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WORK A Mt NZI ONE. Ef fl uent Chl ori nati on Heal t h
Ef f ect s and Pol i ci es (Under the direction of Prof.

JFtMES C. L«MB, 111 ).

Eval uati on of recent literature regardi ng the
adverse effects and the benefits of effl uent
chl ori nati on for disinfection indicates that for
nost cases, secondary effluents should continue to
be di si nfected. Chlorine conti nues to be the nost
i nexpensi ve and reliable nethod of disinfection.

The adverse effects to aquati c ecosystens and the
formati on of possi bly hazardous reacti on products
are, at the present, apparently m nor or feasibly

mt igable.
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Ef fl uent Chlori nation Health Effects
and Pol i ci es

I . 1 NTRODUCTI ON

Chlorination of the effluent from sewage treatnent plants
has been widely practiced in the United States. Chlorination
is the nethod of disinfection with the best established
reliability, ease of operation, and | owest cost. In the United
States, it is the nethod used in over 99" of the wastewater
treatment plants which disinfect, accounting for about two-thirds
of total municipal wastewater flow Cvaxted, 1983; Virginia
Di sinfection Task Force (VDTF), 1984]|. It appears that as the
nati on's wastewater treatnent capacity expands, the use of
chlorination increases at equal or greater rates.

Requi renments for disinfection of wastewater reflect coriceTrn
for protecting public health, but vary considerably fromstate to
state since the primary benefits of disinfection in preventing
the transm ssion of waterborne disease do not apply uniformy to
all locations at all tines. In areas where there is high
dilution of the effluent, only seasonal recreational uses, or
even no downstream uses involving human contact, the benefits of

di sinfection nmay be non-existent or may not justify the expense

and possi bl e adverse effects.
Disinfection of sewage treatnment plant effluent reduces the

chances of transmssion of infectious disease by reducing
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m crobi al populations , since the discharge of viable pathogens
into the environnent can constitute a hazard to human health. If
pat hogens Are discharged into sewers, survive through treatnent
plants, and sire rel eased, people may ingest themfromwaters
used for potable water sources, seafood growth, or sw nmm ng.
Users of waters receiving discharges may be directly exposed to
contam nation, as in swinmng, and therefore depend on the
protection provided by sewage treatnment or they may be protected
by further treatnent, as in nost drinking water systens.
Al t hough downstream drinki ng water systemw thdrawers do not rely
upon upstream di schargers' disinfection, they do neverthel ess
benefit froma reduced disease risk due to | ower pathogen |oad on
their protective treatnent.

There are™ however, adverse secondary effects acconpanying
chlorinat ion. These a“re mainly the toxicity of residuals to
aquatic life and the possible formati on of chlorinated organic
conmpounds harnful to human health. Attention in recent years to
the harnful effects on aquatic life by various chlorine conpounds

has |l ed nore than two-thirds of the states to establish water

quality standards and criteria that limt chlorine discharges
CVDTF, 19843. Al so, discovery of the formati on of
trihal omet hanes(THVs) in drinking water fromreaction of chlorine
wi th trace organi ¢ conpounds has caused alarm Chloroform the
most common THM i s suspected of being a carcinogen based on
extrapol ation from studies of aninals given unusually high doses
of chloroform The potential effects on human health of lifelong
consunption of trace anounts of chlorinated organic conpounds in

drinking water has pronpted concern about their presence in
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chlorinated wastewaters. Partly due to concerri about adverse
effects, over half the states are currently reviewing their
di sinfection or chlorine residual regul ati ons CVDITF, 19843.
| deal |y, all adverse effects should be eval uated and consi dered
along with all expected benefits of a particul ar wastewat er
di si nfection policy.

Rati onal policy for regulation of sewage treatnment plant
effluent disinfection requires determning the best solution for
a probl em which involves a tradeoff between two potential public
heal th ri sks:

ft. Requiring disinfection on a broad scale naximzes 1) the
protection agai nst transm ssion  of I nfectious
wat er borne di sease, but also £) the production of
what ever chlorinated organ ics are fovimed and the
potential health risk inposed on downstream users.

6. flllowng the reduction or elimnation of chlorination
| owers the operating costs and may minimse formation
of chlorination  byproducts, but presents the
possibility of higher risk of waterborne infection.

R rational evaluation of the benefits and adverse effects of
ef f | uent chlorination would require, in theory at |east,
know edge of the quality of waters, effects of chlorination on
thera, and the exposure and effects on the environment and humans.
Unfortunately, sone of these sets of data, such as scientific
evidence of the actual |ong-term human exposures and effects of
hal ogenated organic mcropollutants, are unlikely to ever be

avai |l abl e because of restrictions on experinmentation wth hunans.
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O her needed sets of information, such as estimates of the risk
of wat erborne disease, involve major variability and uncertainty.
Al together, the present state of know edge about the benefits and
detrinments of effluent chlorination is fair to poor, but

avai l able i nformati on can and shoul d be eval uated and taken into

consi derati on when exam ning effluent disinfection policy.
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I'1. OBJECTI VES

The objective of this report is to present and assess

i nformati on about the benefits and detrinents of effl uent

chlorination. Specifically, the follow ng questions relating to

effluent chlorination will be addressed through eval uati on of

recent publications on the subject.

1. What is the pathogen content of wastewater treatnent

pl ant effluents ?

2. What is the inpact of chlorination on the pathogen
content of those effluents?

3. Wat &re the benefits provided by effluent disinfection
in preventing waterborne di sease?

4. \What chl orinated byproduct s are formed during
chlorination of secondary treatnent plant effluent?

5. What are their potential adverse inpacts on hunman

heal t h?

6. What are their denonstrated adverse inpacts on human

heal t h?

7. What danmges to aquatic life result from effluent

chl ori nat i on?

8. What have been the policies in regulatory agencies with

respect to effluent chlorination?

9. What are the recent trends in these regulatory policies?

10. What alternatives to chlorination of effluent av”e

avai l abl e, including nodified chlorination, no disinfection,

and alternative disinfectants?


NEATPAGEINFO:id=E7A45254-32AD-44CA-95F4-22CCE5159554

NEATPAGEINFO:id=D2CBB57B-4883-47DA-8AB6-6EB23A8D9C1C


[ I PATHOGENS I N Wi STEWt TER TREATMENT PLANT EFFLUENTS

(' B&fe!ll2flsns in sewage

In areas served by sewerage systems, nearly all human wastes
are di scharged into the sewage whi ch consequently contai ns any
pat hogeni ¢ organi snms excreted. The extent and |i keli hood of new
i nfecti ons depends, anpbng other factors, on the survival of the
pat hogens and subsequent exposure of hurmans to them
Di si nfecti on of wastewater effluent is i ntended to reduce the
chances of pathogens surviving into water to which humans will be
exposed, thereby lowering the risk of transmtting infectious
di sease.

Large nunbers of mcroorgani sns are present in sewage, their
concentrati ons and types varyi ng considerably with tine and
bet ween conmnmuniti es. Reported bacterial isol ates and
concentrations froma recent field study of several wastewater
treatnent plants & e shown in Table 1 CSorber, 198011. The presence
of pat hogenic m croorgani sns i n sewage depends particularly on
the disease rates in the contributing comunity. Mst places in
the United States currently have a very | ow i nci dence of
i nfecti ous di sease and therefore the sewage will usually receive
f ew pat hogens. When an enteric di sease occurs in a comunity,
t hat pathogen will be present in the sewage in quantities roughly
proportional to the nunber of infected persons CGerba, 19833.

Danger ous wat erborne i nfecti ous di seases are rare but
present in this country, and the associ at ed pat hogens are

t herefore present |, t hough not wi despr ead, in U S sewage. The
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Tabl e 1.

Tr eat nent

Quantities of Viable Bacteria Measured at Three Wast ewat er
Facilities.

bacteria type concentration cfu/ 100 m

P

G tr obact er

Cl ostri di um
Ent er obact er
Escheri chi a

Kl ebsi el l a
Leptospira 4.
Mycobact eri um

Pr ovi denci a

4c 3
Serrati a <5. 0x10 6. 6x10
-_— -
St aphyl ococcus 3. 0x10 3. 3x10
Y —m
Fecal coiiform 1.0x10 5. 3x10
=3 -_—
Total coiiform 1.1x10 1.8x10
8 8
Total plate count 5.8x10 4.8x10

easant on( a)

4c 3
<5.0xi O 6. 6x10

3. 0x10 5. 0x10
e6d 3

1. Ox10 6. 7x10
6 4

6. OXx10 3. 7x10
——————

6x10 = --------

7.0x10 1. 3x10
—

1. 0x10 <3.3xIl0

a =ponded secondary effl uent

b =aerati on basin
Cc =none det ect ed

cfu=col ony form ng
CSor ber, 19803

uni ts

Portl and(b) Chi cago(b)

£ cC

<3. 0x10
————

1. 5x10
A

£. Ox10
=cC

<3. 0x10

5

1. 0x10

—— N

£.4x10
—_—

1, 3x10
-

«<

<3. 0xI1 O
£ cC

<3. 0x10
s

£. 0x10
_—

1. Ox10
—

3. 7x10
8

8. £x10
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wat er borne scourges such as typhoid and chol era that were major
concerns for earlier sanitary engineering are not currently
significant problems in the United States, but sre, however,

still present. Typhoid in the U S progressively decreased from
1900- 1960 then leveled during the late 1960's to a current

i nci dence of 0. £-0.3 cases v”*eported per 100,000 gener al

popul ation per year; about half of these typhoid cases are
acquired during travel outside the country CHornick, 19833. Rarer
than typhoid in the finericas, cholera has been present once
recently in the United States. Thirteen cases, all caused by the
eltor strain, were identified in coastal Louisiana in 1978. fit

that time, the sane strain of Vibris choigrae was isolated from
shel [ fish and crabs in several |ocal coastal narshes CCarpenter,

19633. It is inportant to see here that a policy including
effluent disinfection as a public health protective neasure
shoul d be based on the potential biological hazard of sewage-
contamnated waters, not on just the hazard presented by current

condit ions.

The hazard of hiologically contam nated water is routinely
measured by surrogates (indicators). Discovery, identification,
and enuneration of various actual pathogenic m croorganisns is
not commonly done because of insufficient techniques for sone
pat hogens, expense of doing vast quantities of |aboratory tests,
and availability of better methods for evaluating the
m crobi ol ogi cal risk. Standard counts of indicator organisns
which are assuned to be proportional |y representative of overal
m crobi ol ogi cal hazard are used instead. The concepts of using
indicator organisms have been nuch discussed CCabelli, 1978,
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198Ea, 1983; Dudl ey, 1976; Hendri cks, 1978; Pi pes, 19783.
There are problens wth using bactev”®ial indicators for other
than routine screening. One result of the assunptions necessary

for the use of indicator organisnms is the addition of uncertainty

to the assessnent of the risk of infectious di sease associ at ed
wth wastewater effluents. Estimating the probability of an
occurrence by sanpling its frequency becones difficult arid |ess
preci se when that event is rare, as is the case wth waterborne
disease in the United States. The potential risk of a particular
di sease being transmtted by sewage woul d be underestimated if
that risk is estimted on the basis of analysis of sewage which
currently contai ned no pat hogens of that type. For any
particul ar disease, the sewage froma community where there i s no
actively infected person discharging to that systemw || not
contai n pathogens of that type. This is a source of uncertainty
in estimates of risk regardi ng waterborne di sease in the United
States and the effects on that risk of various protective
practi ces such as effluent chlorination.

The bacterial pathogens nost commonly associated with sewage
I ncl ude speci es of Sal nonella, Canpyl obacter, Shigella, and
Vibrio (Table £). Anong the 1700 identified types of Sal nonella
are those responsible for typhoid and paratyphoid fevers. Sone
ot her Sal nonel | a species cause gastroenteritis, as do Yersinia
and Canmpyl obacter. Fecal coliforms, present in great quantities,
are predom nantly non-pat hogenic but sone strains of Es_ coli have
been found to cause severe diarrhea Chupont, 19713.

Shigellosis is present inthe US at a reported incidence
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Tabl e 2. Pathogenic Organisns in Sewage.

Gr oup Pat hogen D sease caused

Bacteri a Sal nonel | a Typhoi d, paratyphoi d,
(1700 types) sal nonell osi s
itiiflella Bacill ary dysentery
(4 spp.)
Ent er opat hogeni e Gastroenteritis
Ea. col
Yersinia entergcoliz Gastroenteritis
tica

Saf f| EYi ebsicter J.ejuni Gastroenteritis
yi feC e chol eCst Chol era

LeBi eSEIi CS Lept ospi rosi s

Pr ot ozoa Ent anbeba hi stol ytica Anebi ¢ dysentery,
l'i ver abcess,
COlon i d ulcerat i on
SE"l aiSQfeii S D arrhea, nal absorption
il Feidiumcgii MId diarrhea,

col oni ¢ ul cerati on

Hel m nt hs Sscari s iurQricoides flscariasis
(round Wor m
Qei e! £i £' Stgma  duodenal e Anenmi a

( Hookwor m)

Ngeaf eSE affl eri canus Anem a
( Hookwor m)

Il “"enia sagi nata Taeni asi s

( Tapewor m
Viruses Heeatitis Q virus I nfectious hepatitis
Coxsacki e virus.
Nor wal k types, etc. Gastroenteritis

| i erba, 1983; Dienstag7"r97i 7~Murphyr~i'979J '
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of 8-10 cases per 100,000 popul ation per year CCenter for D sease
control (CDC), 19823. Shigellosis is spread primarily by human

contact, but indirect transm ssion has been shown in £5 foodborne

or wat erborne out breaks docunmented in the U S. between 19&A-1968.
Four of the twelve water related shigellosis outbreaks were

associated with swinmmng in small contam nated freshwater | akes

CCDC, 19833.

O the common protozoa which may be found in wastewater,
only three species are significant in the transm ssion of disease
to humans s EQASf QSsba histol.;jitica;,, Gardia iSfflbiia, and
lailFeM MY eeii” significant waterborne outbreaks of illnesses
due to Ei. histolytica and B* eoli have not been repov”ted recently
inthe U S CSerba, 1983D, but it is estimated that |-3y. of the
United States population is infected with these organi sns
CJluni per, 1983a3. The possibility of infection with these
protozoans from domestic sewage in the United States is,
therefore, significant.

There has been a significant recent rise in the United
States of the nunber of reported waterborne outbreaks of Gardia
enteritis (giardiasis), which has been reported for about 10,000
cases in the U S since 1971 C CDC, 1982; Craun, 19793. Gardia
lanblia, a protozoan, 1is usually fecally-orally transmtted: by
contam nation of food, hand to nouth, or via drinking water where
the cysts are resistant to common doses of chlorine (<3.0 ng/l)
CDykes, 19803. Sewage may be a major carrier of the organisns
since |evels of ggardia cysts in feces frominfected pev*sons can

be as high as 10 cysts per gram Though it is primarily spread

11
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by human- human fecal oral vectors, giardiasis has been found to

not always be transmtted from humans to humans only. Evi dence
has indicated that beavers in &i upland watershed may serve as a
reservoir for O ardia CDykes, 19803. Even though such an outbreak
of giardiasis originating froma non-human source woul d not be
prevented by reduci ng pathogen concentrations at a different
source (such as sewage effluent), the benefit of effluent

disinfection in reducing the risk of wastewater transm ssion of
gi ardi asis renains valid.

Hel m nth parasites are present in the United States
popul ation, but the reported incidence of disease due to these
agents has been low for the |ast few decades CGerba, 19833.

Enteric viruses (those fecally excreted by and pathogenic to
humans) at”e al so excreted in widely varying anounts in different
pl aces but generally in | esser nunbers than pathogenic bacteria
Clrving, 1981; Hanson, 19733. The nunbers of virus that are
nmeasured depend, in addition to the wastewater source, on the
detection techni que enpl oyed CSorber, 19803. Mre than one hundred
strains have been isolated fromsewage and nost Bire in siXx
categories: polio, hepatitis, coxsackie, adeno, echo, and
reoviruses. Mean total virus concentrations isolated fromraw
sewage run the range from 150 infectious units per liter (1U 1)
to 15,000 U1, with 90-100"/. of sanples positive Crving, 19813.
Enteric viv-uses isolated fromsanples taken froma sewage-
pol luted river have been identified generally as the same types
as those found in sewage effluents CMetcal f, 19683. Only the
Hepatitis-fi virus(H|IV) has been clearly shown to cause waterborne
viral  diseases CDienstag, 1976; Kruse, 1971; Mason, 196£3.

12
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Recently, however, Norwal k type viruses have been inplicated as
the cause of orie large gastroenteritis outbreak CMWurphy, 19793.

Wth the current United States incidence of Hepatitis ft at about
30,000 clinical cases per year CCDC, 19823, and an estinated
rati o of inapparent infections to clinical cases of 10 si
CHanson, 19733, there could easily be 300,000 people in the U S.
each year infected with and excreting Hepatitis O virus. Each
i nfected person excretes 10,000 to 100, 000 infectious doses per
gramof feces Chetcalf & Eddy, 197£3. Even after dilution, raw
sewage Hf IV quantities may be very high if infected persons are
di scharging to that sanitary system

B. Renoyai by conventional, treatnent

Sewage treatnent achi eves both a decrease in nunbers of
bacteria and, of major inportance, a change in the kinds present.
M croor gani sns pat hogenic within the human body generally do not
multiply in the wastewater environnment. Although pathogenic
bacteria are not absolutely elimnated by treatment, the effect
Is to greatly reduce their nunbers, replacing themwth
saprophytic varieties CCarlson, 19433. Renoval s of various
pat hogens that are acconplished by sedi mentation, trickling
filters and activated sludge are shown in Table 3.

Hel mnth ova settle readily and ara renmoved to the primary
sludge CCram 1943; Kabler, 19593. Protozoan cysts, though, are not
so extensively removed during prinmary sewage treatnent. Cysts of
la. !listeiid; *i£g have been shown to pass through primry settling
and trickling filter or activated sludge processes irrespective
of those processes’ BOD renoval efficiency, but are significantly
removed in secondary clarification or sand filtration CCram 19433.

13
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Table 3. Renpval of Various Organisns by Convent i onal
WAst ewat er Treat nerit.

