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Draft Ecckg~ou~d Cccurnent 
Hazardous Waste Identification and Listing 

Infectious Waste 

3.1 Introduction 

The purpose of this chapter of the background document 

is to present ~he Agency's =ationale in determining the 

definition of infectious hazardous wa~te. 

To date it has been the policy of the Agency under 

Section 3001 of the Act, to define chemical and physical 

hazardous waste characteristics such as toxicity, flammability, 

and corrosivity, in quantitative terms; i.e. criteria have 

been chosen that best quantify each hazardous characteristic, 

with certain hazard levels specified for each tested parameter 

(e.g., flashpoint for flammability, pH for corrosivity). For 

enforcement purpos~s, this method of quantitatively defining 

a hazardous waste is most desirable. It would follow then, 

that a similar type of definition for "infectious characteristics" 

would be the most useful one from a regulatory point of view. 

Unfortunately, such quantification of infectious 

characteristics is not possible, as will be discussed in 

this document. Instead of specifying a certain number of 

infectious agents allowed to be present in a waste, the 

Agency has chosen to define infectious waste by specifying 

the sources w~e disease microorganisms may occur. After 



clinical response in a host; yet for other disease agents it 

is known that hundreds or even thousands of organisms are 

necessary. Therefore setting a safe number of organisms for 

solid waste would involve specifying a safe level for each 

disease agent and providing a means to analyze for each one. 

Unfortunately, dose levels for all disease agents are not known 

at present and metr.ods of environmental sampling and analysis 

for many disease agents have not been developed. 

3.3 Indicator Organisms 

Several EPA contacts have suggested the use of indicator 

organisms such as Salmonella~-, fecal coliforms, or 

S. aureus as an index of overall (i.e. viral, bacterial, 

fungal, parasitic) biological hazard of a waste. The problems 

associated with the use of indicator organisms have been 

recognized by EPA. For water standards, the Office of Water 

Program Operations originally suggested the use of fecal 

coliform as an indicator organism to determine the effectiveness 

of the chlorination process (40 CFR 133). This standard was 

later deleted (FR July 26, 1976) (1), with EPA recognizing that 

fecal coliform is "not an ideal indicator of pathogenic (sic) 

contamination" but is "a practical indicator of relative disease 

causing potential." 

. While mirobial concentration standards may be applicable 

in the evaluation of the efficacy of wastewater treatment systems, 

their applicability as absolute quality standards remains to be 

demonstrated. A problem is that in some situations, the die-
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degrees cf severity frorn accide~tal i~oculation or 

injection or other means of.cutar.eous penetration but 

which are con t:ained by ordina1·y laboratory techniques. 

Class 3 

Agents involvi~g special hazard or agents 

derived from outside the United States which require 

a federal permit for importation unless they are 

specified for higher classification. This class includes 

pathogens which require special conditions for containment. 

Class 4 

Agents that require the most stringent conditions 

for their containment because they are extremely hazardous 

to laboratory personnel or may cause serious epidemic 

disease. This class includes Class 3 agents from outside 

the United States when they are err.ployed in entomological 

experiments or when other entomological experiments are 

conducted in the same laboratory area. 

Class S 

Foreign animal pathogens that are excluded from 

the United States by law or whose entry is restricted 

# by USDA administrative policy. 

NOTE: It ha./been pointed out that the current COC list does not 

include some agents of significance (e.g. Giardia, Ascaris, 

Legionnaires bacterium) as well as it does include one 

non-pathogen (Naegleria gruberi). The reader should keep 

in mind that the list is periodically revised. The most 

recently published list would be applicable. 

