


STAT E OF CALIFORNIA—HEALTH AND WELFARE AGENCY PETE WILSON, Governar

DEP.ARTMENT OF HEALTH SERVICES/DEPARTMENT OF INDUSTRIAL RELATIONS
HAZA RD EVALUATION SYSTEM AND INFORMATION SERVICE (HESIS)}

2151 Beksiey Way, Annex 11, Third Floor

Berko loy CA 84704

(510} 543-2115

FAX (5 10) 540-3472

March 31, 1998 TRS #18-581

John Stroh

Mosquito Vector Control District
San Joaquin County

7759 South airport Way
Stockton, CA 95206

Dear Mr. Stroh,

Here are the materials we discussed in relation to your inquiry about occupational health

Municipal wastewater which has undergone secondary treatment still contains disease
organisms and should be handled with the same precautions that are recommended for
handling raw sewage. Immunization against Hepatitis A and Tetanus is recommended fo

employees.

Although the Bloodbome Pathogens standard does not :ﬂaly. several other Cal/OSHA
regulations do apply. Employees should be trained regarding the hazards and safe practice
for handling wastewater, and the necessary safe handling practices should be required and

enforced by the employer. All necessary personal protective equipment should be
m-wﬂgrxauﬂcts should be posted as non-potable. The IIPP (Injury and
lliness Prevention Program) for this facility should contain documentation of the above
measures.

eASE phone I 0-540-3482 should you have additional questions after reviewing
these materials. For questions regarding wastewater treatment standards, you may call
Dave Spath at the Drinking Water Technical Programs Branch of the California Department
of Health Services (916-323-4344). For questions regarding the TIPP and other Cal/OSHA
regulations, you may call the Consultation Service in Fresno (209-454-1295),

Sincerely,
l 1) -

Y Ly ‘I -
Etizabeth Karz, MPH, CIH '~
Associate Industrial Hygienist
Acting Chief, HESIS

Enclosures:

General Industry Safety Order 3363

Infectious Disease Hazards of Wastewater - HESIS
Biological Hazards at Wastewater Treatment Facilities - Water Pollution Control Federation



Tiths

General Industry Safety Orders

§ 3364

Nor Té Authorny ened: Section 1423, Labor Code. Reference: Sectmn 1423, La.
hor Cale

Hasromy
1 ™Ses Artack 9 (Sections 131 T8} filed 7 16 78 effective thirticth doy
Metafter (Regs 0. No. 29,
2 Amndment T 16 76 effective thistieth day Serwalier (Register 76, No.

29)

boamrmndment of subsection (hy fikd 9 19 80 as poacedural and argsaizatined);
¢ ffative thintieth diy therealier (Register B, No. 18),

4 R ¢palerand new section filed | 23 81 effective hineth day thereatier (Rep-
Wi, No 4y

5 Amndment fiked | - 17 B8: effective dirxt day therzafier (Register B8, No
3

$338. General Requirements,

(&) To the extent St the nature of the work allows, workplaces. store.
rooms personal service rooms and passageways shall be kept ¢lexn. or.
derly nd in a sanitury condition. The interiors, exterinrsand environs of
buildings that contrehute 10 a hazard Lo which these orders apply shall be
cleaned and maintained in such conditions as will not give rise to harmiful
eapasie, as defined in Section 514,

(b) Cheaning and sweeping shall be done in such 2 manner as o mmni-
mize B contanination of the air and. insofar as s practicable. shall be
performed at such time and in such o manner that will avoid hurmful ex-
paosures as defined in Section 1440,

() To facilitate cleaning. every floor, workroom, personal servicy
roomn ad passageway shall be kept free from protruding auils. splinters.
loose hoards and unnecessary holes and openings

(d) All putrescible waste or refuse shall be stored i a receptacle so
consirecied that it does not leak and may be conveniently and thoroughly
cleaned Sucha receptacle shall be maintained m a sanitary condition and
shall be equipped with o tight finting cover if it cannot be mamtamned in
4 sanitary condiion without one. (This provision does not prohibit the use
of recepacles which are designed 10 permit the maintenance of s sanitary
condition without regrd 10 the above requirements.)

(o3 Al ssweepings. putrescible wastes. refuse and garbage shall be re-
moved in such 4 manner a5 10 avold creating o nuisance and shall be re-
moved ys often as necessary to avoid creating a menace 10 health through
the development of unsenitary conditions.

() Lrery enclosed workplace and personal service room shall be
equippal and mammed, insofar as is practicable, 10 prevent the ene
trance or harhorage of insects, rodents or other verman. An effective pro-
gram afextermination and control shallbe instituted whengver their pres-
ence 18 detectad
Noth Aathoriey and referenie cied. Section 1423, Labor Code

History
| ;\;mnlumn flied T 18 %0 cflective thirtioth day heresfier (Regnter 76, No
UL
Amendment of shsectioms Groand th filed 10 2 81 eftecine thimeth day
theresher |Regastee 83, Niw 300
Ameodmant of subweten (1 BEd | |7 & ellestive thrtieth day thereaticr
WRepisier 86 Nn 1)

13353, Water Supply,

(4] Ponable water in adequate supply shall be provided i all pluces of
smployment for drinking and washing and. where requized by the ¢m.
slaszr of these orders, for hathing, cooking. washing of food, washing

(eooking and eatingutensils. washing of food preparation or processing
premises, and personal service reoms, (Title 24, Part 5. Section 5-1{01:
Exception Na' 2 (b))

(11 Al sources of draking water shull be maptamed i o clean and
ssitary condition. Prinking fountams and portable drnkung water dis-
pensers shall not be locoted m toilet roamy. (Tide 24, Part 5. Section
S100L Exception Na. 2 (¢))

() Pomable deinking water dispensers shall be equipped with o fauce
1 drinkane fountain, shall be capable of bempe tightly closed and shull be
stherwise duslgmed, constructed and serviced so that sanitary conditions
¢ mantamad. Such &spensers shall be clearly marked as o their con-

Wi
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(d) The dipping or pouring of drinking water [rom conlamers, such ay
from barrels, pails or tanks. is prohibited regardless of whether or not the
contagners ane fitted with covers

() The commean use of a cup, ghass or other vessel for drnking pur-
poses is prohibited.

() Nonpatable water shall not be used for demking, washng, or hails.
ing. washing of clothing. cooking, washing of ford, washing of coaking
or eating utenstls, washing of faod prepuration or processmg premises or
other personal service rooms. (Titke 24, Part 5. Section 51012 (a))

() Outlets for nonpatable water, such as water for mdustrial or fire
lighting purposes, shall be posted in o manner understandable 1o a1l em-
ployess 10 indicate thut the witer is unxafe and shallnot be used for drink-
mg. washing. cooking or other persenal service purpases. (Tithe 24 Pany
5. Section 5 1012 (c))

(h) Nonpolable water systems or systems carrying any other nonpol-
able substance shallbe installed soas 1o prevent backflow arhack: sipha.
nage 1o a polahle water system. (Title 24, Part 5. Section 5- 1012 (b))
Nestl Authority cited Section 142.3, Labor Code. Reference: Sectinn 1923, s
hor Code.

Histony
1. Amendment filed 7- 16 Té effective thirtieth duy therealier (Register 76, Na
<71

p A Rq;ulur ol subsections (c), (2), (h) and consecunve relerning of subsections
(di-{k 1 effective thartieth day thereafler (Register 81, Na_ ),

3 W filed | 17-86: offective thirtieth day thereaftor (Regiater 88, No,
3

§3364. Sanitary Facliitles,
(a) Separate wilet facilities shall be provided for each sex uccording
10 the following tble:

Minusum Number of
Nuwmber of Emplonees Waer Closeis®

B0 30 B i ine au sl a0V 1

[ 398 [ C SURRARRRNR SR P 2

% w 55 3

I T L 4

180 T B AN I LR S s

e w150 .6

8 L e O Y S T T | addivenal for
cach additicnal 40
employees or
fraction hersot

*Lrinals may be matilled snsiesd of water hse1s o Ikt roams 1o e used galy
by man provided that the aumber of water closets shall s be kess than two- thirds
of the: maimum number of wilet Geilities speciled The lemgth of tnmgh utinals
o aguis alent number of sl adual urmals shall be based on e following:

Eguvglont Number o)
Leagh wf Taowah vl wadl v il {rvasels
24
3o
e
~
-- A

1olam—

Excarnons
(1) When thers re Jess thas five smplisees, separate jotkesrooms {or each 5o ars
N0t fequated prov wed $odet reomi can be locked from the inside and conliin at
least ame water closer (Tithe 23, Part &, Secuon 910 (il 1y
(21 Emplosess engaped 1 hand - Labor vperations at sgriculnzal establishments
are subpect o the samitation peos isvns of Sectinn 345

(b1 Toike factlities sitallbe kept clean, mamiained ; good working or-
der and be accessible 10 the employees at all times. Where practicable
toilet [actlitmey should be within 200 feet of kcations a1 which workers
are regularly emploved and should nat be more than ane floor-ta-loor
fTight of ssafrs from working areas. (Tithe 24, pun 5. section $-9101a 1))

(€3 All water-camed sewage shall be disposed of by means of either
i publi sewage system of by o sewage disposal sysiem m conformunce
witly applicable State and local laws, ordinunces. and regulations The
sewage duposal method shull not endanger he heslth of employees

(4 An aldequate supply ofwilet paper shallbe pravided Garevery wates
closet
NOTE Authuno caed Secbian 1822 Labue Cider, Rofersnce. Sevthon 1423 L4
hor Code.

Rogsites 8 Niie 2508
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INFECTIOUS DISEASE HAZARDS OF WASTEWATER

Wastewater in the sewer systems contains human urine and feces which may contain disease-
causirg microorganisms, Workers in sewers may be exposed to a variety of parasites, bacteria
and viuses. When the proper safety precautions are taken, the risk for infection among workers

appess to be low.

Cholem or AIDS cases have not been reported as job-related infections for sewer workers in the
U.S. There is no evidence that AIDS can be spread through feces or urine. The AIDS virus is
presert in low concentrations in the blood of infected persons. However, scientific evidence

indicales that the virus can not survive in waste water,

Although uncommon, there have been reported cases of infectious disease in sewer workers
attribued to their job. Enclosed is a copy of Biological Hazards at Wastewater Treatment
Facilitizs, published by the Water Poliution Control Federation, which describes the infectious
diseases which may be a risk to werkers who come into direct contact with sewzge and measures

to prevent infection.
There are three basic routes that may lead to infections:

I, Ingestion: eating, drinking or accidentally swallowing a disease causing organism. This
can occur if workers forget to wash their hands befcre eating or smoking. Even when
not in direct contact with sewage, workers may unknowingly handle objects which are
contaminated. Ingestion is the major route of wastewater infection.

2. Inhalation; breathing spray or mist containing disease causing organisms.

3. Direct Contact: Disease causing agents can enter the body through cuts or breaks in
the skin.

The following practices will help prevent infection in workers:

1. Wash hands with soep and water befere eating, drinking, or using tobecss products
Wash hands immediately after any contact with wastewater

2. Avold touching face, mouth, eyes, or nose while working.

3. Do not eat in an area nearby to wastewater,

4. Do not smoke or use chewing tobacco while working

5. Clean contaminated teols after use.

8. Shower and change clothing bafore going home. Keep and wash work clothas
separately from other clothes. '

In addition, protective equipment is recommendead {0 help prevent infection
1. Wear heavy duty gioves and boots that are waterproof and puncture resistant.
2. Use a face shield (or goggles with a surgical-type mask) to protect your eyes and
mouth from splashes.



Vaccitations are available which can protect workers egainst some diseases. The following
immunizations are available against wastewater born diseases:

. {epatitis A. Recommended for workers exposed to wastewater

. fepatitis B. Not recommended since the risk of infection is low in wastewater.

Tetanus. All adults should be immunized every ten years and after puncture wounds or
wits.

folio and typhoid. Not recommended unless there is a regional outbreak of these diseases.
lormally the primary vaccination cne receives as an infant is sufficient protection.
leptospirosis. Not recommended since there are very few cases of this disease in the

U.s.

M H ONa

An important infection, cryptosporidiosis, is not listed in Biological Hazards at Wastewater
Treatment Facilities and which may pose a hazard to sewer workers. Cryptesporidiosis is a
parasite infection transmitted through human feces. This infection is characterized by diarrhea,
stomach cramps, and possibly vomiting. There is no recommended treatment for the disease
exceptfor rehydraticn when needed. Most healthy individuals recover fully within 30 days.
People suffering from AIDS may be unable to clear the parasite from their body and as a result

suffer more serious health problems.

Studiesof sewer workers have found that they suffer from higher than normal rates cf diarrhea,
eye inflanmation, skin disorders, and other gastrointestinal disorders. Other studies have fecund
that sewage system cleaning workers experience short-term and long-term respiratery problems
such aschronic cough, phlegm, bronchitis, and chest tightness. Closed channel workers have
reported excess eye irritation, headache, dizziness, and throat irritation.

The cause of these excess hezlth problems is likely the presence of infectious agents and various
chemicals in the sewers. Drains from industries may carry chemicals hazardous to human health.

In ddition to the document on infectious diseases, enclosed @ section on the hazards and safety
measures recommended for work in sewers from the Encyclopedia of Occupational Health end

Safety.
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Alexandria, VA (1990).

“Safety & Healthin Wastewater Systems.” Manual of
Practice No. 1, Wwater Pollut. Control Fed., Alexandria,
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A number of occupational hazards confront treatment
SUMMARY plant and wastewater collection systems workers. The
danger of infection to these workers through contact

with wastewater is real if proper safety precautions are

not observed. Although the possibility of infection is
greatest for workers in high-exposure areas, such as
collection systems and raw sludge processing, all

workers who handle or come in contact with wastewa-

ter are susceptible to infection.

The incidence of occupational illness or disease among
experienced wastewater workers is comparable to other
non-wastewater-related professions, Wastewater
workers, however, must be alert to the potential for
iliness and should use common sense and follow safe
work procedures. The implementation of strong safety
programs, good personal hygiene practices, and protec-
tive equipment and clothing will minimize the risk of
exposure to infectious agents commonly found in
wastewater and sludge.

‘ Biological Hazards in Wastewater Treatment Facilities 31



Extensive studies pertaining to health effects associated
with long-term exposure to sludge compost have not
been conducted. Studies of these workers that have
been conducted show a susceptibility to fungal infec-
tion from microorganisms grown in the composting
process. However, these studies are of groups of com-
post workers in only four areas and may not be univer-
sally representative of the composting process. Further
studies will be needed (for example, some varieties of
Nocardia are pathogenic to man) to determine if there
are any significant biological hazards associated with
the long-term use of the sludge-composting process.

i Cantenl Federation




Table 14 Safe laboratory practices.

* Do not eat, drink, or smoke while handling wastewater
or sludge samples.

« Wash hands before and often while working in
the laboratory.

« Wear protective clothing, lab coats, eye protection,
and latex gloves as required.

« Do not place hands on face, eyes, nose, or mouth
while working in the laboratory—always keep your
hands below the collar.

« Use bulb to pipette samples; do not pipette by mouth.

* Wipe up spills immediately.

« Discard all unused samples immediately.

« Store noncompatible or highly reactive chemicals
separately. Acids, alkalies, and chlorine should not
be stored next to each other,

o Take extra precautions when handling glassware
to prevent breakage injury.

Sludge Composting Personnel

Specific studies have been conducted on those workers
who deal with wastewater sludge composting. The heat
generated in a properly managed composting operation
is sufficient to significantly reduce levels of all patho-
gens of concern in the wastewater industry. The
-onditions created in composting, however, allow for
the proliferation of many thermophilic microorganisms
such as Aspergillus fumagatus. A, fumagatus grows
well at 45°C (140°F) and higher, which makes it
prevalent at composting sites. The mode of infection 15
by way of inhalation of A, fumagatus spores in the dust
at the site. Symptoms that have been reported by
workers include abnormal skin, ear, and nose infec-
tions. Higher rates of eye and skin irritations have also
been noted.”” Although it is unknown whether these
symiptoms were attributable to the composting operation,
appropriate eye and respiratory protective measures
should be used

Jaintnminnd Ensnvde 1 Woctommator Trontmont Fneilities 29



Figure 7 Laboratory personnel
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Figure 6 Collection system workers should
wear protective clothing and facial and
respiratory protection

Treatment Plant And
Laboratory Personnel

All operators at wastewater treatment facilities do not
necessarily fall into the high-exposure group. Studies

have shown increased risk for those operators involved

with raw sludge handling or in enclosed areas where
wastes are aerated or agitated.-While all operators have

the opportunity to comie in contact with the various

nfectious agents, those handling digested sludge or
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Most studies have indicated that areas with the greatest
risk for infection involve routine and direct contact
with untreated wastewater or sludge. Included in this
category are workers involved with sewer maintenance
and raw sludge handling. Various treatment processes
designed for solids or BOD removal will provide varying
degrees of disinfection as shown'in Table 13.% Risk of
infection will rapidly decline as wastewater undergoes
various treatment steps.

Table 13 Percent removal of bacterial pathogens by
different treatment processes.

Process Percent removal
Course screens 0-5

Fine screens 10-20

Grit chambers 10-25

Plain sedimentation 25-75

Chemical precipitation 40-80

Trickling filters 90-95

Activated sludge 90-98

Collection Systems Personnel

Because of their direc't high exposure to raw wastewa-
ter, collection systems workers have greater risks of
infection than do treatment plant employees (Figure
f). Various studies have indicated evidence of increased
risk of viral infections (including hepatitis A), parasite
infection, and gastroinlcstinal iliness in these workers
but improved and modern work practices can reduce
these risks. Leptospirosis, transmitted through the
urine of infected rats, was oncc considered to be the
fritish sewer worker's disease before the 1950s. Recent
investigations have revealed that the risk of this par-
licular bacterial infection is minimal. Present day
wastewater characteristics and probable lower infection
rates in rats may have contributed to the reduced
prevalence of this disease.

wintor Pollution Control Federa tion




Several studies have been conducted on the actual
WORKERS WHO  infection rate of wastewater workers. During the early

yearsof employment, wastewater workers may be
ARE AT RISK more prone to illness than more experienced workers.
Newer employees may experience increased rates of
gastrointestinal and upper respiratory illnesses, which
are thought to be related to biological exposures.?

Table 12 shows the results of various studies of health
effects of biological hazards to wastewater workers.*
Although areas of higher risk exist, the risk of contami-
nation is not overwhelming. Simple procedures involv-
ing personal hygiene and work methods, however, can
reduce these risks to far below other common occupa-
tional hazards.

Table 12 Summary of biological health risks to wastewater workers.

Type of hazard Effects observed

Hepatitis A Evidence of increased risk when working with raw
wastewater and primary sludge.

Other viral infections May indicate infection in the most exposed workers.
Other factors contributing to infection should not be

overlooked,
Leptospirosis Formerly considered a problem; risks now appear
minimal,
Gastrointestinal Increased rates especially among new workers.
iliness Other factors contributing te infection should not
be overlooked.
Compost-related Excess nasal, ear, and skin abnormalities and eye
factors irritation

Rintanirnl Hazarde in Wastewater Treatment Facilities 25



Figure 5 Eye wash stations should be w ithin easy access to all
operators

Because wastewater workers frequently expose their
hands to water and wastewater, occasional skin prob-
lems such as fungal infections, rashes, chapping, and
cracking may occur. Protective hand creams or lotions
can generally be used to minimize such problems. If
these medications are ineffective or if contact
dermatitis becomes a problem, an occupational physi-
cian should be consulls d. 1f wastewater gets splashed
into the eyes, ears, Or NOSE, the area should be immedi-
arely flushed with fresh patable water oF the eye wash

olution from the first aid kit (Figure D).




First Aid

HOW TO TREAT All injuries should be treated promptly to prevent

INFECTIONS infection or illness. Potential entry points will exist for
microorganisms to cause infection if minor breaks in
the skin or mucous membranes resulting from burns,
rashes, cuts, and insect bites are left untreated. Soap
and water are the best initial first aid measures that can
be used for minor cuts. Table 11 lists recommended
contents of a standard first aid kit. The first aid kit
should include a variety of antibacterial ointments or
disinfectants, dressings, waterless soap, antiseptic
wipes, and sterile eyewash solution. An antibiotic
sintment or disinfectant should be applied to the
wound after thorough washing. Adhesive bandages,
tape, and sterile gauze should also be used to further
protect the treated area and keep the wound clean and
dry. Generally, prompt medical attention is required if
the skin or mucous membrane is severely injured and
in contact with contaminated wastewater or sludge or
if severe wounds or punctures do not respond to
methods for control of bleeding.