Tr eat nent figent Rer noval (% Test System
Pl ai n Vi r usesi
Sedi nent at i on Polio 1 (¢} bench
to 69 pl ant
Polio 1,£,3 0-12 pl ant
Ent er ovi r us 10 pl ant
Adenovi r us 30 pl ant
Reovi r us S pl ant
Par asi t es:
Beef tapeworm ova 50 bench
E. histolytica cysts O to » pl ant

Bact eri a:
Mycobact er i urn

t uber cul osi s 50 pl ant
Coli form £7-96 bench

TricklinQ Vi ruses:
filters Coxsacki e A9 94 bench
EchoviruB | S 83 bench
Polio 1 85 bench
M xed (natural) * to 69 pl ant

Par asi t es:

Beef tapeworm ova 18- 30 bench
Ascarl s ova 70-76 pl ant
E. histolytica cysts w pl ant
90-99. 9 bench

Bact eri a:
Mycobact eri um

t uber cul osi s 45 pl ant
S. typhosa 72 pl ant
Coli form 98 pl ant
Ps. aerugi nosa +74 pl ant
Cl. perfringens 92 pl ant

Rcti vat ed Vi ruses:

sl udge Coxsacki e 09 96- 99 bench
Polio 1 79-94 bench
M xed (native) 53-71 pl ant
Polio 1, 2, 3 76-90 pl ant
Ent er ovi r us 92 pl ant
Adenovi r us 81 pl ant
Reovi r us 27 pl ant

Par asi t es;
Beef tapewor m ova o bench
Pscari s ova
E hi stolytica cysts « pl ant
Bacteri a:
Sal nonel | a typhosa S6- 99 bench
Vi bri o chol era 96- 100 bench
Mycobact eri um
t uber cul osi s 90+ bench

Col i form 97 bench
Fecal
St r ept ococci 96 bench

Onconpl et e renoval

A rving, 1981! Kabl er, 1959; Sorber, 19801
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Many processes, both in the treatnent plant and in the
recei ving waters, acconplish reducti on of pathogen concentrati on.
The pat hogen concentrati ons expected in the effluent are
i nportant for evaluating the disinfection process, and the
overall pathogen reduction is inportant for evaluating the risk
of infectious waterborne di sease. For certain pathogens, though,
such as Mycobacteria, disinfection appears to be the only
reliable process for their removal CHeukel eki an, 195&3.

Ef fl uent disinfection is a process solely intended for
reduci ng the concentrati on of viable nmicrorgani sns, but many
ot her natural and artificial processes act to affect the
m cr obi ol ogi cal character of di scharged wastewater. Pill
wast ewat er treat nent processes which reduce the concentrati on of
pat hogeni c m cro-organi sns contribute to the overall reduction of
the i nfecti ous di sease hazard. The renobval of vari ous organi sns
by conventi onal treatnent processes precedes effl uent
di si nfecti on. Renpbval or inactivation of pathogens that occurs
after di scharge, but prior to human exposure to the water,
affects the need for disinfection of the effl uent.

There are nmany conditions in natural surface waters which
hel p to inactivate nicroorgani snse. One of these is the effect of

sunlight. Light at the wavel ength of sunlight has been shown to

i ncrease the die-off rate for viruses and E*. col.i [Kapuscinski,
19833. I nactivation rates under |light for thv~tee types of
bacteri ophage and for Ej. Coli were found to be one order of

magni tude faster than for organi snse kept in the dark. O

parti cul ar interest was that the die-off of E. Col i under
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condi ti ons of anmbient sunlight was greater than that of

bact eri ophage virus under identical conditions, i ndi cating that
the former would not be a valid surrogate for nmeasuring the
presence of the latter in open waters.

Virus inactivation (loss of infectivity) in natural wat er s
is exponenti al and appears to be influenced primarily by
tenperature CO Bri en, 13773. The influence of tenperature is
such that the I-1o0og inactivation of coxsackie and poi 1li oviruses

o

t hat occured in RRo Grande water at £5 C over 19—-£5 hour s t ook

o

nore than twice as | ong when chilled to 5 C. In the normal river
warnth of £3-£7 C, i nactivation of £ logs occurred in £-3 days
and 3 logs in 3-4 days CO Brien, 1977]. In the waters of streans

and rivers, the significant inactivation of viruses usually takes
several days and is usually slower than the inactivati on occuring
in saline waters. In natural estuarine water a nean 3 | og
reduction of various initial virus titers occurred in £-3 days.
Conparable inactivation of viruses in freshwater required from
three to nore than fourteen days dependi ng on the type of Vi r us
CHur st, 19803.

Conpetiti on and predati on by other nicroorgani sns present in

the treatnent or receiving waters is a factor contributing to

reduced pathogen survival. Experi nents have shown greater
decreases in the nunbers of foreign bacteria when the full
nat ur al m crobiotic community was present. When i ndi genous
protozoans were filtered out of estuarine water, die-off of

coliform populations becane negligible conpared to the 3 1og
reduction in 5 days in unfiltered water CEnzi nger, 197&3. Anot her

i nvestigation also found that inhibition of protozoans all owed E".
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£Sii to maintain populations 3 |logs greater than in natural
estuarine water, or alternatively, required 4 days |onger for
die-off to reach the sane | evels CMcCanbridgel. In the latter
study with natural conplete estuarine water, predaci ous protozoa
exerted theiv® major influence on E. coli destruction during the
first two days. The forner study established protozoan—positive
sanpl e by seeding one milliliter of fresh bay water into 50 ms
of sterilized bay water and observed greater protozoan predation
bet ween days two and four. It has been noted but not
i nvestigated that the predaci ous destruction of foreign bacteria
is appavtently greater in marine waters than in freshwater systens
CEnzi nger, 1976; MCanbri dge, 19803.

Renoval of pathogens by conventional primry and secondary
sewage treatnent processes is not consistently sufficient enough
to acconplish the task of disinfection. Processes such as
activated sludge or trickling filters cannot be relied upon to
achi eve nore than a 1 to £ | og reduction in pathogen
concentrations. Considering the high nunbers of pathogens which
can be present in sewage, this is a reduction which, by itself,

provi des i nsufficient assurance of protection fromthe

possibility of infection and di sease to persons who & e exposed

to effl uent downstream

17
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V. Wi STEWi TER CHLORI NATION fi ND I TS EFFECTS ON PATHOGENS AND

OTHER M CROORGANI SMVS

Chl ori nati on has been and conti nues to be the preferred
nmet hod for disinfection of wastewater effluents. According to a
1980 EPA survey, 6S54 of the total municipal wastewater flow in
the United States is chlorinated. It was found that the practice
of effluent disinfection is increasing in the U S and that at
|l east 30% of the tine the preferred nethod is chlorination
CMVaxt ed 19833.

Pri mary anong the several reasons why chlorine is the
predom nant nethod for wastewater disinfection is that chlorine
is the npopst cost-efficient nethod of reliably destroyi ng
m croorgani sns in water. Al so, operation of chlorination is
generally sinpler than other disinfection nethods, and there has
been extensi ve experience with it. Successful experience wth
chlorinati on has al so shown that its effecti veness can be easily
approxi mated by neasuring the contact tine and resi dual
concentration of chlorine in the effluent, rather than by
bi oassay CwWhite 19723.

Use of chlorine conpounds in the tv~eat nent of sewage
preceded their use in potable water. D sinfection with chlorine
for the purpose of controlling disease transm ssion was done as
early as 1879 when, in England, cal cium hypochlorite was applied
to typhoid feces before discharge to a sewer [Anerican Public

Heal th associ ati on <APHA), 19343. In the U. S. from 1890- 1910
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sever al attenpts at sewage puv™if icat ion with hypochlorite
solutions, generated onsite by electrolysis of brine, were done.
Several studies on disinfection of raw sewage and trickling
filter effluent by application of hypochlorite powders and
solutions were done in the U S. and Europe during this period.
The practice of wastewater chlorination in the United States grew
concurrently wth that of chlorination of water suppl i es,
begi nning in about 1910 CRace, 1918; Thornan, 19583. Devel oprments in
chem cal manufacture during WN nade avail abl e cheap el enental
chlorine <Cl1L gas) which has since been the economcally
preferabl e fzrnlfor | arge scal e water or wastewater disinfection
CPPHf |, 1934; Wiite 197£, 19783.

Chl orine has been used in sewage treatnent plants for many
pur poses. Chlorination of influent, or at other points, for odor
control, has been done. ft strong oxidant, chlorine will help
renove reduced species such as sulfides or ammoni a. Chl orine
has been applied to effluents to reduce or delay BOD in the
receiving water CflPHf i, 19343. This report is concerned only with
effluent chlorination for the purpose of disinfection.

In the U S. each year about 10.5 mllion tons of chlorine
are manufactured, nost of which is used in chem cal manufacture
and pul p/ paper industries. fin estinmated 3-4% of the total
generated, or 630-840 mllion pounds, is used for sanitary
purposes —including drinking water and wastewatev> treatnent,
swi mm ng pools, household use, cooling water biofouling control,
and food processing water Cthite, 197E3. Though estimates vary,

the total amount of chlorine that is used for disinfection and

then released to the environment is large. For exanple.
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according to Maryland statistics, the use of chlorine for
disinfection in that state could contribute to the Chesapeake
Bay, assum ng no degradation, £7 mllion | bs./year of chlorine
via nunicipal wastewater treatment plants, and £. £ mllion
| hs, /year from power plant cooling water anti-fouling
chl orinati on CKoppernman, 19783. Roughly 1% of manufactured
chlorine, or about £00 mllion pounds per year, is used for
wast ewat er chlorination Clolley, 19753.

The use of chlorine in sewage treatnent plants in the
United States has accelerated during the mddle part of this
century. From 1910 when ££ plants used chlov®ine in treating the
wastes froman estimated 0. [£?t of the nation's popul ation, the
practice has grown faster than sewage treatnment capacity
CLaubusch, 1958; Maxted, 1983; Thoman, 19583. The steady
Increase in the use of chlorine fromd4y. of surveyed plants in
1910, grew to 1B%in 1934, passed 4954 of all plants in 1957, and
now i s py*acticed at over 6054 of all U S. wastewater treatnent
facilities CLaubusch, 1958; Maxted, 1983; Thonan, 19583.

Recording to a survey by the Water Pol | ution Control
Federation done in 1979 of over £500 nunicipal wastewater
treatnment plants, of the 740 responding, 8054 disinfect their
effluent, £054 do not CWPCF 19803. O the nearly 600 plants which
practiced disinfection, nearly all did so by chlorination (1
plant reported using chlorine dioxide), and of these, |ess than
554 followed wth any dechlorination process. The nedian dose

range for chlorine was 3-6 ng/i, at 5854 of the plants
CWPCF, 19803.

£0


NEATPAGEINFO:id=EF0F59F0-FE80-4B4F-9932-7B13DF40E789

NEATPAGEINFO:id=31A633FC-6E2D-47F9-AD2A-763AB1D60394


fl. Chem strii of chlorine i.n wastewater

Chlorine disinfection efficiency and the effect and fate of
di scharged chlorine residuals depend on nmany factors. Primary
anong these is the chem stry of chlorine in water

Chlorine gas added to water rapidly hydrolyses to form

hypochl orous acid (HOO ) and hydrochl oric acid.

a + HoOo — HoAd + H O+ d

Half of the <chlorine applied becones the non-di si nf ect ant
chloride ion (Cl ). Hypochlorous acid exists in equilibriumwth
hypochlorite ions (OC ).

- “+

HOO <==> od + H

The equilibriumrelative quantities of HOC and OCl depend on
pH, with HOC predom nating at |ow pH equal anmounts at pH = pKa
=7.5, and OO predom nating at higher pH. The sum anmount  of
HOCl and OC is called free residual chlorine, and can be put

into water by addition of chlorine gas or hypochlorite conpounds

such as NaOd .

Free chlorine in wastewater will first react wwth any easily

oxi di zed species that are present, such as sulfide, nitrite, and

ot her reduced conpounds. ftfter that demand is satisfied, conbined

available chlorine (CfIC) is forned as chlorine conmbines wth
ammnia in a weight ratio of close to 5:1 to form nonochl orani ne.
Muni ci pal wastewaters receiving segondary t r eat nent contain
significant anounts of ammonia (NH4 or NH3, pka=9. 3) . Even

wast ewat er which has wundergone nitrification of nost of the
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ammonia to nitrate will still contain some amonia CSnoeyink,

19743.

NH HOCI H O+ or
4 3

or + or — NH Cl + H O or

NH (0@ | OH

fls nore chlorine is applied to convert the ammoni a nitrogen
( 5nmy/lCc for each 1 ng/l NH -N>, dichloramne begins to form
and deconpose, resulting in a decline of available conbined
chlorine until free residual chlorine begins to be established at
the "breakpoint” (Figure 1).

NH C + HOO — NHCI + 0

H
= == =

£FH O + 2ZNHC1 — N + 4C1 + £H O
- =2 = =

The rate of formation of nonochloram ne varies wth pH because
the speciation of the reactants varies with pH. Monochl or am ne
formation is very fast in the pHrange 7.5-9.3, in which the
reactants are predomnantly hypochlorous acid (HOO) and ammoni um
(NI-!1 ) CLietzke, 19783. fit pH>7, essentially only nonochl oram ne
is stably produced; at pH below 7 dichloramne will becone
increasingly present; and nitrogen trichloride (NCIl ) may be
significant at pH<4.  Overall, at wastewater of typigal pH, the
oxi dation of ammonia nitrogen to nonochl oram ne and di chl oram ne

wll consume about 10 times as nuch free chlorine by weight
before allowing a free available residual CSnoeyink, 19743. Sone
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BREAKPO NT CURUE
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NHCI

H?’CQ—'UJCDN

NHgCl
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d il oi ni ne Dose Appl i ed

FIGURE 1. Chiorination breakpoint curve.
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free chlorine is consuned in oxidizing N - nitrogen to nitrate,

t hereby del ayi ng the breakpoint slightly further CSaunier, 19793.

N + 6HOC1L ==> £NO + 6C1 + 6H
E = —

Mbst wast ewater chl ori ne doses are far bel ow t hat needed to
reach the breakpoint and create a free residual. The actual
di stri bution of chlorine forns in the effluent wll vary,
dependi ng on the dose, pH, and whi ch conpounds present the
demand. I n nearly all chlorinated secondary effl uents the
predomnm nant residuals form of chlorine is raonochl oram ne.

In addition to the production of several inorganic species,
vari ous reactions may occur with organic material in the water
that form chl ori nat ed organi ¢ conpounds. These nmy i ncl ude
tri hal onet hanes, chl orophenol s, chlorinated am no acids, and
organi ¢ chl oram nes. The formati on and signi fi cance of
chl ori nated organi c conpounds to human health will be addressed

in Section VI.

Chlorinated effluents which are di scharged to saline waters
i nvol ve sone additional reactions. Brackish estuarine waters a.re
di luted seawater, and therefore contain bronide (Br ), a hal ogen
not found in nost fresh waters. In full strength seawater, there
is 65-70 ng/1 bronmide. In estuarine water that is only 1%
seawat er, for exanple, there will be about 0.7 ng/1 brom de
concentration, which is of the sane order or greater than
typi cal di scharged chl orine residuals.

Because chlorine is a stronger oxidizing agent than brom ne,

£4
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hypochlorite wll react with bronide to produce hypobronite,
reduci ng the chlorine to chlori de.

Br + HOCl — HOBr + Cl

Though nonochloram ne is | ess reactive than hypochlorite, there
is evidence that bromani nes are forned fromreacti on of brom de
wi th nmonochlOram ne and/ or hypobromite with ammonia. Simlar to
chlorine, a set of bronam nes, broni des, and broni nated organics

nmay form Clohnson, 1S75; Scott, 19833.

B. Effects of effluent chl.orinatign on CQ croorgani sns

Chlorine's effect on m croorgani sns depends on the nature,
di stri bution, and concentration of the organi sns and of the
chlorine, on the pH, tenperature, and other characteristics of
the water, and on m xing and tinme of contact. The nmnageabl e

vari ables ars 1) the nature and concentrati on of the

di sinfectant, £) mxing of water, and 3) assured tine of contact.
Under the ideal conditions of;
1. no interfering substances in the water
2. disinfectant chenical conposition doesn't change
3. disinfectant concentration doesn't change
4. disinfectant and target nicroorganisns are uni formy
di sper sed;
the rate of disinfection can be nodeled as a function of
contact time, disinfectant concentration, and tenperature.
fts the tine of contact between disinfectant and organisns is
| onger, nore destruction can occur. This inportant factor in the

efficency of disinfection is described as a first order rate
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equati on known as Chick's Law. Applying chem cal reaction
principles to the study of disinfection. Chick found that, with
excess disinfectant, the death rate of anthrax cells, dNdt, was

proportional to N,the nunber remaining CChick, 19083.

-dN/ dt = KM
wher e: N=nunber of cells
t =t i me
K=r at e const ant

O, for the period t and having begun with N cells,

o

Chem cal disinfection proceeds nore rapidly at war ner
t enper at ur e. This relation basically follows the firrhenius
relationship, and was noticed by Chick. To achieve equal extent
of disinfection at | ower tenperature, Tl (absolute), requires a

|l onger contact time, t

t T -T

1 £ 1

| og- - - = -----
t T T

£ 2 1

Chick also noticed vavtiations in the first order ki neti cs.

In one set of experinents this was attributed to varying
susceptibility within a species, where she found that younger
B. paratyphosa were nore resistant than ol der cells. For | ower
di sinfectant doses, a logarithmc relation between disinfection
rate and disinfectant concentration, ¢, was found. Watson |ater

used Chick's data to define a second order expression CWatson,

19083:

2Ss
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Nlogc +logt = K =rate constant

O, in the exponential form CTrussell, 1977]:

- kct

It nmust be kept in mnd, however, that the ideal conditions
are not nmet , especial ly I n wast ewat er di si nfection.
Particul ates, especially aggregates, shield mcroorganisns from
exposure to disinfectant CCulp, 19783. fimmonia and other
chl ori ne- demandi ng materials react wth chlorine to reduce
avai |l abl e di sinfectant concentrati ons and/or convert it to |ess
effective forns. In addition to the intraspecies variation in
organi smsusceptibility pointed out by Chick, the various types
of target pathogens a\re quite different in their resistance to
di si nfection. Certain organisns such as nycobacteria, anebic
cysts, and sone enteric viruses, have been found to be
significantly nore resistant to chlorine disinfection t han

others, such as coliform bacteria CBurns, 1967; Dudl ey, 1976;

Hendri cks, 19783.

Thorough m xing of disinfectant with wastewater is of great
i nportance because the process seeks reductions extending over
several orders of rmagnitude. Experinments have shown that
thorough initial mxing, rapid or slow, of <chlorine wth
wast ewat er gave consistently better disinfection efficiency of
conforms (MPN) than with no initial mxing CEliassen, 19483. fl

rapid initial mx was also found to be necessary for efficient

virus inactivation in wastewater because the viral di si nfecti on

was acconplished in the first few nonments when the added chlori ne
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was still in the nore effective free form CKruse, 19713. (Figure
£). The i nportance of uniformdi spersion of disinfectant is
illustrated by a hypothesi zed contact chamber in which £'/. of the
flowis short-circuiting enough to only receive a 50% reduction
in nmicroorgani smconcentrati on The naxi rum overall disinfection
that could then be achieved is a two |log <99"/-) reduction in
m cr oorgani sm concentration - generally insufficient for the
nunmbev”s of m croorgani sns i n sewage effl uents.

