure 8.4, Chapter 8.

4.5 Filter rehabilitation

Where coagulant dispersion in raw water is defective, followed by marginal
flocculation and inefficient settling, water of high turbidity (perhaps 20-25
NTU) enters the filtration system. This turbidity load is too much for the
filter to handle for any extended period. With a high loading of particulate
matter filters begin to deteriorate, become clogged, and produce poor-quality
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filtered water. At most plants with filtration problems, the filter itself is
blamed. Although that may sometimes be the case, filters cannot perform
well under excessive turbidity loads and the problem is often with prior units
that are ineffective. The first step to improve filter performance is to ensure
that treatment prior to filtration is of a high standard and only then should
the filtration system be assessed in detail.

For plants more than 10 years old, filter rates are usually around 110-120 m*
m per day and backwash rates are typically less than 0.3-0.4 m per min.
The low filtering rate does no harm except that the potential capacity is not
fully used, but the low backwash rate will not clean the filter properly. Each
wash leaves a little floc behind and the cumulative effect is a dirty, badly
clogged filter. This process can be accelerated by settled water of higher
turbidity.

Most older plants also have unsatisfactory distribution of wash water across
the filter area, with some parts overwashed while others are underwashed. In
addition to inefficient washing itself, the support gravel may be disturbed by
uneven washing. Another common problem relates to the backwash water
drain system. Very often the channels are too small or do not provide
sufficient flow velocity to carry the wash water, which is held back and
causes underwashing of that part of the filter close to the outlet.

If a filter has been overloaded with highly turbid water for long periods it
will be full of mud balls, the surface will have cracked and sand will have
pulled away from the walls. At this stage, the only recourse is to clean the
filter thoroughly, removing and washing the sand and support gravel to
examine the bottom and, if necessary, to remake the entire filter.

Improvement of filter performance can be a major operation, requiring a
careful plan for overall plant improvements, management support and close
collaboration of personnel. The best approach to filter rehabilitation is to

117



WWM-gtz sl o peall 5 olaall o ol zali SO el jll-obaall baa ol g5 Saa

take them out of service one-by-one for complete renovation. This can be a
lengthy process but many older plants will have gone for years without
overhaul, and a careful filter-by-filter programme need not cause great
operational problems. Normally, with only one filter out of use, the others
should be able to take the overload for a short time. While carrying out this
work, operators gain proficiency with the renovation of each filter. The first
filter is a learning experience and will take the longest to renovate.
Depending on filter size, experience of personnel and the improvements
required, it may take one to two months to complete work on the first filter,
then half as long on the remainder with the benefit of experience.

There are sufficient points of caution in filter renovation that a detailed
description of the main stages is justified here, based on experience gained
with a variety of situations.

Detailed planning is a prerequisite for effective filter rehabilitation, because
SO many components are involved - scaffolding, passageways,
wheelbarrows, hand tools, clear areas, sand-washing equipment and
replacement piping, fittings, bottoms, etc. All of these should be prepared
and in place before any actual filter work begins. Replacement sand and
support gravel should have been screened, classified, and piled, protected
from the weather. Plans of the filter design should provide details of the
filter piping structure and, if changes are planned, the pipe sizes and fittings
can be partially assembled ready for installation. If no changes in filtering
capacity are planned, the work is greatly simplified.

Special care is necessary in placing support gravel and the sand and coal
media in the filter box. First and foremost, the gravel should be as round as
possible and in particular all flat stones must be removed. The appropriate
levels for the layers of support gravel should be carefully marked on the
filter walls. After marking, allow water to enter, to verify the consistency of
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levels on all sides of the filter box. When the levels have been marked all
around the box, begin with placement of the bottom gravel layer.

With the first layer placed, lay a wide board on top of the gravel at one side
of the filter box and from this point on, always work from such boards.
Never allow personnel to step directly onto the gravel layer because this
creates holes in the support layer that can cause serious problems later.
When each gravel layer is complete, allow water in to the depth marked on
the wall and use this to make sure the layer is level, raking to avoid high or
low areas.

Once satisfied that each gravel layer is correct, begin installing the next.
Never dump or drop gravel into the bed but lower it in buckets of a size that
can be handled easily. This continues until all gravel layers have been placed
and levels confirmed with water.

Next add the washed, cleaned, graded and dried sand, with the level also
marked on the filter walls. Observing the same precautions, sand is carefully
layered over the support gravel. With this reverse gradation, spaces among
the top gravel layers become filled with sand. Cover the top of the gravel
with about 10 cm of sand and rake carefully so that spaces will be filled.
Once the sand layer has been completed to the level marked, it can be
verified with water.

With the sand in place, backwash the filter at about 50 per cent flow by
opening the backwash valve slowly until the backwash flows at the desired
rate. This will help to clean any dirt that may have entered and will distribute
sand better in the top gravel layers. After several minutes at this wash rate,
increase slowly again until the sand is at 30-40 per cent expansion and
continue at this rate for at least 10 minutes, after which the backwash water
should be very clear. Slowly close the backwash valve, then open the filter
valve and drain the filter down to a point below the sand level. Verify the
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sand level. The level will probably be a little low because more sand will
have entered gravel spaces. If necessary, more sand may be added to reach
the proper level. Repeat the backwashing as before.

When the sand level remains firm, add the coal (if this is being used),
carefully levelling it in 10-15 cm layers to the required level. Verify the level
with water entering slowly from the backwash. The coal should be about 3
cm above the required level, because some of the fines will be washed out
and the coal compressed. Start the backwash again at about 50 per cent and
then, after about 10 minutes, increase the wash rate to 75 per cent and
continue until the filter is very clean. Finally, increase slowly to full
backwash and check carefully for loss of coal. The fines should wash out but
not the larger particles.

All dual media filters have an auxiliary air or water wash, which should be
tested after all media are in place. Auxiliary washing is discussed fully later
in this chapter and general approaches are summarised below.

Air washing operates with the water level in the filter at the level of the drain
trough or gullet. With the water at this level, the drain valve open and all
other valves closed, start the air slowly and continue for 4-5 minutes. Air
should bubble up through the media and agitate the sand and coal
vigorously, such that the water will become very turbid when the filter is
dirty. Close the air valve slowly and start the regular backwash. The few
minutes of air wash will have given the bed a vigorous scour and the water
will complete this task.

For beds fitted with sweeps, the water level in the filter should be lowered to
just below the level of the sweep. Start by opening the high pressure line.
The sweeps will begin to rotate and gain speed rapidly. As this is happening,
begin the backwash. The sweeps will be covered quickly and will rotate
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more slowly within the expanded bed. Sweeps should be allowed to operate
until about the last minute of the backwash.

The static water wash system is also started with the water just below the top
level of the jets. Once the system is operating, the backwash also begins. As
with sweeps, the static water wash system operates throughout the backwash
until the last minute of wash. First the auxiliary system is closed, then
immediately afterwards the backwash is stopped.

In all these three systems the integrity of the air or water pressures and
quantities should have been tested during construction and all jets checked
for proper function. Sometimes the auxiliary wash is with a high pressure jet
from a hand-held and controlled hose at the top level of the filter box.

4.6 Filter operation

When the initial coagulant dispersion, flocculation and settling has been
brought up to the optimum the settled water will be of low enough turbidity
that the filter can perform well. Once this pretreatment is in good order,
filters can be rehabilitated to the extent necessary to put them in good
operating condition - the turbidity of filtered water should be always less
than 1.0 NTU. Maintenance of pretreatment standards is necessary to
maintain the filter in good condition, but some procedures and points of
caution apply to the filters themselves.

Operators should observe the bed during backwash cycles, noting areas in
which water boils up at a higher velocity than elsewhere (Figure 4.4), which
is usually evidence of a broken nozzle or a break in the filter bottom. These
boils often dislocate support gravel, making a hole, which gathers sand.
Eventually the filter begins to lose sand through the broken filter bottom.
This problem usually becomes worse with increasing sand loss from the bed.
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Good quality filter sand is expensive because of the work involved in
preparing it to the correct specification. Thus losing sand through broken
filter bottoms is wasteful and uneconomical. The clear well should be
inspected carefully and frequently and if sand is found the problem filters
should be identified and repaired. Damage to the underdrain and filter
support gravel usually occurs in three ways, which are discussed below.
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Figure 4.4 Anti-vortex baffleinstalled in washwater tank
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Most often, air slugs become trapped in the backwash water and burst in the
underdrain system, causing high localised pressures and velocities. The
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result may be broken nozzles or pipe or concrete, which encourage

movement of gravel and subsequent loss of sand. There are two common
sources of slugs of air in the backwash water. If the washwater line is above
the level of the water in the filter, there is a good chance that air will collect
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in the line between washes. The only simple remedy is to maintain pressure
on this line constantly. If this is not possible then the level of the wash water
line must be lowered so that it is always under pressure from water in the
filter. Secondly, when the washwater tank is drawn down to a certain level a
vortex forms, entraining air which goes to the filter. The solution here is
merely to install anti-vortex baffles above the point of discharge (Figure
4.4).

A second cause of underdrain damage is from high-velocity backwash water.
If this enters the underdrain system suddenly and violently, its high energy
must be dissipated by the receiving structure (pipe or wall) which may fail if
it is not sufficiently resistant. Therefore, backwash water valves should be
opened very slowly and also closed slowly, to reduce the chance of sudden
destructive surges.

Underdrain damage can also be caused by operation of the filter to a point of
excessive head loss and thus a high negative head or vacuum in the filter
bottoms, leading eventually to a collapse of some of the underdrain
structure. This problem is obviously alleviated by washing the filter before
head loss is too high, but in many filtration systems the operator has no
indication of this.
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Figure 4.5 Filter disruption and short-circuiting, with bed displacement
and a surface boil during backwash
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It is quite simple to install piezometer tubes on the filters so that operators
can readily monitor the head loss. Figure 4.5 shows the anatomy of filter
disruption, and Figure 4.6 shows the hydraulics involved in air binding
which brings this problem.

Figure 4.6 Diagram to show the cause of air binding within filter media

Operating floor
Desigl'l water level

~, Hydraulic gradient — no flow
Present operating level .

Anthracite \-\
Sand SO
Gravel N ™
~ ™,
Underdrain  / NN
_ N N Hydraulic gradient
Zone of negative head with filter clogged

causing air binding

Experience illustrates clearly the advantages of auxiliary air or water wash:
either system will maintain the filter in much better condition than just water
backwashing alone. There are four ways that auxiliary washing can be
accomplished. Auxiliary air agitation must be designed into the filter system
and the filter bottom must also be designed to provide for air entry and
movement through the filter bottom and support. Auxiliary water wash can
be applied through rotary sweeps which are installed over the filter and
which operate 5-8 cm above the surface. With the filter expanded, sweeps
rotate within the expanded sand (or coal in the case of dual media). As an
alternative to sweeps, water washing may be achieved from a stationary grid
with jet nozzles attached at intervals. This system is installed at two levels in
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dual media beds: the top grid is set 5-8 cm above the unexpanded surface,
and the lower grid lies about 5 cm above the sand-coal interface.

The fourth method is to apply a hand-held high pressure jet throughout the
wash cycle. Many older plants were designed without auxiliary air or water
wash and have always operated that way. It is often beyond the means of
water departments to install automated auxiliary systems in existing plants,
but hand-held jets can be used at little extra cost. Throughout the backwash
while the bed is fluidised, a high-pressure jet can be directed into the bed, so
that the bed area is covered several times and walls are also washed down.
This provides a great deal of extra agitation and therefore additional cleaning
power. With proper conditions (high pressure available, applied through a
good hose and nozzle designed to provide a high-velocity jet stream) filter
beds can be maintained in excellent condition. This practice should be
adopted in all plants designed without auxiliary washing. If water pressure is
too low, a small pump can be installed specifically to increase pressure
during the wash. When coal is used over sand in dual media filters the
auxiliary wash is essential and can be done by this system, but it is not
automatic and operators must make the effort to do the work during every
wash. The general backwash procedure should be as follows:

[1 Close the settled water inlet valve or gate.

[1 Continue filtering until the water is 2030 cm above the backwash troughs
or gullet.

[1 Open the drain and the water will quickly reach the leve of the troughs
and gutter.

[1 Continue to filter until the waker level is 15-20 cm above the unexpanded
bed.

[] Close thefilter water valve.
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[1 Start the auxiliary air or water wash and continue for 35 minutes.
[] Open the backwash valve slowly until it is fully open.

[ Close the auxiliary air system. With water jets,continue for 5-6 minutes
during full backwash, and then shut off the auxiliary wash water valve.

] Continue the backwash until wash water is clear. Within 88 minutes the
backwash water should have a turbidity of 5-10 NTU.

[] Close the backwash valve slowly.

[1 Return thefilter to service by opening the settled water inlet valve and
filter valve.