Table 11 Suggested contents of first aid kit.

« Variety of bacterial ointments/disinfectants,
e Dressings,

o Waterless soap,

o Antisaptic wipes,
 Sterile eyewash solution,
o Adhesive bandages,

* Tape,

e Scissors,

o Sterile gauze,

o Splint, and

o Aspirin,
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Table 10 Imm

unizations recommended by the U.S. Public Health Service.™

Disease Who needs immunization Immunization
Hepatitis A Individuals with close personal Hepatitis A immune
contact with hepatitis A globulin treatment
Hepatitis B Homosexual males, household Hepatitis A immune
and sexual contacts with carriers, globulin treatment and
and those who have had direct hepatitis B vaccine
expostire to blood of a person
known or suspected tobe a carrier
Influenza Adults 65 years or older Annual influenza vaccine
Measles Adults born in 1957 or later, Combined measles,
unless they have evidence of mumps, and rubella (MMR)
vaccination on or after their first
birthday, documentation of
physician diagnosed disease, or
laboratory evidence of disease
Mumps Adults, especially males, who have Mumps vaccine
not been previously infected
Preumococeal  Adults 65 years of older Pneumaococcal
disease polysaccharide vaccing

Rubella

Fetanus and
diphthena

Women of childbearing age, unless
proof of vaccination or laboratory
avidence of immunity is available

Adults every 10 years after initial
doses and after wounds, unless i
has been fewer than 5 years since

last dose

Rubella vaccine

TD vaccane

Water Pollution Control Federation



Immunizations

The Centers for Disease Control recommends that
immunizations for diphtheria and tetanus be current
for the general public, including all wastewater work-
ers. Boosters are recommended every 10 years after the
initial immunizations (usually during childhood years)
are administered. The tetanus booster needs to be
repeated if a wound or puncture becomes dirty and if
boosters have not been given within 5 years.

Primary vaccination for polio and typhoid are presently
considered to be sufficient unless there is a regional
outbreak. The preventive effect of the vaccine immune
serum globulin for hepatitis A is short lived (about 3
weeks), and is not routinely recommended for wastewa-
ter workers unless there has been direct exposure to
wastewater splashed into an open wound or the mouth
or a severe outbreak has occurred in the community.
The vaccine for hepatitis B is also not routinely recom-
mended for wastewater workers because the risk of
transmission by wastewater is extremely remote.
Vaccinations are available from physicians, health
clinics, and county health departments.

At the present time, no additional immunizations
above those recommended by the U.S. Public Health
Service for adults in the general population are advised
for warkers in contact with wastewater. Wastewater
workers and all other adults should be adequately
vaccinated against diphtheria and tetanus. Poliovirus
and typhoid vaccines and immune globulin are not
routinely recommended for wastewater workers

Fahle 10 summarizes the immunizations recom-
mended by the U8, Public Health Service."



Figure 4 First aid kits should be readily
available at the job site.

Figure 3 Gloves, dust masks, and eye
protection should be made available to
workers i high-risk arsas,

Although there has been no evidence that wastewater
workers have transmitted infection to their families,
good personal hygiene is still important, Workers
should thoroughly clean up at the end of the work day
hefore going home. Ideally, soiled clothing should be
laundered before they are taken home or should be
handled separately from domestic laundry and washed
with hot water and disinfected. Dual locker systems are
desirable for all wastewater workers, aliowing one
lacker for work clothes and one for street clothes,
Another important key Lo prevenling exposure 1S the
proper use of pe rsonal protective devices, Wate proof

and puncture-resistant gloves should b warn when-

or working with wastewater or siucg nrofonged
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HOW TO
PREVENT
INFECTIONS

Personal Protection Measures

The safety precautions required to significantly reduce the
possibility of biological contamination by wastewater are
outlined in Table 9.2 The most important consideration is
the use of good common sense. If collection systems and
treatment plant workers are aware of the hazards, they
can protect themselves simply by following correct
personal hygiene habits. Laboratory workers also must
be aware of the potential for infection because of the
nature of the samples being handled.

Table 9 Workplace precautions and personal hygiene
guidelines."”

« Wash hands frequently with soap and water after
contacting wastewater; visiting restrooms; before
eating, drinking, or smoking; and at end of work shift.

o Promptly treat cuts and abrasions using appropriate
first aid measures.

« Wear heavy duty gloves (or double gloving) and
boots that are waterproof and puncture resistant.

o Wear surgical-type masks and goggles or face shields
for prolonged exposure 1o wastewater aerosols.

« Change soiled uniforms or protective clothing as
soon as the job is completed.

e Shower before changing into clean work clothes
and shoes.

o Launder work clothes at work not at home,

e Handle sharp items with extra care to prevent
accidental injuries,

e Clean contaminated tools after use.

e Follow good common sense and exercise extra caution
whenever there is contact with contaminated water of
sludgge

o Wherever possible, use dual lockers to separate
work and street clothes.

o Promptly clean body parts that contact wastewater
or studges.

f o Ta Tt nirind e Twnnbmont Bacilitioe 19



Table 8 Methods to prevent direct contact entry of
pathogenic organisms.

Body

—— Wear protective clothing and equipment;

__ Shower and change clothes before going home;

_ Leave work clothes, gloves, and boots on site to
prevent possible disease transmission to family
or friends;

__ Use separate lockers for street and work clothes
to minimize contamination; and

— 1f work clothes are washed at home, separate from
the family wash and use chlorine bieach.

Hands

— Wear gloves whenever there is contact with
wastewater or sludge;

__ Use thin disposable latex gloves for light work,
use reinforced rubber gloves for heavy activities,
and discard gloves that become torn; and

Do not submerge hand below top of glove. (

Face

_ Never touch face, mouth, eyes, ears, or nose while
working with wastewater or sludge;

__ Wear goggles in the presence of heavy aerosols; and

_ Wear surgical-type masks or respirators in the
presence of heavy aerosols.

Water Pollution Control Federation
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Table 7 Methods to prevent ingestion of pathogenic
organisms.

Wash hands

— Never eat, drink, or use tobacco products before
washing hands;

— Avoid touching face, mouth, eyes, or nose before
washing hands; and

— Wash hands immediately after any contact with
wastewater or sludge.

Control activities

— Eat only in designated areas of the plant and away
from treatment facilities, and

— Do not smoke or use chewing tobacco while work-
ing in direct contact with wastewater or sludge.

At locations where wastewater or sludge is sprayed, the
possibility of inhaling infectious agents will increase.
Workers should avoid prolonged exposures at those
areas where contact with such aerosols are likely. In
instances where prolonged exposure to aerosols is
anticipated, the use of surgical masks and goggles may
help to minimize contact. Methods to prevent direct
entry of pathogenic organisms by contact are included
in Table 8, '

Biological Hazards in Wastewater Treatment Facilities 17




HOW INFECTIONS
CAN SPREAD

There are three basic routes that may lead to infection:
ingestion through splashes, contaminated food, or
cigarettes; inhalation of infectious agents or aerosols;
and infection due to an unprotected cut or abrasion.
Wastewater workers often come in physical contact
with raw wastewater and sludge through the course of
their daily activities. Even when direct physical contact
is avoided, the worker may handle objects that are
contaminated. Cuts and abrasions, including those that
are minor, should be cared for properly. Open wounds
invite infection from many of the viruses and bacteria
present in wastewater. Table 6 summarizes the major
routes of infection.

Table 6 Routes of infection,

* Ingestion - gating, drinking, or accidentally
swallowing a pathogenic organism
(for example, hepatitis A).

* Inhalation  — breathing spray or mist gntaining
pathogenic organisms J
(for example, common cold).

« Direct contact — entry of pathogenic organism to
body via cut or break in the skin
(for example, tetanus).

Ingestion 1s generally the major route of wastewater
worker infection, The common practice of touching the
mouth with the hand will contribute to the possibility
of infection. Workers who eat or smoke without wash-
ing their hands have a much higher risk of infection.
Mast surfaces near wastewater equipment are likely to
he covered with bacteria or viruses, These potentially
infectious agents may be deposited on surfaces in the
form of an aerosol or may come from direct contact
with the wastewater or sludge. A good rule of thumb to
follow is to never touch yourself above the neck when-
ever there 5 contact with wastewater.™ Table 7 lists
methods to prevent ingestion of pathogenic organisms.
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The eggs of many varieties of roundworms, hook-
worms, and tapeworms have also been found in waste-
water. Infestation of roundworms and tapeworms is
usually transmitted orally and typically results in
abdominal pain and weight loss.

Hookworms are generally transmitted through cracks
in bare skin (such as between the toes), although oral
infestation is also possible. Hookworms cause a general
loss of energy and anemia.*

Parasites' survival rates are affected by the wastewater
or sludge treatment processes to which they are
subjected. In general, each process that exposes a
parasite to a different or hostile environment may
shorten its survival time.

In cases of parasitic infestation, it is possible that the
host’s symptoms may be nonexistent, Because hand-to-
mouth contact is the principal cause of infection, it is
important that hands are washed frequently.
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cysts and eggs, in which the protozoa and worms repro-
duce, are often resistant to adverse conditions, These
resistant cysts and eggs, therefore, may show up in
wastewater or sludge samples.

The number and variety of parasitic forms present in
wastewaters or sludges depend heavily on the origin of
wastes entering the treatment plant. The most com-
monly studied protozoa are Entamoeba histolytica and
Giardia lamblia. E. histolytica is the agent that causes
amoebic dysentery, a disease with symptoms that
include varying degrees of abdominal cramps and
diarrhea, alternating with constipation. G. lamblia is
also contracted orally and can lead to a variety of
intestinal symptoms. Giardia is a hardy protozoa that
exists in a cyst stage and can be resistant to chlorina-
tion. The most common parasites found in wastewater
are listed in Table 5.4

Table 5 Parasites found in wastewater,

Organism Disease
Protozoa
Entamoeba histolytica Amoebic dysentery
Giardia lamblia | Giardiasis
Roundworms (nematodes) Abdominal pain and

weight loss
Hookworms {ancylostomatodes)  Anemia
Tapeworms (cestodes) Abdominal pain and
weight loss

e b imie A tond rrdavatinnm



The Centers for Disease Control (CDC) has stated that
there is no scientific evidence that HIV is spread in
wastewater or its aerosols. The virus has never been
recovered from wastewater and it is believed that the
pH, temperature, and other conditions of the collection
system are not suitable to its survival. There have been
no known cases of wastewater workers or plumbers
who have contracted AIDS where the mode of trans-
mission was judged to be from occupational exposure.

The scientific evidence to date indicates that AIDS
cannot be contracted through occupational exposure
associated with wastewater treatment. Generally,
infected body fluids that are discharged to sewers are
immediately diluted to the point where they do not
represent a significant risk to wastewater workers. The
AIDS virus, in particular, is not well suited to the
collection system environment and is likely to become
deactivated upon contact with wastewater. Wastewater
workers should, however, pay close attention to per-
sonal hygiene and exercise caution and common sense
whenever they are working in and around contami-
nated wastewater to minimize exposure Lo bacteria and
viruses,

Parasites

A parasite lives on or in another organism of a different
species, from which it derives its nourishment, The
grganism is called the parasite's host, Pavasites nor-
mally do not kill their hosts, becaus? the life of the
parasite would also be terminated.

Ly mrany cases, however, parasites will weaken the host
1 cause symptoms similar to disgase caused by bacte-
rin o viruses. Waterborne parasites found 1n wastewa-
Ler consist of various types of protozoa and worms. These
arganisms often do nol survive the iourney through the
wastewater collection system and treatment facilities. The

Biological Hazards in Wastewater Treatment Facilities 13



Adenovirus

Adenoviruses have been associated with respiratory
tract infections and conjunctivitis (eye infection). The
virus has been isolated from wastewater and sludges
and can cause acute diarrheal disease and viral
gastroenteritis.

Rotavirus

Rotaviruses are a common cause of acute viral
gastroenteritis. Outbreaks of this common illness have
been associated with wastewater-contaminated water
resources. Raw wastewater and chlorinated wastewater
effluents from activated sludge plants treating domestic
wastes have been shown to discharge high densities of
these viruses each day.'®

Coxsackieviruses A and B

Coxsackievirus A causes aseptic meningitis and
conjunctivitis and is one of the causes of the common
cold.t Coxsackievirus B causes several types of disease,
including heart disease." The primary modes of trans-
mission for the coxsackieviruses are through inhalation
and ingestion of contaminated materials.

Poliovirus ;

The poliovirus is associated with poliomyelitis, which
affects the central nervous system. The primary mode of
transmission is ingestion of fecal-contaminated water
containing the virus, The poliovirus is a more stable virus
than most other viruses and can remain infectious for
relatively long periods in contaminated food and water.”

Poliovirus vaccines have reduced the incidence of polio-
nyvelitis and have contributed to the decline tn reported
cases of the disease, Outbreaks usually occur only in
segments of the popuiation lacking proper immunization.

Rinlnmiral Hazards in Wastewater Treatment Facilities 11
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poliomyelitis, respiratory diseases, gastroenteritis,
and the common cold. Along with these various
diseases almost all of the viruses produce latent
infections, which can go undetected because no
symptoms may be present,

Hepatitis A

The major waterborne disease resulting from viral
infection is hepatitis A. The hepatitis A virus is the
causative agent of infectious hepatitis, a systemic
disease primarily involving the liver, The virus is
commonly associated with fecal-oral transmission
through wastewater contamination and contaminated
food. An infected person generally exhibits flu-like
symptoms, cramps, vomiting, high fever, and jaundice.

The hepatitis A infectious agent is resistant to heat,
acid, and chemical treatment, including low levels of
chlorine? Thus, wastewater personnel have a higher
potential incidence of exposure to the hepatitis A virus
hecause of their daily contact with wastewater.

1

Norwalk Virus

Another common type of virus that has been associated
with inadequately treated wastewater is the Norwalk
agent, The Norwalk agent produces an acute gastroin-
testinal disease consisting of vomiting, diarrhea, low-
grade fever, and body aches. Symptoms generally last
for a short period of time, usually 24-48 hours. During
this time, the virus can be passed through the stool and
has the potential to affect other members of the family
if appropriate hygiene is not practiced in the home,
Outbreaks of the illness have been associated with
septage disposal, municipal water supplies, and recre-
atanal water contact,

Water Pollution Control Federation
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This special publication discusses the variety of biologi-
PREFACE cal hazards that may exist at municipal wastewater
treatment and collection facilities. Although most
health effects studies indicate that infections from
specific biological agents are not common, operations
and maintenance personnel must presume that biologi-
cal hazards will exist at any location within the facility
where contaminated wastewater and treated sludge
solids are present. The many potential biological
hazards that may confront wastewater workers are
compounded by daily contact and possible exposure to
infectious wastes that are routinely discharged into the
community sewer system.,

The manual is designed to assist wastewater workers in
obtaining a basic understanding of types of bacteria,
viruses, and parasites that are commonly found in
wastewater and the potential health effects of exposure
to these agents. The main routes of infection and the
types of workers who have a high risk potential for
infection are also covered. The types of immunizations
and first aid procedures described will provide guidance
to both management and employees and emphasize the
importance of treating all cuts and wounds, The
manual also contains a number of tables that describe
the variety of persopal protective measures to help
minimize risk of infection and disease,

This manual is also the first in a series of planned
spectal publications being sponsored by the WPCF
Safety & Occupational Health Committee to assist
operators, collection system workers, and others in
gaining a basic understanding of safety and health
issues of concern within the wastewater industry. The
Committee hopes that users of this manual will provide
constructive comments and propose topics for further
development,

Biological Hazards in Wastewater Treatment Facilities v
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Special Publications
for Water Pollution Control

The WPCF Technical Practice Committee (formerly the
Committee on Sewage and Industrial Wastes Associa-
tions) was created by the Federation Board of Control
on October 11, 1941, The primary function of the
committee is to originate and produce, through appro-
priate subcommittees, special publications dealing with
technical aspects of the broad interests of the Federa-
tion. These manuals are intended to provide back-
ground information through a review of technical
practices and detailed procedures that research and
experience have shown to be functional and practical.

Important Notice

The contents of this publication are for general infor-
mation only and are not intended to be a standard of
the Water Pollution Control Federation {(WPCF).

No reference made in this publication to any specific
method, product, process, or service constitutes or
implies an endorsement, recommendation, or warranty
thereof by WPCF.

WPCF makes no representation or warranty of any
kind, whether expressed or implied, concerning the
wccuracy, product, or process discussed in this publica-

tion and assumes no liability.
\nvone using this information assumes all hability

iising rom such use, mcluding but not fimated to

niringement of any patent or patents.
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Pathogenic bacteria thrive in wastewater and can be found in large
quantities in sewage.

Bacterial Pathogens found in Wastewater

Microorganism Disease or sickness caused 1
Salmonella Diarrhea & vomiting, Typhoid fever
Shigella Bacterial dysentery (severe diarrhea with
blood and high fever)
Leptospira Weil’s Disease
Clostridium Tetanus & Gas gangrene (from infected
puncture wounds), diarrhea & vomiting
Vibrio Asiatic Cholera
Campylobacter Diarrhea & vomiting |

| Yersinia Bacterial dysenterv




Infectious agents potentially present in wastewater containing fecal

matter:
Infectious Agent Presenting Symptoms
[.Bacillaxy Dysentery: Incubation period of 0-3 days: Fever, chills, muscle
aches, nausea, vomiting, diarrhea, abdominal cramps

Stigelle species,

1-8 days: Frequent passage of blood and mucous,

I rgestion
cramping abdominal pain .
3-10 days: Dehydration, peritonitis (bacteria in the
abdominal cavity), septicemia (blood stream infection)
chronic complications: arthrifis )
Adatic Cholera; Incubation period of 1-7 days: procrome of fever,
Vibrio cholerae headache, muscle aches
Ingestion shortly thereafter, lasting 7+days: fever, diarrhea, bloody
bowel movements
chronic complications: arthritis, Guillain-Barre
syndrome
Typhoid Fever: incubation period of 8-28 days: prodrome: fever, chills,
Scalmonella typhi headache, prostration
Ingestion Subsequently: abdominal pain, diarrhea in 1/3 of

patients; rose spots on skin; delerium, intestinal
bleeding rarely;

Rare complications: pneumonia. heart infection, gall
bladder infection, meningitis (brain infection).

[Other enteric pathogens:
Yersinia entercolitica,
Campylobacter fetus,
Cempylobactiger jejuni,
Norwalk viruses, rotaviruses

Acute gastroenteritis: fever, diarrnea, moderate
dehydration,

Infectious Hepatitis: Viral
Hapatitis A;
Ingestion

Incubation period: 2-6 weeks

Prodrome: fatigue, loss of appetite, nausea, vomiting,
joint aches, loss of taste for coffee, cigarettes,

Icteric phase: lightening of stool, darkening of urine,
jaundice (yallow skin) and icterus (yellow eyes), fever,
liver enlargement, spleen enlargzment, sxin itehing,

Convalescent phase: fatizue may persist,

......

contraction of muscies controlling the jaw, body
muscle spasms, paralysis of throat muscle,
leading to death from respiratory failure

Polio:
Poliavirus,
ingsstion

Only if lacking proper immunization:

Incubation periad 4-10 days. Followed by non-
specific svsteric iliness or is assymptomatic; in a
small percentage, major iilness begins with fever,
malaise, gensralized headache, vomiting, neck
and back stiffness. May stabilize or progress 10
paralysis on 2nd to 5th day following headache.
Involvement of various nerves. May lead to death
due to respiratory and heart impairements.

Parasites: *Anmoebe
histolvtica: ingestion

Amocebic dvsentery: Abdominal cramps and
diarrhea, alternating with constipation.

*Giardiasis: Giardic lamblia

ingestion

Diarrhea, other intestinal symptoms.




A Parssite lives within or on another organism (host) from which it
takes its nourishment. Parasites consist of various types of worms
and protozoa (microscopic animals that are made up of one cell).

Parasite eggs and cysts are commonly present in wastewater. They
are transmitted primarily by accidental ingestion.

Parasites Found in Wastewater

Jrganism Disease or sickness caused
PROTOZOA
Amoebas Dysentery (diarrhea with blood),

(entamoeba histolytica) stomach cramps. liver abcessess

Giardia (Giardia Lamlia) |Diarrhea. indigestion

i WORMS
| Roundworms (Ascaris) | abdominal pain, weight loss
coughing (with blood). pneumonia |
Hookworms (can enter anemia, loss of energy. diarrhea.
' body through skin) cough

—apeworms (undercooked |weight loss. stomach pain.
| meat) brain cysts |




More than 100 types of viruses are found in human waste

Transmitted by breathing in viruses which become aerosolized or
accidentally ingesting them (inadvertent hand to mouth contact).