Inefficiency of chlorination facilities seens to be a
wi despread probl em CSepp, 1981; Trussell, 19773, and results in
insufficient disinfection or overapplication of chlorine since
the operators's primary control is the chem cal dose. Sepp's
study of six California treatnent plants whose nornally applied
doses were from®6 to 47 ng/1 chlorine showed that sri optim zed
pilot plant at each site inproved disinfection efficiency. The
process i nprovenents consisted of rapid mx, direct automatic
control of dosage by residual nonitoring, and plug flow contact
chanber design. ftt all plants the disinfection process was
i nproved, with up to 50% 1| ess chlorine used CSepp, 19813.

Si nce the physical, chenmical, and biological character of
wastewaters are so varied, definitive conclusions v~egarding
chlorine disinfection effectiveness in wastewater are not
possi ble. There are® however, reviews of the factors influencing
di sinfection, and nany experinents with chlorine and chl oranine
disinfection, nostly with clean water CBrodtnman, 1979; Mncini,
1978; National Research Council (NRC), 1977, dJdivieri, 19833.
Data for disinfection in demand-free systens wth contv-olled

chl ori ne speciation indicates that the relative mnicrobial
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inactivation efficiencies <time * concentration product for a
given viability reduction) of hypochlorous acid, hypochlorite
ion, and rnonoch l[or amne are on the order of i, 10 and 1000 CNRC
1977; divieri, 1983; VWiite, 197£3.

Sewage disinfection is different from potabl e water
chlorination, though. fls discussed above, nany influenti al
factors vary over wi de ranges, sone with effects that nake
several orders of magnitude difference in the nunbers of
m croorgani snms surviving, such as the effect of rapid m xing.

Ef fl uent chlorination can and does routinely provide
excellent disinfection. In Figure 3 data are shown for
chlorinati on of water contai ni ng ammbni a at concentrati ons
simlar to those found in secondary effluent; the disinfection is
a four log reduction. Note, however, that the sane dose in a
gl ycine solution had an i nconsequential effect. Figure 4 shows
the chlorination of the same two solutions, inoculated this tine
with virus and dosed with £0 ppm chlorine. The greater
resi stance to chlorine of viruses conpared to colifov®ns is
evident. There is no epideni ol ogi cal indication though, that
United States wastewater disinfection practices (usually based on
coliformindicators) allows significant risk of waterborne viral
di sease CKruse, 1971].

Practi cal and experinental chlorination of secondary
ef fl uents has denonstrated the process' efficiency at neeting
effluent coliformstandards. This efficiency at various typica
assured nean contact tines (30,15, and 5 mnutes) And rapidly
m xed doses (10,5, and £ ng/1l) is illustrated in Figure 5. Each

of these results is the mean of eight experinments run on five

30
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FIGURE 3. Cnhlorination of waters containing amoni a and

glycine and their ef-fect on the rate of disinfection for
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di fferent days over a two week period during which the wastewater
characteristics were rathev- stables T= EJDC, COD 23-£9 ng/1, pH
6.7-7.4, and NH:;N £7-34 ng/ 1 Cfiieta, 19803.

Nitrified effluents have been shown to require nore chlorine
to achieve the same | evel of disinfection than typical secondary
effluents containing noderate amounts of amonia CSepp, 1381
Dhal iwhal , 1983; Gasser, 1984; \ite, 19813. For exanple,
filtered nitrified wastewater at San Jose, California, was found
to require application of 17 mg/1 chlorine to reduce coliforms to
alevel of £.5100 M (MPN). This 17 ng/1 applied chlorine,after
49 mnutes contact, left 9 nmg/1 residual chlorine, about half free
and hal f conbi ned. This wastewater had trace anounts of anmoni a
<<0.1 nmy/1), and 1.3-2,3 ng/1l organic nitrogen. However, when 2
ng/ 1 amoni a was added prior to chlorination, an application of
only 1S ng/l chlorine was sufficient to achieve the required
level of 2.2 colifornms/100 m; the resultant 7 ng/1l residual was
about 3/4 nonochloramne and 1/4 dichloramne Chite, 19803.
White attributed this phenomenon to the chloram nes having

greater disinfection efficiency than the chlorine species forned

with low NH -N | evel s.
3

Regrowth of Dbacteria populations after being damaged by
chlorination has been known for over 70 years CRace, 19183. This
recovery has been investigated in the [aboratory and found to be
hel ped by growth in hospitable nedia CCanper, 19793. (oser ved
regrowth of coliforns in wastewater effluents in the field and
| aboratory has been shown to be inversely proportional to
residual chlorine and the numbers of colifov-ms CGaham 1983;
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Hul ka, 1973; Silvey, 1974; Shuval, 19733. In Shuval's study,
fecal coliforns in discharged effluents generally did not exhibit
regrowth as nuch as total colifornms. Regrow h did not al ways
occur, and when it did, it riever exceeded £ | ogs of popul ation.
These observations saw e®n average 5 | og reduction of coliforns
due to chlorination disinfection followd by a nean regrow h,
after 3 days in a storage reservoir, of 1 |og CShuval, 19733.
Because residual chlorine is a factor hol ding down the
regrow h of coliforns, absence of any residual due to
dechlorination allows nore regrowh. Indicated bacteria
aftergrowth follow ng dechlorination is shown in Figure 6 CChen
19813. As with the aftergrowm h observed in effluents di scharged
to rivers and ponds, this aftergrowth follow ng dechlorination
recovers about one third of the logarithm c popul ation reduction
acconpl i shed by disinfection. Aftergrowth of indicator bacteria
cairt occur to even greater extents, but this does not inply that

significant regrowth of popul ations of pathogens occurs outside
of hosts CShuval, 19733.
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V.  THE NEED FOR OND BENEFI TS OF Pfi THOGEN REDUCTI ON

Di sinfection of wastewater effluents serves to protect
public health. There 3"re other purposes and effects of
chlorination of wastewater effluents, such as di scouragi ng odor

or reducing the effluent BOD, but this report is concerned with

chl orination of effluents for disinfection.

Mal adies that Are transmtted through wastewater and water
systens can be caused by infectious mcroorgani sns or by other
contam nants in water. This section addv-esses the hazard of
I nfectious di sease and factors of exposure to its agents —
pat hogeni ¢ or gani sms.

Where either the pathogenic hazard or the |ikelihood of
exposure is low, the direct protective effect of disinfectionis
of reduced inportance. Pis shown in Chapter |II, pathogens and
ot her m croorganisns Are physically renmoved fromwastewater in
varyi ng degrees by nost conventional treatnent processes.
Pat hogens al so die away or are destroyed in significant nunbers
during treatnment and after discharge in natural waters. The
specific goal of the unit process, wastewater effl uent
disinfection, is to kill any pathogens in the wastewater before
rel ease to the environnment and, thus, to reduce the risk of
transm ssi on of infectious waterborne di sease. Mt hods of
di sinfection which successfully kill pathogens do not distinguish
t hem from non- pat hogeni ¢ m croorgani sms and so destroy, in
varying efficiencies, any mcroorgani sns present in the water.
The acconplishnent of the task of disinfection is usually
evaluated by neasuring the concentrations of viable coliforrn
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bacteria, either total ov" the fecal variety, that are in the
wast ewat er or v”~eceivi ng water.

Risk of human exposure to pathogens released in wastewater
effluents occurs during subsequent intake or contact wth
receiving waters. Di seases associated wth contact with
contam nated open waters (water-contact disease) are of ten
categorized separately fromthose associated with the ingestion
of contam nated water (water-borne disease) OCMJunkin, i SBS. 1.
This division serves to consider separately the risks of various
nodes of exposure and to plan effective interventions for
breaki ng the disease transm ssion cycle CvcJunkin, 138£l1. For
consideration of the health effects of effluent chlorination,
public exposure to wastewater effluents can be divided into two
categories as follows: 1) occupational or recreational contact
and £) the consunption of seafood taken from contam nated waters.
Both depend wupon that water quality for biological safety.
Subsequent renoval of water fromthe receiving waters, however,
includes atn opportunity for further treatment, and this
opportunity nmust be considered together with disposal treatnment
before assessing the infectious hazard of wastewater effluents.

fi- Hssard XY water related infections

| ntake of sufficient quantity of viable pathogens to incur
infection depends on the amount of contam nated water ingested,
the concentration of viable pathogens in that water, and the
nunber of that type of pathogen which constitute the infective

dose.

Pat hogen concentration is the one of the three i nfection
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risk factors nentioned above which is under the purview of water
qual ity managenent. Pin individual's exposure via consunption or
contact and that person's susceptibility to infection by

pat hogens passing from wastewater systens are both factors that

Are not within the control of those wastewater systens.

This is not to inply that destruction of pathogens is the
only ov» best way to conbat disease. For instance, people's
susceptibility to infection and illness can be altered by nmeans
of vaccinations. For typhoid fever, vaccination effectiveness has
been known for over 80 years. The effect of acquired imunity is
seen in that in the areas of the world where typhoid is today
endem ¢ the highest incidence is in children. Adults in non-
endem ¢ areas such as the United States, however, ave also |ess
l'ikely to have had subclinical infection and acquired inmunity;
and, therefore, the population is potentially nore susceptible in
such areas CHornick, 19833.

I nfective doses vary for the different agents of disease
and anong exposed individuals. The inpact of a chem cal poison
is a function of type, tinme, and concentration of exposure. For
sonme infectious agents, however, one viable organismnmay be
sufficient to establish infection CKoprowski, 1955; Rentdorff,
1954D. Ot her infectious mal adies seemto get established in
nor mal peopl e only upon ingestion of nmassive nunbers of the
pat hogen. The virul ence of a pathogen is a widely varying
probability of its survival through the unfavorable conditions of
the gastric tract and hostil e i mune defenses.

Exposure to a pathogen may result in establishing an

infection, and an infection nmay cause illness. On individual's
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def enses agai nst nmicrobial infection present a | arge but vari able
probability of destroying a m croorgani sm and preventing its
mul tiplication within the body. O m croorganismnmay nul tiply
within the body w thout producing overt or debilitating synptons.

Such i napparent infections can be inportant in the further

transm ssion of infections. D sease results when the infection
causes observabl e abnornmality. The quantity of a type of
m croorgani smthat presents sufficient |ikelihood of establishing
propagation is called the infective dose.

The establi shnent of an infection in a person can be
inferred by neasuring greater quantities of mcroorganismin the
ti ssue or excretions than were originally inocul ated. For
enteric infections this would be shown by npore of the infectious
agent being present in the stool than was ingested. Serol ogical
neasurenent of the host produci ng anti bodi es agai nst the agent
al so i ndi cates i nfection.

Si nce the establishment of infection is not necessarily the
sane event as the occurence of di sease, the dose of infectious
agent sufficiently likely to cause disease is terned the
pat hogeni ¢ dose and can be quite different fromthe infectious
dose. For sone wat er borne di sease, a general ratio of one
percent of infections resulting in observabl e di sease has been
enpl oyed CPi pes, 1978D.

Pat hogenesi s, the progression of an infection to a disease,
is not clearly dose-dependent, but the prerequisite factor of
exposure leading to infection does carry a probability that is

greater with increased dosage CDhupont, 1971, 197S; Hornick, 1970;
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Katz, 1967; Koprowski, 19555 Rentdorff, 1954].

Experinentation on prisonev> volunteers isolated and fed
| Qdamaeba coli cysts or Gardiit larnbiia cysts in various doses
via gelatin capsules or drinking water has inmplied |low infective
doses in the range of 1-10 cysts for those organisns tRentdorff,
19543. Results are shown in Tables 4 and 5.

Certain strains of enteropathogenic Escherichia col.i have
been tested in prisoner volunteers and found to cause sivere
diarrhea in a mjority of nen who ingested doses of 10 -10a
bacteria Chupont, 19713.

Experinents with healthy adult Pinericans who devel oped fever
after being dosed with viable Sal.nonelia tyghosa have indicated
thgt ;he pat hogeni ¢ dose for typhoid fever is in the range of
10 -10 <cells CHornick, 19703. See Table &.

Wil e the human response to typhoid appears to be dose
related, the response to Shigella ingestion appears to be |ess

directly a function of quantity of cells ingested CDupont, 197S3.

See Table 7.

The only human experinmental studies of infection fromingested

viruses is with attenuated vacci ne polioviruses, but a rough

indication may be inferred of possible infectious dose for other
types of viruses. ftdults fed attenuated poliovirus in capsules
were found to be susceptible to infection at doses as snall as £
pl aque formng units (PFU) CKoprowski, 19553. ( The quantity of
virus expressed as plaque formng units (PFU) applies to tissue
culture and is not directly the quantity of viruses, since viruses
aggl onerate or adsorb onto particles.) This positive dose-

response relation is shown in Table 8. ft statistically based
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Table 4. Experinmental Results of Endanpeba coli Cysts Ingested
i n Capsule or Drinking Water and Consequent Infection Rate.

prProx. quantity I nfection Percent age
o cyst s Rat e

«< > «< > A = «< >
o A 75 = A 5 _ —
o RN G J = 75 o RN Gl N G J
o N b N G J = 75 — Lo Gl J
1 OO O & 4 F— | @D
a O, OO O =/ = A OO
£ i 1 1 doses as/s £ 6 1. AL

CRentdorff, 19541

Tabl e 5. Experinmental Results of giardia lanblia Cysts I|ngested
in Capsul es or Drinking Water and Consequent Infection Rates.

fl pprox. quantity | nf ecti on Percent age

of cysts rate

> <o/ — >

—m < > - — >

BN @ J =7/ = A OO

— = S /s = O = O

= B e X a» ) =7/ = o B e X a» )

10, O0O00o =/ 33 a4 OO

1 00, OO0 =77 33 a1 OO

S| 000, O00 =77 3B A OO

1, O00O0, O00 =27 =2 a1 00

fi11 doses 231/ 40 53

CRentdorff, 1954J
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Tabl e ' 6. Experinental Results of Sal nonella tyEhosa |ngested
and Consequent Di sease Rate.

fl pprox. quantity D sease Per cent age
S, Typhosa Rat e

A <> <> A —u < >
5

a O =7 A A — =
7

A O A 7 == = O
8

A o> = 75 = = =
9

A O O sS = = -

CHor ni ck, 19703

Tabl e 7. Experimental Results of Shigella flexneri 2a |Ingested
and Consequent Infection and D sease Rates.
fi pprox. dose Di sease % | nfecti on %0
of cel l s Rat e Rat e
180 o/ 36 25 o/ 36 25
50C0 287 A9 57 337 490 S7
a4
10 52/ 83 590 66/ 87 VA S)
5
10 14/ 24 58 157 24a 63

CDupont, 19723
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Tabl e 8. Experi nental Results of Attenuated Poliovirus | ngested
in Capsul es by Adults and Consequent |Infection Rate.

Dos e P~uU I Nnfecti on Rat e FPer cent
< >» _ p— «< >» p— g «< >
— = -~ ——— -
— «>» —a — jun BN aub RN o

- «€ >@ « > — — jun BN aD BN G J

CKopr owski , 19553

Tabl e 9. Experi nental Results of Attenuated Poli ovirus | ngested
by I nfants and Consequent | nfection Rates.

Mo s e 1 mfecti onm FPer cent
( TCDO- 50 uni t s) Rat e

—m = . <> — <>
= _ E "1 = —> =
a <> — - —_— — -

CKats, 19673
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measure of virus quantity sufficient to infect 50% of tissue
cul tures inocul ated, the TCDSO, was used to experinentally relate
i nfection response to ingested poliovirus dose in infants for the
study shown in Table 9 CKatz, 19673.

Different susceptibility anong individuals has been shown
and conpli cates neasurenent of disease incidence but these
i ndi vi dual variations can be averaged by observation of | arge
popul ations. This differing response is due to the variance of
survi val of pathogens in the human body's gastric tract and
i mune defense system and di fferences thereof anong individuals.
The human gastric environnent is nornmally very hostile to
i ngested m croorgani snms, operating at a pH of about £.0 . Age,
nutrition, and other variables of physical condition all affect
an individual's susceptibility to disease. |Immune responses to
enteric virus infections appear to often provide that individual
with a lifelong resistance for that type of virus CShuval, 19843.
| Mmmunity against enteric bacteria is less lasting and there seens
to be little protection provided by i nmune responses to
protozoans CCiver, 19803. Differing exposure histories anbng
i ndi vidual s, along with varyi ng physi ol ogical condition and
genetically defined response abilities, can present major
variations in human responses to infective hazards.

Because of this varying reacti on anong persons exposed to
t he sane hazard, additional uncertainty enters arty attenpt to
relate an estimate of average ri sk associated with cev~tain
conditions to a particular individual. For purposes of assessing

w despread inpacts on public health, epi demi ol ogi cal studi es of

a£
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whol e populations are appropriate and ar*"e able to include an
averaged susceptibility wthout defining the actual frequency
di stribution of pathogen—host activity. For estinmating the dose,

however, this frequency distribution can be defined CPipes,

19773.

One of the cl assi cal nodes of I nfecti ous di sease

transm ssion is the fecal -oral route via consunption of
cont am nat ed water. Exposure routes relevant to assessment of
ri sk associ ated with wastewater effluents al so include ingestion
and contact during recreational use of receiving waters, and
consunpti on of seafood taken from contam nated waters.
(I'nhal ation of mcro-organisns lifted in wastewater aerosols
presents a risk that is significant only locally and
occupationally Cvajeti, 19813.) Water-based sanitati on systens
enptying into sources of drinking water conprise a potenti al
maj or circuit for spread of fecally-orally transnmtted infectious
di seases. Mst of these diseases are enteric CMtJunkin, 198£3.

When considering the health risks associated with wastewat er
di scharge, water rel ated di seases classified as water contact
di sease are al so of concern. Qccupational or v~ecr eat iona
exposure to contam nated waters can |ead to nany types of
ill ness. Commbn water contact illnesses include inflammtions of
the ear (otitis), sinuses (sinusitis), eyes (conjunctivitis), and
i nfection of any exposed wound or abrasi on CMcJunki nD.

Cat egori zati on of water rel ated di seases according to
| ocati on and node of water use is of particular rel evance for

considering the health protection benefits of wastewater effl uent
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di sinfection because it is inportant to consider the multiple
mtigating conditions which apply to the vari ous exposures to
effluent di scharges. Dilution, natural die-off, and/or
i ntervening treatnent alter the health hazard of di scharged
wast ewat er that is subsequently used by humans. Varyi ng probabl e

exposures to the hazard nust al so be included in an assessnent of

the health risk.