The second step is often not followed and instead the drain valve is
immediately opened after closing the inlet, which wastes a great deal of
water on each wash. The filter box drains quickly and the filter returns to full
service with less delay, but in most plants a reduction of filter rate for the
last 30-60 minutes of the run is outweighed by the economy of water.
Exceptions would include plants where raw water is abundant and reaches
the plant by gravity with no expensive pumping involved and where filters
are washed very infrequently, for example every 80-96 hours of operation. If
filters are washed every 24-30 hours and pumping is involved, allowing
filtration to continue until the level is relatively close to that of the trough
and gullet is economically advantageous.

Depending on the level of the backwash overflow drain troughs and gullet,
and on the backwash rate, there is always the possibility of media being
washed out of the filter. To check that the backwash rate is not excessive,
drain troughs and gullet should be carefully inspected for sand or coal after
the wash and before putting the filter back into service.
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4.7 Stabilisation

One important treatment function poorly understood by operators
everywhere is the need for production and distribution of stabilised water.
The distributed water should be neither corrosive (aggressive), reacting with
metals to damage the system or domestic plumbing, nor depositing, leaving
a calcium deposit to clog the system. Water in granitic areas and other
resistant geology is soft with a naturally low pH and attacks metals with
which it comes in contact. The surface and ground waters in such areas,
including most of Africa, South America and large parts of Asia, may tend
to be aggressive and must be stabilised before distribution.

The usual way to stabilise soft water for distribution is to add lime, thus
raising the pH, hardness and alkalinity. Some lime deposits are found
naturally in almost every country. The addition of coagulants such as
Aly(S0,)s, FeCls or Fey(SO4)s reduces pH during treatment and chlorine
further reduces the pH if applied as a gas, hence treated water is usually
aggressive. Lime or another alkali is therefore added to correct pH and
stabilise the water.

The Langelier Index provides a simple means of determining whether or not
the water is close to stability. This test requires some equipment and
chemical analysis. It is necessary to measure the total dissolved solids
(TDS), pH, calcium concentration and alkalinity for the calculation of
stability as follows:

Langelier Index (LI) = pH of the water leaving the plant - pH,
where pH; is the "pH of saturation™ which is calculated by:
pH; = temperature factor + TDS factor - alkalinity factor - calcium factor

Temperature, total dissolved solids, alkalinity and calcium factors are given
in Table 4.1, noting that alkalinity and calcium factors use the same
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conversion from concentration. If LI is less than zero these aggressive waters
tend to dissolve CaCQOgs, whilst LI greater than zero indicates depositing
waters from which CaCO; tends to precipitate.

Measurements for a typical sample of treated soft water might be pH 7.0,
TDS 90 mg I™* (factor 9.76, interpolating from the values in Table 4.1),
alkalinity 40 mg I™* as CaCO; (factor 1.60), calcium 60 mg I as CaCO,
(factor 1.78) and temperature 20 °C (factor 2.10). For this situation, pH of
saturation and Langelier Index would be given by:

pHs=2.10+9.76 - 1.60 - 1.78 = 8.48
Langelier Index =7.00 - 8.48 =-1.48

This value of the Langelier Index suggests a highly aggressive treated water.
Consequently, calcium and alkalinity must be raised, usually by the addition
of lime. Each increase of 1 mg I'* as CaCO; requires 0.74 mg of lime; thus if
25 mg I"* of lime is added, the calcium or alkalinity will be increased by 34
mg 1™ as CaCOs. The resulting calcium value would be 94 mg I as CaCO,
(factor 1.97) and the alkalinity would be 74 mg I'* as CaCO; (factor 1.87),
giving a revised pH of saturation as:

pH;=2.10 +9.76 - 1.97 - 1.87 = 8.02
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Table 4.1 Temperature, total dissolved solids, calcium and alkalinity factors
for the Langelier Index

Temperature Total dissolved Calcium or alkalinity
solids
°C | Factor | mgl™ | Factor mg ™ Factor
CaCOg;

0 2.60 0 9.70 10 1.00
2.50 100 9.77 15 1.18
8 2.40 200 9.83 20 1.30
12 2.30 400 9.86 25 1.40
16 2.20 800 9.89 30 1.48
20 2.10 1,000 9.90 35 1.54
26 2.00 40 1.60
30 1.90 45 1.65
50 1.70
60 1.78
70 1.85
80 1.90
90 1.95
100 2.00
110 2.04
120 2.08
130 2.11
140 2.15
180 2.26

After adding 25 mg I of lime, the actual pH will also have changed to
around 8.00, and the revised Langelier Index would be:
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Langelier Index = 8.00 - 8.02 = -0.02

This result is almost neutral and the water should be neither aggressive nor
depositing. It should be emphasised that the Langelier Index is an
approximation, but will provide a sufficiently reliable guide for protection of
the distribution system and consumer interests.

One of the best direct methods of monitoring stability of the water in the
distribution system is by small steel plates placed in the pipelines. The plates
are carefully weighed and placed in a fitting where they are held securely.
Then, after about three months, the plates are removed and reweighed. They
will weigh less if aggressive water has dissolved the steel and will weigh
more if deposition has occurred. If the water has remained stable there
should have been no change.
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ANNEX 8

Water Quality Problems
& Solutions
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WATER QUALITY PROBLEMS
AND SOLUTIONS

Bacteria

Measurement | Colonies per 100 milliliters. Acceptable maximum concentration is zero bacteria.
Total coliform measures all types of coliform bacteria. Fecal coliform are a particular
type that comes from human or animal wastes, and may indicate that other harmful
pathogens may also be present

Sources Defective well casing or seal, contamination from waste storage or septic system, or
animals in the well.

Health Infectious diseases (dysentery, typhoid, and hepatitis) and gastrointestinal illness. If

Effects total coliform is detected, boil 10 minutes before any use. If fecal coliform is
detected, do not use at all.

Remedy Disinfect well using chlorine (bleach) solution. Determine source of contamination,

inspect casing and seals, check well for anything that has crawled in and died. Install
a properly sealed well cap.

Nitrogen Compounds

Measurement

Nitrogen in milligrams per liter (mg/L). Normal background levels of nitrate or nitrite
are less than 1 mg/L. Acceptable maximum concentrations are 10 mg/L for nitrate
and 1 mg/L for nitrite.

Sources Breakdown of organic matter (septic systems, manure, etc.) or fertilizers.

Health High nitrate concentrations are poisonous to infants and young animals.

Effects

Remedy Locate and remove nitrogen source. Nitrogen removal systems are commercially
available, but expensive to buy and operate. Use bottled water for drinking and infant
formula.

Acidity

Measurement | pH units. pH 7 is neutral, less than 7 is acid and greater than 7 is basic. Normal
background levels of pH are in the range of 6 to 7. Safe limits are between 6.5 and
8.5.

Sources The pH of water is dependent upon the local geology.

Health In general well water pH is not a health concern. Acidic water will corrode pipes and

Effects basic (alkaline) water may form scale deposits.
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Remedy Water can be treated to adjust pH.

Hardness

Measurement | Calcium carbonate equivalents in milligrams per liter (mg/L). Soft water has a
hardness of less than 75 mg/L. Hard water has a hardness greater than 150 mg/L.
Moderately hard water is between these two values.

Sources Presence of calcium and magnesium in the water (lime-rich).

Health Hardness affects taste and sudsing ability, but not health. Hard water will form scale

Effects (lime deposits).

Remedy Hard water can be treated with a softener (ion-exchange) to remove hardness

elements and replace them with sodium or potassium.

Iron and Manganese

Measurement

Concentrations in milligrams per liter (mg/L). Acceptable maximum concentrations
are 0.3 mg/L for iron and 0.05 mg/L for manganese.

Sources

These two elements are common in soil and rock. Local geology affects
concentrations in water.

Health Effect

Excess concentrations can cause blood or liver problems. These two elements may
precipitate out and stain plumbing fixtures with orange to black stains. Laundry may
get reddish stains, especially if chlorine bleach is used.

Remedy Special filters can remove iron and manganese.

Salt (Sodium and Chloride)

Measurement | Concentrations in milligrams per liter (mg/L). Acceptable maximum concentrations
are 20 mg/L for sodium (salt-restricted diet) and 250 mg/L for chloride.

Sources Salt can get into groundwater from sand/salt piles, road salting, seawater intrusion
near the coast, and less commonly from trapped seawater aquifers.

Health Salt can cause cardiovascular problems in people on low-salt diets. Salt can affect

Effects taste and cause corrosion of pipes.

Remedy Special reverse osmosis filters can remove salt, but these are expensive. Locating a
new source of water is the best solution whenever practical.

Radon and Gross Alpha

Measurement | Concentrations in picocuries per liter (pCi/L). A curie is a measure of radioactivity.

Acceptable maximum concentrations are 20,000 pCi/L for radon and 15 pCi/L for
"gross alpha" radiation.
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Sources Radioactive elements occur naturally and concentrations vary from place to place.
Higher concentrations are associated with some types of granite and high-grade
metamorphic rock.

Health When water is used, such as a shower, radon gas from the water enters the air.

Effects Airborne radon and gross alpha particles pose a health risk because of elevated
cancer risk.

Remedy Contact a licensed radon contractor to help solve your radon problem. Special
treatment equipment can remove radon and gross alpha particles. Alternative water
supply sources may be the best long-term solution.

Arsenic

Measurement | Concentrations in milligrams per liter (mg/L). Acceptable maximum concentration is
0.010 mg/L.

Sources This element, though relatively uncommon in soil and rock, is commonly found in
trace amounts in Maine groundwater. Arsenic was formerly used as a pesticide in
orchards and on field crops.

Health Chronic exposure to low concentrations of arsenic has been linked to bladder cancer.

Effects

Remedy Special filters can remove arsenic along with iron and manganese. If arsenic levels
are above 50 mg/L, the well should also be tested for radon.

Trace Metals

Measurement | Concentrations in milligrams per liter (mg/L). Acceptable maximum concentrations
are:

Aluminum 0.2 mg/L
Silver 0.01 mg/L
Lead 0.015 mg/L
Barium 2.0 mg/L
Chromium 0.1 mg/L
Mercury 0.002 mg/L
Copper 1.3 mg/L
Zinc 5.0 mg/L
Uranium 0.030 mg/L

Sources Trace metals are distributed widely in bedrock at very low concentrations. However,
such concentrations can increase as a result of 1) natural geological minerals; 2)
pollution from human activities; and 3) leaching from piping and solder.

Health Toxic effects can result if levels exceed the maximum concentration level, but the

Effects presence of these metals at low concentrations does not currently represent a

significant health threat in Maine.
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Remedy Treatment, if any is available, will vary by metal and concentrations.

Petroleum hydrocarbons (gasoline, diesel, and fuel oil)

Measurement | Concentrations in micrograms per liter (ug/L). Acceptable maximum concentrations
are 50 pg/L for gasoline; diesel oil, and fuel oil; and 35ug/L for MtBE (another
hydrocarbon).

Sources Spills from fueling power equipment or leaking fuel storage tanks. MtBE is a
gasoline additive that is very mobile in groundwater, unlike other petroleum
hydrocarbons.

Health Gasoline, diesel, and fuel oil can cause kidney or nervous system damage. Also, these
Effects mixtures contain known or suspected cancer-causing compounds. MtBE is a taste and
odor nuisance at concentrations below the maximum acceptable limit.

Remedy Treatment involves using activated carbon filters for low concentrations. High

concentrations require more advanced treatment (and assistance from the Maine
Department of Environmental
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ANNEX 9

Glossary
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DEFINITIONS OF MICROBIOLOGICAL
TERMS,
GLOSSARY

These terms are given in alphabetic order to allow the reader to more easily
find the terms of interest later.

Acidotrophic bacteria, bacteria which are able to flourish in very acidic (pH
<3.5) conditions. Many are aerobic and function over relatively narrow pH
ranges.

Adaptability, the ability of microorganisms either as individual strains, or as
a consortium of strains, to adapt to function in some way within a given
environment. Often there is a lag (induction) time before this activity
commences.

Aerobic microorganisms, microbes which can function using oxygen in their
respiratory activities.

Aggressivity, the state in which an organism is active in its environment and
able to compete with other strains for space, nutrients, water and gases.

Anaerobic microorganisms, microbes which are able to function in the
presence of oxygen. For many of these organisms, they are able to function
using oxygen when available (facultative anaerobes) while other strains
cannot function in the presence of oxygen which is toxic to them (strictly
anaerobic). There are a very few strict anaerobes which are not sensitive to
the toxic effects of oxygen. These are known as aerotolerant
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Archaebacteria, are a group of bacteria which evolved very early on the in
the evolution of the planet. These bacteria are now found populating some of
the extreme environments (eg, highly saline, sulfur-rich, methane generating
and high temperatures).

Attachment, the act of a bacteria or a biocolloid becoming fixed to a surface.
Growth may then follow leading to the formation of biofilms.