Intestinal viruses are typically found in sewage water. Blood-borne
viruses (HIV, Hepatitis B) are less likely to be transmitted through

sewage.

& Common Human Viruses Found in Wastewater

Virus Group Disease or Sickness Caused

Hepatitis A Acute Infectious Hepatitis

Poliovirus Polio

Norwalk, Rotavirus | Diarrhea, Vomiting

Coxsackieviruses A | Common Cold, eve infection

' Coxsackieviruses B | Heart Disease, Respiratory tract infection.
' (less common) Meningitis. Bornholm's Disease

I.chovirus Common Cold, eve infection

IDS: caused by HIV (human immunodeficiency virus).
i Centers for Disease Control has stated that scientific evidence
llticates that HIV is NOT transmitted through wastewater.
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INTRODUCTION

Thousands of wastewater collection system and treat-
ment plant personnel are exposed daily to a variety of
work-related hazards. These hazards range from
common industrial work exposures to dangers that are
specific to the wastewater field. Surveys conducted by
the Water Pollution Control Federation (WPCF) have

wmmmumm
one of the highest frequency and severity of accident

occurrences of all industries reporting to the National
Safety Council.! One common hazard that has been

studied extensively but is often misunderstood by the

wastewater industry is exposure to biological contami- .
nation,

A common characteristic of wastewater is its high
concentration of microorganisms. Wastewater facilities
that were constructed before the passage of the Clean
Water Act of 1972 were built primarily to prevent the
spread of waterborne diseases within the community by
collecting and treating wastewater at one location,
Biological secondary treatment is a popular means of
treating wastewater because wastewater is a favorable
environment for reproduction for many microorgan-
isms. The environment that contributes to the biologi-
cal breakdown of wastes, however, also may allow for
the growth of many pathogenic organisms, In many
instances, the need for disinfection is determined by
the quality and use of the body of water into which the
treated effluent is discharged. The disinfection process
kills many pathogens before the eifluent is discharged
to the receiving stream.

Because of the nature of the waste and the processes that
ollect and treat it, the potential for daily exposure to
infectious wastes exists for most wastewater workers.,
Collection system maintenance crews often come in
contact with raw wastewater when conducting inspections
and performing rouhm repans and mamntenance, The
coltection syste g environmen for many
pathogens because of its moder; aperature, hi
concentration of nutrients, and abundant moisture.

1ialnnienl Hasnvde ivs Wactamnaler Tyvontmoent Facilities i
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with wastewater-contaminated environments,

Table 1 is a summary of the various diseases associated i
?

Treatment plant workers' exposure to biological hazards
differs from that of collection system crews. Although
wastewater treatment plant personnel may not be in
physical contact with wastewater as often as collection
system workers, they do handle equipment that comes in
direct contact with wastewater or sludge. In addition,
bacteria, viruses, and other microorganisms may be found
in aerosols or mists in and around the various unit
processes (Figure 1) and can be concentrated in sludges.

Table 1 Diseases associated with wastewater-contaminated environments.

Disease Organism Mode of transmission

Bacillary dysentery Shigella spp. Ingestion®

Asiatic cholera Vibrio cholerae [ngestion (

Typhoid fever Salmonella typhi Ingestion

Tuberculosis Mycobacterium Inhalation®
tuberculosis

Tetanus Clostridium tetant Wound contact

Infectious hepatitis Hepatitis A virus Ingestion

Poliomyelitis Poliovirus Ingestion

Common cold* Echovirus ' inhalation

Hookworm disease Necator americanus Skin contact

Histoplasmosis

Ancylostoma duodenale
Histoplasma capsulatum

Inhalation

*The common cold is usually associated with various rhinovirus types, several

coronaviruses, and some unknown viruses,

nhalation is by way of mouth and nose and taken through the lungs and into the

bioodstream.

“Ingestion is by way of mouth or nose and taken in through the stomach and
intestine and into the bloodstream.

Wertor Pallvitinn Coantral Foderatinon
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Figure 1 Bacteria, viruses, and other disease- Figure 2 Inhalation of infected dust poses a
causing microorganisms are often present in health risk for sludge composting operatars.
waslewater aerosols and mists around turbulent

2reas.

Laboratory personnel at wastewater facilities also may
come in contact with potentially infectious wastes. In
smaller facilities, plant operators may also assist in
performing laboratory tests. In larger facilities, full-
time staff are generally assigned to work in the labora-
tory. Because wastewater and slud;

E5 are routinely
brought into the laboratory for analvsis. the potential

exists for bacterial contamination if technicians use sloppy

Efr"llllf_l_']_»' tecn HQUES ar 1l accdent, J! ills occur,

Workers involved in the disposal of wastewater sludges

are also in contact'with potential welious wastes,
requent and direct operato nt iflen occurs in
s aperation. Workes “torapplving
Fsludge Lo and may ris hrough inhaled
usts and personal contact if' ety precautions
¢ not followed (Fi )
waslewn 1ssibllity of
\ re i | fZard may be
reased i adegtiate | : rucecures are
L followed. The mam soue dical waste
natentals within a commuy \ feaiter system
riginate from hon JSt tulans, commer-
toestablishments, lubora fries, and

mrwater. A s reach the



wastewater facility, many potential sites for the trans-
mission of water-borne viruses and bacteria exist.
These include exposure to mists throughout the
facility; exposure at or near processes involving mixing
or aeration, pump stations, and sludge processing and
handling operations; and exposure at effluent discharge
areas.

Although most studies indicate that infections from
specific agents are not common, workers in contact
with wastewater, especially during their first few years
of employment, have been known to experience in-
creased rates of gastrointestinal or upper respiratory
illnesses.? Operations and maintenance personnel,
therefore, must presume that biological hazards will
exist at any location within the facility where contami-
nated wastewater and treated sludge solids are present.

a Water Palittinn (Comitral Fedoratinn



TYPES OF
HAZARDS

Bacteria

Unlike viruses, bacteria do no require a living host cell
to reproduce. Pathogenic bacteria are microscopic in
size and are extremely common in wastewater. Because
bacterica can reproduce outside the body, microorgan-
isms can be present in large quantities in the collection
system. Bacterial infections, therefore, will result from
their proliferation in an aqueous environment.

Because of their daily exposure to wastewater-contami-
nated environments, wastewater personnel have a
higher incidence of potential exposure to pathogens
than the general public. For most workers, however,
the risk of developing a disease is relatively low. Proper
personal hygiene is critical, however, because infec-
tions may occur without symptoms, and antibodies to
bacteria and viruses may develop without illness
symptoms (latent infection) being readily apparent.

The most common bacterial pathogens found in
wastewater are Salmonella and Shigelia. Other bacte-
rial microorganisms include Vibrio, Clostridium,
Yersinia, Campylobacter, and Leptospira. Escherichia
coli {E. coli), which can cause gastroenteritis, is
generally not considered a pathogen because it isa
microorganism that naturally inhabits the gastrointes-
tinal tract of man. The most commoan bacterial patho-
gens found in wastewater are listed in Table 2,

Salmonelia

Salmonelia is a major cause of food poisoning from
improperiy prepared products. Salmonelfe can cause
infections of the stomach and intestinal tract {acute
gastroenteritis), typhoid fever, and paratyphoid fever
Salmonella infection results from oral ingestion,
although large numbers of these microorganisms are
required Lo cause illness.



Table 2 Bacterial pathogens found in wastewater.

Microorganism Disease

Salmonella Salmonellosis (gastroenteritis)
Typhoid fever

Shigella Shigellosis (gastroenteritis)
Bacillary dysentery

Clostridium Tetanus
Gas gangrene
Gastroenteritis

Vibrio Asiatic cholera

Leptospira Weil's disease

Campylobacter Acute bacterial enteritis

Yersinia Acute gastroenteritis

Salmonella are routinely isolated from wastewater
treatment processes, compost operations, sludge-
handling facilities, and associated landfills, Isolation of
Salmonella from treatment plant effluent and siudge
varies from plant to plant and season to season.’
Infection is unlikely in the wastewater field without
divect ingestion of waste.! The risk of infection from
Salmonella and all other pathogens will be signifi-
cantly reduced with proper hygienic practices,

Shigella

Shigetla infection (shigellosis) is responsible for
bacillary dysentery and is the primary cause of infec-
tious diarrhea in the U.S." Like Salmonella, Shigella is
usually transmitted through oral ingestion of contami-
nated food and water or through hand-to-mouth
contact, Few organisms arc required 16 cause infection,
which makes this bactena a common hiological hazard
Lo whstowater workers.* Shigella survives for only a
short time in the sewer system, however, and generally
represents a greater potential hazard for callection
system workers than treatment plant operators,

Water Pollution Control Federation
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Vibrio

Asiatic cholera is caused by Vibrio cholerae, which
produce a poison or endotoxin that results in vomiting,
diarrhea, and loss of body fluids. Cholera can be spread
by the ingestion of fecal-contaminated water and is
normally present in many developing countries and
communities with inadequate sanitation practices.
Control of this disease is achieved through proper mea-
sures such as water disinfection and wastewater treat-
ment.

Clostridium

Tetanus results from a localized infection of a deep or
puncture wound by Clostridium tefani. Symptoms of
infection include contraction of the muscles controlling
the jaw, body muscle spasms, and paralysis of the throat
muscle, which can lead to death from respiratory failure.
The organism is commonly found in fecal-contaminated
environments and in soils. Infection may occur when-
ever a deep wound is contaminated with wastewater-
contaminated material. The general public, including
wasltewater system personnel, should make sure that
tetanus vaccines are taken every 10 years after initial
doses and after wounds, unless it has been fewer than 5
years since the last dose. A booster tetanus toxoid given
at the time of injury will also provide immunity to the
disease.

Yersinia

Yersinia entercolitica is an enteric pathogen that
causes acute gastroenteritis, The most common
symptoms are fever and diarrhes, with moderate
dehvdration. The fecal-oral route is the most commaon
mode of Lransmission.



Campylobacter

Campylobacter fetus and C. jejuni cause acute bacterial
enteritis.® These organisms are transmitted by the
fecal-oral route through contaminated water sources
and other modes. Most outbreaks of enteritis caused by
Campylobacter have been associated with surface and
drinking water supplies.®

Leptospira

Leptospira bacteria are responsible for leptospirosis, or
Weil’s disease, which infects the liver, kidneys, and
central nervous system. This disease was known as the
iliness of the wastewater worker in England before the
1950s. Recent studies, however, have not verified this
bacteria as a current problem for wastewater workers.,
Infection usually occurs by way of contact with mucous
membranes or skin abrasions.” Although Leptospira are
killed rapidly in wastewater carrying detergent
byproducts, this may represent an infection risk to
collection system workers in some cases.

Viruses

A virus is any of a group of ultramicroscopic agents
that reproduce only in living cells. This characteristic
of viruses is important because they cannot reproduce
without a host cell and, therefore, will not reproduce in
wastewater, The major source of viruses that are
infectious to man is from human waste that has been
discharged to the sewer.’

More than 100 different types of viruses are found in
human waste. Human viruses commonly found in
wastewater are listed in Table 3.7 These viruses multi-
ply in the living cells of the intestinal tract and end up
in human feces, Because millions of viruses can be
produced by an infected cell, they are found in large
quantities in wastewater.” Characteristics of various
wastewater viruses and their mode of transmission and
communicability are found in Table 4 .*

Water Pollution Control Federation



Table 4 Characteristics of various wastewater viruses.

Table 3 Human viruses found in wastewater,

Virus group Disease

Norwalk Acute gastroenteritis

Rotavirus Acute gastroenteritis

Adenovirus Acute respiratory disease,
conjunctivitis,
pharynoconjunctival fever.

Coxsackie A Upper respiratory tract infection

Coxsackie B Upper respiratory tract infection,
myocarditis, aspectic menin-
gitis, Bornholm's disease

Echovirus Common cold, aseptic meningitis,
conjunctivitis, gastroenteritis

Hepatitis A Infectious hepatitis

Poliovirus Poliomyelitis

Reovirus Upper respiratory tract infection

Virus Mode of Incubation Period of
group transmission period » communicability
Adenovirus [nhalation 5-7 days Short
Echovirus inhalation 1-2 days Short
Hepatitis A Ingestion 15-40 days Long
Poliovirus Ingestion 5-20 days Long
Norwalk Ingestion
Rotavirus ingestion
Coxsackie A Ingestion or
Inhalation

Coxsackie B

[ngestion of
Inhalation

Biological Hazards in Wastewater Treatment Facilities

While there are many types of viruses present in
wastewater, the general category that has received the
most study is the enteric, or intestinal, virus. This
group includes the varieties that are responsiblie for
diseases such as infectious hepatitis, mentngilis,



cases was being performed in accordance with the strict

guidelines of the Department of Health Services.

MANAGEMENT ALTERNATIVES

Crop water and nutrient requirements are primarily related
to the type of crop and its growth stage; climatic
conditions of temperature, humidity, wind, and solar
radiation; and modifications brought on by water and
chemical deficiencies or imbalances. Little can be done
about the weather, but water and chemical problems can be
2lleviated through a proper irrigation and fertility
management program. This may involve dilution and/or the
use of amendments, or the water source may be adapted by
modifications in the cultural practices or crop selection.
Following are more specific management alternatives dealing

with specific problems as recommended by Ayers and Westcott

(1976).

Salinity

The major objective in choosing a management zlternative to
overcome a salinity problem {s to improve soil water

avallasbility to the crop. Some of the management

alternatives include:

4 - 18




teilwater, thus minimizing the possibility of polluting

other surface waters.

Crop 'contamination can result from dirrigating with water
which has received inadequate treatment or by applying the
water improperly (sprinkler irrigation of food crops).
Some trace organics which could be presént in reclaimed
water are known to be carcinogenic, It 1is generally
believed, however, that these substances are adsorbed by
the so0il matrix and are not absorbed into the plant tissue
(Uiga and Crites, 1980). Additional dangers result from
the creation of aerosols by sprinkler irrigation systems
which contain virus and bacteria. If 1ingested, these

aderosols have some potentizl for infection by the organisms

which they contain.

Uiga and Crites (1980) found that there is a greater risk
to public health using reclaimed water on food crops than
on nonfood crops. They noted, however, that the present
use of reclaimed water for crop irrigation provides a

8 te 1013 over the 1last reported

safety factor of 10
incldence of disease transmittal (early 1900's) through the
use of "night sofl" on food c¢rops. Of the 21 sites
reviewed, there were no indicstions that health problems
were of any concern. The farmer {s probably more concerned

with the quality of his erops or the effect reclaimed water

might have on crop marketability. Crop irrigation in all

§ - 37



déficiencies are sometimes corrected by the use of

reclaimed water.
FEALTH CONCERNS

jublic health concerns related to crop irrigation with

reclaimed water include:

¢ Bacterizl and viral agents associated with the
possible transmission of disease.
0 Hazardous chemicals that may reach ground or

surface waters.
0 Contamination of crops by chemical or

biological pollutants.

The Department of Health Services regulates the use of
reclaimed water for crop irrigation and has very specifie
treatment requirements. The treatment requirements, type
of crops, and method of irrigation were shown in Figure
3-1. Disinfection is generally required to reduce
bacterizl or viral contamination of the water. The Health
Department is also concerned with protecting the quality of
cther water sources that can be used as potable water.
Lezching of nitrates in the soil 1is a primary concern in

this respect.

Pellution control agencies ususlly require that all
reclaimed water used for irrigation be totally contained on

the wuser's property. This requires the user to recover

w18




inhalation. Direct ingestion would oceur if the farm
workers drank the reclaimed water, This form of exposure
has the greatest potential for infection or illness. The
concern for safety, in part, stems from the guestions of
liability in the case of a worker who may become ill while
on the job. While the potential for i{llness must be
considered, Uiga and Crites found that the overall health

risk for site workers was small.

The farmer also looks at the question of safety from the
peint of the ability of the treatment plant to produce
reclaimed water at consistently high Quality. Conventional
wastewater treatment Systems can be upset which results in
Poor quality effluent. These occurrences also increase
health risks. There have been isolated instances of erop
damage by treatment plant upset; however, the overall

Safety record of these facilities has been good.

Consumer-Related Effects

Farmers are concerned with Consumer acceptance of crops
Erown with reclazimed water., The degree of concern is, of
course, highest with edible crops ang Particularly with
fresh produce. Adverse consumer reaction to Crops grown
With reclaimed water could lead to economic disaster in the
highly competitive Specialty crop markets, On th; other
hand, crops which come 1{nto contact with the publie

1ndireot1y (such as cotton) may be much less subject to

2 - 8



agricultural {irrigation. llowever, in aréas where the
agricultural community is unfamiliar with reclamation, it
Is viewed with some skepticism. This section will identify

some of the attitudes and concerns of the agricultural

community,

Agriculturists have occasionally publicized their concerns
relating to the use of reclaimed water, a notable example
being the Symposium held in Salinas, Califernia, which grew
into the current Monterey Wastewater Reclamation Study for
Agriculture. Agriculturists are concerned with the
complete range of effects that are tied to reclaimed water
use for agriculture including safety and 1liability
cencerns, consumer related effects, ecological effects,

economic impacts, and regulatory or operational

limitations.

Safety and Liability

An  important concern of farmers is the exposure of workers
to effluent, either by 1incidental physical contact,
ilnhalation of aerosols, or direct or potable ingestion.
Virus, bacteria, and parasites are all transmittable via
these routes. Ulga @and Crites (1980) 4{ndicate that
incidental physical contact is the least likely to cause
infection or illness, Infection through the inhalation of
aerosols requires the transport of wviable infectious

erganisms in droplets of proper size for potential

2 -7



EVALUATION OF
AGRICULTURAL
IRRIGATION PROJECTS
USING RECLAIMED WATER
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AIDS

Acquired immune deficiency syndrome (AIDS) is
caused by the human immunodeficiency virus (HIV)
that attacks the body's immune system, leaving the
body susceptible to numerous diseases. The AIDS virus
is a delicate virus that cannot survive for long periods
of time outside of the human body. The virus exists in
low concentrations in the blood of infected persons,
and after entering the wastewater sewer system, it is
subjected to enormous dilution factors and harsh
environments (low levels of heat, pH extremes, surfac-
tants, and chemical agents) that are not conducive to
AIDS virus survival

Operators have expressed considerable interest in the
possible transmission of AIDS from human wastes such
as urine, excrement, and blood that are discharged to
sewer lines serviced by municipal wastewater treatment
facilities.? Fears have been raised over the handling of
raw wastewater during routine contact and during
repairs and maintenance to lift station pumps, bar
screens, broken sewer lines, and clogged laterals,
Further contact with contaminated wastewater, origi-
nating from prisons, hospitals, and institutions, and
uneasiness over the removal of hypodermic needles,
condoms, feminine napkins, and aborted fetuses have
added to the growing apprehension about disease
transmission.?

AIDS and hepatitis B are both blood-borne viruses and
cannot reproduce outside the human body. To be
transmitted, AIDS and hepatitus B must enter the
bloadstream directly, A blood-borne virus from con

taminated wastewater can gain direct access through
an open wound or abrasion on the skin, Merely coming

In contact with contaminated wastewater does not
imply exposure to AIDS or hepatitis B.

Water Pollution Contro! Federation
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HEALTH ASSESSMENT

The public health is protected by:

¢ reducing concentrations of pathogenic bacteria, parasites, and enteric viruses in the

reclaimed water;
¢ controlling specificd chemical constituents in the reclaimed water; and/or

¢ limiting public exposure (contact, inhalation, ingestion) to the reclaimed water.

If human exposure is likely in a rcuse application, a higher quality of reclaimed water is required.
Conversely, if public access to a rcuse site can be restricted so that exposure is unlikely, a lower
level of treatment may be satisfactory, provided that worker safety is not compromised.

Providing the necessary treatment for the intended reuse application requires an understanding
of the constituents of concern in wastcwater and the levels of treatment and processes necessary

to remove such constituents to achieve the desired reclaimed water quality.
5.1 Constituents of Concern
4.1 Pathogenic Microorganisms

The principal infectious agents 1n wastewaier can be classified into three broad groups: bacteria
parasites (protozoa and helminths), anc viruses [ahle 4-1 lists many of the infectious agents
potentially present in raw domestic wastewaicr, No cases of intestinal diseases have been
associated with reuse projects in the US, In developing countries, on the other hand, the

irrigation of market crops is a major source of enteric disease.