The various opportunities for exposure to a m crobi ol ogi cal
hazard can, for the purposes of assessi nhg wast ewat er
di sinfection, be separated according to whether ri sk depends
solely on the quality in receiving waters or whether deficiencies

can feasibly be alleviated by further treatnent.

Often it i s uneconom cal or inpossible to obtain
satisfactorily plentiful and pure potable water that needs no
further treatnent. MIlions of persons in the U S. are served by
supplies fromsurface waters, all of which have sone potenti al
for upstream contam nati on.

Where drinking water is taken from contam nated sources,
intervening treatnent effectively serves the basic need for
bi ol ogi cal purity. The effectiveness of water treatment in
the U. S in protecting the health of consuners is well proven.
Coagul ation, sedinentation, filtration, and disinfection are the
basic processes which provide clear, clean, safe drinking water,
fl significant reduction in neasured waterborne disease in the
US. during the wearly 20th century acconpani ed the advent of
nodern nunicipal water purification. For typhoi d al one, the

average five-year death rate dropped by 65% in Anerican cities

as
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whi ch installed filtration for their water supply system
CMcJunki n, 198£3.

Al t hough water treatnent in the U S. is often extensive and
quite sufficient for providing pure water from i npure sources,
anal ysis of the chain of risks of contamnm nant transni ssion
illustrates the benefit of controlling di scharges upstream The
pat hogen concentration in contam nated water poses an infectious
hazard of a magni tude which is proportional to that
concentration. This is because the chance of ingesting a
pat hogen is greater when it is present in greater nunbers, and
because the risk of infection (prerequisite for di sease)
i ncreases with the nunber of pathogens i ngested.

There are snall but real chances for entry of contam nated
water into a distribution system CNRC, 19a£3. Di stri bution
systens and treatnent deficiencies in community water systens
were the proxi mate causes of 3A% of the outbreaks and &0' A of the
cases of waterborne di sease reported by the U S. Center for
D sease Control for 1380 CCDC, 13e£3. Since the resulting risk is
proportional to anpunt of contam nated water, the degree of
contam nation, and the anbunt and degree of exposure, reduction
of pat hogen concentration in receiving waters that are used
downstream r educes the hazard and, thus, the risk attendant to
acci dental potable water exposures. Although the vast ngajority
of persons in the U S. who drink water taken fromart i npure
source are protected by effective water treatnent systens, sone
persons regularly consune insufficiently treated contam nat ed
water. Small non-community water supplies account for npbst of

the outbreaks of waterborne disease reported in the United


NEATPAGEINFO:id=C36025D2-4461-4262-8FD4-3EB9E9B53DCB

NEATPAGEINFO:id=8B546D51-2685-4681-9AAF-799446C1DD79


St at es—64% of the reported out breaks ECDC, 198£; Craun, 19813.

Because the i nci dence of serious wat erborne di sease in the
United States is a snmall fraction of the incidence in the past or
in other parts of the world today CMcJunki n, 198£3; generally | ow
i nci dence and multiple public health saf eguards precl ude
determnmi nati on of the benefits of one saf eguard or prediction of
the effects of renoving that safeguard.

G ardiasis is currently the nost common identified cause of
reported wat erborne disease in the United States CCraun 1979,
198111, and epi demi ol ogi ¢ studi es suggest that drinking untreated
surface water is the nost i nportant factor in endenmc G ardi a
infection in the United States CCraun 197911. I nfection w th
G ardia is often asynptonati c and, thev~efore, often undi agnosed.
The estimated i ncidence of giardia infection is 4% in the U. S.
gener al popul ati on EJuni per 1983b3, and therefore may be
excreted by 474 of the general population. Gardia lanbi ia cysts
are apparently resistant to nornmal drinking water chlorination
(<3ng/1) and i nadequate or no filtrati on was the bl aned
defici ency for over 10,000 cases in the four | argest recent
epidemics in the United States Cbhykes, 1980; Craun, 19813. In
nost of the £4 docunented G ardi asis outbreaks in the U S. there
has been little or no bacterial contam nation reported in the
wat er CCraun, 19793. fl nmjor investigation following a | arge
epi dem c of giardiasis in Canus, Wshi ngton, di scovered that
failed filters allowed giardia to pass fromthe creek sources
into the distv”ibut ion system |Isolations from ani nals captured

in the watershed inplicated beavers as a reservoir of G ardi a
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CDhykes, 19803.

I nfecti ous hepatitis (Hepatitis ft) is the viral pathogen
nost known to be transmitted via water CCraun 1973, 1981; Krusfe,
19713. Anmong the nany routes of transm ssion of Hepatitis-fi, it
is estimated that nuch |l ess than 5% is water rel ated CCDC, 19af;
Hut zl er, 19803. In the U S., the incidence of Hepatitis-ft has
dr opped from £8 cases/ 100, 000 popul ati on/year in 1970 to 13
cases/ 100, 000 popn./yr. in 1980 and the nortality rate for those
clinical cases inmplicating fecal-oral transm ssion is | ess than
154 CCDC, 19a£3. Attention regarding water related transm ssi on
of hepatitis is specifically on shellfish contani nati on because
t hi s has been the denpbnstrated route. Shellfish contam nation is
covered in a |l ater section of this report.

Most wat er bor ne di sease outbreaks in the U S. are of
undet erm ned eti ol ogy CCraun, 19813. Since 1971, the EPft Health
Ef fects Research Laboratory (HERD and the CDC have cooperated on
t he surveill ance of waterborne disease in U S. CCraun, 19813.
Reports of out breaks have i ncreased since 1971. This is
attri butable to the i ncreased effort and is illustrated by the
fact that Pennsylvania, with its extensive active investigation
system by | ocal and state public health officials, contributed

SI 5t of all reported waterborne di sease outbreaks for the period

CCr aun, 19813. By conpari son, Pennsylvania's portion of the U S.

popul ati on was 5.554 for the period.
Reported out breaks, by virtue of attracting public health
officials' attention, are unusual and acute events. The nmj or

attri buted causes of outbreaks in potable water supplies were
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contam nati on of nmunicipal distribution systens (prinmarily as a
result of cross connections or backsi phonage), use of untreated
cont am nated groundwater, or deficiencies in treatnent processes
CCr aun 1973, 19813.

The ulti mate source of contam nation, and the portion of
illness transmitted via drinking water in the U S. today that
m ght be caused by pat hogen content of wastewater effluents is
partially reflected in the fact that 9% of all waterborne di sease
out breaks reported 1971-1978 occurred in systens using untreated
surface water CCraun, 19Q13. This category of "untreated" surface
wat er i ncl udes gi ardi asi s out breaks where t he water was
chl ori nated but not filtered.

OfF the ££ | argest di sease out breaks associ ated with water
supplies (accounting for 73% of the total ill nesses) six were in
systens drawn from surface water sources. No indication of
upstream di schargers is given, as bl ane was pl aced on wat er
systens CCraun, 19813. See Tabl e 10.

The two | argest outbreaks in systens using surface water
wer e gi ardi asis bl aned on i nadequate or no filtration. Since
t hese protozoan cysts are resistant to destructi on by
chl orinati on at common dri nki ng wat er doses, filtration is a
nore effective neans of renoval; but has been negl ected at sone
pl aces where the water source was thought to be pure CCraun, 1979;
Dykes, 19803. Since 1978 Col orado regulations require filtration
of surface water source supplies.

An i nportant consideration for the safety of reused water,
and therefore also affecting the need for sewage effl uent

disinfection, is the treatnent that reused water w || or coul d
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TABLE

Year

1978’

1974

1978

1977

1976

1975

CCr aun,

The Si x Lar gest

Sur face Water, U.

Reported Qutbreaks in Systens Using

S. 1971-1978.

Pl ace | _«d&a&s Et i ol ogy
Vail, CO i OO0 G ar di asi s
Rone, NY 4800 G ardi asi s

Benni ngton VT 3000

Berlin, N H 750
Carnas, Wi 600
Shast a Lake, Cfi 900

19813

Canpyl obact er

Ad ardi asi s

G ar di asi s

ficute
Gastr o-
ent er i ti s

Defi ci ency

| nadequat e
filtrat ion

Sur f ace wat er
di si nfect ion
only

| nadequat e
di si nfect ion

| nadequat e
filtrat ion

| nadequat e
filtrat ion

No filtv~ation

& i noperative
wast ewat er

di si nfect ion
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receive. There is this opportunity to treat water prior to use
in potable water supplies, industrial food processing, or
agricultural irrigation. The feasibility, reliability, and
efficiency of such treatnment nust be assessed and included for a
conpr ehensi ve eval uati on of effluent disinfection. For instance,

the reuse of surface waters for irrigation is unlikely to include
any biological-purification treatnent because of the high cost of
such treatnment, but such use is also likely to be done only in
dry regi ons where no better water is avail able. The sane
rationale regarding risk transmittal and conpoundi ng of ri sk
reduction that applied to m crobi ol ogical concentrations in
recei ving waters whi ch are used downstream for drinking water
supplies also applies to these other w thdrawal s.

For drinking water, disinfection before use is econoni cal
and easy. However, where ingestion may occur w thout interceding
treatnent, the only neans of intervention is to control the
pat hogen concentration in that water. Seafood harvesti ng or
contact recreation in water receiving wastewater effluents incurs
the ri sk associated with any pat hogens which may be present.
Hazard reduction by effluent disinfection is therefore inportant
for water that nmay subsequently be used as is and where is,
because in these cases wastewater treatnent is the npbost feasible
opportunity to interdict water-borne transni ssion of di sease by
reduci ng the pathogen load in water.

O vital concern regardi ng seaf ood harvesting from
cont am nated waters are the circunstances when that food will be

eaten wi thout cooking, such as is often done with oysters. fidult
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shell fish growing in an estuary receiving wastewater effluents
are nore likely than finfish to becone contani nated because of
their fixed location and filter feeding, by which they
concentrate m croorgani sns fromthe surroundi ng wat ers.

fin inportant public health protection is the testing and
certification of shell fish growi ng waters. dd osure of
chronically contani nated beds to comerci al harvesti ng does not
conpl etely cover their hazard, though. Private harvesti ng and
harvesti ng adj acent to cl osed zones have been the source of
shellfish inplicated in two seri ous outbreaks CDi enstag, 1976;
Mason, 19623.

There is conpelling epiden ol ogi cal evidence that associ ates
sone commbn-source out breaks of hepatitis with the victins'
eati ng of raw or undercooked bival ve noll uscs taken from
cont am nated waters CDi enstag, 1976; Mason, 19623. However, of
the reported Hepatitis~ft cases in the United States for 1980,
only 16% were epidem ologically associ ated wi th previ ous
consunpti on of shellfish CCDC, 19823. There is art approxinate
thirty day incubation period for Hepatitis-A nmaking it difficult
to trace the etiology of nost cases CDi enstag, 1976; Mason, 19623.
For the outbreaks traced to biologically contam nated shellfish
there was found to have been nuch gastroenteritis (.art illness of
i ndeterm nate eti ol ogy and often unreported) anbng persons
pav~t aki ng of shellfish fromthese sources CMason, 1962;
Mur phy, 1979; Di enstag, 19763. In a major Hepatitis outbreak (in
M ssi ssippi) the inplicated oysters traced to several suppliers
and private harvesting were all fromthe sane bay, 1-4 nmiles from

a sewage outfall bypassing the city's treatnment plant during
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enl argenent constructi on CMason, 19623. Bacterial | evels neasured
in oysters sanpled from suppliers during outbreaks when there was
i ndi cati on of fecal contam nation are shown in Table 11.

ft massive outbreak in Australia of gastroenteritis from
eating raw oysters was associ ated with Norwal k virus CMirphy
13793- The virus was identified in 3954 of fecal speci nens and
nmani f ested as anti body response in 75% of the victins. fit
present there is no technique to identify Norwal k virus in water.
7351 of the oysters fromthe inplicated estuary were found to be
excessively fecally contam nated during the outbreak, while only
2874 of the sanples fromoysters actually causing the ill ness had
hi gh bacteria | evel s CMurphy, 19793. This is attributable to the
shellfish's differing ability to elininate bacteria and viruses.
Li ve shellfish will purify thensel ves when renpoved from
cont am nated water and placed in purer water. Bacterial |evels
in the bivalves |ag by £4-48 hours the levels in the anbi ent
water. Viruses are elimnated <e.g. 3 |l og reduction) over a
significantly | onger period (about 1£0 hours) CHedstrom 19643.
This process is inhibited by presence of chlorine at
concentration as |low as 0.2 ppm because adult shellfish respond
to |l ow concentrati ons of chlorine by ceasing punping. Therefore,
chl ori ne can be used for decontamn nati on of the exterior of
harvested shellfish, but alternative disinfectants nust be used
for purification water for the entire shellfish. Filtration or
ultra-violet disinfection are used for purifying the depuration
wat er at nobst such facililties in the United St ates
CBl ogosl owski, 19803. Shellfish taken from sone estuari es are

required by law to be depurated for two days in disinfected water
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TABLE 11. Bact eri al Cont ami nati on of Oysters From Suppliers
Sanpl ed Duri ng Associ at ed Qut br eaks.

Qut br eak Gr oup Quant ities Met hod
Locat i on

Nor wal kK Vi rus. fecal
New Sout h wal es col i forms: £70-1720/ 1 OQg sPC
E. coli: 270- 930/ 1 Oy skPC

Hepatitis ft,
Pascagoul a col i forns 4900- 24000/ 100mL MPN

CHedstrom 19643
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Cwur phy, 1979; Bl ogosl owski, 19803.

Exposure to pathogens in surface waters during direct
contact and the consequent risk of infectious di sease has been
known for a long tine. In this century in the United States,
preventi on of contam nation of bathing waters by chlorinating
sewage effluents was begun in 19£3 at C evel and, Chi o, where
di scharges to Lake Erie were chlorinated CfI PH |, 19343. Chlorine
applications averaged 8-9 ppm

There is sone epidem ol ogi cal evidence of the benefit of
pat hogen concentration reduction in waters used for bathing. A
two year study of several New York City area beaches showed that
ill ness rates were hi gher anobng beachgoers who i nmrer sed
t hensel ves as conpared to those who didn't bathe in the
contam nated water (total coliform MPN=1S13/100 nl, fecal
coliform MPN=565/100 m ) CCabelli, 19793. ftt a relatively
unpol | uted beach (total coliform MPN=43.2/100 nml, fecal
col iform=28.4/100 m) the sane conpari son showed no significant
di fference in subsequent illness rate CCabelli, 19793. The
inference is that im€mmersion in contanm nated water is unhealthy.

Coliforne are evidently not the best correl ated i ndi cator
organism for recreational water quality. In a study of 5400
swimers and 2300 controls that found a significant correl ation
bet ween post-swming ill ness rates and concentrati on of
bacterial indicators in the water, enterococci correl ated well;
while the correlation between ill nesses and Ej. col.i densities

was nhot consi stent CKtsanes, 19813. O her studi es have al so

found enterococci concentrations to be a better i ndi cati on of
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recreational water quality than coliforns CCabelli, 1982 B].
Attenpts at quantitative estinmates of recreational exposures
and consequent risk involve great uncertainty CHaas, 1983 Bl.
| ngestion of contam nated water is the usually assuned node of
pat hogen intake and quantities of water ingested during an
average sw nmi ng experience are assunmed to be on the order of 10
m CDudl ey, 19763 to 100 mMl CHaas, 1983 03, One estimte of the
benefit of wastewater disinfection in reducing the risk to
swimmers of viral illness (assuning that disinfection provided a
1 log reduction in viruses froma concentration of £57 pfu/1 and
swimrers ingest 100 m of matez) suggest ed an absolute risk of
vivtal  ill ness qual to 6.3x10 /person/event for non-disinfected
wat er and 6.3x10 /person/event for disinfection CHaas, 1983 03.

The risk differential (a quantity suggestive of the benefit of
-4

disinfection) is 5.67x10 . Assumi ng a use rate of sw mm ng
event s/ person/year (0.9£4 in this case), the following equation
could be used to estinate the additional cases of viral ill ness

in a population swimrning at a certain area that m ght result from

ceasing effluent disinfection.

(popul ation)(use rate)(risk differential) = (additional cases)

Usi ng this nethod, Haas concl uded that rel axati on of

di sinfection requirenents in Illinois would not significantly
increase the risk of viral illness for any individual, but would
however result in about £700 additional cases of viral ill ness

fromrecreational exposure in the state per year CHaas, 1963 ft3.

Swi mm ng- associ ated illness can originate from nany sources.
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even though association of illness rates with swiming in waters
whi ch recei ve nmunici pal effluents has been made CCabelli, 196£ B
Rosenberg, 197S3. One. large study that showed an association
bet ween rate of swiming activity and enteroviral illness

i ncl uded swi mm ng pool facilities and natural water bodies, thus
suggesting a general health risk due to swinmng CD fllessio,

19803. On the other hand, a strong suggestion of the risk from
uncontrol |l ed pathogen concentrations in effluents is givenin a
study where 31 of 45 cases in an outbreak of Shigellosis in |owa
were traced to swimring in a river area Q km downstream from a
wast ewat er tv*eatnent plant CRosenberg, 19761. fit the sw nm ng

area the nmeasur ed f ecal coliform concentration wer e about

17,500/ 100 nl and during that sane nDntD the treatnent plant had
been di scharging water with up to 1.2x10 fecal coliforns/100 ni.
fi cause-effect relation cannot be stated, but considering the
wat ertaorne transm ssion route of Shigella and the low infective

doses (10-100), the association between the outbreak and the

wast ewat er effluent is suggested CRosenberg, 19763.
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VI. POTENTIAL  fiDVERSE  EFFECTS HchrI - EFFLUENT CH.ORIMITION ON  HUMEN

Disease is caused also by non-infectious agents, such as
toxic or carcinogenic chemcals which have been discharged to the
environment. Recent research has shown that there may be certain
conpounds formed during chlorination that are potentially harnful

t o hurmans.

ft. egphoricated congounds in wastewater treatment BiaQ

uent's

Alarm at the discovery of hal ogenated organics formation
resulting fromchlorination of drinking water CNRC, 1977, 1980;
Symons, 19753 has pronpted sone re-examination of wastewater
chlorination practice Clolley, 1978, 1980, 19833.