-~-



It is interesting to note that not cne of these definitions 

attempts to quantify numbers of disease organisms that would 

render a waste infectious and that it is these same States that 

have promulgated criteria for physical/chemi~al characteristics 

of hazardous waste on a quantitative basis similar to the 

ones EPA is considering. ~he approach that the Agency is 

taking to define infectious characteristics cf waste, then, 

and the deviance of this approach from that of defining 

other characteristics of hazardous waste, is ir. line with 

the thinking proposed by the most progressive State hazardous 

waste management programs. 
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TAFI.E .._ 

State Definitions Of Infectious Waste 

s ta tc l\gc.n:--y Legislative Title of 
Autl'oril-y r-..ecjUla.ti.on/ 
(if .my} Guideline/ 

DocUflY'...nt 

California ~t 
of Health 

I 
•o 
I 

Dcfinition(s) 

•Infectious" means ocntaining pathogenic 
organisms, or having been elCIX)sed, or 
reascnably being expected to have been 
exposed, to ccntagioo.s or .inf ecti.ct.l.s 
disease. Articles which are ".infectious" 
incltrle, l:_;llt are not limited to, the folla,,in(J : 

(1) wastes that ca1tain patlx.ilogic speci
msru;, tissues, specilre.nG or blood elanents, 
excreta or aecret.icms fran hunans or 
animals at a ~ital, rredical clinic, re
searct, O?nter, veterinary institution, or 
patb::ll.ogy labaratocy. 

(2) Surgical ~ating rcon path)logic 
specimens and articles attendant ther12to 
which may harbor or trananit pathogenic 
organism. 

(3) Patrologic spec.urens and articles 
attendant thereto fran ootpatient areas 
and erergenc:y roans. 

(4) Discarded equiprent,· instruments uteru;i b 
and other articles which may haroo.r or tran·
mit pathogenic arganisns fran the roans of 
patients with suspected or diagnosed o:m
nunicable disease. 

https://specilre.nG
https://r-..ecjUla.ti


T!-.DLE ... 

State Definit.ioos Of Infectioos Waste 

State hjency Legislative 
JI.UtllOrity 
(if any) 

--f 
State of MaJ:ylan! 

Department of 
Health and Mental 
Hygiene 

I 
~ 

I-' 
I 

Title of 
Rogulation/ 
Guidc]ir.e/ 
Doctll.lCl'lt 

~lEgula
tioos for Medj cal 
Waste Disposal: 
•SUbocmnittee Re
port to the Task 
Faroe ·on Medical 
Waste Disposal -
Decarter 6, 1976w 

Definition (s) 

"patb::>logical • •CXDtaminat.ed'' 11 Al-..:>l"ial '' I . I -r---- I 

and 11hazaxda.Js• shall be replaoed with the 
foll.owing new te.rms: 

( 1) Uoopi tal Mer.J.c.a.l Wastes - shall wean all 
solid waste genP.rat.ed wlt'fiin a ho::.--pital. 
Bloc:rl and blocd prcducts shall be included 
in this oolid waste category. 

(2) Nursing Hare Medical wastes - shall 
be defined in h.o cat,&JOrieo, as foll..ols: 

(a) All dispceable fcrni.tes frcm isola
ti.al areas, all dressings, pledgets, 
swabs, t.alg\le depresaors, plaster casu;, 
body tissues, laboratory WaBte:a, ncedlc..:.s, 
syringes, I.V. ~Atus, and Iredicati.t. .. im, 

(as pennitted under Federal, State 
and local regu.l.atioos) • 

(b). hiditiooal itan& which DilY be in
cluded in the above.category include 
<ti ape.rs ond per:ineal pads. 

https://genP.rat.ed
https://�CXDtaminat.ed


';";\[.Lf; -

State Definitima·ot Infectiooa waste 

:~ ta ta ; ,t:._Jency Lct;,isl.utivc 'l.'itle of Definition (s) 
~\1.-. Ll ::11.·.:.. i.:._r R£.'<jtan t iorv 
(ii z,nyi Gc..icel ine/ 

lJocl];ll'.2 n t ----------1------------t----
M:inneaota nepan Interpretive lnfectialS Waste: 
· nient of Healffi, Policies for the 