Bacteriophage, a virus which infects bacteria and multiplies within the cells.
Usually a bacteriophage can only infect a limited range of bacterial strains.
BART™. a patented biological activity reaction test biodetection system
which can be customised to determine the aggressivity and composition of
selected consortia of microorganisms.

BCHT™, a patented blended chemical heat treatment system which can be
applied to rehabilitate biofouled water wells and systems by a tri-phasic
technology.

Bioaccumulator, a biological entity which is able to accumulate (either
actively for degradation, or passively) chemicals within the surface coatings
of EPS or within the cells themselves.

Bioamplifier, an organisms which is able to catalyze a particular physical
and/or chemical event causing the event to occur at an accelerated rate.
Biocides, specific chemicals or compounds which have a deleterious impact
on the targeted organism.

Biocolloid, a buoyant particle which is composed mostly of water bound
together by EPS and populated by some microorganisms. Sizes may range
from 6 to 100 microns or more in diameter. These suspended particles are
also found to be able to act as bioaccumulators.
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Biodegradation, the act of degrading a molecule to one or more smaller
molecules by biochemical mechanisms (eg, enzyme action).

Biodetector, an instrument, device or mechanism by which the presence of
biological activity can be determined.

Biofilm, an slime-like matrix composed of EPS within which a consortium
of microorganisms flourish. These biofilms may either grow over surfaces,
or occupy voids in a porous medium.

Biofouling, any deleterious event in which a definable biological activity
causes a deterioration in and engineered or natural process or system.
Deleterious effects range from clogging, corrosion, and plugging to gas
production and bioaccumulation.

Bioincumbancy, the fraction of the volume within a biocolloid or biofilm
occupied by viable cells.

Biomass, the mass of a living entity which may be expressed as either the
wet or dry weight. Biomass may furthermore be given as the total mass
including all associated mass; or as the viable mass which would include just
the viable cells. In biofilms, the total mass would relate to the total weight of
the "slime" as such while the viable mass would include just the mass
directly associable with the living cells.

Biosensor, a device or methodology which utilises the shift in a targeted
signal (commonly electro-magnetic) to quantify a biological activity or
presence.

Biozone, a localized site where a specific form of microbial consortium can
be located.

Clogging, the generation of a mass which interferes with physical
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functioning (eg, hydraulic conductivity) of a porous medium (eg, gravel
pack, sand filter). Clogging can be formed through the maturation of
biofilms fouling the media and may become complex in structure.

Clogging Risk Index (CRI), a factorial presentation of the likelihood of a
significant clogging occurring within a defined system.

Coliform bacteria, the presence of these bacteria is generally regarded as
being indicative of an increased hygiene-risk because of the potential for
faecal contamination. The coliform bacteria are abundant in the faeces of
warm blooded animals and Escherichia coli is particularly common in the
human species. Generally, the coliform bacteria do not survive long in
natural waters and so form a good indicator organisms for recent
(significant) pollution of raw or partially treated sewage.

Colony Forming Units (cfu), when microorganisms do grow on agar media
they commonly form visible distinguishable structures composed mainly of
cellular material which are called colonies. Each of these colonies is
considered to have formed from a single colony forming unit which may be
a single cell or a clump of cells. By appropriate mathematical relationships
of the dilution of the sample and the area of the agar inoculated, it is possible
to predict a population as either cfu/ml (for liquids), cfu/g (for solids) or
cfu/cm2 (for surfaces).

Corrosion, the process of erosive deterioration in the physical form and
engineered characteristics of a structure. These processes frequently involve
electrolytic and/or corrosive chemical (eg, acids) effects which are
sometimes mediated by microbial activities. It has been observed that
corrosive pitting can form directly under biofilms.

Culture, (verb) the act of successfully growing a unique strain or a
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consortium of microorganisms; (noun) a viable collection of a single strain
of microorganisms which has been selectively grown.

Denitrification, the process of reducing nitrate via nitrite to nitrogen gas by
bacterial action. There are four stages in this process. In water which has
become polluted with sources of organic nitrogen (eg, sewage or septic
waste) and then been subjected to aerobic (oxidative) nitrification, nitrates
are a major product. If conditions now become anaerobic, these
accumulating nitrates are reduced by denitrification.

Disinfection, the act of destroying by chemical and/or physical means
microorganisms that are causing an undesirable infestation at a site. It does
not mean that all microorganisms are killed, it means that there is a selective
action.

Encrustation, a relatively solid plate-like or crystalline structure coating a
surface. It appears to be chemical in nature due to the hardness of the
structure. Often brittle (when dry) or plastic (when wet), the organic content
Is usually relatively small.

EPS or extracellular polymeric substances, many microorganisms do
produce an "overcoat" of polymers outside of the cell. These polymers bind
water and various chemicals to form protective and storage functions.

Eutrophic conditions, these occur when there is an abundance of nutrients
and the microorganisms are able to grow to form a large biomass. A rapidly

clogging well due to IRB growth could be considered as being eutrophic.

Fringe Effects, the zone wherein the treatment is marginalized and therefore
has a lesser of different impact.
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Gallionella, is a well known iron related bacterium which is easily
recognized by the long often twisted ribbon-like tail they produce. This tail
often will break off and be carried with the water flow.

gRAM Stain, is a standard staining procedure which is frequently used as
one of the first stages in the identification of bacteria into gRAM negative
and gRAM positive types.

Halotrophs, microorganisms able to survive and grow in brine solutions.
Some of these organisms cannot even survive when the salt concentration is
less than 12%.

Heterotrophic microorganisms, those microbes which obtain their energy
from the breaking down of organic material. Some of these microbes are
very specialised (eg, cellulose degraders) while other can utilize a variety of
organic compounds.

Hydrolysis, the act degrading complex molecules (eg, polymers) into smaller
molecules through the addition of H,0.

Incubation, the act of growing an organism under conditions that will
encourage rapid growth (compared to natural conditions).

Induction period, the period of adaptation that an organism has to pass
through before it is able to flourish in a favorable habitat.

Infiltration, the act of a material or organism passaging into a porous

medium.
In situ, at site.
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Invasiveness, the ability of an organism to enter into an environment and
function at some level from survival to growth.

In vitro, under controlled (laboratory) conditions.

Iron oxidising bacteria, those bacteria able to oxidise iron by any means
from a reduced form of iron (ferrous form) to an oxidised (ferris) state.

Iron reducing bacteria, those bacteria which are able to reduce iron by any
means from an oxidised form (ferric) to a reduced (ferrous) state.

Iron related bacteria (IRB), all of those bacteria which are able to
accumulate iron in another form beyond that for basic metabolic functioning.
These accumulated iron compounds generally collect within the slime (EPS)
around the cells and gradually harden (crystallise) over time.

Limiting nutrient, a major nutrient which is in short supply and restricts the
growth of a biomass. Limitations could also be created by the limiting
nutrient distorting the ratios of nutritional elements outside of range that
would support growth.

Macrofouling, an intense and/or widespread form of biofouling.

Magnetotactic bacteria, are a group of bacteria which actually possess
"biocompasses” (called magnetosomes). These bacteria are able to orient
themselves within electromagnetic fields.

Marginal clogging, where there is less than a 20% loss in production

capacity but a water well shows symptoms of being clogged, then this
phenomenon is considered marginal but discernable.
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Mechanical disruption, the use of physical methods (such as freezing,
ultrasonics, pressure pulses, radical thermal gradients) to disrupt a biofouling
event.

Membrane filtration (MF), the use of a non-absorbent porous membrane to
trap particles (including bacteria) which allow the water to filter through. It
Is a technique used to enumerate low numbers of bacteria in water by
concentration the cells on the filters surface where they may be grown to
form visible countable colonies. Pore sizes commonly employed are of 0.22
and 0.45 microns diameter.

Mesotroph, an organism which will grow over a temperature range
somewhere between 15 and 15°C.

Microbial growth potential (MGP), the theoretical growth which may be
expected to occur within a defined environment utilising the available
nutrients.

Microcosm, a habitat within which there is little diversity in the organisms
present or the environmental factors. Often applied to laboratory simulations
of "real world" situations (eg, well microcosm used to simulate clogging
processes in wells).

MPN maost probable number, some microbiological techniques to determine
populations use a statistical projection of the population as the most probable
number and do not specifically count the individual cells as such.

Negative staining, sometimes bacteria are easy to stain due to the fuzzy EPS

around the cell. One alternative is to stain the background so that the cell
(and its EPS slimes) can be more easily viewed microscopically.
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Nitrification, this biological conversion of ammonium to nitrate occurs
under oxidative (aerobic) conditions and is a major part of the nitrogen
cycle.

Nitrogen fixation, the act of a biological system fixing nitrogen usually as
ammonium (as the intermediary). Some microorganisms under stress
through an inadequate nitrogen resource for growth can fixate nitrogen.

Nosocomial, term used for microorganisms which are normal inhabitants of
a natural environment but can, under certain circumstances, cause infections
in warm blooded animals including man.

Occlusion, the reduction of hydraulic conductivity (flow) through a porous
medium as a result of the growth of a clogging structure which is now
occupying a significant void volume.

Oligotrophic conditions, these occur where there are few nutrients in the
system and the microorganisms are not able to grow to form a significant
biomass.

Particulates, suspended material in water, may be inorganic and/or organic in
nature. May contain living microorganisms and be colloidal in structure
(biocolloid).

Pasteurization, the process of applying heat to a sufficient extent to retard or
destroy a recognized nuisance microbial population. Usually involves the
application of heat to a minimum of 40°C above the ambient temperature for
the system.
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Planktonic, references microorganisms able to grow while suspended
independently in water.

Plugging, see clogging.

Preventative Maintenance (PM), a management strategy to allow the
ongoing monitoring of a system or process to ensure that there is a reactive
scenario in place to control an form of recognized deterioration.

Pseudomonad bacteria, are gRAM negative aerobic bacteria which
frequently dominate in waters polluted with specific organics. Some strains
are nosocomial pathogens.

Recalcitrant, a chemical which does not degrade, is stable and does persist
within the environment.

Rehabilitation, the returning of a well or other system to its original
specified state by the application of suitable treatments.

Reinfection, the act of an infestation becoming reestablished within a system
Or process.

Sessile, organisms that are attached to a surface either directly or indirectly.
Shock treatment, the application of a higher than normal dose in order to
maximize the effectiveness of the treatment being applied.

Slime, a surface growth on, or originating from, a surface which may be
jelly-like if form. Such slimes are usually infested with various
microorganisms and can act as sites for the bioaccumulation of various
chemicals.
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Slime Forming Bacteria (SLYM), bacteria which do produce slimes (from
EPS) but do not necessarily accumulate iron within these slimes.

Sloughing, the act of a slime, for whatever reasons, breaking up and
releasing particles (from the slime) to the water passing over the slime.

Spread plate, name given to the microbiological procedure for enumerating
microorganisms through their ability to form colonies on selected agar
media when dispersed (*'spread") over the agar surface and incubated.

Sulfate Reducing Bacteria (SRB), anaerobic bacteria which able to reduce
sulfate to hydrogen sulfide. This event may initiate electrolytic corrosion
and/or rotten egg taste and odors in water.

Thermal Death Point, the lowest temperature that is required to destroy a
specific strain or consortium of microorganisms in ten minutes.
Thermotroph, an organism which is able to grow at temperatures in excess
of 45°C.

Total Nitrogen, the total amount of nitrogenous compounds determined to be
in the water exclusive of nitrogen (N,) itself. Major fractions include nitrate
- N, nitrite - N, ammonium - N and Kjeldahl nitrogen.

Total Organic Carbon, the total amount of organic carbon in the sample.
May include soluble and particulate forms which may, or may not be,
recalcitrant.

Total Phosphorus, the total amount of phosphorus detected in the sample.
May be four forms: soluble inorganic phosphorus, SIP; soluble organic
phosphorus, SOP; particulate inorganic phosphorus, PIP; and particulate
organic phosphorus, POP.
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Tubercles, these are raised encrustations often incorporating rusty flakes.
They commonly grow on surfaces and form the sites for enhanced
electrolytic corrosion. Biofilms are often generated within the tubercle.

Tyndallization, the act of repeating a treatment sequentially in order to
destroy the survivors of the previous treatment as they grow and become
more vulnerable to treatment process. Commonly the treatments are
performed three time with a sufficient interval in between to allow the
survivors to grow.

Ultramicrobacteria (UMB), very small electrically neutral microorganisms
which are in a state of suspended animation. They are able to survive in this
form for very long periods of time and recover when they are exposed to a
favorable environment.

Viable units, a form of measuring the number of microorganisms in terms of
their viable (detectable) units which may consist of one or more cells.
Wolfe's medium, a specialized medium widely used for the selective growth
of Gallionella.