Water Reuse 4-1



Table 4-1. Infectious Agents Potentially Present in Untreated Domestic Wastewater

Ascaris lumbricoidaes (rouriworm)
Ancylostoma duodenale (hookwoem)
Necator americanus (roundworm)
Ancylostoma (spp.) (hockworm)
Strongloides starcoralis (threadworm)
Trichuris trichiura (whipworm}
Taenia (spp.) (tapaworm)

Enterobius vermicularls (pinworm)

Echincecoccus granulosus (spp) (tapaworm)

Pathogen Disaase

Bacteria '

Shigelia (4 spp.) Shigefosis (dysentery)

Saimonella typh Typhoid faver

Salmonelia (1700 sarctypas) Salmoneliosis

Vibro cholerae Cholera

Escharichia coli (entercpathogenic) Gastroonteritis

Yarsinia entarocolitica Yersinicsis

Leptospira (spd.) Leptospirosis

Legonelia Legionnaire's diseasa

Campylobacter jejuni Gastroenterilis
Protozoa

Entamoeba histolytica Amebiasis (amabic dysentary)

Giardia lamblia Glardias's

Balantidium coll Balantisiasis (dysentery)

Cryptosporidium Cryptosporidiosls, darrhea, fever
Helminths

Ascariass
Ancylestomiasis
Nacatoriass

Cutaneous farva migrans
Strongyloldiasia
Trichuriasis

Taeniass

Entarocblasis

Hydatidesis




Table 4-1, cont.

Infectious Agents Potentially Present In Untreated Domestic Wastewater

—

Viraes

Enteroviruses (72 types) (polio, echo,
coxsackie, new enterovirusas)

Hopalltis A vieus

Adenovirus (47 types)

Rotavirus (4 types)

Parvovirus (3 types)

Norwalk agsnt

Raovitus (3 types)

Astrovirus (5 types)

Calicivirus (2 types)

Corcnavirus

Gastroantaritis, heart anomaiies, meningitis, others

Infectious hapatitis

Raspiratory disease, aye Infactions
Gastroonteritis

Gastroantent's

Diarrhea, vomiting, fever

Not cloarly established
Gastroanteritis

Gastroentaritis

Gastroanteritis

Soure. Adapted from Sagik et al., 1978; Hurst o 2, 1989,

Water Reuse



4111 Bacteria

One of the most common pathogens found in municipal wastewater is the genus Salmonella. The
Selmonella group contains a wide varlety of species that can cause discase in humans and
arimals, The three distinet forms of salmonellosis in humans are enteric fevers, septicemias, and
acuite gastroenteritis,. The most severe form of salmonellosis is typhoid fever, caused by
Scdmonella typhi. The Salmonella scpticemias (blood poisoning) are not particularly common
inhuman populations. The third form of salmoncllosis, acute gastroenteritis, is the discase form
wih which Salmonella are most often associated. Some 1,700 different serotypes have been
identified.

Aless common genus of bacteria in wastewater is Shigella, which produces an intestinal discasc
kmown as bacillary dysentery or shigellosis. Waterborne outbreaks of shigellosis have been
reported where wastewater has contaminated wells used for drinking water (National
Communicable Disease Center, 1969 and 1973). The survival time of Shigella in wastewater is
relatively short, and shigellosis appears to be spread primarily by person-to-person contact.
However, Shigella is the leading cause of recreational waterborne outbreaks in lakes and rivers,

Other bacteria have also been isolated from raw wastewater. These include Vibrio,
Miycobacterium, Clostridium, Leptospira, and Yersinia specics. While these pathogens may be
present in wastewater, their concentrations arce usually too low to initiate discase outbreaks.
Vibrio cholerae is the disease agent for cholera, uncommon in the United States but still
prevalent in other parts of the world. Humans are the only known hosts, and the most frequent
mode of transmission is through water. Mycobacterium tuberculosis has been found in
wastewater (Greenberg and Kupka, 1957), particularly where an institution treating tuberculosis
patients is involved or where industrics, such as dairics and slaughterhouses handling tubercular
animals, discharge to a municipal sewerage system. Outbreaks have been reported among
persons swimming in water contaminated with wastewater (Califomnia Depariment of Health and
Cooper, 1975).

Waterborne gastroenteritis of unknown cause is frequently reported, with the suspected agent
being bacterial. One potential source of this diseasc is certain gram-negative bacteria normally
considered to be nonpathogenic. These include enteropathogenic Escherichia coli and certain
strains of Pseudomonas, which may affect the newborn, Waterborne enterotoxigenic E. coli have
been implicated in gastrointestinal disease outbreaks (National Communicable Discase Center,
1975).

8 VWA BERE_




Canpylobacter coli has been identified as the cause of a form of bacterial diarrhea in humans.
Whic it has been well established that this organism causes discase in animals, it has also been
implicated as the etiological agent in human waterborne discase outbreaks (Craun, 1988).

In ncognitio.n of the many constraints associated with analyzing wastewater for all of the
potential pathogens that may be present, it has been common practice to use a microbial indicator
or surrogate to indicate fecal contamination of water. Bacteria of the coliform group have long
been considered the prime indicators of fecal contamination and are the most frequently applicd
indicators of water quality by state regulatory agencies. The coliform group is made up of a
number of bacteria, including the genera Klebsiella, Citrobacter, Escherichia, Serratia, and
Ernvterobacteria. The total coliform group are all gram-negative asporogenous rods and are found
in feces of warm-blooded animals and in soil. Fecal coliform bacteria are restricted to the
intestinal tract of warm-blooded animals and comprise a portion of the total coliform group.
Escherichia coli and enterococci (U.S. Environmental Protction Agency, 1986a) arc sometimes
used as indicators of bacteriological contamination in recreational waters. Coliform organisms
arc used as indicators because they occur naturally in the feces of warm-blooded animals in
higher concentrations than pathogens and arc casily and unambiguously detectable, exhibit a
positive correlation with fecal contamination, and generally respond similarly to environmental
conditions and treatment processcs as many bacterial pathogens. However, coliform bacteria
determinations, by themselves, do not adequately predict the presence or concentration of
pathogenic viruses or protozoa.

These are deficiencies in the use of coliforms or enterococei as water quality indicators. The data
base for their use relics on cpidemiological investigations that have not always been replicated
(Haas, 1993). Concerns for newly-emerging pathogenic organisms which may arise from
nonhuman reservoirs, ¢.g., Giardia and Cryptosporidium, have led to questioning the use of
indicators that arise primarily from human fecal inputs. The cysts and oocysts responsible for
the spread of these organisms are not easily monitored and not as readily inactivated by chiorine
as bacterial surrogates now in use. Research is needed to determine the mast appropriate
indicator organism(s) to use for assessment for treatment efficiency in reclaimed water systems.

4.1.12 Protozoa
Several pathogenic protozoan parasites have been found in municipal wastewater, Probably the

most imporiant of the parasites is the protozoan, Entamoeba histolytica, which is responsible for
amocbic dysentery and amoebic hepatitis. The amocba is found in sewage in the form of cysts,
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which are excreted by infected humans. The diseases are found worldwide, but in the U.S.,
Fntamoeba histolytica has not been an important discase agent since the 1950s.

wWaterborne discase outbreaks around the world have been linked to the protozoans Giardia
Zamblia and Cryptosporidium, although no giardiasis or cryptosporidiosis cases related to water
reuse projects have been reported. They originate in water from the feces of wild and domestic
animals. Giardiasis is responsible for gastrointestinal disturbances, diarrhca, and general
discomfort and is emerging as a major waterborne disease. Infection is caused by ingestion of
Giardia cysts. Cryptosporidium also causes diartheal disease, with oocysts being the infectious
slage. Cryptosporidium 00Cysts are not readily inactivated by chlorination. Cysts and oocysts
are present in most wastewaters, Analysis for cysts and oocysts is difficult; hundreds of liters
need to be used per sample and recovery is poor. Cryptosporidiosis is fatal to immuno-
compromised individuals and is associated with acquired immunodeficiency syndrome patients.
In Milwaukee, in April 1993, water drawn from Lake Michigan, after treatment met
microbiological drinking water standards, caused more than 400,000 cases of cryptosporidiosis
and some S0 deaths. Waterbomne cases of these diseascs may well go unrecognized, because the
diarrheal symptoms are not specific to these discases and analysis of feces for cysts and oocysts
often is not done.

4113 Helminths

The most important helminthic parasites that may be found in wastewater are intestinal worms,
including the stomach worm Ascaris lumbricoides, the tapeworms Taenia saginata and Taenia
solium, the whipworm Trichuris trichiura, the hookworms Ancylostoma duodenale and Necator
americanus, and the threadworm Strongyloides stercoralis, Many of the helminths have com plex
life cycles, including a required stage in intermediate hosts. The infective stage of some
helminths is cither the adult organism or larvae, while the eggs or ova of other helminths
corstitute the infective stage of the organisms. The free-living nematode larvae stages are not
pathogenic to human beings. The cggs and larvac are resistant to environmental stresses and may
survive usual wastewater disinfection procedures, although ecggs are readily removed by
common!y used wastewater treatment processes, such as sedimentation, filtration, or stabilization
ponds




4114 Viruses

Over 100 different types of enteric viruses capable of producing infection or disease are excreted
by humans. Enteric viruses multiply in the intestinal tract and are released in the fecal matter
of infected persons. Not all types of enteric viruses cause waterborne disease.

Tre most important human enteric viruses are the enteroviruses (polio, echo, and coxsackic),
INorwalk virus, rotaviruses, reoviruses, parvoviruses, adenoviruses, and hepatitis A virus (Hurst
etal, 1989; Water Pollution Control Federation, 1989). The reoviruses and adenoviruses, which
are known to cause respiratory illness, gastroenteritis, and eye infections, have been isolated from
wastewater. Of the viruses that cause diarrheal discase, only the Norwalk virus and rotavirus
have been shown to be major waterborne pathogens (Rose, 1986), Hepatitis A, the virus that
causes infectious hepatitis, is a virus frequently reported to be transmitted by water. Sewage-
contaminated water has been implicated in waterborne outbreaks of infections hepatitis (American
Socicty of Civil Engincers, 1970; Mosley, 1967).

There is no evidence that the human immunodeficiency virus (HIV), the pathogen that causes the
acquired immunodeficiency syndrome (AIDS), can be transmitted via a waterborne route (Riggs,
1989; Gover, 1993)., The results of onc laboratory study (Casson et al., 1992), where primary
and undisinfected secondary effluent samples were inoculated with HIV (Strain I11B) and held
for up to 48 hours at 25°C, indicated that HIV survival was significantly less than poliovirus
survival under similar conditions. Ansari, Farrah, and Chaudry (1992) reported that HIV-1
nucleic acids were detected in three of seven raw wastewater samples by using in vitro
amplification of the target scquences by the polymerase chain reaction (PCR) method. In the
same study, HIV-1 nucleic acids were not detected in 13 samples of sludge, final cfflucnt
(treatment level not given), pond water, and soil. The PCR method determines the presence of
viral nucleic acids but does not indicate the presence of infectious viral particles.

It has been reported that viruses and other pathogens in wastewater used for crop irrigation do
not readily penctrate fruits or vegetables unless the skin is broken (Bryan, 1974). In one study
in which soil was inoculated with poliovirus, viruses were detected in the leaves of plants only
when the plant roots were damaged or cut (Shuval, 1978). Although absorption of viruses by
plant roots and subsequent acropetal translocation has been reported (Murphy and Syverton,
1958), it probably does not occur with sufficient regularity to be a2 mechanism for the
transmission of viruses, Therefore, the likelihood that pathogens would be translocated through
trees or vines to the edible part of crops is extremely low,
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The study of low-leve!l or endemic occurrence of waterborne virus discases has been virtually

itnored for several reasons:

°

Current viral detection methods are not sufficiently sensitive to reliably detect
viruses at low concentrations;

Enteric viral infections are often subclinical, thus making it difficult to establish
the endemicity of such infections;

Most enteric viral infections go unrcported by the patient and physicial because
of the often mild nature of the illnesses;

Current epidemiological techniques are not sufficiently sensitive to detect low
level transmission of viral discases through waterborme routes;

Tliness resulting from enteroviral infections may not become obvious for several
months or years; and

Once introduced into a population, person-to-person contact becomes a major
mode of transmission of an enteric virus, thereby obscuring the role of water in
its transmission.

In view of increasing concern for the health of people with compromised immune systems, the
need for virus standards merits reexamination.

4115

Mechanism of Disease Transmission

Diseases can be transmitted to humans either directly by skin contact, ingestion, or inhalation of
infectious agents in water, or indirectly by contact with objects previously contaminated. The
following circumstances must occur for an individual to become infected from exposure to
reclaimed water:

the infectious agent must be present in the community and, hence, in the
wastewater from that community,
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¢ the agents must survive the wastewater treatment processes to which they are

exposcd,;

* . the individual must cither directly or indirectly come in contact with the reclaimed
water; and

¢ the agents must be present in sufficient numbers to cause infection at the time of
contact.

Whether illness occurs depends on a series of complex interrelationships between the host and
tic infectious agent. Specific variables include: the numbers of the invading microorganism
(dose); the numbers of organisms necessary to initiate infection (infective dose); the organism'’s
alility to cause diseasc (pathogenicity); and the relative susceptibility of the host. The infectious
dise of some organisms may be lower than the dose required to cause overt symptoms of the
dzease, Infection may be defined as an immunological response to pathogenic agents by a host
without necessarily showing signs of a disease.

Susceptibility is highly variable and depends on both the general health of the subject and the
specific pathogen in question. Infants, elderly persons, malnourished persons, and persons with
concomitant iliness or compromised immune systems are more susceptible than healthy adults,
Table 4-2 presents the infective doses of selected pathogens.

Pathogenic microorganisms in wastewater are derived principally from the feces of infected
human and animal hosts, Therc are occasions when host infections causc passage of pathogens
in urine. The three principal infections leading to significant appearance of pathogens in urine
are: urinary schistosomiasis, typhoid, and leptospirosis. Coliform and other bacteria may be
numerous in urine during urinary tract infections, but they constitute little public health risk in
wastewater. Microbial agents resulting from vencreal infections can also be present in urine, but
they are so vulnerable to conditions outside the body that wastewater is not an important vehicle
of transmission (Feachem ct al., 1983).
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Table 4-2. Infective Doses of Selected Pathogens

Organisms Infective Dose

Escherichia coli (enteropathogenic) 10° - 10"
Clostridium perfringens 1-10"
Salmonella typhi 10* - 10
Vibrio cholerae 10" - 107
Shigella flexneri 24 180
Entamoeba histolytica 20
Shigella dysenteriae 10
Giardia lamblia <10
Cryptosporidium 1-10
Viruses 1-10
Ascaris lumbricoides 1-10

Source: Adapted from Feachem et al., 1981 and Feachem et al, 1983.
41.1.6 Presence and Survival of Pathogens

The occurrence and concentration of pathogenic microorganisms in raw wastewater depend on
a number of factors, and it is not possible to predict with any degree of assurance what the
general characteristics of a particular wastewater will be with respect to infectious agents.
Important variables include the sources contributing to the wastewater, the general health of the
contributing population, the existence of "disease carriers” in the population, and the ability of
infectious agents to survive outside their hosts under a variety of environmental conditions.

Table 4-3 illustrates the variation and order of magnitude of the concentration of organisms in
raw wastewater, As an example of the large quantities of pathogens that may be introduced into
& sewer system, it has been reported that the excretion of Salmonella typhi by asymptomatic
carriers may be as high as 43 x 10° organisms per gram of fcces (Drexel University, 1978),




Table 4-3. Microorganism Concentration in Raw Wastewater

Concentration
) Organisms (number/100 mL)

Fecal Coliforms 10* - 10°
Fecal sireptococci 10* - 10°
Shigella 1- 1,000
Salmonella 400 - 8,000
Helminth ova 1-180
Enteric virus 100 - 50,000
Giardia lambia cysts 50 - 10*
Entamoeba histolytica cysts 1-10

Vimses are not normally excreted for prolonged periods by healthy individuals, and the
occurrence of virus in municipal wastewater is sporadic. Virus concentrations are generally
highest during the summer and carly autumn months. Viruses shed by an infected individual
commonly range from 1,000 to 100,000 infective units per gram of feces, but may be as high as
1,000,000 per gram of feces (Feachem et al,, 1983). Viruses are generally more resistant to
environmental stresses than many of the bacteris, although some viruses persist for only a short
time in municipal wastewater. In water-short areas, where per capita water use is relatively low,
virus concentrations have been reported to range from 600 to approximately 50,000 plague-
forming units (pfu) per 100 milliliters (Buras, 1976). This is in contrast to virus levels in the
U.S., which have been reported to be as high as 700 virus units/100 mL but are typically less
than 100 pfu/100 mL (Melnick et al., 1978; American Society of Civil Engineers, 1970).

Under favorable conditons, pathogens can survive for long periods of time on crops or in water
or soil. Factors that affect survival include the number and type of organism, soil organic matter
content (presence of organic matter aids survival), temperature (longer survival at low
temperatures), humidity (longer survival at high humidity), pH, amount of razinfall, amount of
sunlight (solar radiation is detrimental to survival), protection provided by foliage, and
competitive microbial fauna and flora. Survival times for any particular microorganism exhibit
wide fluctuations under differing conditions. Typical ranges of survival times for some common
pathogens on ¢rops and in water and soil are presented in Table 4-4.
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Table 4-4. Typical Pathogen Survival Times at 20-30 °C

Survival Time (days)
Pathogen Fresh Water & Sewage Crops Soil

Viruses*

Enteroviruses® <120 but usually <50 <60 but usually <15 <100 but usually <20

Bacteria
Fecal coliforms* <60 but usually <30 <30 but usually <15 <70 but usually <20
Salmonclia spp.* <60 but usually <30 <30 but usually <15 <70 but usually <20

Shigella spp.* <30 but usually <10 <10 but usually <5
Vibrio cholerac® <30 but usually <10 <5 but usually <2 <20 but usually <10

Protozoa

Entamocba
histolytica cysts <30 but usually <15 <10 but usually <2 <20 but usually <10

Helminths

Ascaris
lumbricoides eggs Many months <60 but usually <30 Many months

* In scawater, viral survival is less, and bacterial survival is very much less, than in fresh water,
® Includes polio, echo, and coxsackie viruses.
© V. cholerae survival in aqueous environments is a subject of current uncertainty,

Source: Adapted from Feachem et al,, 1983.
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4117 Aerosols

T'he concentration of pathogens in aerosols is a function of their concentration in the applied
watewater and the acrosolization efficiency of the spray process. During spray irrigation, the
aruunt of water that is acrosolized can vary from less than 0.1% to almost 2%, with a mean
aensolization efficiency of 1% or less (Johnson et al,, 1980a, 1980b; Bausum et al., 1983;
Canann et al,, 1988). Infection or disease may be contracted directly by aerosols deposited on
surfices such as food, vegetation, and clothes. The infective dose of some pathogens is lower
for respiratory tract infections than for infections via the gastrointestinal tract; thus, for some
patiogens, inhalation may be a more likely route for disease transmission than either contact or
ingsstion (Hoadley and Goyal, 1976). A comprchensive review of viruses indicated that a
nunber of waterborne viruses are capable, if acrosolized, of producing respiratory tract infections
anddisease (Sobsey, 1978).

The infectivity of an inhaled acroso! depends on the depth of the respiratory penetration and the
prewence of pathogenic organisms capable of infecting the respiratory system. Aerosols in the 2
to 5 um size range are primarily removed in the respiratory tract, some to be subsequently
swdlowed, Therefore, if gastrointestinal pathogens are present, infection could result. A
comsiderably greater potential for infection occurs when respiratory pathogens are inhaled in
acrasols smaller than 2 um in size, which pass directly to the alveoli of the lungs (Sorber and
Guter, 1975).

In general, bacteria and viruses in acrosols remain viable and travel farther with increased wind
velocity, increased relative humidity, lower temperature, and lower solar radiation. Other
important factors are the initial concentration of pathogens in the wastewater and droplet size.
Acrosols can be transmitted for several hundred meters under optimal conditions. Some types
of pathogenic organisms, e.g., enteroviruses and Salmonella, appear to survive the wastewater
acrosolization process much better than the indicator organisms (Teltsch et al., 1980). Bacteria
and viruses have been found in acrosols emitted by spray irrigation systems using untreated and
poorly treated wastewater (Camann and Guentzel, 1985, Camann and Moore, 1988; Teltsch et
al., 1980).