Health Facilities Physical Plant: (1) Haza:rdals Infectiais waste (same 

Divieim Handling and Dis as abov~). 
posal of Infect
ia.ls Waste (2) Ceneral Infectiooa waste (ccnt.am:i.nate,J): 

(CUrrent lXll (al Bandages, dressing, casts, cathete11; 

Guidelines) tubing, and the like, which have in 
ccotact with~, l:urns, or 
surgic.al inciaioos, but are not suH
pected or have bee.'l not medic-..al l y 

I identified as belng of a htlzarooo.s 
1~ 
w infectia.ls natura. 
I 

(b) Discarded hypodermic rieedles ai'J£! 

syringe.a, scalpel blades, and 
similar materials, 'When suspect..ed 
or identified to be of a hazarda.ls 
infecti.cus nature. 

(c) Inclneraro:r ashes fran infectiou~ 
waste. 

https://hazarda.ls
https://infectia.ls
https://surgic.al


'i"i~.::2 -

State Definiti.oos Of Infectious Waste 

State A•J~Y 

M:ipnesota Polliil.ial 
cattrol /v:p'DJ I 
(a:Nl' .) 

I 
1- .. 
en 
I 

I.Q::isl.D.ti vc 
AuL1.·1.'1ri Ly 
(it unyi 

Tj tle of 
Rcqulat.icn/ 
Gu.id;_• lire/ 
Doc:cm:mt 

cposed, wt to 
1ooger be part 
the haza.nb.ls ~ 

tJa.Ste regulatioos, 
lM-1 

Definition (s) 

(2) Surgical mwi oostetri.cal wast.es, · 
patmlogical specimens, and dispo~ fanitcs 
h:un surgical operating roans, outpatient 
areas,~ roc::ne and similar areas 
\llhere such wastes·are generated. 

(3) Equi~t, inatrunents, utensils, 
and fanites of a d!.spoe.3ble nature fran 
the roans of patients with suspected or 
diagoosed camun.:icable Cl.isease, or fran 
the roans of patients who by nature or 
their disease are required. to be lsolate::! 
by the State Boilrd of Health. 

( 4) Hy[x)de.nni.c needl.as and syringes, 
scalpel blades, suture needles and s.imiiar 
materials. 

(5) Mixtures of ar,y of the wastes in (l) 
t:hralgh (5) mwi other wastes that have 
been oollected within the same oootainer. 

https://needl.as
https://haza.nb.ls
https://I.Q::isl.D.ti


~:uHE ... 

State Definitioos Of Infectioos Waste 

S t.a.te Aqe.ncy L'><J i!:; l.i.:. ti vc 
J,1.lW.Ori ty 
(ii any) 

P~lwnia DeJart-tPemsylvania Solid 
ment of Envizcnnant Management Act (35 
al Resouroes US PS6-001) , , , 

PL 241 

I 
I-' 
-.I 
t •rexas Department of 

Health Reaouroes 

State of Washingt..cn 
Deparboont of 
F.oology 

Title of 
I-egclatior✓ 
Guideline/ 
Docuir,en t 

Hazardous waste 
·HanaganmltProf 

Cannents to ANPR I 

~Mn:in
istrative Code 
{WPC)Haza:l:dals 
Haste Regulatial, 
Chapter 173-302 
WC 

Dafini tion (s) 

General Classification of Hazatdoos Wastes 

(1) Patoogenic Materials 

(~) biological solids 
(h) laboratory wastes 
(c) _ infectious wastes 

(2) OU:ier Hazardoo.a Solid Waste 

(a) di sea&erl animals 

Hazan:l.cxls biological waste sb:Juld include all 
path:>logical waste fran dlernical biological 
and ocntagials wards as well as animals dead 
of unkno.,m disease and W'U3tabilized danestic 
sewage. 

1-este onntair,ir,g Eic agents_ are ~c ~erous wastes. logfc agent means 
a le microorg· or ts toxin, 'tol.hlch 
causes or may ca\.18c tilltlan disease, and is 
limited to th::>se agents listed in 42 CFR 
72.25(c) of the rcg-Jlat.ials of the 
Departnal t of llflol. 