WR medium, a modified Winogradsky's medium used to determine the
presence and numbers of iron related bacteria.
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SHORT NOTES- GENERAL

* Spor ozoa ,the following protozoa are classified as Spor ozoa:

Isospora, Cryptosporidium, Sarcocystis, Toxoplasma, Plasmodium, Babesia
and Microsporidium. Pneumosystis is also conventionally included in this

group.

*Microsporidea

not Microsporidia as a group. Microsporidea are oval obligate-intracellular
eukaryotic parasites.

Five genera of Microsporidea have been reported in humans: Nosema,
Encephalitozoon, Pleistophora, Microsporidium and Entrerocytozoon.

The first three genera appear to cause human disease only rarely.

*Euocaryotes (lack of mitochondria and have ribosomes that resemble those
of bacteria).

*The polar tubule used to penetrate intact cells and inject infective agent
(sporoplasm).
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WATER MICROBIOLOGY
Module 2

Surface and groundwater
Microbiology

Prof. Dr. Helmy El-Zanfaly
National Research Center
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Table 1. Typical concentrations of enteric pathogens
and

index organisms in raw and treated domestic
wastewater

=Microorganism Raw sewage Secondary effluent
=Pathogens (numbers/litre)

=Parasites
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= Giardia sp. 5 000 — 50 000 50 — 500

= Viruses

= Enteroviruses 10 — 100 1-10

= Norwalk like viruses 10 — 1 000 1-100

= Rotavirus 10 — 100 1-10

= Bacteria

= Salmonella spp. 100 — 10 000 10-10 000

Partoer for the Future
Worldwide

Index parameters

= Coliforms 107 - 109 106 - 108

= Thermotolerant coliforms / E.coli 106 - 108 105 - 107
= Enterococci 106 - 107 104 - 106

= Clostridium perfringens 105 - 106 104 - 105

= F-RNA phages 106 - 107 105 - 106



= Bacteroides phages 104 — 105 103 -

104

= Source: Rolland et al., 1983; Payment et al., 1986:

Tartera et al., 1988, 1989; Funderburg and

= Sorber, 1985; WRc, 1991; Havelaar et al., 1986, 1993;

Koenraad et al., 1994; Schijven and Rijs,2000.
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= Table 2. Disappearance rates and reduction times
for selected microorganismsin surface water
Microorganism Disappearance rate (per day)

Time for 50% reduction of concentration (days)

Pathogens

Parasites

Cryptosporidium sp. 00057 - 0.046 15-150
Giardia sp. 0.023 - 0.23 3-30
Viruses



Enteroviruses 0.01 - 0.2 3-70
Hepatitis A 0.05 - 0.2 3-14
Rotavirus 0.24 - 0.48 12-24
Bacteria

Salmonellaspp. 1-7 0.1-0.67
Shigella spp. 0.7 1

Vibrio cholerae

01.05.2010 Seite 7

Index parameters

= E.coli 0.23-0.46 15-3
= Coliforms 0.77 0.9
= Enterococci 0.17 - 0.77 09-4
= F-RNA phages 0.01 - 0.08 29 - 230



= Somatic coliphages 0.6 - 6 2-20
= Clostridium perfringens 0.0023 - 0.011 60 - >300

= *Vibrio cholerae is environmentally competent and in unfavourable
environmental conditions is thought to survive for long periods in

water in a nonculturable state (Colwell and Grimes, 2000).

= Source: DeReignier et al., 1989; Geldreich, 1996; Olson, 1996;

Medema et al., 1997; Schijven and Hassanisadeh 2000.
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= Example disappearance rates of enteric microorganisms in natural

groundwater

= Microorganism Disappearance rate (per day)

= Viruses
= Hepatitis A virus 0.10-0.33
= Poliovirus 1 0.013-0.77

Seite 10



= Coxsackievirus 0.19

= Rotavirus SA 11036

= Coliphage T7 0.15

= Coliphage 2 0.39-1.42
= MS2 0.063-0.75
= Bacteria

= Escherichia coli 0.063 - 0.36
= Faecal streptococci 0.03-0.24

= Salmonella typhimurium 0.13-0.22
= Clostridium bifermentans spores 0.00

= Sources: Matthess et al., 1988; Nasser et al., 1992; Blanc

and Nasser, 1996; Schijven and

= Hassanisadeh, 2000.

Seite 12



...that was drink 8 glasses of
WATER every dayl!
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BACTERIA
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Plasma membrane

Cytoplasm

Cell wall

Flagella
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= There are 4 Phyla of bacteria
= Eubacteria ("True" bacteria)

= Cyanobacteria - aka. Blue-green bacteria - contain
chlorophyll a, & phycocyanin (bluish pigment) - These are

photosynthetic bacteria.

= Archaebacteria - primitive bacteria, frequently found in harsh
environments (eg. Hot springs, animal gut, thick mud, high

salt concentrations)

= Prochlorobacteria - contain both chlorophyll a & b. Similar

g t Z ke or the e
LSl L

= Spherical
* Rod
= Spiral

= Vibrio

Seite 17
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= Bacilli (rod shaped Bacteria) Spirilli (spiral shaped
Bacteria)
~ i
~
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v
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= Cocci (spherical shaped Bacteria)
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= No colonies on the =Serratia marcescens is a
plate

bacterial species that is
known for its bright red
pigment

Partoer for the Future.
Worldwide

Escherichia coli (E. coli) is a bacterial species that produces
translucent colonies

Bacillus cereus is a bacterial species that produces large, opaque
colonies

Seite 22
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= How Bacteria obtain energy:

= Two major categories:

= Autotrophs - Make their own energy - 2 types

® Phototrophic autotrophs - Get energy from sunlight

= Chemotrophic autotrophs - Get energy from inorganic

molecules (eg. Sulfides)

Seite 23
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® Heterotrophs - Energy obtained from other organisms

= Chemotrophic heterotrophs - obtain energy by

dissolving/absorbing organic material

= Phototrophic heterotrophs - meet some energy needs from
photosynthesis, but must absorb organic compounds.

Bacterial Respiration

Seite 24
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= Bacterial Respiration:
* 3 major categories
* Obligate aerobes. - Must have O2 in order to live

* Obligate anaerobes - Must live in an O2 free

environment

« Facultative anaerobes - Can live with or without O2.

Seite 25
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= Bacterial Reproduction:

Bacteria reproduce through binary fission.

Can engage in primitive sexual reproduction called

conjugation.

A bridge is formed between 2 bacteria

Plasmids are shared across bridge, thus exchanging genetic
information.

- In times of harsh conditions, bacteria can form endospores, to
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THE GROWTH CURVE

= Bacterial growth is defined not by growth in size, but by

an increase in number.

= The growth curve is a hypothetical represent-ation of

bacterial culture growth.

= The curve is comprised of four distinct phases.

GROWTH CURVE

Statlonary
FPhase

Log Number of Viable Cells

Time in Hours

-

Seite 28
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LAG PHASE:
= During this phase, bacteria are growing in size, but they are not
undergoing binary fission.
= Hence, there is no increase in cell number.

= The bacteria are adapting to the new environment and are
synthesizing cellular components such as ribosomes, enzymes,

and other proteins.

Seite 29
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LOG PHASE:

= This phase is also referred to as the exponential phase because

there is a logarithmic increase in cell number.

= This exponential growth is expressed as the bacteria’s

generation time.

= During this phase, the conditions are optimal for growth and

binary fission occurs.

15


http://candaceb.myweb.uga.edu/Binary Fission.html

STATIONARY PHASE:

= There is no net increase or decrease in cell number in this
stage. In other words, cell growth (division) equals cell death.
The birth rate decreases due to limited nutrients, lack of space,
and the build up of secondary metabolic products (e.g. toxins).
The insufficient supply of nutrients also causes some bacteria to

form spores during this phase.

Seite 31
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DEATH PHASE:

= This phase is characterized by an exponential death of
cells. When the media runs out of nutrients and there

are too many toxins, cells begin to die at a faster rate.

Seite 32
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Types of flagella

peritrichous

atrichous monotrichous
- g

amphitrichous

— -

lophotrichous

Seite 35

= Motility Test Agar with TTC.

= The culture on the left is non-
motile; the cultures in the

middle and right side are motile

Seite 36
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= Salmonella enterica. Salmonella is an enteric bacterium related

to E. coli. The enterics are motile by means of peritrichous

Seite 37
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= Preparation of hanging drop mount using a depression

slide (left, before inverting coverslip; right, completed

Seite 38
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* FOR CULTURES: Place 15 - 20 uL of the culture in the middle
of the slide. FOR COLONIES: Place a small drop of dH2 O in
the center of a slide. [For greater volume of sample, or for

hanging drop preparations, use a depression slide for this

Seite 39
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» CULTURES: The sample of liquid culture is place on the slide.
COLONIES: Sterilely transfer a tiny portion of a single colony to the
drop with a loop and suspend (be certain to allow the loop to cool
before picking up specimen). For solid specimens or dry spores,
transfer a small portion of the specimen with a scalpel.

Seite 40

20
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= Lower a clean cover slip over the drop as though it were hinged at one side.
= Finished preparation

= First focus with the 4x objective on the edge of the coverslip. It is easier to find

and focus on than the nearly transparent suspension.
1 2

Seite 41
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= Find a bubble in the liquid suspension, and adjust the fine focus on the edge of
the bubble.

= Switch to the 10x objective, repeat the careful focusing.

= Switch to the 40x objective, repeat the careful focusing. You should be able to

discern bacteria at this power (magnification = 400x).

Seite 42
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http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Wet_Mount/03_coverslip_apln_P7114828.JPG
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http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Wet_Mount/07_100x_P7114832.JPG
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Wet_Mount/08_400x_P7114833.JPG
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= Apply oil and examine with 100x oil immersion lens,again
using the edge of the bubble as a focusing point. At 1000x,
maximize the depth of field by narrowing the iris
diaphragm, and adjust the focus so that most bacteria are in
focus. (Because of the depth of the water, not all bacteria
will be in focus at a given point.) lllustrate the types of
motility you observe.

Partoer for the Future.
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Gram stain

Seite 44
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= The bacterial suspension is smeared onto a clean glass
slide.

01.05.2010 Seite 45
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= The bacterial smear is then dried slowly at first and
then, when dry, heated

Seite 46
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= Once cool, the slide is transferred to a support over
and flooded with a stain called Gentian Violet

01.05.2010 Seite 47

» The Gentian Violet is gently washed off the
slide with running water

Seite 48
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= The bacterial smear is then treated with Gram's solution
which consists of 1 part iodine, 2 parts potassium iodide,
and 300 parts water.

01.05.2010 Seite 49
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= After about 30 seconds the slide is gently rinsed with ethyl
alcohol
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= Eosin or fuchsin, safranin are red. These are
called counterstains.

01.05.2010 Seite 51

* The counter stain is
left on the smear for
about 30-60 seconds
and then gently rinsed
away with running

water.
= Afterthe

counterstain has been
rinsed off, the slide is
placed between some
absorbent paper and

the excess water

Seite 52
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= The slide is gently warmed to
drive off any residual moisture
and then a drop of immersion

oil is placed on the stained
bacterial smear.

= The slide is then placed on a
microscope stage and the oil- -
immersion lens lowered into

the immersion oil.

Seite 53
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violet (purple dye) iodine (mordant) (decolorization) safranin (counterstain)
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Copyright © 2004 Pearson Education, Ine., publishing as Benfamin Cummings.
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Gram Staining
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GRAM-NEGATIVE GRAM-POSITIVE

Quter
membrane

Peptidoglycan Flagellum

(28 ) | el |

| | ]
Cell wall Cell Cell Cell wall
membrane membrane
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Clostridum spores Clostridium tetani spores,
magnified about 3,000 times their
actual size.
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Clostridium difficile
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A scanning electron micrograph of Staphylococcus aureus, the bacteria

that produces staphylococcal poisoning (staph). The diameter of the

bacteria is 1 micrometer (um) or 1/25,000 inch.

Seite 62
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Salmonellosis

= FOODS INVOLVED
Poultry, red meats, eggs, dried foods, dairy products.

» SYMPTOMS
Severe headache followed by vomiting, diarrhea, abdominal
cramps, and fever. Infants, elderly, and persons with low
resistance are most susceptible. Severe infections cause high

fever and may even cause death.

Seite 63
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* CHARACTERISTICS
Transmitted by eating contaminated and undercooked food,
or by contact with infected persons or carriers of the
infection. Also transmitted by insects, rodents, and pets.
Onset: Usually within 12 to 36 hours
Duration: 2 to 7 days.

01.05.2010 Seite 64
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Salmonella
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Salmonella Smear under

Microscope
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A transmission electron micrograph of Salmonella montivideo, one

of the salmonella bacteria that causes salmonellosis. The
magnification of the micrograph is 1 micrometer (um) = 1/25,000

inch

Seite 68
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Clostridium perfringens
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_ = The disease can also be
lx /< differentially diagnosed from
e\ e similar conditions by its lack of
L \\ , /" '/ the following symptoms:
\' /\o { & \ = sensory nerve damage; fever;
o= -
1,/ » >= " = history of preceding infection;

- /'\ " " mental status changes; and
*f..',“‘ PRGN 8- electromyogram, cerebral spinal
% SN2 fluid or electroencephalogram

K \/ _ __' o=l abnormalities.
2 .