Hal ogenat ed organics are of special interest because they do
not occur naturally in aquatic systens and sonme are generally
considered to be toxic, mutagenic, and carcinogenic. Concern
about this group of conpounds is manifested in the fact that nore
than half of the EPA designated priority pollutants are
hal ogenat ed organi cs CYoung, 19803. Hal ogenated organic
compounds vary in their health effects, occurrence, and
notoriety. Specific analysis has identified and characterised
nunerous organi ¢ conpounds in drinking waters, polluted surface
waters, and wastewaters. (Water pollutants are neasured as
col lective or surrogate parameters such as biochem cal oxygen
demand (BOD) or total organic hal ogen (TOX), or are measured nore
directly wth specific anal yses such as gas chromatography/ mass
spectronetry (GC/MS) analysis). GC analysis of sol uble organics
extracted fromthe secondary effluent at a plant which was
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treating wastewater that was 80"/ donestic / 20?: industrial found
the soluble organics to be 40-45'/S hum ¢ substances, £0-£5"/4
proteins, 1£-15>< anionic detergents, 10-1£% carbohydrates, 7-10?C
et her eKtractables, and |-£?i tannins CRebhun, 19713. fts a result
of chlorination of water that contains organics, sonme chlorinated
organi ¢ conpounds sii'”~B forned.

The chlorination of surface water supplies high in hum cs has
been shown to produce el evated | evels of trihal omet hanes ( THWVs)
CSynons, 197511. However, the presence of ammonia or am no groups
results in chloram ne formati on and retards reaction of chlorine
wi th sol ubl e organi cs and ot her conpounds, making chlorination of
these organics less |likely CWurphy, 19753. Chl orani nes have a
much | ower oxidation ability than free avail able chlorine species,
but will, however, conbine with organic conpounds by substitution
reactions if given | ong enough contact tines (about 10 tines as
long as with free chlorine) CMurphy, 19753.

Chl orine added to a typical secondary effluent, at a dosage
slightly bel ow the breakpoint (£0-40 ng/l Cl) has been shown to
eventual |y produce up to 300 ug/1 TOX (after £4 hours) CChow,
19813. The sane dose in a highly nitrified, filtered effluent
(achi eving sonme free avail able chlorine residual) produced about
700 ug/1 TOX after the sanme tine period. Included in the
nmeasurenment of total organic hal ogen are trihal onet hanes, which
in these experinents conprised from5-E054 of the TOX by wei ght,
t he higher portions after |onger reaction tinmes. The anpunt of
chlorine converted to organic halogen in the |ong-term neai —

breakpoi nt chlorination of secondary effluent was on the order of

I"A of the chlorine applied CChow, 19813.


NEATPAGEINFO:id=BA769CCB-90AD-4E51-BA00-BCB62D471729

NEATPAGEINFO:id=0F1B96F3-39D6-4AEF-92C0-533C1AF797DD


Only mnor portions of all hal ogenated m cropo Hut ants Are now
anenabl e to identification Clekel, 19803. For instance, after
experimental superchlorination (CsC nolar ratio=4> of fulvic
acid isolated from| ake water, the four principal identified
reacti on products accounted fov™® only 1A% of the wei ght of
original organic material and 5354 of the TOX CChri stman, 19833.

Sanpl es of secondary effluent taken to the |aboratory,
filtered, and superchl orinated (1500-£000 ng/1 conti nuously
applied over one hour) at a | ow pH (£-3) have yi el ded high
amounts of several chlorinated conpounds Cd aze, 19753. O ar)\
esti mated 3000-4000 ug/1 TOX, thirty-tw conpounds accounting for
780 ug/ 1 were identified Cdaze, 19753. Results of this analysis

are shown in Table 1f.

Chl orinati on of donestic wastewater effluents at nore nornal
| ower dosage | evel s has been shown to still produce stable
chl ori nated organics from about 1% of the chlorine applied
Clol l ey 1975, 19a£3. This yield was in the sane range for both
primary effluent chlorinated to a 1 ng/1l conbined residual for 15
m nutes and for a secondary effluent chlorinated to 0.5 ng/1 for
30 mnutes Cloll ey 1975], Longer contact tines slightly
i ncreased the yield. Specific analyses of chlorine-containing
compounds in these effluents sre shown in Table 13.

Chl ori nated organi ¢ conpounds appearing in the effluent of
wast ewat er treatnment plants do not necessarily originate from
application of chlorine at the plant. Chlorinated organics appear
in the influent to treatnment plants, even ones receiving no
industrial discharges. For exanple, in studies on the effect of

disinfection on organics at a 1.5 M3 nmunicipal tertiary
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Table 1£. Specific finalysis of Chlorinated Organics in

Wast ewat er Ef fl uent and Esti mated Concentrati ons.

Concen-

Conpound nane trati on
(ug/ 1)

< i1 o r <o T e 3 ol e g |

D i br onmoachlor oneat h ane ——
D chhl or obut arnmnss = 7
3-chl or o- e- net hy!l but -1 -ene 285
Chl or ocycl ohexane 20
Ch or oal kyl acet at e ——
O- di chhl or obensermne 1.0
Tet r achl or oacet onmne a
P di chhl or oben=Zenmne a1 O
Chl or oet hyl benzene 271
FPennt achl or oacet omne =0
He >< achlor oacet onNne 0
T r i cchl or oben=——enrme _
DI chl or oet hyl benzene 20
N-r net hyl -tri chl or ani 1 1 ne 10
Di chl or omneat hoxyt ol uene 32
Tri chl or onet h styrene 10
Tri chl or oet hy benzene 12
Di chl or o- a-r net hyl benzyl al cohol 10
Di chl or o- bi s(et hoxy) benzene 30

Tri chl or o- a- net hyl benzyl al cohol 25
Tetr achl orophemol 330
Tri chl or o- a- net hyl benzyl al cohol 50
Tetr achl or onet hoxyt ol uene 40
Di chl or oani 11 ne deri vati ve 13
Di chl or oaromati ¢ deri vati ve 15
Di chl or oacet at e deri vati ve 20

Cd aze,

19753
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Tabl e 13. Tent ati ve ldenti ficati ons and Concentrati ons of

Chl ori ne-Containing Const itutents in a Chlorinated
Secondary Effl uent.

Concen-

CorTrpounrnnd mNMaarre T rrat i onm
<ug/ )

= - <11 COF COoOuLar =S c i A 1 _ =
A S - <ol <O r <o uwuuar 1 i [ am K= o T
= - <1 o r o =aF F 1 L am K — n T
S — <hh 'l or oguaSa i M e O . D
= — <11 OoOr o> == r2t i = A - L=+
= : — Ch il or oben=oi <« a1 d O . = S
5-Chl orosal i cyl i c aci d oO. =4
4 — CCh 'l or oms=ar i del i c aci d a .
= — <—iI1 OoOor oOoOpPphhe ol 1 a
g4- Chl or ophenyl aceti c aci d O. 338
=1 — <hi 'l or oOobern=—oi <« = a1 d a - A
=1 — <hil or opbpherrol O _ D
BSB-<Chl or oben=oi < aci d (> 3 S =
= - <Il1 OoOr OpPphhermoi O . S 1
=4 — <l O OrFr e =S <OoOoOrFr i [ n I e 3 | 1 - =
3-Chl or o- 4- hydr oxybenzoi c acid 1. 3
g4—- Chl or o- 3B-rr net hyl rhemnol 1. 5

Clol | ey, 1975]
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treatnment plant (activated sludge, biological nitrification,

filtration) which had no known i ndustri al wast ewat er

contribution, several chlorinated organic conpounds were found
CChappel I, 19813. This donestic sewage did, however, include
sone previously chlorinated sewage froma nearby national park
facility. Volatile conpounds identified in the treatnent plant
effluent, prior to disinfection, are shown in Table 14.

Vol atile chlorinated organi ¢ compounds entering nunici pal
wast ewat er treatnment plants appear to be significantly renoved
during treatnment. The concentrations of volatile chlorinated
conpounds neasured at the influent and effluent, before and after
chlorination, are shown in Table 15 CUSEPft Task Force, 19763.

Large netropolitan sewer systens are likely to receive sone
amount s of hal ogenated discharges. In primary effluent fromthe
several major municipal water systens in the Los Angel es area, on
average, there were found | OTi of the 113 priority-pollutant trace
organi cs at |evels above 10 ug/1 Cyoung, 19803. O these,
chloroform (the major THM forned fromwater chlorination) was
measured at concentrations ranging from<10 to 64ug/l wth a
concentration averaging right at the nedian of those neasured
CYoung, 19803. The content of chlorinated organics in wastewater

effluents from sources other than disinfection chlorination wll

| i kely vary considerably, especially for various m xtures of
donestic and i ndustrial wastewaters.

Chl ori nat ed organi ¢ conpounds appearing in waters which
receive chlorinated nunicipal effluents may originate at other
sources. ftnong the potential industrial sources of aqueous

hal ogenated mcropollutants are chlorination to prevent fouling
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Table 14. Vol atile O ganic Conpounds ldentified in Treatnent
Plant Effluent, Prior to Disinfection.

Concen-—
Conpound name tration
<ppb)
Ch | orof orm 0. £
i , £- Di chl or oet hane =
Car bon tetrachl ori de a
n- hexane a
Brornod i ch 1 oronet h ane a
Tr i chloroet ylene 2
Di met hyl di sul fide a
Tol uene 0.5
Tet rachloroet hylene 1.0
Q xyl ene - 01
Styrene - 01
.01

o- Xyl ene

a= conpound identified but concentration not determ ned

CChappel | , 19813
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TOBLE 15. Some Volatile Chlorinated O ganic Conpounds in
Wat er at Sewage Treatnent Pl ants.

aa

Conpound

Met hyl chl ori de

Chl or of or m
1,1, 1-Tri chl or oet hane
1,1, £-Trichl oroet hyl ene

1,1, £, £-Tetrachl oroet hyl ene

Di chl or obenzenes

Tri chlor obenzenes

a

fill confirned by GC Ms

Concentrati on

I nfl uent Ef f 1 uent
bef or e bef or e
Tr eat nent Chl ori nat
8. a £. 9
9.3 7. 1
16. 5 9. 0
40. 4 8. 6
6. £ 3.9
10. 6 5.6
66. 9 56. 7

CUSEPft Task Force Report, 19763

(ug/ 1)

ion

Ef fl uent
after
Chl ori nat ion

1£. 1

56. 9
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of thernpb-electric power plant cooling waters and wastewater from
bl eached pul p/ paper mlls. O the chlorine manufactured in the
U S, about 15% or 3.6 billion pounds per year is used in the
pul p/ paper industry for bleaching CLeach, 1979; Wiite, 19723.
Most of this chlorine ends up as chloride in effluent wastewater,

but recent experinents indicate that up to 10?4 of the applied

chl ori ne is incorporated in nonvolatile organic conmpounds
di ssolved from the pul p ClLeach, 19793. Vol atile <chlorinated
organi cs are also fornmed in large anounts. For exanpl e,
chl orof orm neasured in pulp mll effluent averaged 110 ug/1 even

after an estimated 94% reduction during biological treatnent
Cd aeysl . In sone receiving waters, then, the contribution of
chlorine and chlorine reaction products from munici pal wast ewat er
di sinfecti on may be conparatively m nor.

B. Estenfei Si health effects of chlorination firsducts

Reacti on products possibly fov*ned as a result of wastewater
chlorination are of very uncertain conposition and concentration
because of widely varying chlorine application rates, wastewater
conposition, contact tinme, pH, tenperature and other conditions.
Di ssi pati on and deconposti on after di scharge al so affect the
products of effluent chlorination.

Despite significant uncertainties regarding the occurrence,
identification, neasurenent, and persistence of chlorination
reacti on products, ari evaluation of their potential risk to
public health will be nade by consi dering chloroformas a
representative. It should, however, be realized that chl oroform

general ly represents about only 1554 of total organohal ogens, that
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t he renmi ni ng conpounds will |ikely behave differently, may
present potential health risks which are less than, sinmlar to,
or greater than chloroform and that synergistic effects nay
occur. For these reasons the data relating to chloroformonly
cover part of the potential health risks involved. An estimted
aver age chl orof orm production of 9 ug/1 will be used, based on an
EPPI gross average from £5 plants' secondary effluents where
chl ori nati on caused an average neasured i ncrease of chl oroform
fromb5-14 ug/1 CUSEPfl 1379 Bl. First, the exposure of the
Anerican public to this assuned | evel of chloroformin effluents
will be roughly estinmated, then the effects of these exposures
will be assessed.

Pot enti al exposures to chlorinated effl uents can be
cl assi fied accordi ng to node of water use. | ngestion via
dri nki ng water taken from surface water sources, contact during
aquatic recreation, and i ngestion via seafood harvested from
receiving waters will be evaluated in turn

Human i ngesti on of effluent chlorination reaction products
via drinking water from systens that draw upon surface waters
whi ch recei ve wastewater effl uents appears to be not significant
at this tine. According to the Nati onal O gani cs Reconnai ssance
Survey for Hal ogenated Organics, the raw water from surface
sources contai ned no or very | ow concentrati ons of THMs
Csynons, 19753. Chl ori nated organi cs appearing in significant
anounts in surface waters which are used as a source by dri nking
water systens will likely be frommltiple or obscure sources.
However, as awareness of the many m cropollutants, from nmany

sour ces, i ncr eases, the effort by waterworks to renove them by
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treatment to acceptable levels will increase significantly CNRC
1980, 13823. Ther ef or e, hypot heti cal exposures to possible
wast ewat er chl ori nati on products will be sketched here.

Recr eat i onal exposure to chloroform in receiving waters
could be via inhal ation, ski n absorption, or ingestion CUSEPfi
1979 fl1. Chloroform in water at very dilute concentrations
follows Henry's Law, such that the partial pressure of chl oroform
in the gas phase is proportional to that in solution. Under

o

standard pressure, at a tenperature of £5 C, and assunming a
3

breathing rate of 6m/hour, a person breathing undisturbed air

overlying water containing 9 ug/1 chloroform would inhale an

estinmated 10 wug of chloroform vapor per hour CUSEPft 1979 M

Governnent estimates of total recreational use of open waters for

boat i ng, fishing, sw nm ng, and waterskiing, when aggregated and

divided by the U S. popul ati on suggest an average recreational

contact with open waters of about 43 hours/person/year CUSEPfIi

1979 fin. So, if there were 9 ug/1 additional chlorine in al
recreati onal waters, t he average annual i nhal ati on of chl orof orm
from this source mght be 430 ug. Esti nat es of skin absorption

of chloroformfrominmersion in water containing 9 ug/1l, assumni ng
chloroformis as easily absorbed through the skin as ethyl ether,
suggest skin absorption effective doses nay be of the sane order
as inhalation CUSEPfi 1979 f13. |If swimrers ingested 100 ni/hour,
and all swimers swamin water containing 9 ug/1 chloroform then
t he average annual exposure to chloroformby this route would be

t wo orders of nmagnitude greater than inhalation and skin

absorpti on CUSEPfi 1979 fl D,
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For ingestion of hal ogenated nicropollutants via consunption
of seafood grown in contam nated waters, the possibilities of
bi oconcentrat ion, bioaccunulat ion, or biomagnif icat ion ayre of
concern. Bioconcentration in this case is the incorporation of
hal ogenat ed organics fromthe water into the tissues of organi sns
such that those conpounds are at hi gher concentrations in the
ti ssues than in the water. Bi oconcentrati on which is not
reversed woul d be bi oaccunmul ati on. Multi pl e steps of
bi oaccumul ati on in a food chain present a case of
bi omagni fi cati on. Bi oconcentration of chlorination products has
been shown to occur in shellfish. Bromoform a potential product
of chlorine discharged to saline waters, has been shown to
slightly bioconcentrate in oysters, but reversibly CScott, 1983].
Bi oaccunul ati on and bi onagnificati on that has been shown for some
chl ori nat ed organi cs, such as PCBs or various chlorinated
hydr ocar bon pestici des, does not directly apply to the conpounds
that may be forned during effluent chlorination CKopperman, 1978;
Scott, 19833. Bi oaccunul ati on of effluent chlorination products
may occur, but cannot be fully evaluated until nobre is known
about the identity of conpounds that may be forned.

The great uncertainties regarding esti mates of exposure to
possi bl e chl orination reaction products are conpl enented by
uncertainties in evaluation of the hazard of these conpounds,
fi ssessnent of the effects requires, at least in theory, a
know edge of the identity of the conpounds and their effects on
hunans at actual exposure |levels. Neither of these sets of data
is now fully avail able. The effects of |ong-term exposures are

i nportant because that is when | ow concentrations will be nost
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mani f est ed. Long-term exposures and effects on hunans are
difficult to discern, register, or analyze retrospectively from
avai | abl e data, and experi nental exposures of | arge sanpl es of
humans to hazardous conpounds is not feasible.

ftninmal studies on the long termeffects of chlorination
reacti on products, in particular chloroform all depend on
extrapol ati on from hi gh doses CG uener, 1978; Jorgenson, 1980;
Moor e, 1981; NRC, 1980; OECD, 19823. ft notable study is the 1976
Nati onal Cancer Institute bi oassay upon whose results chl orof orm
was decl ared an ani mal carci nogen CChri stman, 19833- In this
study, chlov-oformdissolved in corn oil was adm ni stered by
gavage to rats and mce at two dose levels five tines per week.
Dose | evel s of 90 or 180 ng/ kg body wei ght were given to male
rats for 78 weeks; the fermale rats recei ved hi gher doses of 125
or 250 ng/ kg for the first 22 weeks and the sane dose as the
mal es thereafter. fifter 111 weeks the rats were sacrificed and a
statistically significant incidence of kidney epithelial tunors
was found in the males but not in the fenales. The nmale m . ce
first received doses of 100 or 200 ng/ kg and the femal es 200 or
400 ng/ kg. Oter 18 weeks, the doses were raised by 5056 for the
mal es and by B5% for the females. Highly significant increases
i n hepatocel lul ar carci noma were found in both sexes COECD,
19823. Note that the doses used in this study, as in others,
were extrenely high.

Sone ot her studies of the long-termeffects of chloroform

exposure have been inconclusive. For instance, in a 90 day study

of rats and nmice given drinking water with 200, 400, 600, 900
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1800 and 2700 ppmchloroformin it, the initial |oss of appetite
and refusal to drink the water resulted in weight loss in sone
groups that led to better short-termsurvival rates directly
proportional to chloroform dosages Clorgenson, 19803. The fi nal
results, though, gave no significant dose-rel ated effects.

Whil e there aurs no epidem ol ogi cal studies dealing with the
carci nogenicity of chloroformfier se, there have been
epi dem ol ogi cal studi es of consuners of chlorinated drinking
wat er. There appears to be a weak, but statistically significant,
ri sk of cancey of the bladder fromthe consunption of water from
chl ori nated supplies CCantor, 198SD. However, the potenti al
error fromconfounding factors such as snmoking or diet is large
and undet erm ned, since no such information was avail able on the
peopl e studied CCantor, 198£li.