Table 2A. 

Area.S/Sourcas Identified as Sources of Infectious Wastes, By State 

Abattoir 

Anima.l.Caq:cunds 

Ve+-...eri.n.ary P..ospi tals 

Health Services 

fi:Jspital, "patix::llogical waste" 

~erJC;/Pt:ans 

Isolaticn Fccms 

I.at:ora.tory 

eutpatient Areas 

Pathology Lal::oratory 

SUrgical ct:era:ting Foau 

Nursing Bares 

P.esearch Center 

Sewage Sl\x:3ge 

X 

X 

X 

X 

X X X 

X X 

X X X X 

X X X X X 

X 

X 

X X 

X 

X 

X 

X 
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I 
1 
I 
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F.aemo!hilus ducrP.yi, .!:!..:.. influenzae. 
aerel ea vaginicola •. 
Klebsiella--all species and all serotypes. 
LeptosFira interrosans--all serotypes. 
Listeria--all species. 
Mima polymor!ha. 
Moi'axella--ai species. 
Myccbacteri\..ro.--all species. 
Mycoplasma--all species. 
NeisserTa gonorrhoeaef N. meningitidis. 
Pasteurella--all spec es 
Pseudomonas pseudomallei. 
salmonella--a!I species and all serotypes. 
shigella--all species and all serotypes. 
Sphacrophorus necroohorus. 
Staphylococcus aureus. 
Streotobacillus moniliformis. 
Streptococcus pyogenes. 
Treponema careteum, !.:_ pallidum, ~ !.:.. 

sertenue. 
Vi rio fetus! V. comma, including biotype 

El Tor, an ~ parahemolyticus. 
Yeracnia (Pastew:ella) pestis. 

FUNGAL AGENTS 

Actinomycetes (including Nocardia species, 
Actinomyces species and Arachnia propi
on!ca). 

Blaatomyces dermatitidis. 
coccidioides immitls. 
captococcus neoformans. 
Batoplaama capsulatum. 
?aracoccid!oides brasiliensis. 

VIRAL, R.ICKETTSIAL, AND CHLAMYDIAL 
-AGENTS 

Adenoviruses--human--all types. 
ArSovirusea. 
Coxiella bu.rnetii. 

1 Cox•ackie A and B viruses--all types. 
r Cytomegaloviruses. 

Dengue virus. 
Echoviruaes--all types. 
Encepha!omyocarditis virus. 
Hemorrhagic fever agents, including Crimean 

hemmorrhaqic fever_ (Conao), Junin, and 
Machupo vrtuses, and others as yet un
deflnea. 

-2J-
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tested. EPA would prefer to rely on such a list as a way to 

identify sources that may contain these etiologic agents. 

The CDC "Classi:ication of Etiologic Agents on the Basis of 

Hazard," a more complete list which includes animal etiologic 

agents, will be used for source-identification purposes. (See 

Appencix VI cf the regulation.) 

EPA has previously defined infectious waste in "Guidelines 

for Thermal Processing and Land Disposal of Solid Waste," 

FR, August 14, 1974. (6) The definition, which is reprinted below, 

is felt to be unenforceable, as are most State definitions of 

infectious waste. Items specified in this definition would 

be included in the "sources," under the proposed approach. 

Also, this definition ignores the sewage sludge problem. 

"Infectious waste" means: 
(1) Equipment, instruments, 
utensils, and fomi tes of a · 
disposable nature from the rooms 
of patients who are suspected to 
have or have been diagnosed as 
having a communicable disease and 
must, therefore, be isolated as 
required by public health agencies; 
(2} laboratory wastes such as 
pathological specimens (e.g., all 
tissues, specimens of blood elements, 
excreta, and secretions obtained 
from patients or laboratory animals) 
and disposable fomites (any sub
stance that may harbor or transmit 
pathogenic organisms) attendant 
thereto; (3) surgical operating 
room pathologic specimens and dis
posable fomites attendant thereto 
and similar disposable materials 
from outpatient areas and emergency 
rooms. 