-

Voo = The clustering of cases that would
occur with an attack would also
help distinguish botulism from
other conditions.
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Gram stain of a species of Micrococcus, commonly
isolated from the skin and nasal membranes of humans

Partoer for the Future
Worldwide

1. S. epidermidis 2. S. aureus
3.Streptococcus mutans

3. Streptococcus mutans is the primary bacterium involved in
plaque formation and initiation of dental caries.

Seite 72
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4. Vancomycin Resistant Enterococcus faecalis. Scanning E.M. CDC
5. Streptococcus pneumoniae. Direct fluorescent antibody stain. CDC.
6. Streptococcus pyogenes. Gram stain.

7. Neisseria meningitidis. Gram stain.

Seite 73
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8 . E. coli. Scanning E.M.

9. Colonies of Pseudomonas aeruginosa growing on an agar plate.

10. Haemophilus influenzae. Gram stain.
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11. Bacteroides fragilis. Gram stain.
12. Bifidobacterium bifidum. Gram stain

13. Lactobacillus species

Seite 75

14. Clostridium perfringens. Gram stain.
15. Clostridium tetani. Gram stain.

16. Corynebacterium diphtheriae, no longer a member of the normal

flora. Methylene blue stain.

Seite 76
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17. Lactobacillus acidophilus, informally known as
"Doderlein's bacillus"

18. Lactobacillus species, possibly Doderlein's bacillus

19. Colonies of E. coli growing on EMB agar.

Seite 77
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Saprolegnia parasitica is usually an innocuous water mold that
grows on dead vegetable matter in the water. It can form sexual
spores (oospores) in oogonia. However if a fish's immune
system becomes compromised by environmental pollution, this

oppportunistic fungal-like organs can parasitize the fish.

Seite 80
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1.Absidia is a zygomycete fungus and reported to be allergenic. May cause
mucorosis in immune compromised individuals. The sites of infection are the
lung, nasal sinus, brain, eye and skin. Infection may have multiple sites. Acr

2. Alternaria sp

Commonly found in outdoor air and may grow on water damaged building
materials which contain cellulose. Although Alternaria is a notable source of

fungal allergy, pathogenic infections are reported infrequently.
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3. Aspergillus flavus

A plant, foods and dairy products, and warm soil micro fungi, it
is found on moldy corn and peanuts. Some strains are capable of
producing a group of mycotoxins in the aflatoxin group. It also

may cause ear and eye infections.
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http://www.toxicmoldremoval.com/images/absidia2.gif
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4. Aspergillus fumigatus

This fungus is frequently reported as a cause of Aspergillosis in

immune compromised individuals and can be very dangerous.

5.Aspergillus niger
A black mold commonly found on onions. Like Aspergillus

flavus, Aspergillus niger can infect the human ear.

01.05.2010 Seite 83

FiGURA 2: Culturas de fungos obrtidas a partir da agua desrilada
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Left: Idealised reconstruction of
Palaeoblastocladea milleri.

A: Sporothallus showing terminal
zoosporangia (z) and resting
sporangia (r) (scale bar = 40um).
B: Part of a gametothallus
showing terminal gametangia (g)

(scale bar = 20pum)
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Yeast Cells Budding (Reproducing) Penicillium Conidiophores -
Orange Peel

Seite 86
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Penicillium notatum Trychophyton rubrum

(Produces Penicillin) (skin/nail infections)

Seite 87
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SPORES :

The non-motile microscopic spores of eumycotan fungi, which
come in a dazzling array of forms to fit specific functions, are
often produced very quickly (in a matter of days or even hours
after the initial colonization of the substrate), and in enormous

numbers.

Spores are dispersed by wind, by water, or by animal vectors, and
they can often survive long periods, sometimes even years, of
unfavourable conditions such as freezing, starvation or

desiccation.
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HYPHAE :

these are the vegetative, assimilative organs of most fungi. When
a spore germinates, what emerges is a hypha (sometimes more
than one hypha), which grows at its tip, and explores the
microscopic world in which it landed. The picture below shows

hyphae emerging from spores and looking for food.

Seite 90
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ALGAE

What are algae?

Pond scums, terrestrial algae, snow algae, seaweeds,
freshwater and marine phytoplankton. The plant body
is relatively undifferentiated, and there are no true

roots, leaves, etc.

Seite 91
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Algae are very simple chlorophyll-containing organisms:
some say that they are plants; other say that the are not,
calling them Protists or Protoctists. We use the term
"algae" very loosely because defining them is very
difficult. In general, we can say that they are simple
organisms composed of one cell, or grouped together in

colonies, or as organisms with many cells, sometimes

collaborating together as simple tissues.

01.05.2010 Seite 92
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Most algae form some sort of spore (for reprod-uction), which
is a cell that is often motile and serves to reproduce the
organism. Algae also have sex, often a very simple kind of
sex where the algae themselves act as gametes, but some-

times very complicat-ed with sperm-like cells.

Seite 93
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Some of the larger kelps have translocation but most do not.
They have no need for water-cond-ucting tissues as they are,
at some stage, surr-ounded by water. Spores may be motile
or non-maotile; varies from phylumto phylum, e.g., the red

and blue-green algae are non-flagellated.

01.05.2010 Seite 94
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Algae of other groups usually have two flagella (singular:
flagellum). Reproduction may be isogamous, anisogamous, or
oogamous. Female gametangia are not enclosed by a wall of
sterile cells as in higher cryptogams. Mostly autotrophic
(photosynthetic), pigments very variable and are the basis of
classification; all have chlorophyll a; some have b, others c; all
have accessory pigments of some kind e.g. phycocyanin
(blueish), phycoerythrin (reddish), carotenes (yellow-brown),

xanthophylls (brown).

Seite 95
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Some are heterotrophic (get energy from non-photosynthetic
sources also). Great variation in size - unicellular and 3-10 um
(microns) to giant kelps up to 70 meters long and growing at
up to 50 cm per day. Found in mostly aquatic situations (need

water to reproduce and, generally, to photosynthesise).

Don't forget: Algae ("al'guy" or "al'gay") is the plural; Alga

("al'ga™) is the singular. There is no such thing as "algaes".

Seite 96
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Phaeophyceae: Brown Algae

Examples: Laminaria and Saccharine, Focus, Sargassum muticum

Characteristics
The brown colour of these algae results

from the dominance of the xanthophyl|
pigment fucoxanthin, which masks the
other pigments, Chlorophyll a and ¢ (no
Chlorophyll b), beta-carotene and other
xanthophylls. Food reserves are
typically complex polysaccharides,

sugars and higher alcohols.

Seite 97
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The principal carbohydrate reserve is laminaran, and true starch is
absent (compare with the green algae). The walls are made of

cellulose and alginic acid, a long-chained heteropolysaccharide.

There are no known unicellular or colonial representat-ives; the
simplest plant form is a branched, filamentous thallus. The kelps
are the largest (up to 70 m long) and perhaps the most complex
brown algae, and they are the only algae known to have internal
tissue differentiation into conducting tissue; there is, however, no

true xylem tissue as found in the ‘higher' plants.
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Most brown algae have an alternation of haploid and diploid
generations. The haploid thalli form isogamous, anisogamous
or oogamous gametes and the diploid thalli form zoospores,
generally by meiosis. The haploid (gametangial) and diploid
(sporangial) thalli may be similar (isomorphic) or different
(heteromorphic) in appearance, or the gametangial generation

may be extremely reduced (Fucales).

Seite 99

Alginates, derivatives of alginic acids, are used commercially
for toothpastes, soaps, ice cream, tinned meats, fabric

printing, and a host of other applications.
There are about 1800 species of brown algae, and most are
marine. In general, brown algae are larger and more species

are found in colder waters.

01.05.2010 Seite 100
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Chlorophyta: Green Algae

Examples: Chlamydomonas, Spirogyra, Ulva.

Characteristics: Green colour from Chlorophyll a and b in the
same proportions as the ‘higher' plants; carotene; and various
characteristic xanthophylls. Food reserves starch, some fats or
oils like higher plants. Thought to be the origin of the higher

green plants but there is currently some doubt on this point.
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Green algae may be unicellular,
multicellular, colonial or
coenocytic (composed of one large
cell without cross-walls; the cell
may be uninucleate or
multinucleate). They have
membrane-bound chloroplasts and
nuclei. Most species are aquatic
and are found commonly in
freshwater and marine habitats;
some are terrestrial, growing on
soil, trees, or rocks.

Seite 102
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Some are symbiotic with fungi giving lichens. Others are
symbiotic with animals, e.g. the freshwater coelentrate Hydra
has a symbiotic species of Chlorella as does Paramecium
bursaria, a protozoan. Chlorella is now grown and sold as a
health supplement. A number of freshwater green algae
(charophytes, desmids and Spirogyra) are now included in the
Charophyta, a phylum of mostly freshwater and terrestrial
algae, which are more closely related to the higher plants than

the marine green algae.
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Asexual reproduction may be by fission
(splitting), fragmentation or by zoospores
(motile spores). Sexual reproduction is
very common and may be isogamous
(gametes both motile and same size);
anisogamous (both motile and different
sizes - female bigger) or oogamous
(female non-maotile and egg-like; male
motile). May have an alternation of

haploid and diploid phases.

Seite 104
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The haploid phases form gametangia (sexual reproductive
organs) and the diploid phases form zoospores by reduction
division (meiosis). Some do not have an alternation of

generations, meiosis occurring in the zygote.

There are about 8,000 species of green algae, about 800 of

which are marine

Seite 105
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Rhodophyta: Red algae
Examples: Palmaria, Coralline algae

Corallina
B Characteristics: The red colour of these
algae results from the pigmen-ts
phycoerythrin and phycocyanin; this
masks the other pigments, Chlorophyll a
(no Chlorophyll b), beta-carotene and a
number of

unique xanthophylls. The main reserves
are typically floridean starch, and
floridoside; true starch like that of higher
plants and green algae is absent.

Seite 106

53


http://www.algaebase.org/speciesdetail.lasso?species_id=107
http://www.algaebase.org/speciesdetail.lasso?species_id=1
http://www.seaweed.ie/uses_general/corallinealgae.lasso

The walls are made of cellulose and agars and carrageenans,
both long-chained polysaccharide in widespread commercial
use. There are some unicellular representatives of diverse

origin; more complex thalli are built up of filaments.
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A very important group of red algae is the coralline algae, which
secrete calcium carbonate onto the surface of_their cells. Some
of these corallines are articulated (last fig., Corallina, with
flexible erect branches; others are crustose (below). These
corallines have been used in bone-replacement therapies.
Coralline algae were used in ancient times as vermifuges, thus

the binomial Corallina officinalis.
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Bacillariophyta Diatoms

Examples: Asterionella, Amphipleura.

Golden-brown colour from fucoxanthin
masking chlorophylls a and c; beta-
carotene; various xanthophylls. Each cell is
enclosed in a unique type of siliceous cell
wall which takes the form of a box with an

overlapping lid.
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Diatoms are unicellular or colonial coccoid
algae. Have membrane-bound chloroplasts
and nuclei. Most are aquatic, occurring in
the sea or in freshwater, but some occur on
damp soil or rocks. Marine phytoplankton
largely consists of diatoms and in
temperate oceans where there is upwelling
bringing nutrients to the surface they are
responsible for the very high primary

productivity in these areas.
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Dead diatoms accumulating under such high-productivity areas form
diatom oozes. Geological deposits derived from such oozes, mainly
Tertiary in origin, are now mined as diatomite or diatomaceous earth
used for water filtration, in toothpastes (as an abrasive) and in

deodorants and decolouring agents.

There are two types of diatom: centric and pennate., The centric diatoms
are radially symmetrical (the first) and the pennate diatoms are
bilaterally symmetrical (the second ). Centric diatoms appear to have

evolved first.

th :

Dinophyta:Dinoflagellats

Characteristics. Chlorophyll a & ¢,
beta-carotene and a range of
xanthophyll pigments including
fucoxanthin and the characteristic
peridinin, neoperidinin, dinoxanthin,
neodinoxanthin, and diatoxanthin.
Histones are absent. Food reserves

are starch (similar in structure to that

of flowering plants) and oil.
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The wall or theca, when present, is composed of cellulose.
Pyrenoids and eyespots may be present. Projectiles known as
trichocysts and cnidocysts are found in a number of species and

probably have a protective or evasive function.