Assessnment of the health effects of chl orof orm using
standard International ftgency for Research on Cancer criteria
applied to the evidence for chloroform concl udes that the
evi dence supports categorizing chloroformas carcinogenic in
| aboratory animals at very high dosages, but does not support

cat egori zing chlorof ormas carcinogenic to people CUSEPfl, 19843.
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VI ADVERSE EFFECTS OF EFFLUENT CHLORI NATI ON ON ft QUf I TI C ECOSYSTEMS

Because di si nfecti on of wastewater is based on a strong
concern for protecting people fromthe health risks associ at ed
with mcroorganisns in sewage, little attention was gi ven until
the past 10 to 15 years to the adverse effects that routine use
or overuse of chlorine has on the environnent. Chlorination
sufficient to disinfect, as indicated by suitably reduced fecal
coliformlevels, typically produces chlorine residuals of several
tenths of a ng/1 or nore. Such residual chlorine | evels avB
greatev” than those whi ch have been found to be toxic to sone
aquatic animals. Thus, within the di scharge plune of a
wastewat er treatnent plant that is disinfecting with chlorine,
aquatic life nay be inhibited or danaged.

The residual chl ori ne di scharged from nost secondary

wastewater treatnent plants which disinfect with <chlorine is

conposed predom nantly of chloram nes. Only if <chlorine is
appl i ed in anount s greater than ten tines t he wei ght
concentration of ammnia nitrogen will there be free chlorine
r esi dual speci es. Below this ratio, <chlorine conbines wth
anmmopnia that is present to forma conbined available chlorine

resi dual which is predom nantly nonochl oram ne and i s maxi mum at

application rates of about 5 ng/1 C per 1 ng/1 NH -N. Most
L —— ———

secondary effluent chlorination opevtation is represented by the

initial portion of the breakpoint curve shown in figure 1.

ft few wastewater plants intentionally chlorinate to beyond

the breakpoint, nostly with highly nitrified effluent and to neet
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stv”Ningevit col iformregul ati ons, but these also usually
dechl ori nat e before di scharge Chite, 137£, 19783. Ther nal -
el ectric power generating plants require cooling, and usually
draw and di scharge vast anounts of surface water to do so. To
preserve the heat exchange efficiency of the equipnent, slimes or
ot her fouling biological growths are di scouraged by intermttant
di sinfection with chlorine. Chlorine is used for biofouling
control at 90% of power plants in the United States Cwite, 19723.
Typical practice is 1~-S ng/1 chlorine for £0-30 m nutes two or
three times/day. The di scharged chlorine residuals tend to be
l ess than those from wastewater treatnent plants, but contain a
hi gher portion of free chlorine species CHall, 1981; Hoi | od, 198S:
VWhite, 19723.

Di scharged chl ori ne resi dual s decrease as a result of
reactions and di ssipations. Available free chlorine species are
| ess stable than conbi ned forns, either entering the air,
reacting with any of nmany reduci ng agents in the receiving water,
or deconposing to chloride. Monochl oram ne, the npbst conmon
residual chlorine species in chlorinated nunici pal secondary
effluents, dissipates nore slowy than free avail abl e chl ori ne.
In a study on the inpact of chlorinated secondary effluent on
receiving river water quality. Lee, et al., found that the fate
of the predoni nantly nonochl oram ne residual in a nuddy river
(60 NTU) at 10 C was 60". volatilization, E&% reaction due to
oxi dati on denmand, and 125" phot oi nduced decay for a one order of
magni tude decrease that occurred during twenty hours instream
CLee, 19823. It was determned that dissipation of residual

chlorine was first order for each of these nechanisns and that in
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the river the chlorine dissipated twice as fast in the sumer as
in the winter ClLee, 19Q2D.

The toxicity of chlorine residuals to nany speci es of
aquatic life has been denpnstrated in | aboratory and field, and
has been sunmmari sed CBrungs, 1973; Matt ice, 19761. O her
conponents of wastewater, such as anmoni a and suspended soli ds,
have al so been inplicated as toxic to aquatic life CEsvelt, 1973;
Gar ber, 19B03. ftquatic toxicity depends on the | evels of residual
chlorine remaining in the di scharge and on the relative anounts
of free and conbi ned chl ori ne speci es. However, the toxicity of
free chlorine and chl oranm nes are of the sane order, and

neasurenents of the total residual chlorine (TRC) are reasonabl e

for defining aquatic toxicity CBrungs, 1973; Matt ice, 1976; Wlfe,
19843.

ficute toxicity to fish and other aquatic animals increases
with time of exposure. Mist tests for acute toxicity on aquatic
organi sns are done for 96 hours because the concentrati on-effect
vs. tinme curve often appears generally flat at and beyond 96
hours CSt ephan, 19803. For the conservative protection of the
aquatic life, mnimmeffect |l evels are taken at the long-term
exposur es.

Though wast ewater chlorination produces a variety of
chl ori ne conmpounds, the inorganic chloram nes (of which NH C

2
pr edoni nat es over NHC or NCI ) are thought to be anpbng the nost
3

£
toxic fornms of conbined chlorine CZi 11lich,197£; Wl fe, 19843.
Concentrations of nonochloram ne as |ow as 0.01 ng/1 have been

found to cause a 50>4 nortality in oyster |arvae exposed for 30
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m nutes, and simlav® |ow LD-50 values for chloranm ne on other
aquatic invertebrates have been denonstrated CwWl fe, 19843. fifter
24 hour exposuv”™es, commbn warmwater fish such as sunfish,
catfish, and m nnows succunbed to a few tenths of ng/l NH;J.
O her species were affected when exposed to | ower concentrati ons.
Monochl oram ne | evels of 0.06-0.08 ng/l were lethal to freshwater
trout CzZillich, 19723; 0.043-0.085 ng/l total residual chlorine
(TRC) significantly reduced v*e product ion in fathead m nnows and
0.16-0.21 nyg/l killed half the sanples of the sane species
Czi 11i ch, 1972; Arthur, 19753. O her findings of the toxicity of
chlorine residuals discharged in wastewater effluents at-"e listed
in Table 16. Overall, a conservative no-effect threshold
level for continuous chronic exposure to wastewater chlorine
residuals is 0.01 ng/l TRC Czillich, 1972; Brungs, 1973; Canada,
1978; Wbl fe, 19843.

Chlorine residuals seemto be sinilarly, or slightly |ess,
toxic to commbon estuari ne and nmari ne organi sns than to
freshwat er organi sms CBel | anca, 19773. The conservati ve no-effect
threshold is about 0.02 ng/l TRC for the npbst sensitive saltwater
organi sns Cvattice, 19763.

Avail abl e data i ndicates that, for certain pollutants in
certain waters, sone species of aquatic aninals are over 6000
ti mes nov~e sensitive than ot her species CStephan, 1980; Wl fe,
19843. Other materials have shown an i nterspeci es range of
sensitivity of not over 30 CStephan, 19803. Sensitivity
di fferences of over 2000 occur for nost nonochl or am ne
concentrations sufficient for nedian lethality of aquatic fish

and invertebrates; half of a group of pike perch fry survived £0
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TABLE 16. Toxicity of Wastewater Effluent Chlorine Residuals to
fiquatic ftnimals.

Speci es Exposur e
Conmmon Nane Concentrat ion Dur ati on Ef f ect
<mg/ | > <mi n)

| nvert ebr at (

VWAt er fl ea 0. 002 £0160 decr eased
reprod uct i on
Scud 0. 054 161£80 decr eased
sur vi val
0. 019 £01600 decr eased
repr oduct ion
0. 135 43200 no effect
0. 900 1440 50% nortality
Crayfi sh O 780 10800 50y. nortality
Caddi sf i y 0. 550 10080
St onefly 0. 480 43£0
Oper cul at e > 0. ai o £0160
snai 1
Pul nonat e > 0.810 20160
snai 1
Fi sh:
Coho sal non O £30 720
Rai nbow t r out 0. oeo 7200
0. 014 5760
0. O£9 5760
Br ook tr out 0. 360 720
Whi t e sucker 0. 248 720
Fat head m nnow 0. 185 720
| ] | ] | ] | ] .
0. 110 100800 no spawni ng
Lar genout h bass 0. 494 1440 5054 nortality
Yel | ow perch 0. 365 720
Val | eye 0. 267 720

Cflrthur, 1975; Matt ice, 1976D
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mg/1 NH Cl for £4 hours, conpared to 50% nortality of oyster
larvae in only 0.01 ng/1 for 30 nmin CWIlfe, 19843.

B. Mtigating fastecs

Water quality guidelines which are based on concentrati ons
sel ected so that they will not have any inpact on sensitive
aquati c organi sms receiving chronic, life-tinme exposure are

over |l ooki ng several mtigating factors. First, the

concentrations of contam nants in natural water are not constant
over tine or space due to variations of streamfl ow vol une and
m xi ng, poll utant persistence, and di scharged concentrati ons.
Second, because hi gher aquatic animals are notile and others are
free-floating, only attached forms such as adult nolluscs woul d
likely remain chronically in areas of high concentration. Third,
the community of organisns naturally existing in receiving waters
is very site specific and not sinply a function of water
conposition. These factors may nmitigate aquatic toxicity of
wast ewat er effluents mnimally or significantly depending on the
recei ving water body, tine of year, treatnent facility and
operat ion.

Free-swi nm ng fi sh have been found to detect and avoi d
chl orine residuals at concentrati ons well below toxic | evel s.
Rai nbow and brook trout have been found to sel ect agai nst free
chlorine residuals as |low as 0.001-0.01 ng/1 (conpared with 0.1
LD-50). Several other species have shown avoi dance behavi or for
nmonochl oram ne concentrations that were | ess than one quarter of
t heir species' LD-50 CMorgan, 13803.

Most adult shellfish respond to |ow concentrations of
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chl ori ne by ceasi ng punpi ng. Wien they "clamup,"” they stop
feeding and grow ng, and can wthstand conditions as high as 10
ppm chl orine for 30 days. This avoi dance behavi or reduces the

i npact on adult shellfish of tenporally variable chlorine

resi dual s.

fifter cessation of effluent chlorination, the fish
comunities in streans receiving secondary wastewater treatnent
pl ant di scharges have been observed to increase in quantity and
species diversity CPaller, 19833. The facilities at these sites
were properly functioning secondary treatnent plants treating
donesti c wastewater and operating within their design capacity.
Non- di si nfected secondary effluents present only slight toxicity
to aquatic organisns, even if undiluted Cilrthur, 1375; USEPft Task
Force, 19763.

Poorly designed chlorine contact chanbers al so can
contribute to danage of aquatic life. ftn operator usually has
control over only one factor of the disinfection process—the
chem cal application rate. If the facility is inefficient, the
chlorine application rate may be nade higher to try to achieve
sufficient disinfection. These | arger applications wll
subsequent|ly create greater chlorine residuals with their
consequent hazard to aquatic life. Optim zati on of
chlorination facility design can reduce aquati c danage by
reduci ng chl orine residuals CSepp, 19813.

One nmethod to avoi d possi ble danmage to the ecosystem of
receiving waters is to dechlorinate the wastewater prior to
di scharge. Adverse effects of residual chlorine on survival and

growmh are elimnated, and no undesirable side effects are
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produced, when residual chlorine is neutralized by proper
dechlorination with sul fur dioxide or sodiumthiosulfate Citrthur
1975; Ward, 1980; Zillich, 197£11. Dechlorination by application
of these chem cals, or by other processes, presents additional
eKpense. Estimates of the cost of dechlorination processes are
i ncluded in Section IX

C. Bigaccurmuldiat i,on

Chl orine can conbine with a wide variety of organic
conpounds, and is a conponent of over three quarters of the EPflI
listed organic priority pollutants, many of which enter nunici pal
pl ants which treat conbined donestic and industrial wastewaters
CYoung, 19803. Chlorination of effluents has shown the potential
for formation of chlorinated organics CUSEPfi Task Force, 1976;
Jol ey, 19753 including, under certain conditions such as | ow pH
chlorinated aromatics if petrol eum hydrocarbons are present in
the effluent CA ase, 19753.

Certain chlorinated organi c conpounds, such as the
chl orinated aromatic hydrocarbon pesticides, are extrenely toxic
and have been found to bioaccunul ate in aquatic aninmals and be
concentrated up the food chain. Research and experience with
chlorinated pesticides, herbicides, and PCBs i ndi cates that
bi omagni fication of chlorinated am no acids, carboxylic acids, or
phenol s woul d not occur to any | arge extent whereas chlorinated
aromati ¢ hydrocarbons woul d. Apparently, the contribution of
effluent chlorination to the | oad of chlorinated aromatic
hydrocarbons in the environnent is relatively small conpared to

ot her sources CYoung, 1980; Canada, 19783.
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Bi oaccunul ati on of brornoforn1(CHBK3), a nore comon product
of chlorination of saline waters, has been found to occur in
oysters to a small extent. When chlorine is added to brackish
water (with salinities above 5 parts per thousand), brornoformis
t he dom nant tri hal omet hane produced. Estuarine waters (salinity
£4-30 ppt) dosed with 1 nmg/l chlorine resulted in O£5 ng/l TRC
and 19-31 wug/1 brornoform Dechlorination after 1.1 mnutes
reduced brornoformformation to a range of 15-££ ug/l- Oysters
growing in these waters were found to have accunulated 70-130
ug/ g (wet weight) CHBr3 fromthe 19-31 ug/1 brornoformwater, and
£0-A0 ug/g in the dechlorinated water. The maxi num concentrati on
factor between water and neat was about four. In all cases,
depuv”ation in unchlorinated seawater reduced the body burdens of
bromoform rapidly, wth none detected after 48 hours CScott,
19833. Thus, bioconcentration of trihal onethanes appears to be

m nor and tenporary.
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Vi, RECENT REBULTf | TORY POLI CY

Prior to 197£ and inplenentation of the U S. Federal C ean
Water fict (P.L. 92-500), nost effluent disinfection requirenents
wev~e based on water quality criteria of the states. These
criteria varied fromstate to state, and in sone states
chlorination practice was seasonal or site-specific dependi ng on
whet her the probability of public exposure was |ow. In 1958,
about three-quarters of the states had sone regul ati on or
reconmmendati on rel ati ve to wastewater treatnent plant
chl ori nati on CLaubusch, 19583. O these, 31 had adopted the
recomendati on of the 1952 Ten States Standards for a m ni num of
£.0 ppmchlorine residual in the effluent CLaubusch, 19581!

In August 1973, u S Envi ronnent al Protection Agency
regul ati ons foll ow ng P. L. 92-500 essentially required
disinfection at nost wastewater treatnent plants by setting
specific Ilimts on fecal coliformconcentrations in effluents.
The fecal coliformlinmts (200/100 mM nonthly average, 400/100 m
weekly average) were | ow enough to generally require practice of
effluent disinfection at all municipal wastewater plants CHais,
19843. During the next four years, nost, if not all, states were
i nduced by the scheme of P.L. 92-500 to inplenent water pollution

control regulations simlar or nore stringent than federal

requi rements, including standards which required disinfection.
In July, 1976, the USEPfl renoved the federal linmtations on feca
confornms and since then has | eft to the st at es t he

responsibility for regulations regarding disinfection CHais,

19843.
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areas, and 23/100 m for confined recreational waters, all
assum ng effluents are diluted greater than 100 to 1 Cwite,
19783. Sone other California standards are very strict. The
state standard for chlorine residual in receiving waters for
maxi num dai |y, instantaneous, and six nonth average is .002 ng/1
CGar ber, 19803. ftlso, the bacteriological standard for discharges
I nto ephemeral streans and other areas where dilution is lowis a
medi an MPN of coliformto not exceed £.2/100 ml. To achieve this
essentially coliformfree effluent necessitates sonme type of
tertiary treatment and/or severe disinfection, such as filtration
or nitrification and 10 to £5 ng/1 chlorine to produce a free
resi dual Cwhite, 19783.

Recent concern regarding the potential effects of wastewater
chlorination has |led to nmuch review of policies regarding
wast ewat er di sinfection. Over half of the states report that
they are now review ng their policies CVDTF, 19843. For exanpl e,
the Illinois Pollution Control Board in 1981 proposed that the
effluent fecal coliformstandard of <400/100 m be applied only
to discharges within £0 mles of bathing beaches, potable water
supply intakes, |akes, or another state, and that any water
quality coliform standards be del eted CHaas, 1983 03.

Canadi an disinfection policy and practice varies from
province to province. flsinthe US., chlorination is the
predom nant nmethod. The Canadi ans general ly require disinfection
wherever wastewater effluents may present risk to public health.
Four provinces set requirements for disinfection on a case-by-case
basi s, one has seasonal requirenents, four require it year-round,
two generally don't require it at all, and one insists only upon
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process availability for emergency CCanada, 197QD.

In western Europe, routine effluent disinfection is
general ly not practiced. The few reported uses of chlorine
I n wast ewater include disinfection for certain shellfish-grow ng
or bathing areas, hospital sewage, energency situations, and, in
Italy for discharges to urban water supply sources CCanada, 19783.
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I X DI SI NFECTI ON OPTI ONS

The nmost conmmon nmet hod of disinfecting wastewater has been,
and continues to be, chlorination Cvaxted, 1983; Thoman, 1958;
Wite, 1972, 19783. Where there is mninal hazard to the public
heal th fromwastewater effluents, there is often no disinfection
practiced CVDTF, 198411. \Were chlorine residuals in effluents
present problems, dechlorination prior to discharge is a viable
process option which reduces the residual and mtigates the
adverse effects discussed earlier CChen, 19813. There are
several other methods which have received nore attention recently
CBossart, 19S3; Gould, 1981; Haas, 198S; Venosa, 19833. These
di sinfectants include ozone, ultraviolet radiation, chlorine
di oxi de, and brom ne chloride. Qher disinfection nethods, used
infrequently for wastewater, are extrene pH gamm irradiation,
heat, and application of iodine. Alternative disinfectants
appear to be increasing in popularity, but all of themcurrently
are nore expensive. This higher cost and the w despread
commtment to chlorine are obstacles to fast adoption.

Ozone and ultraviolet (W) light appear to be the nost
prom sing conpetitive alternatives to chlorine CEnglebrecht,
1983; Severin, 1980; Venosa, 19833. Each has been shown to be
effective at disinfection, and each has potential problenms such
as process design and control, and, for ozone, possible toxic
residual oxidation products CEnglebrecht, 1983; Johnson et al.
1983; Legube, 1980; Nebel, 1973; Venosa, 19833.

Eval uation of the alternative disinfection processes and
their environnental inpacts and health effects is beyond the
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scope of this report. However, since the inportant decision
factor of econom c cost has not been presented in this report
yet, and because this factor is an obstacle to inplenentation of
new processes, avail able cost estimates will be presented for
disinfection options. Wth the exception of the two options of
chlorination and no disinfection, nuch of the cost information
must be considered tentative. Because of the relatively rare use
of alternative nmethods, no |large data base regarding their cost
s available. Additionally, continuing devel opnents will affect
the relative and absol ute costs of the various options.