-25-



3.9 Definitions (8, 9, 10) 

For clarification the later discussions, the following 

definitions are provided: 

ANIMAL WASTE - Waste generated from animal care or use; 

including bedding, egestion, excretions, secretions, tissue, 

remains, and any inedible by-products of animal processing for 

food and fiber-production. 

AUTOCLAVE - An apparatus for effecting sterilization by 

steam under pressure. It is fitted with a gauge and a mechanical 

system which automatically regulates the pressure and the 

temperature to which the contents are subjected. 

B.~TERll - Any of numerous unicellular microorganisma of 

the class Schizomycetes, occuring in a wide variety of forms, 

existing either as free-living organisms or as parasites, and 

having a wide range of biochemical, sometimes pathogenic, properties. 

ENTERIC - of or within the intestine. 

ETIOLOGIC AGENT - A viable microorganism or its toxin which 

causes, or may cause human disease. In the case of DOT Regulations, 

etiologic agents are (or are suspected to be) in relatively small 

concentrated samples which are shipped to special laboratories for 

. identif ic:ation f 
r 

FOMITE - An inanimate object such as an article of clothing, 

a dish, a toy, or a book, that is not itself corrupted but 

is able to harbor pathogenic organisms which may by that means be 

transmitted to others. 

-29-



PROTOZOAN - Any of the single-cellec, usually microscopic 

organisms of the phyll.lI!'. or su~kins<lo~ P=otozoa, which includes 

the most primitive forms 0£ ani.rnal life. 

RICKETTSIA - Any of various microorganisms of the genus 

~ickettsia, carried as parasites by many ticks, fleas, and lice. 

Transmitted to man, they cause dis@.ases such as typhus, scrub 

typhus, and Rocky ~ountain spotted fever. 

SOLID WASTE - Any garbage, refuse, slucge from a waste 

treatment plant, water supply trea~~ent plar.t, er air pollution 

control facility and other discarded material, including 

solid, li~uid, semisolid, or contained gaseous material result

ing from ind~strial, commercial, mining, and agricultural 

operations, and from community activities, not including solid 

or dissolved material in domestic sewage, or solid or dissolved 

material in domestic sewage, or solid or dissolved materials in 

irrigation return flows or industrial cischarges which are point 

sources subject to permits under section 402 of the Feeeral Water 

Pollution Control Act, as amended (86 Stat. 88C), or source, 

special nuclear, or byproduct material as defined by the A~omic 

Energy Act of 1954, as amended (68 Stat. 923). 

SEWAGE Sludge - The residue resulting from wastewater 

treatment. 

-3!.-
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3 .10 P.ationale for Regulation of I~ealth ~are Facilities Waste 

The na~ure of waste gene=ated by health care facilities 

is of concern to EPA cue to a certain amount of potentially disease

contaminated materials found in the waste that are not normally 

found in other institutional solid wastes. Some studies have 

stated that the type and nu.~bers of bacteria and viruses found 

in health-care solid waste are little different from that 

found in wastes generated from dwelling units, offices, 

factories and other institutions. Other researchers have 

given a completely opposite view and stated that health care 

facility wastes may be potentially dangerous to the environment 

due to their infectious content. (11) 

Both hospitals and veterinary ho~pitals (for more specific 
s breakdown by Standard Industrial Classification Code see s2S0.14 

(b) of the regulations} are health care facilities that are 

considered to be generators of infectious waste for purposes of 

the regulation. EPA realizes that there are different problems 

associated with the infectious wastes from the treatment of 

people vs. animals and cy no means does the Agency intend to 

imply that these two types of tealth care facilities generate 

the same types and amounts of waste or should treat or dispose 

of their wastes by the same methods. A discussion of each 

type:-of health care facility and sources of waste associated 

with. them are {given below. 