Orne study found that coliforms were carried 90 to 130 m (300 to 430 ft) with a wind velocity
of 1.5 m/s (3.4 mi‘hr), and it was estimated that fine mist could be carried 300 to 400 m with
2 5 m/s (11 mi/hr) wind (Sepp, 1971). Other researchers reported that the mean net bacterial
acrosol levels, i.c,, the observed minus the simultaneous mean upwind value, were 485 colony-
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forming units (CFU)/m’ at a distance of 21 to 30 m (69 to 98 fr) from the most downwind row
of sprinkler heads in a spray field and 37 CFU/m’ at 200 m (660 ft) downwind (Bausum et al.,
[983). The sprayed wastewater had been treated in stabilization lagoons before disinfection with

chlorine.

During a study in Israel, echovirus 7 was detected in air samples collected 40 m (130 ft)
downwind from sprinklers spraying undisinfected secondary effluent (Teltsch and Katzenclson,
1978). Acrosol measurements at Pleasanton, California, where undisinfected secondary effluent
was sprayed, indicated that the geometric mean acrosol concentration of enteroviruses obtained
50 m (165 fr) downwind of the wetted spray area was 0.014 pfu/m’ (Johnson et al,, 1980b).

One of the most comprehensive acrosol studies, the Lubbock Infection Surveillance Study
(Camann et al., 1986), monitored viral and bacteria! infections in a mostly rural community
surrounding a spray irrigation sitc near Wilson, Texas. The source of the irrigation water was
undisinfected trickling filter effluent from the Lubbock Southeast water reclamation plant. Spray
irrigation of the wastewater significantly eclevated air densitics of fecal coliforms, fecal
streptococci, mycobacteria, and coliphage above the ambient background levels for at least 200
m (650 ft) downwind. The geometric mean concentration of cnteroviruses recovered 44 to 60
m (150 to 200 ft) downwind was 0.05 pfu/m’, a level higher than that observed at other
wastewater acrosol sites in the US. and in Israel (Camann et al, 1988), While disease
surveillance found no obvious connection between the sclf-reporting of acute ilincss and the
degree of acrosol exposure, serological testing of blood samples indicated that the rate of viral
infections was slightly higher among members of the study population who had 2 high degree
of acrosol exposure (Camann ct al., 1986).

For intermittent spraying of properly disinfected reclaimed water, occasional inadvertent contact
should pose little health hazard from inhalation, Aerosols that continuously issuc from cooling
towers may present a greater concern if the water is not properly disinfected. For example,
Legionella pneumophila, the bacterium that causes Legionnaire's Discase, is present in many
types of water and proliferates in some cooling water systems, thus presenting a potential health
hazard regardless of the source of the water. The concentration of pathogens in the recirculated
waters of cooling towers using reclaimed water is reduced somewhat by the treatment to prevent
biofouling, which is generally by the addition of chlorine. On the other hand, the evaporation
in cooling towers concentrates contaminants in the water, and the water in the tower and in
acrosols or windblown spray may contain pathogen concentrations little different from the
reclaimed water, Although much effort has been expended to quantitate fecal coliforms and
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exzric pathogens in cooling tower waters, there is no evidence that they occur in large numbers,
aYhough the numbers of other bacteria may be quite large (Adams and Lewis, n.d.).

Beausc only limited information is available regarding the health risks associated with
westewater aérosols, health implications arc difficult to assess. Several studies in the U.S. have
bexn directed at residents in communities subjected to acrosols from scwage treatment plants
(Cimann et al,, 1979, Camann et al,, 1980; Fannin et al., 1980; Johnson et al., 1980a). These
irtestigations have not detected any definitive correlation between exposure to aerosols and
dizase. Although some studies have indicated higher incidences of respiratory and
gatrointestinal illnesses in arcas receiving acrosols from sewage treatment plants than in control
aras, the elevated illness rates were cither suspected to be the result of other factors, such as
ecinomic disparitics, or were not verified by antibody tests for human viruses and isolations of
pahogenic bacteria, parasites, or viruses (Fannin et al.,, 1980; Johnson et al., 1980a).

N ¢ documented diseasc outbreaks have resulted from spray irrigation with disinfected reclaimed
waler, and studies indicate that the health risk associated with acrosols from spray irrigation sites
using reclaimed water is low (U.S. Environmental Protection Agency, 1980b). However, until
more sensitive and definitive studies are conducted to fully cvaluate the ability of pathogens
contained in aerosols to cause disease, the general practice is to limit exposure to acrosols
produced from reclaimed water that is not highly disinfected through design or operational
countrols. Emission of aerosols or windblown spray from spray irrigation (and also from cooling
towers) receiving reclaimed water warrant attention. The risk can come from exposure to the
spray itself or from contact with wet grass or the ground itself after spraying.

4,118 Discase Incidence Related to Water Reuse

In one survey of 63 discase outbreaks (some dating back to the late 1800s) associated with foods
contaminated by sewage sludge or wastewater, vegetables contaminated by raw or partially
treated sewage were implicated as the vehicle in 12 outbreaks, watercress in 10 outbreaks. Some
were because of contamination by animal feces, and fruit was the vehicle in four of the reported
outbreaks (Bryan, 1974).

Epidemiological investigations directed at wastewater-contaminated drinking water supplics, use
of raw or minimally treated wastewater for food crop irrigation, health effects on farmworkers
who routinely come in contact with poorly treated wastewater used for irrigation, and the health
effects of azrosols or windblown spray emanating from spray irrigation sites using undisinfected
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vastewater have all provided evidence of infectious discase transmission from such practices
(iepp, 1971; Lund, 1980; Feachem et al.,, 1983; Shuval ct al., 1986).

The majority of documented discase outbreaks have been the result of contamination by bacteria
« parasites. Several incidences of typhoid fever were reported in the early 1900s (Melick, 1917),
ad a major outbreak of cholera in Jerusalem in 1970 was reportedly caused by food crop
irigation with undisinfected wastewater (Shuval et al, 1986). In Germany, ascaris worm
irfections have been attributed to the irrigation of vegetables and salad crops with untreated
vastewater (Shuval et al., 1986).

Sepp (1971) reported that irrigation with sewage caused hookworm infections in India.
Eookworms were found in contaminated soil and on scwage-irrigated vegetables and were
tmnsferred to humans both by direct contact and by eating the vegetables.

Human infection with the adult stage of the beef tapeworm Taenia saginata through ingestion
of meat containing the cyst form, ic., Cysticercus bovis, is another problem that has resulted
from sewage irrigation of grazing land. Evidence of tapeworm transmission via infected cattle
and sheep in Europe, Australia, and elsewhere has been well documented by Sepp (1971), who
also reported that a survey of animals pasturing on municipal sewer farms in Poland revealed that
219% of the cattle and all of the sheep were infected with animal parasites.

Epidemiological studics of the exposed population at water reusc sites recciving disinfected
reclaimed water treated to relatively high levels are of limited value because of the mobility of
the population, the small size of the study population, the difficulty in determining the actual
level of exposure of each individual, the low illness rate, if any, resulting from the reuse practice,
insufficient sensitivity of current epidemiological techniques to detect low-level disease
transmission, and other confounding factors. It is particularly difficult to detect the low-level
transmission of viral discase because many enteric viruses cause such a broad spectrum of disease
syndromes that scattered cascs of acute iliness would probably be too varicd in symptomology
to be attributed to a single etiological agent.

The limitations of cpidemiological investigations notwithstanding, planned water reuse in the UusS
has not been documented as the cause of any infectious disease outbreaks (Water Pollution
Control Federation, 19589).

F
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Rea®onable standards of personal hygiene, e.g., use of protective clothing, change of clothing at
the ¢nd of the work period, avoiding exposure to reclaimed water where possible, and care in
hant washing and bathing following exposure and prior to cating, appcar to be effective in
protcting the health of workers at water reuse sites, regardless of the level of treatment provided.
Desyite the ‘apparent lack of disease among farm workers, research directed at the
mi cwobiological health risks to farm workers from various types of agricultural irrigation with
reclimed water is lacking.

Using pathogen risk assessment models to assess health risks associated with the use of reclaimed
water is a relatively new concept. Risk analysis has been used as a tool in assessing relative
healh risks from microorganisms in drinking water (Cooper et al., 1986; Gerba and Haas, 1989;
Olivieri et al, 1986; Regli et al,, 1991; Rose et al,, 1991), seawater (Olivieri, Cooper, and
Daniclson, 1989), and reclaimed water (Asano and Sakaji, 1990; Rosc and Gerba, 1991; Rose and
Carmmahan, 1992; Tanaka et al., 1993). Risk analyses require several assumptions to be made,
¢.g., minimum infective dose of selected pathogens, concentration of pathogens in reclaimed
waler, quantity of reclaimed water (or pathogens) ingested, inhaled, or otherwise contacted by
humans, and probability of infection based on infectivity models. Mathematical models used to
represent dose-response data include the log-normal, exponential, beta, and logistic models.
Opemation and management practices, such as treatment reliability features and use area controls,
play an important role in reducing estimated health risks. At the present time, no reclaimed
water standards or guidelines in the US. are based on risk assessment using microorganism
infectivity models. Research into the applicability of microbial infectivity models for nonpotable
reuse applications, such as exposure to reclaimed water in swimming, is needed

41.2 Chemical Constitucnts

The chemical constituents potentially present in municipal wastewater are @ major concern for
potable reuse and may also affect the acceptability of reclaimed water for other uses, such as
food crop imigation. The mechanisms of food crop contamination include: physical
contamination, in which evaporation and repeated application may result in a buildup of
contaminants on crops; uptake through the roots from the applied water or the soil; and foliar
intake. Some chemicals in reclaimed water could also enter the human food chain from animals
fed crops irrigated with reclaimed warer. This concern requires further sudy. Chemical
constituents must be considered when reclaimed water percolates into groundwater as a result of
irrigation, groundwater recharge, or other uses. Some of the inorganic and organic constituents
that may be of importance in water reclamation and reuse are listed in Table 4-5.
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Table 5-1. Typical Composition of Untreated Municipal Wastewater*

Concentration Range"

Constituent Strong Medium Weak Avl::‘gc'
$olids (total) 1,200 720 350 -
Dissolvad, total® 850 500 250 -

Fixed 525 300 145 -
Volatile 325 200 105 -
Suspended 350 220 100 182
Fixed 75 55 20 --
Volatile 275 165 80 --
Sattlaable solids, miL 20 10 5 -
Yochemical exygen demand,
5-day 20°C 400 220 110 181
Total organic carbon 250 160 80 102
Chemical oxygen demand 1,100 500 250 417
Ntrogen (total) 85 40 20 34
Organic 35 15 8 13
Ammonia 50 25 12 20
Nitrite 0 0 0 -
Nitrats 0 0 0 06
Fhosphorus (total) 15 8 4 9.4
Organic 5 3 1 26
Inorganic © 10 5 3 68
Chlorides® 100 50 30 -
Alxalinty {as CaCoO,)* 200 100 50 211
Groase 150 100 50 -
Total coliform bactaria
(no /100 mL) 10’-10" 10"-1¢0" 10%-10" 22x10" *
Fecal coliform bactarda
(no /100 mL) -- - - 8x10°
Viruses, phy/100 mL* - =1 - 500

Vaiues are expressad In mg L, 8xcet as noted

After Metcait & Eddy, Irc., 1891

Culp et al,, 1878,

Valuas should ba increasad by amount In domestic watar supply
Geldrelch, 1878,

Plague-forming unita/100mL
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52 Primary Treatment

Pimary treatment docs little to remove colloidal and dissolved constituents, Additional
prosphorus and hcavy metal removal can be achieved through the addition of chemical
ciagulants and polymers. Primary sedimentation typically removes 50% to 60% of the
sspended solids and 30% to 40% of the organic matter; it does not remove the soluble
censtituents of the wastewater. Primary sedimentation also is effective for the removal of some
oganic nitrogen, organic phosphorus, and heavy metals. Average constituent removal
cfiiciencies for primary treatment processes are shown in Table 5-2.

Pimary treatment has little effect on the removal of most biological species present in
wastewater. However, some protozoa and parasite ova and cysts will settle out during primary
trratment, and some particulate~associated microorganisms may be removed with settleable
matter. Primary treatment does not effectively reduce the level of viruses in sewage. The typical
microorganism removal efficiencies of primary treatment are shown in Table 5-3. Generally,
pnmary treatment by itself is not considercd adequate for reuse applications,

53 Secondary Treatment

Typical microorganism and other constituent removal efficiencies for selected secondary
treatment processes are presented in Tables 5-2 and 5-3.

The activated sludge, and trickling filter and other attached growth processes are capable of
removing up to 95% of BOD, COD, and SS originally present in wastewater, as well as
significant amounts of many (but not all) heavy metals and specific toxic organic compounds.
Biological treatment, including secondary sedimentation, typically reduces the total BOD to 15
to 30 mg/L, COD to 40 to 70 mg/L, and TOC to 15 to 25 mg/L. Very little dissolved mincrals
are removed during conventional secondary treatment. Typical concentrations for some inorganic
and organic constituents in secondary effluent arc shown in Table 5-4.

Water Reuse 5-3
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Other Reuse

Opportunities
Treatment
as Needed
Effluent for Reuse Treated
Wastewater
& .
Municipal_ | Conventional 3 Application
Wastewatar Wastewater = S
Treatment Crops
reated
Sludge Sludge
it Other Reuse
Opportunities

Effluent Discharge to
Surface Waters

v

Sludge Disposal

FIGURE 3.1 Following conventional wastewater treatment (preliminary, primary, and secondary), muaicipal
wastewater is discharged to surface waters or reused, or before discharge to surface waters (not illustrated)
Additional treatment may be needed before reuse. Sludge from wastewater treatment processes are treated and then
disposed or reused in crop production or other applications.

age per capita usage from public water supply systems in the United States was 184 gallons (700
liters) per day (Solley et al., 1993). In arid areas, municipal wastewater production is typically
less than the amount withdrawn for water supply, but in some areas, wastewater flow exceeds
the water supply because of infiltration and inflow (e.g. stormwater) into wastewater collection
systems. Using 85 percent of water use as an estimate of typical wastewater production (Henry
and Heinke, 1989), a city of 200,000 people would produce an average of about 31,000,000
gal/day (about 117,000 m*/day) of raw wastewater. The amount of treated wastewater effluen:
extracted is not appreciably diminished from the original quantity of raw wastewater particularly
if sludge is dewatered, as is common.

The quality of treated effluent from secondary wastewater treatment plants in the United

; ;I
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Statees nust comply with the federal regulation of a monthly average of 30 milligrams per liter
of bioaemical oxygen demand or BOD (a2 measure of the amount of biodegradable organic
mate riZ remaining in the treated wastewater) and 30 mg/liter of suspended solids (particles
removale by filtration), Typical concentrations of other constituents in wastewater treatment
plant efluent are summarized in Chapter 2. More detailed information on typical effluent
quality is presented in sections of this report where potential effects of individual constituents
are coniidered. For example, Chapter 5 includes information on the types and quantities of
pathogas typically found in various wastewater treatment plant effluents.

The volume of municipal wastewater sludge produced by wastewater treatment facilities
is an ehsive quantity because it varies as a result of typical sludge treatment (see *Volume
Reduction Processes™ later in this chapter). Since the mass of dry solids is conserved during
most tratment processes, dry weight is a more useful basis for expressing the amount of sludge
from municipal wastewater treatment, Typical primary and secondary wastewater treatment
producei a total of about 1.95 lbs (0.94 kg) of dry solids per 1,000 gal (3.78 m’) of wastewater
treated [Metcalf and Eddy, 1991). Chemical addition to sludges during conditioning and
stabilizalion processes (see later sections of this chapter) can appreciably increase the mass of
solids insludges. Biological stabilization acts to reduce the mass of suspended solids through
oxidation of some of the volatile organic solids in sludges. For example, if sludge contains 80
percent volatile suspended solids and 50 percent of them are destroyed through oxidation, the
stabilized mass of sludge solids would be reduced to 60 percent of the initial mass,

Typical solids contents of sludges at various stages of treatment are summarized in this
chapter. Typical ranges of other common constituents in sludges are summarized in Chapter 2.
As with wastewater effluents, more detailed information about specific sludge constituents is
found in sections of the report where the potential effects of those constituents are discussed.

CONVENTIONAL WASTEWATER TREATMENT PROCESSES

Municipal wastewater treatment typically comprises preliminary treatment, primary treat-
ment, and secondary treatment. Secondary treatment is the United States nationzl standard for
effluent discharged to surface waters, A higher degree of treatment, termed here "advanced”
or “tertiary" treatment, may be required at specific locations to protect health or environmental
quality. In this report, conventional municipal wastewater treatment is considered to include
screening, grit removal, primary sedimentation, and biological treatment because it is the most
common method (Figure 3.2). Elaboration on these terse descriptions may be found in sources
such as Henry and Heinke (1989) and Melcalf and Eddy (1991),

Preliminary Wastewater Treatment

Preliminary wastewater treatment ordinarily inciudes screening and grit removal, Waste-
water screening removes coarse solids such as rags that would interfere with mechanical
cquipment, Grit removal separates heavy, inorganic, sandlike solids that would settle in chan-
nels and interfere with treatment processes.
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FIGURE 3.2 Municipal wastewater is conventionally subjected to preliminary, primary, and secondary treatment
0 the United States. Additional tértiary or advanced treatment may be justified by local conditions. Processes
typically involved in cach stage of treatment are shown. Preliminary treatment effects minimal change in wastewater
quality. Primary treatmeat typically removes about one-third of the BOD and one-half of the suspended solids in
domestic wastewaters. Combined primary and secondary treatment is required to achieve 85 perceat reduction in
both BOD and suspended solids concentration to meet the regulatory definition of secondary treatment.

Preliminary treatment serves to prepare wastewater for subsequent treatment, but it ef-
fects little change in wastewater quality. The residues from preliminary wastewater treatment,
screenings and grit, are not ordinarily incorporated with sludges, and they are not considered
further in this report,

Primary Wastewater Treatment

Primary wastewater treatment usually involves gravity sedimentation of screened,
Gegritted wastewater to remove settleable solids: slightly more than one-half of the suspended
solids ordinarily are removed. BOD in the form of solids removable by sedimentation (typically
about one-third of total BOD) is also removed. At one time during the evolution of domestic
Wastewater treatment in the United States, facilities only practiced primary wastewater treatment
and the primary effluent was commonly discharged to surface waters offering appreciable
dilution. Now, primary treatment is used as an economical means for removing some
contaminants prior to secondary treatment. The residue from primary treatment is a con-
centrated suspension of particles in water called “primary sludge."

Although the goal of primary wastewater treatment is to separate readily-removable
suspended solids and BOD, wastewater constituents that exist as settleable solids or are sorbed
to settieable wastewater solids may also be removed. Thus, primary treatment effects some
reduction in the effluent concentration of nutrients, pathogenic organisms, trace elements, and
potentially toxic organic compounds. The constitusnts that are removed are contained in primary
sludge
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Secondary Wastewater Treatment /(

Se¢ondary municipal wastewater treatment is almost always accomplished by
biologicaltreatment process, Microorganisms in suspension (in the "activated sludge" process),
attached t media (in a “trickling filter” or one of its variations), or in ponds or other processes

meat, thistxcess biomass is separated in sedimentation tanks as a concentrated suspension called
"secondary sludge” (also known as "biological sludge,” "waste activated sludge," or "trickling
filter humis"),

Wastewater constituents can become associated with secondary sludge as a result of
microbial wssimilation, by sorption onto settleable solids, or by incorporation into agglomerate
particles formed as a result of bioflocculation. Some of the wastewater constituents that are
incidentally associated with the biomass from secondary treatment processes include pathogens,
trace elements, and organic compounds,

Tertiary or Advanced Wastewater Treatment

Tertary treatment is used at municipal wastewater treatment plants when receiving water
_aditions or other uses require higher quality effluent than that produced by secondary
wastewater (reatment. Disinfection for control of pathogenic microorganisms and viruses is the
most common type of tertiary treatment. The concentrations of suspended solids and associated
BOD in treated effluent can be reduced by filtration, sometimes with the aid of a coagulant,
Adsorption, ordinarily on activated carbon, can be used to remove some persistent organic
compounds and trace elements. The concentration of ammonia in secondary effluent can be
reduced by nitrification. Tertiary treatment to remove nitrogen and phosphorus, so zs to mini-
mize nutrient enrichment of surface waters, is common; nitrogen is usually removed by
nitrification followed by denitrification, and phosphorus is removed by microbial uptake or
chemical precipitation, Not all tertiary treatment processes follow secondary treatment, as was
shown schematically in Figure 3.1: nutrient removal, for example, can be achieved by design
and operational variations to primary and secondary treatment processes. The residues from
tertiary treatment typically become incorporated with sludges from primary and secondary
treatment.
There are many variations to these treatment practices. For instance, secondary treatment
Is rarely achieved using physical and chemical processes rather than biologica! treatment.
Primary treatment is sometimes eliminated. Long-term retention in lagoons is sometimes sub-
stituted for both primary and secondary treatmant.