Sinmple chlorination is by nost estimates still the cheapest
met hod of achieving a given degree of disinfection. The item zed
cost of chlorination for various size facilities, as reported by
a survey of almst SCO plants, is shown in Figure 7 CAPCF, 19803.
fit small plants, however, ultraviolet disinfection appears to
have becone cost conpetitive with chlorination, (these estimates
of relative costs vary with assunmptions such as electricity and
chem cal prices, capital anortisation, and disinfection
efficiency) CSeverin, 19803.

fl summary of costs for various disinfection options is
presented in Table 17 CUSEPf| Task Force, 197&3, Caution shoul d be
used in comparing various nethods, though, since these estimates
of relative cost are based on nmany assunptions, some of which are
rat her dubious, such as that all chemcal disinfectants are
equi val ent at an 8 ng/1 dose CUSEPfi Task Force, 19763.
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Table 17.  Economic Cost Conparisons of Various Disinfection

Opt i ons.
Process Di sinfection cost ( it/ Kgal. )
size of facility: 1 M®D 10 MDD 100 MaD

No di si nfecti on 0 o o

Chl or i ne 3. 49 1. 4£ 0. 70
Chl ori ne/ SO2 dechl ' n. 4. 37 1.75 0. 89
Chl ori ne/ SCS dechl'n + aeration 7. &6 £. 39 1. 19
Chl ori ne/ carbon dechl ' n. 19. 00 8. 60 3. £8
Ozone/ fromair 7.31 4; OZ E 22
Ozone/ from oxygen * 715 -4 -

U traviolet * 4. 19 £.70 7155 275
Bromi ne chlor i de 4. 5£ 3. 04 -

f ov™ compav”i son:

fictivated sl udge 55.90 £0. £0 14. 00

* costs for tertiary treatment not included,
fill figures are cents per thousand gallons, US.

t USEPfi Task Force Report, 197&
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X. DI sCussl ON

Recent attention and policy trends regarding chlorination of
wast ewat er treatnment plant effluents reflect concern for the
adverse environmental inpacts and health effects of chlorination
CBossart, 1963; Gould, 1981; Haas, 198£; Jolley, 1978, 1380,
1983; VDTF, 19543. These concerns have advanced on two mgj or
fronts during the | ast dozen years. The first seeks to avoid
adverse inpacts on wildlife and the natural environnent, and has
moved forward along with the significant effort to clean the
nation's water by controlling sources of pollution (e.g. P. L. 95
500). In particular, the adverse inpact of effluent chlorination
whi ch has been attacked on this front is the toxicity of chlorine
residuals to aquatic life in receiving waters. ft second strike
against effluent chlorination enlists concerns about the possible
adverse human health effects resulting fromchlorine applied to
wat er. These concerns arise fromdiscoveries that chlorine
conbines with organic materials that are present in waters and
fornms a nunber of hal ogenated organi c conpounds, which a"B
suspected to present a hazard to hunman heal th.

These adverse effects have been denpbnstrated under certain
conditions. Sonme species of fish and other aquatic and narine
ani nal s have been shown to be adversely affected by chlorinated
wast ewat er effluents discharged in their water and by chlorine
resi dual s concentrations nuch |ower than those conmonly

di scharged. filso, of the many hal ogenated organi ¢ conpounds t hat

have been foY-“ned fromreaction of chlorine with naterials

commonly found in wastewater effluents, some have been shown to

O£
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cause adverse effects in [aboratory animals exposed to high

concentrations for |ong periods.

However, the conditions under which adverse effects have
been denonstrated are not necessarily or generally the sane
conditions found at most applications of chlorine for effluent

disinfection. Severe toxicities of chlorine residuals to aquatic
| ife have been demonstrated for certain [ife stages of certain

speci es when hel d captive and exposed. However, other organisns
have been shown to tolerate nuch higher exposures, so the actua

I npact on aquatic life will depend in part on the character and
condition of the native biological community of the particular
receiving waters. Dilution, mxing, dissipation of residuals,

and the opportunity to avoid plumes of undesirable high chlorine
concentrations in the receiving water body are sone of the
mtigating factors which may spare aquatic animls from danmage.

As a result of these variables, adverse inpacts of effluent
chlorination on aquatic ecosystens sre likely to be significant
only at some places and times. For these cases, the toxicity of
chlorine residuals can be effectively avoided at a reasonabl e
cost by dechlorinating the effluent prior to discharge.

The extrenme conditions under which the human heal th hazard
of chlorination reaction products have been denonstv”ated are far
fromthe conditions of reality. Even at exposure |evels severa
orders of magnitude higher than those to which humans coul d be
expected to be exposed to fromchlorinated effluents, the
| aboratory animal studies did not consistently show adverse
effects.  There is indication, however, that chlorination causes
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the formati on of hal ogenated organi cs which are not yet

specifically identified and are thev®efore an uncertain potenti al

hazar d.

Nevert hel ess, prudence directs that suspected and potenti al
adverse effects, even if unproven, be avoided within the latitude
in which benefits are reasonably obtained. The primary benefit
of, and reason fov”, disinfecting wastewaters is ostensibly to
reduce the actual or potential numbers of pathogens present in
wast ewat ers. This benefit is difficult to denonstrate because it
I's one of prevention of something which is generally prevented -
sewage source illness. Qutbreaks of waterborne disease
associated with recreati onal exposure to, and shellfish
consunption from waters indicated to be fecally contam nated
suggest the connection between the pathogen content of wastewater
effluents and the incidence of disease anmong persons exposed to
t hose effluents. D sinfection of sewage effluents is a
significant public health protective neasure where the waters
whi ch receive the effluents are used for sw nm ng, food
harvesting, or drinking water sources.

It should be kept in mnd, though, that use of chlorine as
the nethod of disinfection is not necessary for obtaining the
benefits of pathogen reduction, since other nethods of
di sinfection can be effective. These other methods may avoid the
adverse effects of chlorination, but at the present they are not
w dely used because of chlorination's |ower cost, established

reliability, and ease of operation.
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Xl CONCLUSI ONS

1. Under current conditions in the US., it is not feasible to
measure with certainty the benefits of effluent chlorination or
the risk to human heal th posed by cessation of effluent

di si nfecti on.

S. Discharge of chlorinated effluents can under some conditions
damage aquatic ecosystems. This damage can be feasibly avoi ded

by practice of dechlorination.

3. There is not now sufficient evidence to show t hat
chlorination reaction products at estimted exposure |evels
present a significant hazard to human health, as conpaved with
the significant potential hazard to public health frominfectious

wat er bor ne di sease.
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X'l RECOMVENDATI ONS

Eval uati on of wastewater chlorination should take into
consideration all the estinmated adverse effects and expected
benefits of disinfection under the conditions presented. Because
the adverse effects as we currently understand them are not
sufficient to offset the inferred benefits of effl uent
chlorination in nost cases, nost effluent chlorination practice
need not be discontinued on the basis of the informati on we now
have.

In situations where the adverse effects are judged to be
significant, alternative disinfection nethods ay“e avail abl e at
general |y higher cost. Were the adverse effect of concern is
the toxicity to aquatic life of discharged chlorine residuals,
dechlorination with sulfur dioxide is a renedy of denonstrated
efficacy and v*easonabl e cost. Devel opnent of understandi ng of
t he adverse effects to humans of wastewater chlorination has far
to go. If and where the potential health risk to humans is
judged to be significant, and effluent disinfection is called for,
alternative technol ogi es such as ultraviolet irradiation and
ozonati on are avail abl e.

In situations where the expected exposure to effluents is
mnimal, as with high effluent dilution, seasonal, or no
downstream use, the need for disinfection is also mninal and the

practice may reasonably be curtail ed.
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APPENDI X A:  SURVEY OF STATES WASTEWATER DI SI NFECTI ON
POLI Cl ES

from

Virginia Disinfection Task Force, "Draft Report to State
Water Control Board," Richnond, <Feb. 1984).

provi ded by
Cal Sawyer, acting director, BWE
Departnent of Health
Conmmonweal th of Virginia
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at r eam aennent a
(May 1-Cct. 1)

Al'l dlacharRera Ry 200FC 100 ni
aMX. JOOOTC/ 100 mi

ntiat dlalnfect
year round.

Al dlachargera

muat dl al nf ect
year round.

Al dl acbhargera
nmuat dl al nfert
year round.

dlal n—

RKSIT1. TS OF NATInNAI,

DISINFKCTION SURVEY NO. 1

J Prrm11 inR St.-inrlflrd or Permitted
Prncpilurp Cr Itpru Pr ocedur e
ReRf | rdl nf; for dilnrlne RcRnrdl nR
Di si nfection (nﬂ/l) Chl ori ne
0.5 ng/l TUC nax. Hone 0.5 nR/| max. TRC
No FC limts.
Haaed on bacter| ot oKl -
cal atandarda. None Howa
Baaed on tiacterlologl-
cal nandarda. None Hof I f1
KM 200 PC/ 1 OO i None TRC range of 0.5-
TRC ranRe of 0, 5- 3.0 BR/I
3.0 m/|
n. OKCr V" 1.0-4,0 nR/Ini C

(ahel I fiah areaa only)

Rm 200r ¢/ 100 m

Maaed on barterln-
| oRt ca} atandarda.

I JndectaMe for
ahel | fiah areaa.

Aquatic life!

0,01 (rr.)

Purther atudl ea may
be required to deter-
m ne chlorine | npact.

0.02 Heehl orl natlon for

STP

Ncre fnr NPnr.S permit
State pernmit may re-
quire pernmittee
eval uate the need for
derltlnr tnnt Ilon.

utl Ur. atlon

of Dechlorination
or Alternative

ni sl nfcctlon

Hone

Hone ,

2 oxone

2 w

aeveral dechorlnate
«*| of all STPa)

1 dechl oTlI Ti atl on
facility In con-
attuctlon

Hone

1 of one

none derhlorl nate
(out of '"1'1CO

raellltlea)

Are you review ng your
dl al nfectlon or chlorlna
TeRul at | onaT

Bo'

M, prittectInn <»* cold
wat er fl ahar Ua

Tea, (TonductloR aeveral

at udl ea
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Pn\ Itlcill
Jiirlndlct ton

Ceor nU

Howi t |

Idniro

Il Hhotd

I nvn

KjinRfill

Rnctrrlol oR cut Standnrda

Wat er 5upply:n« | OOOr ¢/ 100 m
Contiil Recreationignl QOc/l QO
m

QO her Recr ««t | on! nni 200FC/ 100i «I
Aquatic Llfet(t«ilOOOFC 100 «1
ARr | cul tur»l: (tnmB000OFC/ 100 m

Recreation; (t«i 200F(*00 nl

Primary Cont»ct; 8M 50FC/ 100 m
(May 1-Sept. 30)

Secondary Contact 1 RH JOOFC/
100 ni

Proposed! nn atandarda

S«ter «urpl T!««i 5000TC/ 100
Primary |:onlact:g« 200FC/ 100 m
. Secondary Contact 1 Ria

| COOFC/ 100

Primary Contact t|t« 200FC/ 100n
(April 1-Cct. 31)

Secondary Contact! gm 2000FC/
100 M (April 1-Cct. 31)

Primary Contact: Kn 200 FC/

100 m

."Jecnndary Contact! 2000 FC/
100 m

Water atipply and aquatic

iR e

1 Disinfection
Requi renent s

Mpat dl tcharnera
dl al nfect year
rotind. Pond

ayat ena not
provi di ng
aecondary

treat nent

exenpt .

Al'l I nland and
near ahore dl a-
chargea nuat

dl al nf ect

year round.

A. 11 dl acharnera
muat dl al nf ect

year round.

( Propoaed)

-Tear round for
wat er auppl | ea
- aeaaonal (May
-Sept.) wuhln
20 m | ea of

l'i cenaed bat h—
ing beach

-no reqal r*-
ment a el aevhere
Dl ai ntecti on
required year
round onljr If
neceaaary to
protect public
heal t h. Mat
lacllltlea only
dl al nfect from

April 1 -
Cct. 31.
Dl ocharp.eri.

rmuot dl ol nfcct
aeaaonal | v

except tlionc

di nchar gl ng
to non-cl aaai -
fled atreana.

Ceneral ly,

only required
in nel gbbor -
hoo<l atreana
In urban nreaa.

Qut of 425 STPn

Only 50 dlal n-
fect.

Permitl.Inr,
Proredure

Regard Inp,
Dl al nfrctlon

gm 200 FC/1 0O m

(no limts for ponda
unl eaa drinking

wat er auppl y)

gm 200 FC/1 O m

gm 200 FC/1 0O m

Max. 400 FC/| GO ni
TRC rangn of 0. 2-
0. 75my/ |

TRC range of 0.5-1.0
ng/ 1 for facllltlea
aervling * 10, 000

peopl e, gm 200FC/ 100

m al ao.

gmmcimi aa

Rr:r,iii.Ts of national disinff.ctton survf.y no. i

St.lm.ir.l or
relrovrl. |l
for Chlorine

("B1)

None

None

None

None

None

ilotie

None

Pcrmtt' ~d
Proccilure
Regar di ng
Chl ori ne

None

None

Dl acharge require-
ment that atream
val uea not exceed
0.002 ng/1 for cold
water and 0.01 ng/1

for war mwat er
TRC range of 0.2-
0.75 ng/1

TRC range 0.5 -1.0
ng/ 1

None

"No net procedure
-may limt TRC on
cane- by-caae bnai a

Dtlllzatlon

of Pccbl nrination
or Alternative

Di Bl nfectl on

1 dechlorlnate
(trout atream

None i

-2 uw

-A dechlorlnate

Nona

2 oione by late
1983 (250 MOD)

2 dechlorlnate In
near future

2uv

Arc
dl

nl

yPu revi ewi ng Tour
n

ectlon or chlorine

Tea, aac prnpoaed
dl ai nfectl en atandarda

and raqu ireaient a

t «»
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Pni i M«l
Juriwdlrtlon

Kei i turky

Mai ne

Maryl und

ManaaehUM t a

I Uchlsa' n

RncteTl ol oRl cal Standards

Wat er Suppl yi Rn 2000rc/]00 al

Primary Contact :|ti» 200rc/100 «1

(Kay 1-Cct. 31)

Secondary Contact 15000 FC In
lux of aanplea

(May 1 - Cct. 31)

Cl naa A »aK. 20FC/ 100 «l

riaaa B-1!M. 60rc/100«l

Caaa |l-2i«u«i!. 200Fr./100 ill

Cl aaa Ciiaax | OOOFC/ 100 »1

Khel | f1 aht RW HFC/ 100 ni

C aaa RCigm 700 FC/|1 QO ai |

I ci aaa SB-FI nai 50 FC/1 Q0 ail

Cl aaa SB-2i ((i« | OOFC/ 100 al

Recreation and Aquatic Llfei
Ifi 200 FC/|1 GO B
Shellflah: Rn 14 FC/1 QO i »l

Claaa Ai rb 30TC/ 100 al
Caaa Bl gia 200TC/ 100 m
Claaa O gn | COOTC/ 100 ml
Claaa SAl 70 TC/1 QO ni

Caaa SC!' p» 1000 FC/1 QO nl

Prlaary Contacti pt 200 FC/
100 nl
Al othoTi R* 1000 PC/ 100 al

1 Disinfection
Rpqul rontnt a

Al dl acharRera
im Bt dlalnfect

year round.

(Kjrperlnental)
tear round dl a-
Infect lon re-
quired to water

supply and ahsl |
flnh areas.

Seasonal disin-
fection requir-
ed above

recreational

ar eaa

(April 15-

Cct. 13}

Al dl acharRera
alist disinfect

year round.

Al | ow seasonal
di si nfection
(general Iy
April 15-

Cetv 15)

801 of snTs

di si nfect on
a sessonal
Basi s

Al | ow saasonal
dl al nfectl on
(May 15-Cct.
15) for all

dl achargcra

, PrrmMMInR

Prorcdtire
Rop. nrdi np
Di sl nfcrtlon

Rn 200 FC/| OO at

claaa A'Rm201' C/'ni
Cl aaaB-1,B-2! Rm
60FC/ 100 ni

Cass Cli D Rm
200 FC/'1 O m

Ti dal

Rm 200 FC/1 OO ni
(except gm 14 FC/
100 m for
to shellfish areas)

-«ln. 1,0 nRI1 St
15 minutes contact
-Han. 1.5 hr/l at

poi nt of dtacharRe

| aaad on Bacterlflle-
Rl cat ntandarda.

1 Rm15 FC/ 10O

dl schsrRcs

HESI11. TS OF NATTOTAL ni SI NFFCTIOM SCRWT HO. 1

. St o-innrd or
lerlrerln
ffir Chlor Ine
...... ("BlU

Whar mmvat eri O OKCr . )
Col dwat eri O. 002 (Cr.)

None

Recreation trouti
0.002 (3T)

Native Troutt

Il ae of chlorine
conpounds prohl Bl t ed
(2 exceptions)

None

"1 one

-nf,

rcrmttrd
rrcicrdure
RcRnrdl ng
Chl ori ne
None

1.0 ng/| max.

Maaa bal ance cal cu-
lation to achieve
0.01 ng/l In

wat ers ot her than
recreational trout
(0.002);1f no maaa
Bal ance probl em

eat abl | ah max Hal t

of 0.5 my/l

-1,0 ng/l min. at
15 mi n. contact
pol nta

-1.5 w/l a>«x. St

dl achar ge point

of 0,5 nu/l
-uac nass bal ance
79l O and TRC Tfi -
orrsaBi'aluc of :;.034
npj i (drrhloi Inat lon

not required until
198ft)

L't UiBtion !
| of Dechlorination
or Alternative

l'ui al nfectlon

2 oxone

Qut of 4*2 row*
-150 dechl or| BMr
-13 W
1 oxone

7 maintain < 0.5 br/l
wi t hout dechl orination

1w
no dechl orination
(out of 122 STPs)

1 dechlorlnstes
1 oi one

Are you review ng yotir
dl al nfectlon or chlorine
regul at | nnaT

No

Tea, may make axper| mental
program per nanent .