The dinoflagellate nucleus is very distinctive in that it has an
unusual combination of prokaryotic and eukaryotic characteristics.
It is described as a mesokaryon and has permanently condensed
chromosomes. Some species of dinoflagellates have non-

condensed chromosomes at some stage in their life cycle.
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Chromosomes are generally membrane attached and the nuclear
membrane remains intact during mitosis. The Dinophyta are
probably a very ancient group that diverged from other eukaryotic
organisms before the evolution of typical eukaryotic chromatin

but after the evolution of repeated DNA sequences.
Dinoflagellates are typically unicellular, free-swimming,

biflagellate organisms that constitute an important component of

freshwater, brackish and marine phytoplanktonic communities.
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There are, however, a number of non-motile forms including
amoeboid, coccoid, palmelloid and filamentous types. Most have
some form of photosynthesis, but some are saprophytic (feeding
on decayed organic matter), symbiotic, or holozoic (feeding like
an animal by ingesting solid food particles). Some are highly

modified parasites.

The flagella of the motile cells are very distinctive. The typical
pattern is a pair of unequal, heterodynamic flagella, which have
independent beating patterns
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Biofilm

is a gel-like substance and is a mixture of sugars, enzymes,
diatoms (attached and loose), bluegreen algae, bacteria,
fungus, microinvertebrates, i.e., protozoans and early stages

of insects. It absorbs Dissolved Organic Matter (DOM) from

the water and collects Fine Particulate Matter (FPOM) in the
matrix.
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Diatoms

commonly compr-ise the dominate algal group in river

biofilms in terms of species number and bio-mass
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Parasites Are Dangerous
Parasites are like unwanted guests who eat
your food, leave trash on the floor, and throw
the day-to-day functions on your household
completely out of kilter.
v ' } J

Some parasites are life-threatening--killing or
handicapping many people every year--while
others are a perpetual drain on the nutrients
needed to drive and maintain the normal

functions of your bios stems.
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Although some parasites may not cause apparent
symptoms, others are sources of justifiable concern
because they:

1) Steal nutrients intended for your body.

2) Damage your tissues and / or infuse your system with
toxic byproducts.

3) Unbalance your system by forcing it to continuously
compensate for their presence.
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Naegleria fowleri is a free living
amoeba typically found in warm
fresh water, from 25-35 degrees
Celsius (77-95 degrees Fahrenheit)
in an amoeboid or temporary
flagellate stage. It belongs among a
group called the Percolozoa or

Hetero-lobosea.
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In humans, N. fowleri can become pathogenic, causing Primary
Amoebic Meningoencephalitis (PAM or PAME), a syndrome
affecting the central nervous system, characterized by changes
in olfactory perception (taste and smell), followed by vomiting,
nausea, fever, headache, and the rapid onset of coma and death

in two weeks.
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PAM usually occurs in healthy children or young adults with
no prior history of immune compromise who have recently
been exposed to bodies of fresh water. N. fowleri invades the
central nervous system via penetration of the olfactory mucosa
and nasal tissues, resulting in significant necrosis of and

hemorrhaging in the olfactory bulbs.
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From there, amoebae climb along nerve fibers through the
floor of the cranium and into the brain. Amphotericin B is
currently the most effective known pharmacologic treatment
for N. fowleri, but the prognosis remains bleak for those that
contract PAM, as only eight patients have survived (3%

survival rate) in a clinical setting.
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Detection
N. fowleri can be grown in several kinds of liquid axenic
media or on non-nutrient agar plates coated with bacteria.
Detection in water is performed by centrifuging a water
sample with Escherichia coli added, and then applying the

pellet to a non-nutrient agar plate.
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After several days the plate is microscopically inspected and
Naegleria cysts are identified by their morphology. Final
confirmation of the species' identity can be performed by
various molecular or biochemical methods. According to the
Centers for Disease Control and Prevention, the amoeba killed

23 people between 1995 and 2004.
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In July, the amoeba caused the deaths of three boys in lakes around
Orlando, Florida. Possible causes of the infections include higher
temperature and droughts in that area of Florida.

In late summer, the amoeba caused two deaths in Lake LBJ in
Texas.

In September, a 14-year-old boy was killed by the amoeba after
likely having caught it while swimming in Lake Havasu in

Arizona.
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The Naegleria fowleria amoeba is a parasite that lives in bodies

of fresh water when temperatures rise above 82 degrees.
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AVOIDING CONTACT

- Don't swim to the bottom, where the amoebas are
more prevalent.

- Don't get water up your nose, which is how the
amoebas enter the brain.

- Avoid diving, rough-housing and any activities that
are likely to force water up the nose.

- Wear nose clips.

- Stay close to the surface of the water, and swim in
the deep part of a lake. Amoebas are typically found
in shallow water.

- Stay out of water declared unsafe by the Health
Department.

- Avoid stagnant, polluted water.
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ROUNDWORMS

- Looks like a common earth worm.

-The female worm may be as thick as a lead pencil, and both

sexes are creamy-white in color.
-Some of the largest roundworms are 6 to 12 inches long.

-The mature female roundworm can produce an estimated
200,000 eggs daily.
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Ascaris lumbricoides and Ascaris suum
(intestinal roundworms of humans and

pigs)

Ascaris lumbricoides is one of
the largest and most common
parasites found in humans. The
adult females of this species
can measure up to 18 inches
long (males are generally
shorter), and it is estimated that
25% of the world's population
is infected with this nematode.
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The adult worms live in the small intestine and eggs are passed
in the faeces. A single female can produce up to 200,000 eggs

each day!

About two weeks after passage in the faeces the eggs contain
an infective larval or juvenile stage, and humans are infected

when they ingest such infective eggs.
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The eggs hatch in the small intestine, the juvenile
penetrates the small intestine and enters the circulatory
system, and eventually the juvenile worm enters the lungs.
In the lungs the juvenile worm leaves the circulatory

system and enters the air passages of the lungs.
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-The juvenile worm then migrates up the air passages into the
pharynx where it is swallowed, and once in the small intestine
the juvenile grows into an adult worm.

-The migration of the larvae through the lungs causes the blood
vessels of the lungs to haemorrhage, and there is an
inflammatory response accompanied by edema. The resulting
accumulation of fluids in the lungs results in "ascaris

pneumonia,” and this can be fatal.
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Instances have been reported in which Ascaris have migrated
into and blocked the bile or pancreatic duct or in which the
worms have penetrated the small intestine resulting in acute

(and fatal) peritonitis.

- _
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Ascaris - posterior end
Male Female
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HOOKWORMS

= inject an anti-coagulant into the blood to insure it
will get a good supply.

= |t has an innate intelligence like all creatures in
nature.

= |t often penetrates the wall of the small intestine
until it reaches a small blood vessel. Once it finds
this vessel, it will inject and anti-coagulant into
the blood to prevent the blood from clotting.

= In this way, the hookworm is insured of a good
supply of blood. The hookworm uses the
hemoglobin in the blood to get oxygen to breath.
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Cryptosporidium can hitch a ride on food-or in water-causing
diarrhea and even death in vulnerable individuals.

Infection

Contamination == e
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What is cryptosporidium?
Cryptosporidium is a protozoan pathogen of the Phylum
Apicomplexa and causes a diarrheal illness called

cryptosporidiosis.
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What are the symptoms of cryptosporidiosis?
Symptoms include watery diarrhoea, stomach cramps, upset stomach
and a mild fever. Some people have no symptoms. Symptoms can
appear 2 to 10 days after a person becomes infected. Symptoms
usually last about 2 weeks however, you may continue to pass the
parasite in your faeces (bowel motion) for up to 2 months. Symptoms

may be more severe if you have a weaken-ed immune system.
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Examples of Cryptosporidium oocysts stained by the modified
acid-fast technique (panel A), and seen by phase contrast

microscopy (Panel B)
A B
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Detection of oocysts using immunofluorescence microscopy

This method offers higher sensitivity and specificity compared to staining
techniques, and has, therefore, found widespread application in research

and clinical laboratories. It is also widely used to monitor the presence of

Cryptosporidium oocysts in water samples.
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Above: Differential interfernce contrast (DIC) image of Cryptosporidium
parvum oocysts, purified from murine fecal material. Oocysts are
spheroidal objects, 4 to 6 microns in diameter. Oocysts may contain as
many as 4 banana shaped sporozoites, and a residual body. In some
oocysts the sporozoites and residuum will be indistinct. Scale bar is 10

microns. (higher resolution image)
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Above: Immunofluorescence image of Cryptosporidium parvum oocysts,
purified from murine fecal material. (Same field of view) Oocysts were
stained with commercially available immunofluorescent antibodies.
Oocysts should have an intense apple green fluorescence on the
periphery of their oocyst wall, and measure 4 to 6 microns in diameter.

Scale bar is 10 microns. (higher resolution image)
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Above: Fluorescence image of Cryptosporidium parvum oocysts, purified from
murine fecal material. (Same field of view.) Oocysts were stained with 4,6-
diamidino 2-phenyl-indole dihydrochloride (DAPI). DAPI interacts with
nucleic acids and stains the nucleus of each sporozoite within the oocyst. There
should be 4 sporozoites each with 1 nucleus, or 4 stained nuclei in each oocyst.
Oocysts that appear to have fewer than 4 stained nuclei, may have 4 nuclei
with the others not visible in this plane of focus. Oocysts with no nuclei visible,
may be dead, may be resistant to DAPI staining, or may be organisms other
than C. parvum. (higher resolution image)
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G. lamblia has two morphological Giardia lamblia trophozoites as
they appear with the scanning

stages: the trophozoite and the cyst. electron Microscope.
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Contaminaticn of water, focd, or
handsfomites with infective cysts.

Trogphozoies are also
passed in stool but
they do ot Survive i

Seite 159

1-2. Giardia cysts are the infective stage of G. intestinalis. As few
as 10 cysts can cause infection. These cysts are ingested by
consuming contaminated food or water, or fecal-orally. They
can survive outside the body for several months, and are also

relatively resistant to chlorination, UV exposure and freezing.
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3. When cysts are ingested, the low pH of the stomach acid
produces excystation, in which the activated flagella breaks
through the cyst wall. This occurs in the small intestine,
specifically the duodenum. Excystation releases

trophozoites, with each cyst producing two trophozoites.

4. Within the small intestine, the trophozoites reproduce
asexually (longitudinal binary fission) and either float free or

are attached to the mucosa of the lumen.
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5. Some trophozoites then encyst in the small intestine.
Encystation occurs most likely as a result of exposure to bile
salts and fatty acids, and a more alkaline environment. Both
cysts and trophozoites are then passed in the feces, and are
infectious immediately or shortly afterward. Person-to-
person transmission is possible. Animals can also be infected
with Giardia, and beavers have been associated with giardia

outbreaks, although not definitively.
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VIRUSES
Definition:

Viruses are:

sub-microscopic, obligate intracellular parasites.

= Virus particles are produced from the assembly of pre-formed
components, whereas other agents 'grow' from an increase in
the integrated sum of their components & reproduce by

division.
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= Virus particles (virions) themselves do not ‘grow' or undergo
division.

= Viruses lack the genetic information which encodes apparatus
necessary for the generation of metabolic energy or for protein
synthesis (ribosomes).

No known virus has the biochemical or genetic potential to
generate the energy necessary for driving all biological processes,
e.g. macromolecular synthesis.

They are therefore absolutely dependent on the host cell for this
function.
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. The Origins of Virology
L~ ”hﬁ}, Ancient peoples were not only aware of

the effects of virus infection, but in some
instances also carried out research into
the causes & prevention of virus
diseases Perhaps the first written
recordof a virus infection consists of a
heiroglyph from Memphis, the capital of
ancient Egypt, drawn in approximately
1400BC, which depicts a temple priest
called Siptah showing typical clinical

signs of paralytic poliomyelitis.
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In addition, the Pharoh Ramses V,

who

died in 1196BC, is believed to have

succumbed to smallpox - compare the
pustular lesions on the face of the

mummy

\ & those of more recent patients.
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On 14th May 1796, Edward Jenner used cowpox-infected
material obtained from the hand of Sarah Nemes, a milkmaid
from his home village of Berkley in Gloucestershire to

successfully vaccinate 8 year old James Phipps.

On 1st July 1796, Jenner challenged the boy by deliberately
inoculating him with material from a real case of smallpox !
He did not become infected !!!
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Pasteur (1822 — 1895) worked extensively on rabies, which he
identified as being caused by a ‘virus' (from the Latin for
‘poison’) but in spite of this, he did not discriminate between

bacterial & other agents of disease.

On 12th February 1892, Dmitri lwanowski, a Russian botanist,
showed that extracts from diseased tobacco plants could
transmit disease to other plants after passage through ceramic
filters fine enough to retain the smallest known bacteria. This

is generally recognised as the beginning of Virology.
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Also in 1898, Freidrich Loeffler & Paul Frosch showed that a
similar agent was responsible for foot-and-mouth disease in
cattle. Thus these new agents caused disease in animals as
well as plants. In spite of these findings, there was resistance
to the idea that these mysterious agents might have anything

to do with human diseases.
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This view was finally dispelled by Landsteiner & Popper
(1909), who showed that poliomyelitis was caused by a
filterable agent' - the first human disease to be recognized

as having a viral cause.