LTRSSy
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Figures 3.3a, b, and c illustrate sludge management schemes for agricultural application
of liquid, dewatered, and dried municipal sludges, respectively. Liquid sludge discharge to
agricultural land, as illustrated in Figure 3.3a, is the simplest scheme, but substantial liquid
storage capacity might be needed if land application sites are unavailable for extended periods.
Agricultural application of dewatered sludge, as illustrated in Figure 3.3b, requires more ex-
pensive and extensive processing, but could be compatible with other disposal and use options
that may be used in addition to agricultural use. Inclusion of drying in the sludge process-flow
as diagramed in Figure 3.3c¢ is ordinarily the most costly of the three options. Storage to
accommodate agricultural demand is easiest when sludge is dried, and dried sludge can also be
adapted to other disposal and use options.

Integration of sludge treatment processes for use on agricultural land also requires
consideration of the effects of the treatment processes on sludge quality. For example, de-
watering, composting, or alkaline treatment can be expected to reduce the amount of nitrogen
in sludge that is available to plants. This would require on increase in the areal rate of sludge
solids applied to satisfy the plant nitrogen demand, and would, in turn, increase the rate at which
trace metals and toxic organic chemicals associated with the sludge solids were applied to soil.

INDUSTRIAL WASTEWATER PRETREATMENT

Pretreatment of industrial wastewaters is a means to manage toxic contaminants in treated
wastewater effluents and sludge residuals. It is defined as "the removal of toxic materials at the
industrial plant before the wastewater is released to the municipal sewer" (National Research
Coungcil, 1977). Because industrial activity is a substantial source of toxic chemicals in sludge
and reclaimed wastewater in populated metropolitan areas, pretreatment programs have been
effective in reducing the concentrations of most heavy metals in wastewater (refer back to Tables
2.3,2.4,25, and 2.6). They are grouped in four Priority Pollutant categories: Section 307 of
the Clean Water Act regulates 127 hazardous compounds, (1) 14 heavy metals and cyanide, (2)
28 volatile organic compounds, (3) 58 semi-volatile organic compounds and (4) 25 pesticides and
polychlorinated biphenyls (PCBs) (40 CFR 123.21 (1986)).

Fate of Toxic Chemicals During Secondary Wastewater Treatment
As will be discussed below, most of the priority poliutants in wastewater accumulate 10

sludge during the wastewater treatment process (Lue-Hing et al., 1992),

Heavy Mewals

Investigations of heavy metal partitioning in secondary wastewater treatment plants
include both surveys of operating POTWs (Mytelka et al,, 1973; Oliver and Cosgrove, 1974,
EPA, 1982) and more controlled pilot-plant studies (Petrasek and Kugelman, 1983; Patterson
and Kodukula, 1984; Hannah et al., 1986). Researchers have focused on seven heavy metals:
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5
Fublic Health Concerns About Infectious Disease Agents

The infectious disease agents associated with municipal wastewater and sludge are those
found in the domestic sanitary waste of the population and from industries that process meats,
fish, axd other food products. These microbial pathogens include a large number of bacteria,
viruses, and parasites. Important examples are members of the bacterial genera Salmonella and
Shigells; the infectious hepatitis, Rota and Norwalk viruses; and the parasites associated with
giardiaiis, cryptosporidiosis, taeniasis, and ascariasis (See Table 5.1 for a more complete list).
It is rezsonable to assume that any or all of these infectious agents might be present in the water
and solids fractions of raw sewage.

INFECTIOUS DISEASE TRANSMISSION

Three conditions are necessary to produce infectious disease in a population: (1) the
disease agent must be present, (2) it must be present in sufficient concentration to be infectious,
and (3) susceptible individuals must come into contact with the agent in a manner that causes
infection and disease, From a public health perspective, it is prudent to presume that raw
sewage and sludge contain pathogenic organisms; thus, the first of the above criteria is always
met. The concentration of these agents in sewage will be a function of the disease morbidity
in the contributing population. An example of the number of pathogenic microorganisms found
in raw sewage, treated effluent, and in raw and treated sludge is shown in Table 5.2,

The second of the above criteria—that the infectious agent be present in sufficient
concentration—is fraught with uncertainty because available data on human dose response are
very limited, particularly at the population level. Usually it takes more than a single organism
o produce a detectable disease response in an individual in the exposed population. In many
instances a lower dose of pathogens will produce infection but not disease. The limited human
dose-response data that have been reported indicate much variation in the severity of sickness
among those exposed to known dosages of pathogens (Bryan, 1974). Table 5.3 contains some
examples of bacterial pathogen dose response.

89
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TABLE 5.1 Examples of Pathogens Associated With Raw Domestic Sewage and Sewage Solids

Pathogen Class Examples

Disease

Bacteria Shigella sp. Bacillary dyseatery
Salmaonelia sp. Salmoneliosis (gastroenteritis)
Salmonella typhi Typhoid fever
Vibrio cholerae Cholera
Enteropathogenic-
Escherichia coli A variety of gastroenteric diseases
Yersinia sp. Yersiniosis (gastroenteritis)
Campylobacter fejuni Campylobacteriosis (gastroenteritis)
Viruses Hepatitis A virus Infections hepatitis
Norwalk viruses Acute gastroenteritis
Rotaviruses Acute gastroenteritis
Polioviruses Poliomyelitis
Coxsackie viruses "flu-like” symptoms
Echoviruses "flu-like” symptoms
Protozoa Entamoeba histolytica Amebiasis (amoebic dysentery)
Giardia lamblia Giardiasis (gastroenteritis)
Cryptospaoridium sp. Cryptospondiosis (gastroenteritis)
Balantidium coli Balantidiasis (gastroenteritis)
Helminths Ascaris sp. Ascariasis (roundworm infection)
Taenia sp. Taeniasis (tapeworm infection)
Necator americanus Ancylostomiasis (hookworm infection)
Trichuris trichuria Trichuniasis (whipworm infection)

The final link in the infectious disease transmission chain is the exposure of the sus-

ceptible human population to infectious agents, The primary route of exposure to wastewater-
associated pathogens is by ingestion, although other routes, such as respiratory and ocular, can
be involved, If reclaimed water and sludges are to be used in the production of human food
crops, particularly those that are eaten raw, then there is a chance of exposure through ingestion.
Consequently, there is a greater need to reduce pathogen numbers to low levels prior to soil
application, or a1 least prior to crop harvesting or livestock exposure.

Available engineering knowledge and technology can produce reclaimed water of the
desired quality for use in such activities as agriculture, landscape irrigation, and ground water
recharge. Data in Table 5.2 are illustrative of the effect of tertiary (advanced) treatment of
wastewater in the removal of pathogens. The technology has advanced such that, in a number
of instances, the use of reclaimed water to augment of water sources for drinking water supplies
is either being seriously proposed or is a reality (City of San Diego, 1992; Gunn and Reberger,
1980; James M. Montgomery, Inc., 1983; Lauer and Johns, 1990). Treatment processes are
also available to effectively reduce the concentration of pathogens in sewage sludge to levels safe
for direct contact. Some examples include lime treatment, heat treatment, drying and com-
posting (EPA, 1992b).
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\BLE 32 Typical Numbers of Microorganisms Found in Various Stages of Wastewater and
Sludge T'ratment

: Number Per 100 ml Of Effluent Numbers Per Gram of Sludge
Miérobe Raw Sewage Primary Secondary Tertiary’ Raw Digested®
Treatmeat Treatment Treatment
Fecal colifern  1,000,000,000 10,000,000 1,000,000 <2 10,000,000 1,000,000
MPN®
Salmonclla 8,000 800 H <2 1,800 18
MPN
Shigella M 1,000 100 1 <2 220 3
Enteric vina 50,000 15,000 1,500 0.002 1,400 210
PFU!
Helminth ova 800 80 0.08 <0.08 30 10
Gardia 10,000 5,000 2,500 3 140 43
lamblia cysts

* Includes coagulation, sedimentation, filtration and disinfaction
* Mesophilic amecrobic digestion,

“ MPN = Mot Probable Number

! PFU = Paqu-forming units

RCES: EPA, 1991 and 1992a; Dean and Smith, 1973; Feachem et al., 1980; Engineering Science, 1987;
Gerba, 1983 and Logsdon et al., 1985,

Thus, the technical knowledge is available for the design of processes that can adequately
reduce the number of infectious agents present in raw wastewater and solids to safe levels, The
important public health concern lics in the ability of these processes to reliably produce an
acceptable product. Such reliability must be a critical element in the design and operation of
wastewater treatment plants or other facilities producing these materials.

In California, treatment processes specified by the Water Reclamation Criteria (California
Water Code, 1994) can achieve a 5 orders of magnitude reduction in situ of viruses, This level
of reduction produces effluent that is accepted as being "free" of viruses. In the Monterey
Wastewater Reclamation Study for Agriculture (Sheikh et al., 1990), tests conducted over a 5-
year period of over 80,000 gal of reclaimed water that met Title 22 requirements found no
viruses (Engineering Science, 1987). Virus seeding studies were conducted that verified the S-
log reduction in viruses from the treatment process, Additionally, a 99 percent natural die-off
rate over 5 days was demonstrated under both field and laboratory conditions for the virus T99.

A rough calculation illustrates the very low level of viruses to be expected after irrigation
with reclaimed water of this quality on food crops. In the Monterey study, the median number
of viruses detected in the raw wastewater influent was 8 plaque-forming units (pfu) in 67
samples, so that even without treatment, the number of viruses that might remain following
i~ ~ation is very small, To illustrate, reclaimed water is typically applied to the crop in an
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TABLE 5.3 Dose Required for a 25 to 75 Percent Disease Response in Humans

Number of Bacteria Bacterial Species

100 - 1,000 Shigella sp.

1,000 - 10,000,000 Salmonella ryphi (Typhoid fever)
100,000 - 1,000,000,000 Salmonella sp. (Gastroenteritis)
1,000 - 100,000,000 Vibrio cholerae (Cholera)

SOURCE: Bryaa, 1974.

“irrigation set" of 2 in. of water. In California, crops cannot be harvested for two weeks
following a reclaimed water irrigation set. If a plant occupies 2 square feet, it would receive
about 2.4 gal of water. Even if the treatment plant failed completely, and assuming all the
viruses in that volume of untreated wastewater stuck to the edible part of the plant, one would
expect approximately 10 pfu per plant. With treatment, the number of viruses remaining on
the plant is essentially zero. The study also found that a five-log reduction in viruses occurred
in soil after ten days.

While the use of essentially pathogen-free sewage sludge or effluent would be ideal,
materials of lesser sanitary quality (less treatment) can be applied in cases where direct human
exposure to applied sludge or effluent is minimal, In these instances natural decay processes in
the soil would be relied on to reduce the number of pathogenic agents to safe levels. Site
restrictions would be required to limit public access and to allow adequate time for pathogen
reduction prior to crop planting, harvesting, or domestic animal grazing,

INFECTIOUS DISEASE RISK

Where wastewater or sludge treatment is the primary mechanism to protect the public
‘from infectious disease, acceptable microbiological quality standards must be developed. In the
case of treated effluents used for crop irrigation, these values have developed over time and are
based upon the use of standard water quality bacterial indicator microorganisms (e.g., coliform
group or fecal coliform bacteria). More recently, specific treatment processes have been relied
on to effect a significant reduction in the numbers of viruses and parasites (i.e. @ process
standard rather than a strict microbiologica! standard). For example, the Water Reclamation
Criteria of California, which has been a model of reclaimed water regulations for many states
(see Chapter 7), has established process standards for crop irrigation to ensure that the reclaimed
water has a concentration of total coliform (or fecal coliform) less than or equal to 2.2 per 100
ml. This criteria is considered safe for human contact, and is based on past experience of health
professionals and on a lack of detectable health problems associated with agricultural irrigation
with treated effluent that meet this microbiological quality criteria. Thus, the microbiological
quality values are not based on a formal risk assessment but rather on experience and the know-

L
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in Chapter 7) are also set primarily on the basis of experience, and expected cfficiency of
treament processes to reduce pathogens.

There is a desire among regulators, producers, and users to develop and evaluate stand-
ard sbased on a more defined framework for risk assessment, This desire is generating interest
in the use of mathematical models to predict the risk of infectious disease among those exposed
to domestic waste-associated materials. Mathematical modeling makes assumptions explicit and
is weful in organizing data and assumptions into a framework that leads to quantitative
precictions, Models should, however, be used with caution. The model itself brings no new
data or information to the process, and careful interpretation of modeling results is required; a
numierical result of a model has human health significance only in the context of the model's
assumptions. The mathematical format and numerical output of these models can lead to

Attemplts to provide a quantitative model for the assessment of human health risks
assocated with the ingestion of waterborne pathogens have generally focused on estimating the
probability of an individual infection resulting from a single €xposure event. Most models
described in the literature are of the same generic form (Fuhs, 1975; Dudley et al., 1976; Hass,
1983; Payment, 1984; Asano and Sakaji, 1990 and Rose and Gerba, 1991). They give a single
value estimate of the probability of a particular exposure leading to infection or disease in a
single individual and, except for Dudley's work, provide little or no information on the
uncertainty or variability in this estimate.

A different approach to infectious disease risk assessment modeling starts from a pop-
ulation perspective and carries the analysis beyond the simple individual risk of infection or
diseass by estimating the probability distribution of the number of infected or diseased people
in the exposed population (Cooper et al., 1986; Olivieri e al., 1986, 1989), This type of
dynarnic model allows for the evaluation of the sensitivity of the risk distribution to varying the
dose and to varying the dose-response assumptions, Ideally the dynamic risk model should
include the size of the exposed population, the immune status of the population, and other
relevant demographic factors. The strength of this modeling approach is tha: it overtly
atknowledges both uricertainty and variability in parameter values in a structured fashion that
helps avoid unrealistic worst-case analysis results. Presently, it would be premature (o give too
much weight to the results of any of the existing models. It is anticipated that the development
of the more sophisticatad dynamic models will eventually enable risk managers to better
understand the uncertainties involved and more realistically evaluate risk estimatas.

MONITORING INFECTIOUS DISEASE POTENTIAL

Many of the variables associated with the transmission of infectious disease from waste-

7
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-water and sludge are cither not well understood or are unpredictable. Thus, it is essential that
the dose of infectious agents in these materials be reduced to numbers that minimize the risk of
disease transmission. This implies that a treatment process, including site restrictions, be
applied that will reliably reduce the concentration of pathogens to an acceptable level prior to
human or animal contact,

There is a great diversity of pathogenic agents involved in the fecal-oral exposure route,
and an equal diversity of dose-response relationships. Monitoring for all of these agents is
impractical; therefore, the use of indicator organisms has been the traditional approach to esti-
mating sanitary quality. Coliform bacteria have been the most used in this regard. Their
presence in the environment, particularly the fecal coliforms, is an indication of the presence of
animal and human fecal matter, and thus the possible presence of many associated pathogens.
Intestinal bacterial pathogens will react to environmental phenomena in much the same manner
as coliforms, so the rates of removal of coliforms during water reclamation or sludge processing
should reflect a similar reduction in pathogenic bacteria., Coliform bacteria determinations, in
themselves, may not adequately predict the presence of viruses, protozoa or helminths. Many
enteric viruses, for example, have a greater resistance to chemical disinfection and irradiation
than do most bacterial indicators.

There are instances in sludge processing, such as composting, in which the coliform
levels cannot be satisfactorily reduced even though there is reason to believe that the sanitary
quality of the material is otherwise acceptable (EPA, 1992b; Skanavis and Yanko, 1994). In this
situation, when the coliform numbers remain high, one should directly monitor for species of
Salmonella to demonstrate the absence of this common bacterial pathogen,

Many of the parasites of concern exist in the encysted stage outside of the human or
animal intestinal track, and are quite resistant to chemical and physical disinfection in this form.
Wastewater reclamation practice relies on the treatment process to control these parasites.
Parasite ova and cysts concentrate in sewage sludge and thus are of most concern for land
application of sludge. Helminth ova are very resistant to those environmental factors that reduce
the numbers of bacterial indicators or animal viruses in sludge. Because of its particular
resistance, the presence or absence of viable helminth ova is being used as a criterion for
monitoring for the presence of helminths in sludge to be applied to land (EPA, 1993).

As previously explained, there in no general agreement on the numerical values used in
setting microbiological standards. They vary from region to region, both domestically and
internationally. The standards are based on expected performance of wastewater treatment
processes and on past experience with land application rather than on predictive science,

Because coliform bacteria are not always reliable indicators of the sanitary quality of
reclaimed water or of sludge, there is 2 continuing search for substitute indicator organisms or
for methods for directly measuring pathogens. The bacterium Clostridium perfringens is an
example. Because of its presence in large numbers in wastewater, ease and speed of detection
and the resistance of its spores to disinfection, this bacterium is considered by some to be a good
indicator of how effective a treatment process has bean, The evaluation of such potential pro-
cess monitoring indicators should be encouraged.

Applications of immunological and molecular biological methods to environmental micro-
biology are evolving and offer the possibility for low levels of pathogenic microbes to be
detected directly from environmental materials such as water and soil. Fluorescent antibody
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(FA) methods are available that are both qualitative and quantitative for specific microbial
pathogens such as Giardia and Cryptosporidium. Gene probes have equal or greater specificity
for” species of microorganisms as FA, but at the present time are less suitable for rapid quan-
tification. The application of polymerase chain reaction (PCR) methodology has the potential

more definitive monitoring, questions remain about the viability of the microbes detected and
about the public health significance detecting very low numbers of these agents in water and
sludge that are applied to land.

PUBLIC HEALTH EXPERIENCE WITH THE USE OF
RECLAIMED WATER AND SLUDGE

There is an extensive literature on the public health (infectious disease) experience with
wastewater reclamation and reuse (EPA, 1992a). This is not the case for the application of
treated sludge onto land. There have been no reported outbreaks of infectious disease associated
with a population’s exposure—either directly or through food consumption pathways—to ade-
quately treated and properly distributed reclaimed water or sludge applied to agricultural land,

Reports of the occurrence of infectious disease transmission linked to the irrigation of
food crops with wastewater are associated with untreated sewage or treated wastewater of
questionable quality. A recent epidemiological review of disease transmission from irrigation
with reclaimed water (Shuval, 1990) also concludes that only untreated wastewater has been
implicated in the transmission of infectious disease. Except for the use of raw sewage or
primary effluent on sewage farms in the late 19th century, there have not been any documented
cases of infectious disease resulting from reclaimed water use in the United States (EPA, 1992a,
Water Pollution Control Federation, 1989).

In California, as a result of the Monterey study and others (Sheikh et al., 1990), a
treatment process for reclaimed water has been approved by the state for any nonpotable
purpose, including application to Crops eaten raw. State health officials are convinced that
specific treatment processes can be used to reduce the levels of pathogens such that treated
wastewater is "safe to use.” California standards for reclaimed water tend to lead the way in
the United States, and are compatible with those developed by EPA in their Guidelines for Water
Reuse (EPA, 19923), See Chapter 7 for a discussion of tha regulations governing pathogen
control in reclaimed water and sludge.

The most extensive literature on human CXposure to wastewater is concerned with the
infectious disease risk to wastewater treatment plant operators and maintenance personnel, A
review of the literature indicates that the occurrence of clinical disease associated with
Gecupational exposure among these workers is rarely reported (Cooper, 1991a,b), From these
observations it is not unreasonable to assume that exposure of agricultural workers to reclaimed
water used in irrigation would result in an even lower risk of infectious disease than that to
sewage plant operators.

Because of the intense public concern over AIDS, sewage treatment plant operators and
others who come in close contact with wastewater and sludges have questioned their risk of
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infection with the HIV virus. All evidence indicates that there is no cause for alarm since the
HIV virus does not survive in water; its transmission requires intimate contact with infected
blood or body fluids (Moore, 1993; Riggs, 1989).

There have been a limited number of reports conceming an allergic response in sewage
treatment plant workers exposed to species of Aspergillus fungi in the dust associated with the
composting of sewage sludge (Clark et al., 1984; Epstein, 1994). In this instance the fungi
source is not wastewater but growth of this common fungi as part of the composting process.