Tea. wnj sUo* sesaonsl
or no disinfection on
case-t7-«sse basis

T»s


NEATPAGEINFO:id=0F25CA0A-105D-4AD9-828D-F769A42F666C

NEATPAGEINFO:id=FAD922E0-81AB-4C79-B6D8-A3782D18FE5F

NEATPAGEINFO:id=216173AC-8810-46A9-9AF0-7415CED98E45

NEATPAGEINFO:id=77C13B5F-5262-4E24-89E2-4F4D6CAC87D1

NEATPAGEINFO:id=0FEF0269-AB3A-4A38-8E6E-0EE711114A73


Pol I ttcal
Jutl adl ctlon

M nneaot a

ki aal nat ppi

M aaouri

Honti M i

nj a Infertlon

Bnrterlolonlral Slandarda Requi r emenl n

Fl aherl ea and Recreation: R» Stablllratlon
2onrc/loo m ponda not re-
(March 1 - Cct. 31) clzuifred to dLa—-

H 11— nf ect. O hers

H\])lﬁle? Re%gtur C?l)val ueibaogf Fa iMat aeaaonal |y

Watef Supply! (tm 200FC/ 100 nl unl eaa they are
within 25 nllea
of water |ntake
where they nuat
dl al nfect year
round.

Wat er Supply: Rw 2000FC/ 1002! CGeneral ly, all
Recreation: gm 200 FC/| QO al dl achar ger a
Shel [ fl ah! (tm UFC/ 100 nl muat dl al nf ect

riah and Wldlife: ga year round.

2000 FC/1 OO ni Dl al nfectlon
Ephemeral Streamat no linit may not be
(can be aaal Roed on2 caae- required to
by- caae baal a) ephener al

atreama or
atreama with
very high
di | ution.
Primary Recreatlonf pi VSQTZt Dl al nfectl on

100 m only required

rerm | nff
Prnrrdur*’

Rop, ,irrllnp,

Di nl nfectton

gn 200FC/ 100 nl

-gm 200 rc/ 100 nl
-TRC range of 0.1
-1.0 ng/1

gn i COPQ/1 0O 1*1

BFsin, TS nr hational ihrinffction survey ho. i

Stnndntfl or
roriterl. T
for Chlorine

(mp. /1)

0. 00?(ST) for wntera
claaal fled for
flaherl ea and
recreation

Hone

warawateri O O (ST)

rrrmttrd
Proroditre

Reg. Trd Ing

Chl orine

Dl acbar gea whi ch
disinfect with
chl orine and

di scharge to wateta

cl aaal fl ed for
flaherlea and re-
creation nuat
dechl or |l nate.

9; ! Ltlati:ﬁltclJrolnnat lon

or Altcrnfltive
ni-ilnfectlon

6-8 dechl orl nate
(aeveral nore In
pl anni ng at agea)
-aeveral WV
-aeveral or.one

cold water: 0.002(ST)
to primary

atreama (April 1

-Cct. 31),

| oal ng atreans,

and t hrough

denael y popu-

| ated areaa.

(out of 2800

tacllltlea,

TRC range of 0.1 None

-1.0 ng/ 1 (aome planned en
Qul f Coast)

Dechl orination re- 1 orone

quired except where: Several W

(a) Into an uncl aasl -
fled atream - 1
mle fromclaaal fled
atream

(b) where 79l O -

50 x STP q

- Kaaa Bal ance
cal cul ati on using

only 275
dl al nfect)
Claaa A-cloaed, A-li Al | ow aeaaonal Baaed en bacteriol o~ Hone
100 m dl al nfectl on gi cal atandarda.
d.aa I»1,3,3jC1,3,3, and H (April 1 -
vr * 60<'r!r« 200fc/ioo nm Cct. 31) for

tft< 60"r:rc only limited when

ncceanary to protect human
heal t h

certain dla-
chnr-era
(except
above water

suppl y)

79l O and EPA Red
Book criteria

-Max. of 0.5 ng/1l

Are you review ng your
di sinfection or chlortn*

regul atl nnsT

Yea, poaal bly ellslnating
dl al nfectl on except above
wster supplies, high
recreation uaey etc.
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Pplllica)
JtjrHcHrt ion

Mehr aava

ile« | laai|«hlre

Hew Jervcr

Hew Hexl ca

New Ter k

RrSULTS (I F NATIONAL O SI NFrcTrnN SURVEY NO 1

Ract erl ol oRl cnl St andards

Primary Contact! gm 200rc/100
m

Secondary Contact! gn | OOOFC/
100 mi

Water ."iupplyi 50TC/ 100 at

Prl My Contact! 2*0TC/ 100 al

Secondary Contact | Bean of
1000 TC/ | QO >1

Shel | f1ah! 70TC/ 100 al

Freahvater! ftn 200 FC/1 QO nl
Shell flah! gn 70 TC/1 QO al
Primary Contact Tidal 1
gm 770 FC/1 QO al
Secondary Contact Tldall
gm 1.500 FC/1 OO al
Coaatal Qcean! gm50 fC/| OCal
Deep Ccean: gm 200 FC/I QO al
Water Supply, Primary Contacti
gn 100 FC/ 1 QO nl
Secondary Contact!
gn 1000 rC/1 OO al
Water Supply: gm 200FC/ 100 al
Frimary Contact! ga 200 FC/
100 al (aaaaonal)
Secondary Contact! ga
2000 FC/1 0O al (aesaonal)
Shel I flah! ga 70 TC/1 0O ni

Di si nfection
Requl rrment a

Seaaonal (April
1 -Sept. 30)

al | oned for

dl achargera to
primary contact
and "urban"
atreama. Not
required for
aerondary

cont act atreama
(only H of
STPa dl al nfect)
Seaaonal dl a-

I nfect ton

al | owed except
to ahellflah
vatera and

wat er auppli ea.
(Recreational
actlvltl ea nust
al ao be conai d-
+ red)

Seaaoni April 1-
Cct. 31

Vear round

dl al nfectl on
required for'
noat dl achar gea

Al'l dl achargera

auat dl al nfect
year round.

-year round to
wat er aupply

( altallflah

- ocaaongl

for primary
cont act re—
creation

-dl al nfcctlon
not al | oned
Into all other
unl eaa there
In a denonatra-
ted actual

heal th need.

Pcrnrttlnp,
Procedure

RpRf | rding

D afnfrct ion

Baaed on bacteriol ogi -~
cal standards.

ii6 Tc/iod al

rta 240 R'10D al

Max. 500 FC/ | QO al

-gm 200 FC/1CO m

-May | nclude operation-
al raqulrenmanta on
caoe- by- caae basis.

St-ind-Trd or Permtted UH iz.ition
Cr Itcerin Procedure of Pechl orl natl on
for G lorlne Regnr di ng or Alternative
(mo/l) Chl ori ne Di si nfection
Col d water and high Baaed on water None
quality atreama only: quality atandarda.
0,01
k
Nona NoM Non«
freatiwater: b.0QJ Max. TRC Hrita *n srsff.-
(Cr.) eat abl | ahed on
Tidal i Coaatal: caae- by-caae baal s
0.01 (Cr.) general |y on smal |
sensitive atreama
(Limit la often
"iindectshle")
None None 1 «lt«mattvce
None

Water quality val uea
of 0.05 (wara water)
and 0.005 (cold
water) arc used as
a nax. val ue on
bv-cQoe baal s

-Very Rats

cesc-

Are you reviewing ytnir
di sinfection or chlorlna

regul at t onaj

Tea, thorough rnrfew
under way.

ann

Te», |ooking at Sroaden-
i "« application of TRC
Dtandard and el tal nattng
aeaaonal dl al nfectJon

al | onance.

Tea,, win tnchide atrirt
TIClimts to cold water
flaherlea
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Rr.smTS OF NAtIONM O SINFECTrOM SinVEt HO. 1

r oi ut cni . Permttlng St.itul.irfl or Permitted U uint ion
Jiirindiction  RscUrtolontciil Standiirdd n mm”: th 'nfg Trocedtire Citpria Procedur e of Dechl orination tArU; %fogctr f\élne‘yrosh?,gﬂ ne
Rng m RpRar di nR for Chlorine ReRnr dl nR or Alternative reRul at | onaT
Dl al nf pction ) II’TT_L]/ ) Chlorine Di sinfection
AELh Crrolinii Witrr Supply!  P' 1000 FG100 i Dialnffction re= Rm 1000 FC/| Q0% Trout Whtprai 0.002 Apply chlorine Ilnmiti 1trv Vea, conaiderlnRIinitlnR
relnurr rontuct:  r™200 FC/1 OO quired on year (ST to dlachargea to 3 of -one dl al nfectl on requirenent*
« 1 Qj 1 - Spt. 30) round bnflla trout watera only. 18 dechlorlnate and adding TUG ttandard to
Pl»h "h WldU'e: gn 1000 FC unl fnn di schar ge (out of 2400 dl acharE. «t all atreana.
100 M A
, “a dj | uted
ShA I fInhl itn 70 TC/1 QO nl d" and not
ahove water
supply, primary
contact, or
ahel | f1 ah.
North DnKnta AH wntcriit 200 Fc/1 00 Al but one it 200 FC/1 0O mi 0.01 (ST) Generally, 0.5 None.  (Note: only
(Miy 1 - S"pt. 30) facility re- nmR'1 max. Thta 10 STPa enpl oy
quired to val ue can he In- conventional Ho
aleet FC Unita creaaed or de- dl al nfect!|on",
year round creaaed baaed on 300 | aRoon syatent
(Hotel Vaat maaa bal ance do not.)
majority of cal cul ati on.
STPa are
| agoona whi ch
nmeet FC linta
wi t hout dl a-
I nfectlon)
Chi o fluthind WKfru (Ltf»m«rd) 1 Seaaonal faaed on t>acterl o- 0.002 (ST) ~TRC ranke of } dechlorlnct i Tea, eatabllehed a taak force
Rin 200 FC/inO at Dl al nfectlon l'oRcal atandarda. 0.2 - 0.7 br/l v that endoraed enlatin
Priiwiry Contucti ft" 1000 F Al owed - Dechlori nati on L of-one ol I cl ea g
100 «1 (March 1 - rgay lze reqlui red P :
Ki >con( L«ry Conticti Mo Cct. 31) aaed on alte-
5000 FC/| 0O nl apecl flc aituatlon
for 101 of miiiple*
chBn*g vlth Bg«>on< : i of Y N
ailrhwin \?gT S||pp|r| Rn "KOfc/Tod n -year round to 708 PC/I GBi l Hone dechl o
rriwery Contucti gn 200 FC/ vat er auppl | ei e e Ozroon%to%
-aeaaonal to (out o -300)
100 »/ (MGr 1 - Cet. 1) _ e
S condnrjr Contict: no primary con-
nunhera apf-clflfd tact watera
-no requlre-
ment a el ae-
wher e
Pennt yl vanl a Swi mmi ng Seaaon (May 1 - Aa neadad Baaed on bactarl o- Nona Hone
Sept. 30): gm 200 FC/1 00 nl to meet | oRlI cal otnndnrdn.
Reni nder (‘?]; yeaflt bacver - Tea, dlalnfectlon requlrenenra
cm 2000 FC/ 100 n
at andar da.
Seaaonal
al | oned.

Year round

required In
Del awar e
Ri ver Bnal n.

on
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Pnlltical
Jiirladlctlon

Fucrtn Rico

South Carolina

So<i th Dakota

Tennnaee

Te»a«

Ver nont

Bact eri ol ogi cal Standarda

Water Supply! (t» 2000 FC/1 QO «1
rrimarjr Contact: (p« 200 FC/1 QO

lit

Secondarir Contacti R»i 2000 TC/
100 -al

Priatl ne Coaatal Watrrai

fn 70 rc/I0COH

Sheliriah: ipi 70 TC/| OC?!
SheUft Bh! nedian 70 Tc/ | 0O mi
rrimary Contact, Aquatic Llfei
ftn 200 FC/1 QO nl

Secondary Contact! «i» 1000 TC/

100 nl

Water Supply! nn 5000 FC/I QO nl
Prinary Contact! urn 200 FC/

ino nl (Hay 1 -Sept. 30)
Secondary Contact! Rn 2000 FC/
100 M (May 1 -Sept. 30)
Water Supply i Aquatic Life!

Rn 1000 rc/ioo «l
Recreation! gn 200 fC/1 QO nl

Primary Recreation! gn 200 FC/
100 ni

Secondary Recreation!
FC/ 1 ©O nl

Shellflah! gm 70 TC/1 OO nl
Weter Supply: Rn 2000 FC/| GO
Primary Contact! Rn 200 FC/
100 m

Secondary Contact! R« 2000 FC/
100 nl

Wt er Suppl yi nax 100 TC/1 OO nl
Primary Contact:*ax 200 FC/| QO
nl

Rn 2000

Secondary Contact! max | QOOVC/
100 nl

RFSUI. TS OF NATIONAL DtSINFF.CTION  SinVF.Y NO 1

Dl al nf ecti on
Requt rrment a

Al di acharRera
nuat dl el nf ect

year rotind.

Al'l dl achargera

nuat dl al nf ect
year round.

Seaaonal dl al n-
fection all owed
to primary and
aecondary

cont act watera
- D al nfection
not required

el aevhere

Al'l diacharRera
nuat dl al nf ect
year round.

Dl al nfection

required unl ess
total resi-
dence tine

at STT*21 day*
Al'l dl achargera
nuat dl al nf ect
year round.

Al'l dl achargero
imot dlninfect

year round.

Permittlnn
rrorcdure

Rennrdl nR

ni al nfect ton
Baaed on bacterl o-
| ogi cal atandarda.

Rn i 06 rcnnki

Raaed on bacterioJoR! -
cal atandarda.

Baaed on bacterio-
| ogi cal atandarda.

Hn. 1.0 nR'1 TO
after 20 nlnutea
contact (at peak
f1ow)

-Bov, gm 200 FC/| QO ni

-by 1985, gn 20 FQU
100 nl

Max. 200 FC/1 OO nl
IRC range of O'i.0O
ng/ |

Stnndnrd nr
Criteria

for dilorlne

(/1)
None

None

0.82 <Cr.)

None

cold water:
wnr nvat er ;

None

0. 002( ST)
0.01 (ST)

Permtted
Procedur e

Regar di ng

Chl ori ne

Max. 0.5 ng/1

None

Maaa bal ance cal cu-~

| ation ual ng inatream
criteria.

- Mhaa bal ance cal cu-~
lation ualng 0.5

ng/ 1 inatream
-Al |l ow vari ance

from dechl ori nation
unl eaa atream of
unuBual Iy hi gh
quality (then give

max. 0.1 ng/1)
Mn. of 1.0 g/l
TRC after 20 mi nute*

(at peak flow

Haea bal ance
cal cul ati on

TRC rants of O'i.u
inr. /1

Ut Uuat | on

of Dechl orination
or Alternative

Di si nfection

None

Al X dechl orinate or
uae alternate dl ain-
fectanta

Approxi mately | O
of STPa chlorinate/
dechl orinate

20 dechlorinate
1 otone

None

1w
1 dechori natea

15 nore require
dechl ori nati on

4 m

4 dechlorinate

4 dechlorinat&x
dcni gn

(out of BO POTW)

n

Are TOO review ng your

a' , diatnfectton or chlorlna
rcj.ulat ImaT

Tea, dlainfaetlon ragntranenta

Tea, eonal derlng allovlng
«eaaonal dlal nfection and

rtdnctng TRC max.
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rotiticiii

Jurl-Kllctlon

We»hl n)ttnn

*«« ITRInla Al

Wdcon”™l n

Vyonl ni t

II'nct»r)olonl c«l St”ndnrdft

C aoK A*: Rn 50FC 100 i nKfrmnh)
Km 14rc/ 100 nl (nxrin»
CmmA Rm 100 FC/1 QO «il (fr««h 1
n™14 FC/ | OO nKmarl np
Cdnii 111 Ks 200 FC/ 1 QO i« ((r«ili
gm 100 FC/ 1 OO nKnwr | n?)
Clkii C' r™200 FC'IQOnl (iiu<rin )
LKkf.n:  Rn 50 FC/1 0O m

wnterii! rh 200 FC/1 0O n

Al Mttttit: gm200 rC 1008

Water Supply t Int»tT«itt«nt
Stremim Rn 200 FC/1 QO nl
Prinwy Contuct: Rn 200 FC/
100 nl (Mcy 1 - Sept. 30)
S*Ar.ondiiry Contact! Rw 1000
FG1oom  (Mr 1 - Sfpt. 30)

| egend!

gm - geonetric »wran
am" arithmetic nmean

T - nt sndard

Cr - criteria

UV « ultraviolet radiation
FC » fecal conform

TC - total conform

TRC - total residual chlorine

W " witter tenperature
7010 - 7-day, 10-year low flow

RERULTS OF NATt ONAI.

: Dt «i nf pct1on
Rf"Tvilrcnrntn

Al dl nchnrRera
im»t disinfect

ynt  round.

Al dl nchnrRere
Bunt dl nl nfect

yr.nr round.

DJBI nf «ct | on

of Bll dl «-
ctwRes re-
quired except |
(hytitiit>tllr. a-
tlon pondii
(unleiin abort
circuiting)
(2)vhere co«t»
eitceed brneflta
(row dl al n-
fectlon of
eerondary or

hl Rher quality
etfluenta.
-Tear round to
wat er auppliett
and Intermt-
tent ntreana.

- aeaaonal for
dl arharRea to
primry and
secondary
contact watera

Prrmt | nR
ProCTflurr

ReRf I rdl nR
Di si nfection

Rm 200 FC/1 QO »il

gm 200 FC/I OO m

None

Baaed on bacterio-
| ogi cal standards.

a'S INFECTION SURVEY NO. 1

. St.ind.ird or

Crllrrin

for (-hinr (ne
(mg/1)

None

I routwaters: 0.002(ST
Cther: 0.01 (ST)
(standards don't
apply to wet weat her

streans

None

Col d wat er: 0.002(ST)
Wannwat eri O. O (ST)

I"erinltted

rrorrdnre

Krenrdln);

Chl ori ne
Not normally limted
iinlens there are re~
ceiving atream pro*-
hlerea. Then linmits
are Included to
achi eve 0.002 ng/|
(freshwater) and
0.005 ng/| (mari ne?
outside dilution [one
Use 79l O STP Q and
0.5 ng/l TRC. If
probl ens exi sts,
dechl ori nation or
al ternatl| vea nust be
provided (except wet
weat her streans)
-Dechl orination or
alternatlvea required
when di scharging to
trout atreana.
- Haea b*| snce using
OUng/l TRC
-0.5 mg/1 max.

-Uass bal ance

cal cul ation
-intermttent streams
exenpt

Um zstinn

of Dechl orination
or Alternative

a| nfectlon
% Aechﬁ orlnate
aeasonal | y

4 dechl orl nate year
round

1 otone

3 dechlorl M*
3w

2-3 W

«-20 dechl orlnatfon
or W facilities

I'n various stsges

of design or con-
struction

<'1Z or all STFa

t

j

Are yon review ng your
di sinfection or chlorlns
rccul ati onaT

Lown, «cin "TrOrl. ot
Sewage Vorka Ceal gn"

Yes, looking «t reliability
of W and need for disinfection

Trs, established a disinfection

cointttee
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