Hospitals 

Theoretically, the difference between the biological 

hazard of waste generated in hospitsls, with their population 

of "sick" people, and the waste generated by dwelling units 

-JJ-



inco~plete at the time. It is th~se areas that infection 

potential of ~ost waste is ~r.k~own. So, at some point, 

there is a reasonable possibility tha: ir.fectious wastes can 

be intermixed with other wastes. 

Three 5urveys have been made which cover quite extensively 

hospital practices with regaru to waste collection and disposal 

(Iglar and Bond, 1971; (13) Burchinal and Wallace, 1971; (14) 

Esco/Greenleaf, 1972 (15)). The main interest, however, r.as been 

in evaluating the overall waste collection and disposal 

systems, with infectious wastes being considered as only one 

aspect of the overall situation. This section is concerned 

with discussing the infectious wastes which are identified in 

the literature. 

The composition of infectious wastes is well known. 

They include items from surgery such as dressings, contaminated 

disposable items, drapes, and human tissue (amputated limbs, 

tissues, organs, placentas}; items from pathology and the 

laboratory such as tissues, chemicals, cacteriological cultures, 

urine, blood, and feces; animal remains and biological specimens; 

and general infected material from the wards such as gauze 

dressings and bandages, swabs, plaster casts, sputum cups, 

paper tissues soaked with nose and throat secretions, and 

wourid drainage. 

Some auihors distinguish between "pathological" wastes 

and "hazardous" or "infectious" wastes (Litsky, et al., 1972). (16) 

They call "pathological" materials those from surgery, labora

tories, etc., and "hazardous" waste everything else--everything 

-35-



those t=aditionally considered to be source~ of :nfectious 

waste, but also ward areas, doctors' officss, cutpatient 

clinics, and treatment rooms. Infectious w~ste averaged 43 Fercer.~ 

of the total waste in the ~ospitals studied, and the general patient 

care areas generated almost three quarters of this infectious 

waste. 

-37-



A survey in California (Anon, 1972b) (18) concluded that 

it was possible to safely separate and collect infectious waste 

within a hospital, but ti.is does result in increased costs 

of waste r.andling. With an average total waste per patient day 

of 10.25 lbs., the average infectious waste measured was 

only 0.38 lbs. 

Investigations by Bond and Michaelson (1964) (19) on tte 

effects of waste handling upon air and surface contamination 

give some indication of what types of contarr.ination to 

expect. They found that soiled laundry tandling had cy far 

the most significant influence on increased airborne bacteria. 

Further investigations have been carried out on the solid 

waste itself. Armstrong (1969) (20) looked at refuse chutes with 

respect to airborne bacteria. P.e found that placing the refuse 

in bags reduces the number of airborne bacteria generated, and 

that the possibility exists for the transmission of viable 

organisms to other parts of the hospital by way of the refuse 

cr.ute. 

Research at the University of West Virginia Medical Center 

(Burchinal and Wallace, 1971; (14) Wallace, et al., 1972; (21) 

Smith, 1970; (22) Trigg, 1971 (23)) revealed that pathogenic 

org~nisms can be present in hospital solid waste in significantly 

high concen~ttions, and especially so if an organic substrate 

is present. Coliform counts ranged from less than one per gram 

of refuse at some stations to as high as 8.6 per gram. Fecal 
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tarnir.ated witr. viruses to established recovery times and rates. 

Vaccinia, Polio 1, Coxsackie A-9, a~d Influe11za PR-8 were t~e 

viral strains used for inoculation. ?aper and cotton fabric 

both held active viruses for long periods of time--from 5 to 

8 days in most cases. Virus titer decreased in most cases at a 

steady rate with increasing_ time, implying that tr.e agent 

loses its viability upon incubation. 

An air sarnplying program was carried out at tte Los Angeles 

County-USC Medical Center (Esco/Greenleaf, 1972) .(15) Results are 

given in Table 9 and substantiate the earlier findings of Eond 

and Michaelson that laundry handling does generate considerably 

greater aerosols than does trash handling. 