Frederick Twort (in 1915) & Felix d'Herelle (in 1917) were
the first to recognize viruses which infect bacteria, which

d'Herelle called bacteriophages (eaters of bacteria).
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In 1881, Louis Pasteur began studies of rabies in animals. Over

a number of years, he developed methods of producing
attenuated virus preparations by progressively drying the
spinal cords of rabbits experimentally infected with the agent,
which when inoculated into animals, would protect from
challenge with virulent virus. This was the first artificially

produced virus vaccine.
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Some viruses will replicate in the
living tissues of develop-ing

embryonated hens eggs, such as

influenza virus. Egg-adapted
strains of influenza virus replic-ate
well in eggs & very high virus
titres can be obtained. This method
has proved to be highly effective
for the isolation & culture of many

(but not all) viruses.

(" p N
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In recent years, an entirely new technology has been employed

to study the effects on host organisms of viruses: the creation
of transgenic animals & plants by means of the insertion into
the DNA of the experimental organism of all or part of the
virus genome, resulting in expression in the somatic cells (and
sometimes in the cells of the germ line) of virus MRNA &
proteins.
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Cell culture

began early last century with whole
organ cultur-es, then progressed to
methods involving individual cells,
either primary cell cultures (somatic
cells from an experimental animal or
taken from a human patient which can
be maintained for a short period in
culture) or immortalized cell lines,
which given appropriate conditions,
continue to grow in culture
indefinitely
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Renato Dulbecco in 1952 was the first
to accurately quantify animal viruses
using a plaque assay - dilutions of the
virus are used to infect a cultured cell
monolayer, which is then covered with
soft agar to restrict diffusion of the
virus, resulting in localized cell killing
& the appearance of plaques after the
monolayer is stained. Counting the
number of plaques directly determines
the number of infectious virus particles
applied to the plate.
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Serological/lmmunological Methods

In 1941 Hirst observed haemagglutination of red blood cells
by influenza virus. This proved to be an important tool not
only in the study of influenza, but also with several other
groups of viruses, e.g. rubella virus.
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In the 1960s & subsequent years, many improved detection
methods for viruses were developed, for example:
« Complement fixation tests
+ Radioimmunoassay
* Immune fluorescence (direct detection of virus antigens in
infected cells or tissue)
* Enzyme Linked Immune sorbent Assays (ELISAS)
+ Radio immune precipitation
» Western blot assays
Seite 177
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In 1975, Kohler & Milstein isolated the first monoclonal
antibodies from clones of cells selected in vitro to produce
an antibody of a single specificity directed against a
particular antigenic target. This enabled virologists to look
not only at the whole virus, but at specific regions - epitopes
- of individual virus antigens. Monoclonal antibodies are
also finding increasingly widespread application in other
types of serological assay, e.g. ELISAs, to increase their
reproducibility, sensitivity & specificity.
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Physical measurements of virus particles began with the
earliest determinations of their size by filtration through
colloidal membranes with various pore sizes in the 1930s.
Experiments of this sort led to the first (rather inaccurate)
estimates of the size of virus particles.

The accuracy of these was improved by studies of the
sedimentation properties of viruses in ultracentrifuges
in the 1960s.
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The physical properties of viruses
can also be determined by
spectroscopy, using both ultra-violet
light to examine the nucleic acid
content of the particle & visible
light to determine its light-scattering

properties.
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Electrophoresis of intact virus particles has yielded
some limited information, but electro-phoretic
analysis of individual virion proteins by gel
electrophoresis, & particularly also of nucleic acid

genomes, has been far more valuable.
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Figure 10-1. Schematic of Water Works Components.
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WATER TREATMENT PLANT

The Port LaBelle Utility has a small water
treatment plant designed to serve under 10,000
people. Itis a typical system and includes the

following components:
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: Lime Chlorination
Aeratjm Softening Chlorination Chlorination
- | 45
Polymer Sludge Clear Well
Coagulant and
Storage Tank
Mixing / : ..
Flocculation Settling Filtration
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AERATION TANK AGITATOR
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Settling Basins Following Coagulation
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| Figure - _. Diagrammatic Sketch Showing Section Through A Rapid Sand Filter,
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Scheme for Rapid Sand Filter
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Slow Sand Filtration

Slow sand filtration is a water treatment process that

uses naturally occurring biological activity to clean

drinking water. Slow sand filters have been in use
for centuries, and are time-tested systems for

cleaning drinking water.
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Diagram for Slow Sand Filter
frog the crop back flow (filtrate to the crop
Qflow: | RS e v e b bk
flow meter
drainage layer o: :{2{{5{;; i.\. = )
cross section of drainage tub plunger pump

Seite 198



Partoer for the Future
z Warldwide

Quality Requirements for Filter Sand (Adapted

from W. Wohanka, Geisenheim, Germany).

« Effective grain size : 0.15-0.30mm (100 - 50 mesh)

* Uniformity coefficinet (UC): < 3, maximum 5

Seite 199

Partoer for the Future
Worldwide

« Silt content: < 1%

* Acid solubility: <5 % after 30 min

« Effective grain size (d10): sieve opening through which
10% (by weight) of the grains will pass.

* Uniformity coeffecient (UC): ratio between the sieve
opening through which 60% (by weight) of the grains will
pass and the effective grain size; UC = d60/d10
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How Does Slow Sand Work?

1. Water from the River is put onto large slow sand filters.

2. Algae, protozoa, and small invertebrates that live in the
slow sand filter remove biological contaminants, such as
Cryptosporidium. The surface of the slow sand filter is

where most of the contaminant removal occurs.

Seite 202
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3. Straining of dirt and clay particles occurs at the surface of
the filter as well as further down through the sand and
gravel.

4. After water passes through the slow sand filter, chlorine and

fluoride are added before it is sent to your tap.
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A electron photomicrograph of the complex biological matrix

found in the schumtzdecke, or biolayer, in a slow sand filter

‘http://www.bioline.org, age 001¢.pg
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DE - Diatomaceous Earth Filters
Cost Effective Filters out perform Bag Filters and Membrane Filters
in separating 1-50 micron particulate.

Natural, mineral product of 90% porous algae fossils with
micron sized holes to be used as filter media to coat retaining
screens for a low cost, low micron filter.

Unique that it can be added to during filtration as the outer
surface blinds - like adding a bag filter to the outside of

another bag.

Seite 208
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Natural, mineral product of 90%
porous algae fossils with micron
sized holes to be used as filter
media to coat retaining screens for

a low cost, low micron filter.

Unique that it can be added to
during filtration as the outer
surface blinds - like adding a bag

filter to the outside of another bag.

Seite 209

Fig 1

Bare DE Coated Filtering Body Feeding

Screen Screen Extend Filter Life
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Operation

DE filter process starts by drawing water through a retaining

screen (figl) .

DE is added to the water and is recycled as it forms an even

coating on the retaining screen (fig 2).
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Once coated, the filtering process begins (fig 3).

As filtering proceeds, more DE is added (fig 4 - body
feed) to extend the filter's life. When the filter plugs, the
water pump is stopped and the DE coating falls off.

A jet spray removes the rest of the DE and filtering
resumes after re-coating. The spent DE can be used to

help de-water the contaminants prior to disposal.

Seite 212

106



Purtoe for te o
g Z v

Table 4.6. Factors affecting transport of enteric

pathogens through soil

Factor Influence on transport

*Soil texture
Fine-textured soils retain viruses, bacteria and protozoa more
effectively due to increase interaction and adsorption. Fractured

soils, however, are poor retainers of microorganisms.
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Water flow
Water flow is the driving force of transport and pathogen
transport velocities appear to be proportional to the water flow.

Increased water flow may remobilize adsorbed microorg.

*PH
Adsorption generally increases when pH decreases, due to

reduced electrostatic repulsion.

Seite 214

107



gtz e H !“‘i

«Cations
The presence of multivalent cations (Ca2+, Mg2+) increases
adsorption due to the formation of salt bridges between

negatively charged microorganisms and soil particles.

* Metal hydroxides

Iron hydroxides improve the adsorption of microorganisms.
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« Soluble organics

These can influence transport in various ways: they may
compete with microorganisms for attachment sites (humic and
fulvic acids compete with viruses), but they may also give rise

to microbial activity that enhances attachment and inactivation.

 Microorganism Characteristics

Bacteria and parasites are more readily removed than virus
because of their size (1 - 20 um versus 20 - 80 nm).

Differencesin isoelectric points and surface composition

determine the adsorption rates.
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« Saturated versu

Under unsaturated flow conditions, water fills only the unsaturated
flow small pores. This increases soil-microorganism contact and

adsorption.

(Adapted from Gerba and Bitton, 1984; Schijven and
Hassanisadeh, 2000)
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Multiple Barrier Approach to
Public Health Protection

Surface Water Sources
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Multiple Barrier Approach -
From Source to Tap
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SOURCE WATER TREAT- DISTRI- CON- §
AND INTAKE MENT BUTION SUMER

PLANT  SYSTEM
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Multiple Barrier Approach -
Source Water and Intake

» Assessment, selection, location
= Reliable quality and quantity
= Treatment needs

« Watershed protection

-
-
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Multiple Barrier Approach -
Treatment Barriers

» Technology selection

= Removal by coagulation,
flocculation, sedimentation, and
filtration with disinfection

» Watershed control with
disinfection

-
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Multiple Barrier Approach -
Treatment Barriers

* Performance monitoring
= Data analysis
= Recordkeeping and referral

* Appropriate operational
response

Seite 222
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Multiple Barrier Approach -
Distribution System Barriers

* Ensuring the physical integrity
of system components

* Maintaining adequate pressure

* Preserving water quality
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Multiple Barrier Approach -
At the Tap... Consumer

* Public right-to-know

« Informed consumer is essential
= Water quality
= Compliance status
* Risks to health
= System’s financial needs

T
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Surface Water Treatment
Technique Requirements

= 99% (2-log) Removal of
Cryptosporidium

= (or address Crypto. in unfiltered
source watershed control

program)

———————————————————————————————eeeeeeeeeeeeeeeeeeeeee
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Surface Water Treatment
Technique Requirements

» 99.9% (3-log) inactivation, or
removal and inactivation of
Giardia lamblia

» 99.99% (4-log) inactivation, or
removal and inactivation of
viruses
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Surface Water Treatment
Technique Requirements

* Compliance measured by...

= Turbidity limits for specific
technologies

* Microbial inactivation by
disinfection
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Types of Filtration

« Conventional treatment

Direct filtration

Slow sand filtration

» Diatomaceous earth filtration
Alternative filtration technologies
= Membranes

= Bags and cartridges

Seite 228
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Conventional Treatment

« Conventional Filtration
Treatment...

= means a series of processes
including coagulation,
flocculation, sedimentation, and
filtration resulting in substantial
particulate removal.

"=
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Direct Filtration

» Direct Filtration. ..

* means a series of processes
including coagulation and
filtration but excluding
sedimentation resulting in
substantial particulate removal.

Seite 231

Partner for the Future
g z Wordwa

Direct Filtration
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Slow Sand iltration

« Physical sieve and biological predation

« Schmutzedecke

« Colloids/clay pass through filter

* Cleaning schmutzedecke and ripening period

between filter runs
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Slow Sand Filtration

17

Seite 234
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Diatomaceous Earth

* Physical
sieve
* Precoat
development
* Body feed
with influent

= Discard DE at
end of run

Seite 236
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Diatomaceous Earth Filtration

3
—iind
2
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Alternative Filtration Technologies

* Membrane filters

* Microfiltration

* Nan filtration

* Reverse Osmosis

» Cartridge filters, bag filters
* Others

+ All: physical sieves

Seite 240
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Microbial Inactivation

« Surface water treatment techniques

* Inactivation, or removal and inactivation
* Capable performance defined ......

* SWTR Guidance (research)

» Demonstration Studies

Seite 242
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What is microbial Inactivation?

* Render the organism unable to cause disease
 Does not mean sterilization
» Targets pathogens

* Non-pathogenic organisms may still be present

Seite 243
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Factors Affecting Microbial Inactivation

« Organism disinfectant resistance

« Disinfectant concentration

« Contact time

« Competing/shielding of other particles

« Water temperature and pH

Seite 244
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Types of Disinfectants

*Chlorine
*Chlorine Dioxide
*Ozone

*UV Light

Seite 245
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Quantifying Microbial Inactivation

* Log Inactivation

*Logl0

« Specific to organism and disinfectant
* CT concept

* CT calc.

Seite 246
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Systems

* Challenges to maintain .......
* Adequate minimum pressure and flow
* Solution .....