The potential effects of aerosols generated by wastewater treatment plants on the sur-
rounding community have been the subject of much speculation, To date, the information
collected by multiple investigators indicates that no health problems have been demonstrated to
be associated with these asrosols, This issue was thoroughly documented in the proceedings of
an EPA symposium on wastewater aerosols and disease (Pharen, 1979), From these ob-
servations, one could assume that the risk of contracting infectious disease from exposure to
aerosols of reclaimed irrigation water is also negligible. No adverse health effects have ever
been reported from the irrigation of median strips, parks, or private residences irrigated with
properly treated reclaimed wastewater.

The limited number of epidemiological studies that have been conducted in the United
States on treatment plant workers exposed to municipal wastewater or sludge or populations
exposed to reclaimed water or treated sludge land application projects indicate that exposure to
these materials was not a significant risk factor. However, the value of prospective epi-
demiological studies on reclaimed water or sludge use is limited because of a number of factors,
including a low illness rate—if any—documented as resulting from these reuse practices,
insufficient sensitivity of current epidemiological techniques to detect low-leve! disease
transmission, population mobility, and difficulty in assessing actual levels of exposure.

Infectious diseases of the types that could be associated with municipal wastewater are
under-reported and exposures are scattered, so that effects may well go unrecorded. From a
public health point of view, the major microbiological considerations for evaluating any reuse
management scheme are the ability to effectively monitor for treatment efficacy and the
reliability of the process used to effect pathogen reduction.

One must keep in mind that there are a great many sources of these infectious disease
agents other than reuse of wastewater or sludge, such as prepared food and person-to-person
contact. Therefore, the potential added increment of pathogen exposure from the proper reuse
of reclaimed water or sludge is minuscule compared to our everyday exposure to pathogens from
othar sources,

SUMMARY

Pathogenic microbes are inherent to domestic sewage and sewage solids. Because of the
potential for the transmission of these infectious disease agents to humans and animals, use of
these effluents on crops and grazing land must employ management strategies that protect the
public's health, The main thrust of any management strategy is reduction of concentrations of
pathogens to acceptable levels. This reduction can be achieved by treatment prior to land
application or, as an alternative scheme in the case of sludge and raclaimed water of lower

W————-—-
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Public Health Concerns About Chemical Constituents
in Treated Wastewater and Sludge

There are many chemical constituents that enter the municipal waste stream that are of
potential concern for human health, These substances include organic chemicals, inorganic trace
elements (such as cadmium and lead), and nitrogen. Conventional agricultural practices, such
as the use of commercial fertilizers, also have the potential to introduce additional chemical
constituents to soil. However, this report is not attempting a comparison between public health
effects of conventional agricultural inputs and those derived from municipal wastewater or
sludge. The degree to which constituents from municipal wastewater present a risk to human
health depend on their concentration in reclaimed water and treated sludge and the fate and
transfer of these chemicals from the wastewater/sludge sources to human receptors via various
exposure pathways. The chemical composition of sewage and the degree to which chemical
concentrations are reduced in effluent and sludge by secondary and advanced treatment were
discussed in Chapters 2 and 3. The degree to which chemical concentrations of these con-
taminants in reclaimed wastewater and sludge are further reduced through natural processes in
the environment and their availability to food plants were the subjects of Chapter 4, Trans-
mission of toxic contaminants to humans from agricultural use of reclaimed wastewater and
siudge is covered in this chapter,

The U.S. Environmental Protection Agency (EPA) identified Priority Pollutants in
regulations that deal with municipal and industrial wastewater (EPA, 1984) due to their toxicity
to humans and the aquatic environment. These Priority Pollutants are divided into four classes:
(1) heavy metals (oftentimes referred to as trace elements or trace metals) and cyanide, (2)
volatile organic compounds, (3) semivolatile organic compounds, and (4) pesticides and poly-
chlorinated biphenyls (PCBs), In addition, nontoxic Organic compounds in wastewater can be
transformed into potentially toxic chlorinated organic compounds, such as trihalomethanes, when
chlorine is used for disinfection purposes (National Research Council, 1980,

For the purpose of this review, non-metallic trace elements, such as selenium, are
grouped together with the heavy metals under the more general designation of "trace elements.”
The following discussion first considers the fate of organic compounds from sludge and
wastewater applications to soil. The uptake of these chemicals into plants and animals that go
into the human food chain is then examined. Finally, the potential for adverse health effects
from trace elements in sludge and wastewater via these same pathways is evaluated,

100
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FATE OF AND EXPOSURE TO ORGANIC CHEMICALS

Principal pathways of human exposure 10 sludge- and effluent-borne toxic organic com-
pounis from land application to cropland include (Dean and Suess, 1985):

* Uptake by plant roots, transfer to edible portions of plants, and consumption by hu-
mans.

* Direct contact of edible plant parts with sludge or reclaimed water applied by spraying,
and cinsequent consumption by humans.

* Direct contact by children who play on sludge/wastewater-treated so0il and inadvertently
ingestsmall amounts of soil,

* Uptake by plants used as animal feed, animal ingestion causing transfer to animal food
products, and consumption of the animal food products by humans.

* Direct ingestion of soil and/or sludge by grazing animals, transfer to animal food
products, and consumption of animal food products by humans,

Human exposure to toxic organic chemicals through incidental ingestion of sludge, ef-
fluents, or treated soil (pathways 2 and 3 above) is not considered in detail in this report.
Chapter 7 discusses EPA’s risk analysis, which evaluated all exposure pathways.

Behavior of Toxic Organics in the Soil

It has been suggested that most toxic organic compounds are present in sludge at con-
centrations less than 10.0 mg/kg (Jacobs et al., 1987). Therefore, when sludges are applied to
soil at agronomic rates and mixed with the surface, concentrations of toxic organics within the
top 15 cm of soil normally will not exceed 0.10 mg/kg. In one survey, the level of toxic
organics in sludge-amended soils was considered to be similar to or lower than background
pesticide soil concentrations of 0.01 to 1.0 mg/kg (Naylor and Loehr 1982). They are further
reduced by microbial decomposition,

In theory, there are a number of environmental processes that, when added to the soil,
can interrupt the éntry of toxic organic chemicals into the food chain. Organic chemicals from
wastewaler or sewage sludge may be destroyed directly after land application by biodegradation
and chemical- and photo-oxidation, Organic compounds may also be volatilized, immobilized
onto solid particles by Sorption processes, or transported (leached) unaltered through the soil
column to reach the ground water. In more complex mechanisms, sorbed organics may sub-
sequently be chemically or photochemically degraded, microbizlly decomposed, or desorbed.

A considerable body of research has been performed on the behavior of organic pesticides
insoil. Both laboratory and field experiments suggest that during land treatment, most pesticide
residues are adsorbed by soil particles and remain sorbed on surface soils until degraded by
microorganisms or volatized (Cork and Krueger, 1991). The relative degree of intrinsic bio-
degradability of toxic organics on the EPA Priority Pollutants list was illustrated by Tazbak et
al. (1981) in laboratory studies. They collected data on biodegradability and microbial
*eclimation of 96 compounds using bacterial inoculum from domestic wastewater and synthetic
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Regulations Governing Agricultural Use of
Municipal Wastewater and Sludge

Government regulations at both the federal and state levels develop within a complex set
of circumstances. To fully understand them, regulations must be examined in terms of the
regulatory approach taken, the underlying scientific principles that are applied, the objectives
of the regulation, and the effectiveness of implementation. The following section begins with
a discussion of the regulatory background for agricultural use of municipal wastewater and
sludge. Current federal standards for control of pathogens and toxic chemicals in sludge use are
then described and evaluated. Finally, state regulations and United States Environmental Pro-
tection Agency (EPA) guidelines for agricultural irrigation with treated effluents are discussed.

The implementation of wastewater and sludge reuse programs also involves other reg-
ulatory components, including program management, surveillance, and enforcement. Economic
considerations, liability issues, and public concerns will likewise play a role. These imple-
mentation issues are considered in Chapter 8.

REGULATORY BACKGROUND
Agricultural Irrigation With Wastewater

Irrigation of crops with treated effluent and farmland application of sewage sludge have
been conducted without federal regulations for decades in the United States. Early regulation:
by states addressed infectious disease transmission and the reduction of odor. Wastewatar
irrigation continues to be regulated at the state level, and those states (such as Arizona, Cal-
ifornia, Florida, Hawaii, and Texas) that have active water reuse programs have developed
comprehensive, numerical water quality criteria for different water uses, including crop
irrigation. Pathogen reduction continues to be the major concern, and microbiological limits for
treated effluents are based largely on practical experience within the public health community,
and on the expected performance of wastewater treatment processes. There have been no reports
of infectious disease associated with agricultural reuse projects, and existing criteria are con-
sidered to be adequate (see Chapter 5). Most states distinguish between produce (or crops that
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an be caten raw) from crops that are commercially processed or cooked prior to consumption,
@d require more stringent water quality levels for produce crops.

Nevertheless, states differ in the manner in which wastewater irrigation can be imple-
mented, For example, California, with the longest history of regulating reclaimed wastewater
fir agricultural use, permits high-quality effluents to be used on produce crops. Florida
Tormally restricts the agricultural use of reclaimed water to those food crops that are skinned,
<ooked, or thermally processed before consumption (EPA, 1992).

Chemical pollutants in treated municipal wastewater have not been targeted by state
regulations for reclaimed water. This is because the concentrations of these pollutants in
eifluents that receive a minimum of secondary treatment are comparable to those in conventional
sturces of irrigation water, and the reclaimed water generally meets current irrigation water
quality criteria (e.g., Wescot and Ayers, 19835) for chemicals that are potentially harmful to crop
production or to ground water contamination (see Chapters 2 and 4 for further discussion).
Suurce control of industrial inputs, conventional secondary treatment, and advanced treatment
ar relied upon to reduce effluent concentrations of chemical pollutants to levels that do not
irmpact the particular end use,

Agricultural Use of Sewage Sludge

Sewage sludges are recognized as potentially harmful because of the chemical pollutants
and the disease-causing agents they may contain. Prior to the early 1970s, there was no direct
legislative authority for any federal agency to regulate siudge disposal. In 1972, Congress

e directed EPA to regulate the disposal of sludge entering navigable waters through Section 405(a)
of the Federal Water Pollution Control Act. The Resource Conservation and Recovery Act

(RCRA) of 1976 (P.L. 95-5 12) exempts sewage sludge from hazardous waste management

regulation in cases where industrial discharges to the publicly owned treatment plant (POTW)

are already regulated under EPA-approved pretreatment programs. In 1977, Congress amended
section 405 of the Federal Water Pollution Control Act to add a new section, 405(d), that
required EPA to develop regulations containing guidelines for the use and disposal of sewage
sludge on land as well as in water. These guidelines were to (1) identify alternatives for sludge
use and disposal; (2) specify what factors must be accounted for in determining the methods and
practices applicable to each of the identified uses; and (3) identify concentrations of pollutants
that would interfere with each use. Federal criteria (40 CFR Part 257) identifying "acceptable
soiid waste disposal practices—including landfill and land application—were issued in 1979 under
the joint authority of RCRA (Subtitle D) and the Clean Water Act (Section 405). These criteria
specified limits on cadmium in sludge and soil pH levels, limited the soil incorporation of
| sludges with greater than 10 mg/PCB/kg, and contained criteria for pathogen reduction. How-
ever, these criteria for sludge use and disposal were not widely used.

In 1987, Congress once again amended Section 405 1o establish a timetable for
developing technical standards for sewage sludge use and disposal (Water Quality Act of 1987,
P.L. 100-4). Congress directed EPA to identify toxic pollutants that may be present in sewage
! sludge in concentrations that may affect public health and the environment, and to specify
acceptable management practices and numerical limits for sludge that contain these pollutants.

‘_
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General Approach to Risk Assessment

The method for performing a risk assessment, as outlined by the NRC (1983), consist
of four steps: (1) hazard identification, (2) dose-response evaluation, (3) exposure evaluation
and (4) characterization of risks.

Hazard Identification

The first step in the risk assessment process—hazard identification—is to determine the
nature of the effects that may be experienced by a human exposed to an identified pollutant an¢
whether evidence of toxicity exists sufficient to warrant a quantitative risk assessment. Data ar¢
gathered on a specific pollutant and qualitatively evaluated based on the type of health effec
produced, the conditions of exposure, and the metabolic processes that govern pollutant behavio!
within the human body or other organism studied. It may also be necessary to characterize the
behavior of the pollutant in the environment. Thus, hazard identification helps to determine
whether it is scientifically appropriate to infer that effects observed under one set of condition:
(¢.g., in experimental animals) are likely to occur in other settings (e.g., in human beings), anc
whether data are adequate to support a quantitative risk assessment. The following two sections
discuss how such guantitative assessments are conducted.

Dose-Response Assessment

The second step in the risk assessment process is estimating or evaluating the dose:
response relationships—what "dose”™ of a chemical produces a given "response"—for the pol:
lutant under review. Evaluating dose-response data involves quantitatively characterizing the
connection between exposure to a pollutant (measured in terms of quantity and duration) and the
extent of toxic injury or disease. Most dose-response relationships estimates are based on animal
studies, because even good epidemiological studies rarely have reliable information on human
exposure, In this context, two general approaches to cdose-response evaluation are used,
depending on whether the health effects are based on threshold or nonthreshold characteristics
of the pollutant. "Threshold" refers to exposure levels below which no adverse health effects
are assumed to occur. Effects that involve altering genetic material (including carcinogenicity
and mutagenicity) may take place at very low doses; therefore, they are modeled with no
thresholds. For most other biological effects, it is usually, bu: not always, assumed that thresh-
old levels exist.

Exposure Evaluation

Exposure evaluation estimates environmental concentrations of pollutants. The severity
of the exposure is then assessed by evaluating the nature and size of the population exposed to
the pollutant, the route of exposure (i.e., oral, inhalation, or dermal), the extent of exposure
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(concentration times duration), and the circumstances of exposure,

Risk Characterization

In the final phase of a risk assessment, the risk characterization, information on the range
of exposures and risks and on al| major uncertainties, along with their influence on the assess-
ment, are presented.

EPA’s Risk Assessment Approach
Hazard ldentification

EPA initially developed environmental profiles and hazard indices on 50 pollutants that
were selected by a group of experts convened by EPA in 1984 (EPA, 1993). Of those 50
pollutants, 22 (10 metals and 12 organics) were selected, through a screening process, for
regulation in the 1989 proposed rule for land application (Federal Register, 1989). These 22
pollutants are listed in Table 7.3.

After the proposed rule was issued, EPA completed a National Sewage Sludge Survey

tie Part 503 Sludge Rule. The criteria used to remove organic pollutants from the rule is
discussed below,

Three screening criteria were used to assess the need for regulating the 12 organic pol-
lutants that were part of the original 22 pollutants identified in the proposed rule, Ifa pollutant
satisfied any one of the criteria below, it was exempted from regulation in Part 503. The three
criteria were described as follows:

* The pollutant has been banned for use, has restricted use, or is no longer manufactured
for use in the United States.

* The pollutant has a low frequency of detection in the sewage sludge (less than S
percent), based on data from the NSSS.

* The concentration of the pollutant in sewage sludge is already low enough that the
estimated annual loading to cropland soil would result in an annual pollutan: loading rate within
aliowable risk-based levels.

* Based on these criteria, EPA exempted all of the organic pollutants under consideration.
The pollutant loading used for the third criterion is based on the quantity of sewage sludge that
would be applied at agronomic rates and using the sludge pollutant concentration equal to the
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TABLE 7.11 Maximum Permissible Organic Pollutant Loading Rates Calculated from |
Chain Exposure Pathways

Maximum Permissible Pollutant Loading |

Most Limiting (kg/halyr)

Pollutant Rate
Pollutant (kg/halyr) Pathway 1 Pathway 4 Pathway
Aldrin/Dieldrin 0.03 (5) 2.8 0.2* (
Benzo(a)Pyrene 0.15(3) 23 NA* N/
Chlorodane 0.9 (@3) 34 3607 2
DDT/DDD/DDE 1.2 (12) 560 48 |
Dimethylnitrosoamine 0.02 (3) 87 NA N2
Heptachlor 0.7 (5) 990 110 {
Hexachlorobenzene 0.3 (5 320 48 (
Hexachlorobutadiene 6 (3) 43,300 NA 4
Lindane 0.8 (3) 2,300 1,500 |
PCBs 0.05 (5) 37 4.3 (
Toxaphene 0.10 (5) 2,800 120 (
Trichloroethylene 100 (3) 220,000 NA N2

*Values shown for the Most Limiting Pollutant Rate are obtained from EPA, 1993b in Table 5.4-5.6, pp. !
of the Technical Support Documeat of the Part 503 Regulation. These values represent the smallest of the refi
annual pollutant application rates (or *RPa” measured in kg/halyr) for the organic pollutant, Where an RF
not directly available, it was derived from the reference cumulative application rates (or "RPc” measured in
which are used in Table 7-10) by assuming a life span of the application site of 100 years, Therefore, th
would be 1/100th of RPe, Alternately, an RPa was derived from the refereace concentration of a pollut
sewage sludge (or "RSC" measured in pg/g) by assuming an annual sewage sludge application rate of 10
tons/ha. The number in parenthesis indicates the pathway from which the most limiting pollutant rate is de

"All values converted from coaceatration of pollutant in sewage sludgs {mg/kg) with the assumption of
sludge application rate at 10 metric tons/balyr.

“NA: not applicable because (1) plant uptake is inconsequential, or (2} food exposure route to humans is extr
small compared to exposurs from other sources,

SOURCE: EPA, 1993b

rigation. Although the practice has not been extensive, reclaiming municipal wastewate
crop irrigation is well-established in some parts of the country. Over the years, federal age
have not exercised direct regulatory authority over either wastewater irrigation or other ty
effluent reuse, except through provisions in the National Poliutant Discharge Elimination Sy
permit system which regulates the discharge of treated wastewater effluents, In practice, w
water irrigation is normally treated as a community-wide environmenta! sanitation and p
work improvement project that should undergo rigorous facility planning and engine
evaluation (EPA, 1981). The technical merit, market feasibility, and public health risks of
potential project should be carefully reviewed by many agencies before it is implemented.
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TABLE 7.12 Limiting Pathways for Organic Chemical Pollutants Evaluated in the Developmap,
of The Part 503 Sludge Rule

S 7 e
. Limiting Pathway
Poliutant Highly Exposed Individual (HEI) Number
Aldrin Eating animal fat/milk 5
Dieldrin Eating animal fat/milk 5
Benzo(a)Pyrene Sludge eaten by child 3
Chlordane Sludge eaten by child 3
DDT/DDD/DDE Eating fish 12
Dimethylnitrosamine Sludge eaten by child 3
Heptachlor Eating animal fat/milk 5
Hexachlorobenzene Eating animal fat/milk 5
Hexachlorobutadiens Eating animal fat/milk 5
Lindane Sludge eaten by child 3
PCRs Eating animal fat/milk 5
Toxaphens Eating animal fat/milk S
Trichlororethylene Sludge eaten by child 3

is usually done and there have been no reported incidents in the United States of food con-
tamination and/or water pollution caused by applying treated wastewater effluents to cropland.

The public health is protected by adequate and reliable treatment of the reclaimed water
as well as site restrictions associated with the degree of treatment. In the United States, both the
level of wastewater treatment and the microbiological requirements for agricultural reuse vary
from state to state. By 1992, at least 19 States had set regulations or guidelines for the use of
reclaimed water on food crops.

Recently the EPA published guidelines for the reuse of wastewater in a number of
applications, including use in agriculture (EPA, 19922). Those recommended criteria that are
pertinent to infectious disease transmission through agricultural application are summarized in
Table 7.13. Reclaimed water applied to most food crops, particularly those that can be eaten
uncooked, should be processed at least through secondary treatment followed by filtration and
adequate disinfection.

Evolution of Regulations Governing Irrigation with Treated Municipal Wastewater

In many respects, California has been a pioneer in reclaiming and reuse of municipa!
wastewater. The wastewater irrigation-related regulations in California can therefore be used
a5 a model for examining regulatory development. The California Water Code (State of Cal-
ifornia, 1987) declares that “the people of the state have a primary interest in the development
of facilities 1o reclaim water containing waste to supplement existing surface and ungi_qrground
water supplies and to assist in meeting the future water requirement of the state” (Cal. Water
Code, Section 13510). The statute further declares that "the use of potable domestic,wa ' for
nonpotable uses, including, but not limited to, cemeteries, golf courses, p;ar, 3.C
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TABLE 7.13 Summary of EPA Guidelines for Reclaimed Water Reuse in Agriculture

7 Type of reuse Treatment Required Water quality
i : Food crops not commercially Secondary <2.2 fecal Coliform/100mL
o processed Filtration Img/L Cl, residual after 30 min. contact tim
' Disinfection (minimum)
Turbidity < 2NTU
< 10mg/L BOD
Food crops commercially processed  Secondary <200 fecal coliform/100ml.
including orchards and vineyards 1mg/L Cl; residual after 30 min.
Disinfection contact time (minimum)
< 30mg/L BOD
< 30mg/L SS
Nonfood crops
pasture, fodder, fiber and seed Secondary < 200 fecal coliform/100mL
Img/L Cl; residual after 30 min. contact time
Disinfection (minimum)
< 30mg/L BOD
< 30mg/L §S

P
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scaped areas, and industrial and irrigation uses, is a waste¢ or an unreasonable use of the wat
within the meaning of .... the California Constitution if reclaimed water is available..... " (C:
; Water Code, Section 13550). These policy declarations culminated in a mandate that "the Stz
Department of Health Services shall establish statewide reclamation criteria for each type of u
of reclaimed water where such use involves the protection of public health® (Cal. Water Cod
Section 13521). In California, wastewater reclamation and reuse is an integral part of the wat
resource management plan. The provisions of Reclamation Criteria of California (Departme
of Health Services, 1993) reflect the legislative intent. They are conducive to water reuse a
are enacted to protect public health when reclaimed water is used.

Long before the statutes were official, domestic wastewater was used in crop irrigati
(Ward and Ongerth, 1970). In 1910, at least 35 communities in California operated sewa
farms to dispose of raw sewage or septic tank effiuents, In 1918, the California Board of Hea!
| adopted regulations governing the use of sewage for irrigation purposes. It prohibited the u
of raw sewage, septic tank effluents, and other similar wastewater for irrigation of vegetabl
that would be consumed uncooked by people. The regulation permitted the use of untreat
wastewater for irrigating crops that would be cooked before consumption, provided that a 30-d
or longer waiting period was observed prior to harvest, It also permitted the use of reclaim
water for fruit and nut trees and melon crops if the products did not come into direct cont:
with the wastewater. For the next 75 years, the regulations continued to evolve in re-sponse
v new experience in wastewater use, new wastewater treatment technology, and as the demand {
M reclaimed wastewater rose.
&; In 1933, the regulation was revised to allow the use of well-oxidized, nonputrescible, &
reliably disinfected or filtared effluents for irrigation of vegetable crops for raw consumptio
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Requirements were established for the finished water's coliform counts and the treatment plan,
operations. Subsequently, a more comprehensive regulation for the yse of reclaimed water for
irrigation and recreational impoundments was adopted in 1968 to accommodate the increasing
population and volume of reclaimed water available for reuse. The new standards specified
levels of wastewater treatment required and coliform density of finished water for Various type
of uses. The need to insure wastewater treatment reliability and to limit public access to the
application site was documented based on the data of several field investigations. In 1975,
regulatory provisions were added 1o guarantee wastewater treatment reliability and to limit public
access to the application site. Since it inception, the Reclamation Criteria (California De.-
partment of Health Services, 1993) has been revised several times. However, the technical
requirements for crop irrigation remained the same as written in 1975,

General Description of the State Regulations

concerns targeted have been the risk of pathogen and chemical pollutant exposure to workers
involved in irrigation projects, to residents near a wastewater irrigation site, and to consumers
of food produced from wastewater-irrigated fields. Regulations have focused on infectious
disease risks by establishing the following:

* the level of wastewater tréatment required (primary treatment, secondary treatment,
oxidized, filtered, coagulated, disinfected, etc.);

* the upper limits for selected water quality parameters to insure wastewater treat-ment
reliability (maximum BOD, total suspended solids, chlorine residual, turbidity, indicator

* treatment reliability provisions:

* site management practices that prevent workers and residents from being exposed to
2pplied water and contaminated solls at the application site (providing setback distance, limiting
public and worker access, posting warning signs, Cross-connection prevention. h vdraulic loading
ratz, etc.); and

* water management practices that minimize contzmination of Crops (specifying method
of irrigation and/or types of crops permitied, requiring waiting period for crop harvesting or
animal grazing, maximum water application rate, etc.)

Regulations define the conditions necessary to minimize human exposure to pathogens.
This is accomplished by specifying the degree of treatment the wasiewater receives, by speci-
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fying time and environmental conditions to reduce pathogen survival prior to human contact, ¢
by restricting certain food crops depending on the level of reclaimed water quality, There
usually backup technical requirements in these state regulations such as simultane
specification of wastewater treatment levels to minimize presence of pathogens, provision
setback distance to prevent direct contact with pathogens, and waiting period requirement af
irrigation to reduce pathogen survival.

Five of the 18 states that permit reclaimed water for irrigation of produce crops requ
advanced wastewater treatment (e.g., oxidation, clarification, coagulation, filtration, and ¢
infection). To ensure the consistency of treatment performance, the total coliform (or fe
coliform) density of finished water is required to be less than or equal to 2.2 per 100 millilite
Under such a circumstance, the reclaimed water is considered to be essentially free of pathog
for nonpotable reuse purposes. Other requirements such as setback distance, waiting period,
restricted site access are, in this case, not necessary.

At the other end of the spectrum, primary effluents may be permitted to irrigate f
crops for processing if requirements are met to protect workers and nearby residents and
prevent water pollution. Human exposure to pathogens is controlled by factors other ti
pathogen density in the wastewater effluents. The deficiency in one factor may be mitigated
more stringent requirements of other factors. For example, in Utah, food crops may be irriga
by secondary effluents with total coliform density up to 2000/100 m! (30-day average), provi(
spray irrigation is not used. In this case, the risk of exposure to pathogens is reduced
preventing the water from coming into direct contact with the food crop.

If reclaimed water is used to irrigate nonfood crops or animal food crops, the risk
exposure to pathogens is considerably smaller than with vegetables produced for raw c
sumption by humans. Therefore, restrictions on wastewater treatment levels and operatio
reliability usually are more relaxed for nonfood crops than are those required for irrigat
human-consumed food crops. Effluents from oxidation ponds, primary treatment, and second
treatment are all acceptable under various circumstances, But the other requirements such
setback distance and site access usually remained the same or become more stringent for
protection of workers and nearby residents, Many states (15 of the 35 states that permit
reclaimed wastewater for nonfood crop irrigation in 1992) either: (1) ban the used of low
quality treated wastewater on pasture, (2) require disinfection when irrigating pastures
milking animals, or (3) require an extended waiting period before animals are allowed on fiz
irrigated with lower-quality wastewater effluents,

So far, trace chemical contaminants in treated municipal wastewater have noi b
targeted by State regulations or EPA guidelines for reclaimed water because their concentratii
in wastewater receiving a minimum of secondary treatment are comparable to conventio
sources of irrigation water (see Chapter 4). Source control of industrial inputs, conventio
secondary tréatment, and advanced treatment are relied on to reduce effluent concentration:
chemical polivtants to levels that meet current irrigation water quality criteria (e.g., Wescot
Ayers, 1983) for chemicals that are potentially harmful to crop production or to ground wi
contamination. This assumption appears justified if industrial pretreatment programs are rig
ously enforced by municipalities and wastewater is properly treated. In such case, it is possi
to produce reclaimed wastewater that meets the highest required water quality standard
irrigation of food crops and with trace element and organic chemical concentrations that
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lower than the maximum contamination levels of the National Primary Drinking Water Standarg
(Crook et al., 1990). If the concentrations of chemical pollutants tabulated in Table 7.14 are
typical for reclaimed water, the annual pollutant inputs to the soil through reclaimed water
irrigation will be small and will be balanced or out-balanced by the output through crop
absorption (see Chapter 4 for details). In this manner, toxic chemicals and trace elements are
not expected to accumulate in soils irrigated with reciaimed water to levels that are harmful 1o
humans,

Adequacy of Current Regulations for Reclaimed Water

California’s Water Code defines the Reclamation Criteria as "levels of constituents of
reclaimed water, which will result in reclaimed water safe from the standpoint of public health,
for the uses to be made" (Cal, Water Code, Section 13520), Early on, state regulatory agencies
recognized that numerous pollutants are present in reclaimed water, and it is impractical, if not
impossible, to track all of them. Besides, there is little epidemiological data to define the dose-
response relationships. Defining “levels of constituents of reclaimed wastewater" suitable for

protection,
While the public health safety record for reclaimed water irrigation has been excellent,
there are little epidemiological data to Support or refute the currently regulated levels (Crook,

1978; 1982). For developing countries, recent research in epidemiology indicates that the public
health risks resulting from crop irrigation with treated municipal wastewater are overestimated,

of bacterial pathogens” (World Health Organization, 1989).

Are current regulations for reclaimed water adequate to protect human health? The
answer to this question does not lie in the regulations alone. Over the past century, the en-
vironmental sanitation practice of collecting, treating, and disposing municipal wastewater has
been instrumental in improving the public health, Over time, an integrated infrastructure has
evolved to regulate, plan, and implement the monumental task of handling municipal wastewater
day-in and day-out. This system is vertically integratad with the environmental protection and
pollution control authorities at the federal level, water quality and public health authorities at the
State level, and the environmental sanitation authorities at the local level. The nation is also
horizontally connected across political boundaries by special service agencies that have re-
sponsibilities for collecting, treating and disposing wastewater. Within the framework of this
infrastructure, policies are made: funds are generated and appropriated, regulations are enacted :
| and physical plants are planned, built, and maintained. The common objective culting across
the entire infrastructure are to safeguard public health znd 1o prevent environmenta! pollution,

;
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TABLE 7.14 Concentration of Trace Elements and Toxic Organic Chemicals in Selected
Treated Effluents in California

San Jose Whittier
Pollutant Unit Creek Narrow Pomona NPDWS*
Arsenic mg/I 0.005 0.004 <0.004 0.05
Aluminum mg/l <0.06 <00 <0.08 1.0
Barium mg/l 0.06 0.04 0.04 1.0
Cadmium mg/l ND* ND ND 0.01
Chromium mg/l <0.02 <0.03 <0.03 0.05
Lead mg/l ND ND <0.05 0.05
Manganese mg/i <0.02 <0.01 <0.01 0.05
Mercury mg/l <0.0003 ND <0.0001 0.002
Selenium mg/l <0.001 0.007 <0.004 0.01
Silver mg/l <0.005 ND <0.005 0.05
Lindane pe/l ND ND ND 4
Endrin ugll ND ND ND 0.2
Toxaphene pgll ND ND ND 5
Methoxychlor  pg/l ND ND ND 100
2.4-D pgll ND ND ND 100
24,5-D pel <01 ND ND 10
Turbidity NTU® 1.6 1.6 1.0 2
(silica
scale)
Total No/1Om! <1 < <l 2.2
Coliform

*National Primary drinking water standards

*ND denotes the constitwent was not detected in the specimen.

SOURCE: Crook etal., 1590,
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The interdependency and interlinking of the components provide check-and-balance and technical
radundancy to ensure that integrity will not be breached and that the well-being of the public is
nit threatened by pollutants and pathogens in the wastewater (see additional discussion in
Chapter 8 on Other Government Regulations),

When viewed in this manner, the practice of irrigation with reclaimed water is not a
monolithic event, Instead, it is merely one component of this integrated wastewater handling,
treatment, and disposal infrastructure erected to protect public health and prevent environmental
palution. Whether crop irrigation can be safely administered is therefore interdependent on
wiether other components of the System are performing up to expectation. The current re-
cliimed wastewater irrigation regulations take full advantage of the advances in wastewater
traatment technology to deliver water of appropriate quality. Again, the record has been a
suecessful one.

If the integrity of the infrastructure js maintained, it is reasonable 1o assume that re-
clamation of wastewater for food crop irrigation will continue to be practiced safely. Because
of the checks and balances and technical redundancy offered by the system, the likelihood of
failure is small and, if failure occurs, it is likely to be promptly detected and corrected,
Although the risk from trace chemical contaminants in reclaimed water applied to food crops has
not been quantified, it is likely that such use presents little additional risk since the levels of
trace chemical contaminants in reclaimed water are normally within accepted guidelines that have
been developed for irrigation with conventional sources of irrigation water.

SUMMARY
Pathogen Regulations for Sludge

In the United States, the Part 503 Sludge Rule is the current management strategy for the
application of sludge to Jand. At the present state of our knowledge, this rule appears to be,
with one possible exception, adequate for the protection of the public from the transmission of
waste associated pathogens. The possible exception is the potential that the prescribed waiting
period between the application of Class B sludge and animal grazing may not be adequate to
prevent the transmission of tapeworm to grazing cattle,

Toxic Chemicals Regulations for Sludge

The Part 503 Sludge Rule was developed with the intent to encourage beneficial use of
sewage sludge. Using risk-assessment-based calculations, the regulation specifies numerica)
limits for chemical pollutant loading rates within which the sewage sludge may be safely applied
on cropland. The regulation has a sound conceptual basis for protecting public health and
encouraging beneficial use of sewage sludge.

In terms of trace elements, sewage sludge that is applied according to the pollutan:
loading rates specified in Part 503 should not affect the safety of the nation's food supply. The
pollutant loading rates are set by the maximum permissible loading rates of nonfood-chain

MW - — -



Cood management in field distribution of animal
waste water is as necessary as good management of
holding ponds. Regulations of county health depart-
mets and the Central Valley Regional Water Quality
Centrol Board require that (a} animal waste be kept on
the property of the aperator, {b) not pollute ground-
witer, and (c) not contribute to a nuisance problem.
Well managed field distribution will keep manure-
carrying water—whether irrigation tailwater in
summer or rainfall in winter—out of drains, ditches
and creeks that carry surface drainage off the oper-
ator's property. (California guidelines covering regu-
lations for handling animal wastes are available at
regional Water Quality Control Board offices, from
the state milk inspection service [dalry inspectors],
and other sources.)

Reduce Holding Time and Save Nitrogen

In 4 to 6 years, the value of nitrogen saved in an
efficiently ogemed liquid manure system can more
than offset the cost of constructing a holding pond.
But to make the maximum amount of nitrogen from
manure avallable to crops, irrigation from holding
ponds must be frequent. This is because bacterial
action in manure causes nitrogen loss to the atmo-
sphere in the form of ammonia. The longer wastes are
held in the pond, the more nitrogen will be lost, with
warm weather speeding up the process, Therefore,
only about one-third of a pond’s capacity should be
used for storage in the irrigation season, and the pond
should be pumped dry at least once a month. Less
holding time not only makes maximum use of nitro-
gen in the manure, but also reduces flies, gnats,
mosquitoes, weeds and noxious odors. [See "'Pond
Operation.”

Fertilizer Value of Dairy Manure

As it decomposes, manure releases nutrients for plant
growth. and its organic matter improves soil tilthand
water-holding capacity. A 1,400 pound cow produces
neurly 2 cubic feet of urine and feces per day, contitin.
ing ahout 87 percent moisture and weighing about
1 20 pounds. In a vear, the cow will produce sbout 22

TAHLE 1. Plant Nutrients in Fresh Dairy Manure*

Foces <+ Urine =  Total
Naiteheen Iy tuats ihton |bton
Nitregen, N 3 K] 1
Phosphuste
161 4.7% 023 5
Patash, X0 1.3 a4 10

"Munure also contains many trace slements ueed by cropzs

tons of manure which, when fresh, contains about 220

pounds of nitrogen, 110 pounds of phosphateand 220
pounds of potash.

Assuming that nitrogen, phosphorous and potash
sell for 19, 16 and 6 cents per pound, respectively, the
nutrients in the cow’s manure would be worth$77 per
year. That would be a value of $3.50 per ton of fresh
manure, not counting added bedding materials.
Howevaer, these amounts of putrients in fresh manure
may not all reach the crop. The amount of manure
required to equal a given amount of commercial fer-
tilizer depends on:

® the chemical form of the nutrients in manure and
their changes during storage:

® physical losses from runoff, leaching or volatiza-
tion;

® the amount of bedding or water added.

Furthermore, even after they are upplied to the soil,
the nutrients are not all immediately available for
plant growth. A good part of the nitrogen, especially,
is tied up in humus and will become available only in
future years. When planning how much commercial
fertilizer to apply in addition to manure, assume that
only about 50 percent of the nitrogen {N), 60 percent
of tie phosphorous (P), and 70 nt of the potash
(K) in manure will be available the first year. In other
words, the crop will receive only about $§2 warth of
NPK (gt the sbove prices) per ton of fresh manure
during the first year. The balance of about $1.50 worth
of NPK will remain in the soil and be released more
slowly for future use,

Rate of Manure Application

The amount of manure applied should not exceed the
ability of the soil.crop combination to use the nutri-
ents. The greater the crop requirement for plant nutri-
ents, the greater the amount of manure that can be
applied. It is particularly important not to put on
more-nitengan then is required, because excese nitro.
gen (that not used by the crop) can pollute surface
waters or groundwater,

Under single cropping systems, the upper limit
for manure application should be a ratio of no morn
than three cows per acre of cropland In other
clrcumstances—depending largely on soil coadi-
tions. but also on crops and other factors-=higher
application rates may be used without causing
groundwater pollution problems. Assistance in de-
termining maximum rates with no groundwater prob-
lem can be obtained from county UC Cooperative
Extension offices, .

Double cropping of corn and cereal crops, is an -~
effective way to utilize larger amounts of manure,



(4) No refuse material to inhibit
spraying access,

(5) Owners are responsible for weed
and floatage control,

(6) Separators bypsss drains must be
equipped to prevent pond floatage,
(7) Pond-to-field discharges should
not stand more than four days.

A recent study of dairy lagoons shows
most are well managed and larvae were
scarce, but it only takes one
outbreak to affect the whole
industry. Lagoons that are suspect
generally are those with less than
two feat of free bank space from
wastewvater surface level to top of
levee, “dead” corners where little
wind action can occur, or floatage is
not"chained” to one end and removed.

5. IRRIGATING ALFALFA WITH DAIRY
WASTEWATER

Written by Dr. Scuart Pettygrove,
Extension Specialist, UC Davis

Dairy lagoon effluent is & potentiel
source of water and nutrients for
crops. Attention must be given to the
management of salt in the wastewater,
which is often at a high enough level
to require dilution with fresh water.
Also, livestock  wastewater {s
regulated by the Regional Water
Quality Control Boards under Title
23, Chapter 15 of the California Code
of Regulations.

4

Chapter 15 states that no surface
runoff is allowed from fields being
irrigated with wastewater, and
percolation to groundwater must be
minimized. Alfalfa, because of its
deep root system and its high yield,
is & good crop on which to use
wastewater from dairy lagoons,

DAIRY WASTEWATER - SALINITY ASPECTS

First, some basics: Salinity is
measured with a conductivity meter,
and the resulting electrical
conductivity (EC) is expressed in
units of deciSiemens/meter (dS/m) or
millimhos/cm (mmho/cm), The two are
numerically identical. Water with an
Ec wvalue of 1.3 used in & normal
irrigation of.alfalfa will result in
an EC, (saturated soil paste extract)
of 2.0 dS/a, which is officially the
highest salt level that alfalfa can
tolerate without a decrease in yield.

This salt tolerance value is on the
conservative side in the sense that
yield will not be reduced Iif the
threshold value is exceeded for only
a short time or only in a smsll parc
of the root zone. Alse, this
published value does not reflect such
variables as cultivar differences,
weather effects, or irrigation water
constituents such as chloride to
which alfalfa is sensitive.

Exsmples of dairy wastewater EC,
range from 0.9 to 4.8 dS/m (See
Table).

Examples of Dairy Lagoon Water Composition from Unpubiishes
Cooperalive Extension and Regional Water Quality Control Board Flios

N Is in Acre~inch
EC Teia! Ammon. TowalP Tolal K
Description (dS/m) N N las P00 fas K01
W 300 e 28 16 = Convers:on factoes ior dairy Jagoon nutrients
‘ash water - manure Ve 3
Wash water « manure 230 o 14 ] (] N (ppmi x 6226 = Ib .\'/aéib_lq:h
prlmscimto F ippm) x 0318 « 1 P fareineh
P 271 = ib KD/acre-inc
C\?l‘thei:f:??rie;uil 330 51 38 v 7 Kippmix0 bK
flush after passing through
selids separation pond . )
Same as 3, but with 420 5 - k) 2
mechanical separators
Sameas 4, but with field 450 1% 53 61 e

tliwater teturned to pond
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