* Operational and physical tools

Seite 247

Maintaining Water Quality - Distribution
System Tools

* Disinfectant residual

* Minimize microbial growth

* Protection from (limited) contamination
» Maximum Residual Disinfectant Levels

» Disinfection byproduct MCLs

Seite 248
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Maintaining Water Quality- Distribution
System Tools

* Cross connection control program
 Monitoring

* |dentify problem areas

« |dentify deterioration events

« Document adequate treatment

Seite 249
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Multiple Barriers — Public Education and
Involvement

*Public Notificaion Rules

« Consumer Confidence Reports
*Public participation opportunities
- Capital investment

Seite 250
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Sanitation Survey — Eight Essential
Elements

*Source
* Treatment

* Distribution system

Seite 251
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* Finished water storage
* Pumps
» Monitoring/reporting/data verifications
«Water system management/operations

* Operator compliance with rule3s

Seite 252
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Sanitation Survey — Surface Water or GWUDI

*No less than every 3 years for community

systems

*No less than every 5 years for no community

systems

* Regardless of population served

Seite 253
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	DEFINITIONS OF MICROBIOLOGICAL TERMS,
	GLOSSARY
	These terms are given in alphabetic order to allow the reader to more easily find the terms of interest later.
	Acidotrophic bacteria, bacteria which are able to flourish in very acidic (pH <3.5) conditions. Many are aerobic and function over relatively narrow pH ranges.
	Adaptability, the ability of microorganisms either as individual strains, or as a consortium of strains, to adapt to function in some way within a given environment. Often there is a lag (induction) time before this activity commences.
	Aerobic microorganisms, microbes which can function using oxygen in their respiratory activities.
	Aggressivity, the state in which an organism is active in its environment and able to compete with other strains for space, nutrients, water and gases.
	Anaerobic microorganisms, microbes which are able to function in the presence of oxygen. For many of these organisms, they are able to function using oxygen when available (facultative anaerobes) while other strains cannot function in the presence of...
	. Archaebacteria, are a group of bacteria which evolved very early on the in the evolution of the planet. These bacteria are now found populating some of the extreme environments (eg, highly saline, sulfur-rich, methane generating and high temperature...
	Bacteriophage, a virus which infects bacteria and multiplies within the cells. Usually a bacteriophage can only infect a limited range of bacterial strains. BARTTM, a patented biological activity reaction test biodetection system which can be customi...
	BCHTTM, a patented blended chemical heat treatment system which can be applied to rehabilitate biofouled water wells and systems by a tri-phasic technology.  Bioaccumulator, a biological entity which is able to accumulate (either actively for degrada...
	Bioamplifier, an organisms which is able to catalyze a particular physical and/or chemical event causing the event to occur at an accelerated rate. Biocides, specific chemicals or compounds which have a deleterious impact on the targeted organism.
	Biocolloid, a buoyant particle which is composed mostly of water bound together by EPS and populated by some microorganisms. Sizes may range from 6 to 100 microns or more in diameter. These suspended particles are also found to be able to act as bioa...
	Biodegradation, the act of degrading a molecule to one or more smaller molecules by biochemical mechanisms (eg, enzyme action). Biodetector, an instrument, device or mechanism by which the presence of biological activity can be determined.
	Biofilm, an slime-like matrix composed of EPS within which a consortium of microorganisms flourish. These biofilms may either grow over surfaces, or occupy voids in a porous medium.
	Biofouling, any deleterious event in which a definable biological activity causes a deterioration in and engineered or natural process or system. Deleterious effects range from clogging, corrosion, and plugging to gas production and bioaccumulation. ...
	Biomass, the mass of a living entity which may be expressed as either the wet or dry weight. Biomass may furthermore be given as the total mass including all associated mass; or as the viable mass which would include just the viable cells. In biofilm...
	Biosensor, a device or methodology which utilises the shift in a targeted signal (commonly electro-magnetic) to quantify a biological activity or presence. Biozone, a localized site where a specific form of microbial consortium can be located.
	Clogging, the generation of a mass which interferes with physical functioning (eg, hydraulic conductivity) of a porous medium (eg, gravel pack, sand filter). Clogging can be formed through the maturation of biofilms fouling the media and may become c...
	Clogging Risk Index (CRI), a factorial presentation of the likelihood of a significant clogging occurring within a defined system.
	Coliform bacteria, the presence of these bacteria is generally regarded as being indicative of an increased hygiene-risk because of the potential for faecal contamination. The coliform bacteria are abundant in the faeces of warm blooded animals and E...
	Colony Forming Units (cfu), when microorganisms do grow on agar media they commonly form visible distinguishable structures composed mainly of cellular material which are called colonies. Each of these colonies is considered to have formed from a sin...
	Corrosion, the process of erosive deterioration in the physical form and engineered characteristics of a structure. These processes frequently involve electrolytic and/or corrosive chemical (eg, acids) effects which are sometimes mediated by microbia...
	Denitrification, the process of reducing nitrate via nitrite to nitrogen gas by bacterial action. There are four stages in this process. In water which has become polluted with sources of organic nitrogen (eg, sewage or septic waste) and then been su...
	Disinfection, the act of destroying by chemical and/or physical means microorganisms that are causing an undesirable infestation at a site. It does not mean that all microorganisms are killed, it means that there is a selective action.
	Encrustation, a relatively solid plate-like or crystalline structure coating a surface. It appears to be chemical in nature due to the hardness of the structure. Often brittle (when dry) or plastic (when wet), the organic content is usually relativel...
	EPS or extracellular polymeric substances, many microorganisms do produce an "overcoat" of polymers outside of the cell. These polymers bind water and various chemicals to form protective and storage functions.
	Eutrophic conditions, these occur when there is an abundance of nutrients and the microorganisms are able to grow to form a large biomass. A rapidly clogging well due to IRB growth could be considered as being eutrophic.
	Fringe Effects, the zone wherein the treatment is marginalized and therefore has a lesser of different impact.
	Gallionella, is a well known iron related bacterium which is easily recognized by the long often twisted ribbon-like tail they produce. This tail often will break off and be carried with the water flow.
	gRAM Stain, is a standard staining procedure which is frequently used as one of the first stages in the identification of bacteria into gRAM negative and gRAM positive types.
	Halotrophs, microorganisms able to survive and grow in brine solutions. Some of these organisms cannot even survive when the salt concentration is less than 12%.
	Heterotrophic microorganisms, those microbes which obtain their energy from the breaking down of organic material. Some of these microbes are very specialised (eg, cellulose degraders) while other can utilize a variety of organic compounds.
	Hydrolysis, the act degrading complex molecules (eg, polymers) into smaller molecules through the addition of H2O.
	Incubation, the act of growing an organism under conditions that will encourage rapid growth (compared to natural conditions). Induction period, the period of adaptation that an organism has to pass through before it is able to flourish in a favorabl...
	Infiltration, the act of a material or organism passaging into a porous medium. In situ, at site.
	Invasiveness, the ability of an organism to enter into an environment and function at some level from survival to growth.
	In vitro, under controlled (laboratory) conditions.
	Iron oxidising bacteria, those bacteria able to oxidise iron by any means from a reduced form of iron (ferrous form) to an oxidised (ferris) state.
	Iron reducing bacteria, those bacteria which are able to reduce iron by any means from an oxidised form (ferric) to a reduced (ferrous) state.
	Iron related bacteria (IRB), all of those bacteria which are able to accumulate iron in another form beyond that for basic metabolic functioning. These accumulated iron compounds generally collect within the slime (EPS) around the cells and gradually...
	Limiting nutrient, a major nutrient which is in short supply and restricts the growth of a biomass. Limitations could also be created by the limiting nutrient distorting the ratios of nutritional elements outside of range that would support growth. M...
	Magnetotactic bacteria, are a group of bacteria which actually possess "biocompasses" (called magnetosomes). These bacteria are able to orient themselves within electromagnetic fields.
	Marginal clogging, where there is less than a 20% loss in production capacity but a water well shows symptoms of being clogged, then this phenomenon is considered marginal but discernable.
	Mechanical disruption, the use of physical methods (such as freezing, ultrasonics, pressure pulses, radical thermal gradients) to disrupt a biofouling event. Membrane filtration (MF), the use of a non-absorbent porous membrane to trap particles (incl...
	Mesotroph, an organism which will grow over a temperature range somewhere between 15 and 15oC.
	Microbial growth potential (MGP), the theoretical growth which may be expected to occur within a defined environment utilising the available nutrients.
	Microcosm, a habitat within which there is little diversity in the organisms present or the environmental factors. Often applied to laboratory simulations of "real world" situations (eg, well microcosm used to simulate clogging processes in wells).
	MPN most probable number, some microbiological techniques to determine populations use a statistical projection of the population as the most probable number and do not specifically count the individual cells as such.
	Negative staining, sometimes bacteria are easy to stain due to the fuzzy EPS around the cell. One alternative is to stain the background so that the cell (and its EPS slimes) can be more easily viewed microscopically.
	Nitrification, this biological conversion of ammonium to nitrate occurs under oxidative (aerobic) conditions and is a major part of the nitrogen cycle.
	Nitrogen fixation, the act of a biological system fixing nitrogen usually as ammonium (as the intermediary). Some microorganisms under stress through an inadequate nitrogen resource for growth can fixate nitrogen.
	Nosocomial, term used for microorganisms which are normal inhabitants of a natural environment but can, under certain circumstances, cause infections in warm blooded animals including man.
	Occlusion, the reduction of hydraulic conductivity (flow) through a porous medium as a result of the growth of a clogging structure which is now occupying a significant void volume.
	Oligotrophic conditions, these occur where there are few nutrients in the system and the microorganisms are not able to grow to form a significant biomass.
	Particulates, suspended material in water, may be inorganic and/or organic in nature. May contain living microorganisms and be colloidal in structure (biocolloid).
	Pasteurization, the process of applying heat to a sufficient extent to retard or destroy a recognized nuisance microbial population. Usually involves the application of heat to a minimum of 40oC above the ambient temperature for the system.
	Planktonic, references microorganisms able to grow while suspended independently in water.
	Plugging, see clogging.
	Preventative Maintenance (PM), a management strategy to allow the ongoing monitoring of a system or process to ensure that there is a reactive scenario in place to control an form of recognized deterioration.
	Pseudomonad bacteria, are gRAM negative aerobic bacteria which frequently dominate in waters polluted with specific organics. Some strains are nosocomial pathogens.
	Recalcitrant, a chemical which does not degrade, is stable and does persist within the environment.
	Rehabilitation, the returning of a well or other system to its original specified state by the application of suitable treatments.
	Reinfection, the act of an infestation becoming reestablished within a system or process.
	Sessile, organisms that are attached to a surface either directly or indirectly. Shock treatment, the application of a higher than normal dose in order to maximize the effectiveness of the treatment being applied.
	Slime, a surface growth on, or originating from, a surface which may be jelly-like if form. Such slimes are usually infested with various microorganisms and can act as sites for the bioaccumulation of various chemicals.
	Slime Forming Bacteria (SLYM), bacteria which do produce slimes (from EPS) but do not necessarily accumulate iron within these slimes.
	Sloughing, the act of a slime, for whatever reasons, breaking up and releasing particles (from the slime) to the water passing over the slime.
	Spread plate, name given to the microbiological procedure for enumerating microorganisms through their ability to form colonies on selected agar media when dispersed ("spread") over the agar surface and incubated.
	Sulfate Reducing Bacteria (SRB), anaerobic bacteria which able to reduce sulfate to hydrogen sulfide. This event may initiate electrolytic corrosion and/or rotten egg taste and odors in water.
	Thermal Death Point, the lowest temperature that is required to destroy a specific strain or consortium of microorganisms in ten minutes. Thermotroph, an organism which is able to grow at temperatures in excess of 45oC. Total Nitrogen, the total amou...
	Total Organic Carbon, the total amount of organic carbon in the sample. May include soluble and particulate forms which may, or may not be, recalcitrant.
	Total Phosphorus, the total amount of phosphorus detected in the sample. May be four forms: soluble inorganic phosphorus, SIP; soluble organic phosphorus, SOP; particulate inorganic phosphorus, PIP; and particulate organic phosphorus, POP. Tubercles,...
	Tyndallization, the act of repeating a treatment sequentially in order to destroy the survivors of the previous treatment as they grow and become more vulnerable to treatment process. Commonly the treatments are performed three time with a sufficient...
	Ultramicrobacteria (UMB), very small electrically neutral microorganisms which are in a state of suspended animation. They are able to survive in this form for very long periods of time and recover when they are exposed to a favorable environment.
	Viable units, a form of measuring the number of microorganisms in terms of their viable (detectable) units which may consist of one or more cells. Wolfe's medium, a specialized medium widely used for the selective growth of Gallionella.
	WR medium, a modified Winogradsky's medium used to determine the presence and numbers of iron related bacteria.
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