Estimates of the total waste generated by r.ospit~ls vary 

widely, ranging from about 10 lbs/patient/day to as much as 

40-50 lbs/patient/day (Litsky, et al., 1972; (16) OViatt, 1969; (24) 

Wallace, et al., 1972; (21) Anon, 1972b(:!.8): Small, 1971(25)). 

Tables 10 and 11 give a breakdown of the types of wastes generated 

and the disposal costs for seven California hospitals •. The great 

variation is caused by the quantity of disposable items used. 

The trend has been toward greater use of disposables because 

of decreased danger of cross-infection and supposedly greater 

economy. It has now become evident that "disposables" are 

really merell)' "throw-aways"; and their actual cisposal presents 

a large probfeII'.. Even the cost advantage is open to question~ 

Table 12 indicates that disposables cost more to handle and 

dispose of than reusables. 
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Table 10 

Breakh1n of Daily Waste Prcxlucticn (u..o/Day) By Types of wast.es (Esoo/Greenleaf, l972) 

Type of Waste 

u.c-usc 
Medical 
Center 

1':)ng Beach 
General 
lbsp.i.tal 

Haroor 
General 
lbapital 

Ranchos Los 
hnigos lbs-
pital 

John 
Wesley 
1-bspital 

Olive 
View 
lb!3Pltal 

Mira 
I.ana 
~ital 

4 of Beds 3000 428 715 1188 259 725 232 

Sharps, Needles, Etc. -,_.. 
Path. & SUrgical. 

75 

1000 

3 

trace 

22 

156 

40 

4 

8 

115 

20 

6 

5 

trace 

Soi led Linen 
(Reusable) 

45,000 3,740 13,600 16,320 2,900 5,630 1,120 

Rul:bieh 16,200 540 6,569 2,760 717 1,722 362 

Reusable Patient !tans trace trace trace trace trace trace trace 

I 
,'6 

lv 
I 

Ncxl-a::m:,.ist.ihles 1,500 

Non-grindable (a) Garbage 1,800 

75 

150 

465 

660 

725 

875 

80 

160 

250 

475 

80 

110 

Food Service It.am 
(Heusable) 

9,000 1,400 2,400 4,200 800 2,500 600 

Radiological trace - trace trace - trace 

Ash' Residue trace - 20 20 50 20 25 

.Animal care.asses 25 - 220 20 10 23 

Food Waste (Grindable) 2 600 330 950 1,100 210 1,860 150 

Total Productioo 77,700 6,238 25,062 26,064 5,050 12,506 2,452 



Table 11 

Annual, Daily, and Unit Cperat.il._ JSts (Esro/Greenleaf, 1972) 

UC-USC u:ng Beach Harbor Rancoo IDs Jdm Olive Mira 
Medical General General .Amigos Wesley View I.ana 
Cent.er Hospital Hospital lbapital Hospital Hospital ~ital 

().iantity of waste 
ProdJJOed 

Di.sposabl 
(Toos/Day~ 11.60 0.55 4.53 2.77 0.68 2.19 0.37 

Reusables 
('l'ona/Day) 27.25 2.57 8.00 10.26 1.85 4.06 0.86 

Tot.al Waste 
(Tons/Day) 38.85 3.12 12.53 13.03 2.53 6.25 1.23 

Cost of Systen Cperatioo 

I 
Annual $2,396,850 $223,600 $777,435 $656,340 $296,582 $750,585 $175,200 .t:>, 

lJl 
I 

Daily $ 6,566 $ 612 $ 2,130 $ 1,798 $ 813 $ 2,056 $ 480 

Average Daily C.OSt per Ton 

DiSEX)sablea $ 305 $ 325 $ 3'27/ $ 364 $ 664 $ 516 $ 551 

77 195 229 Reusables 110 168 82 322 

170 197 170 168 321 329 390 Tot.al Wastes 

Average Daily C.o.st/Bed Patient [calculated based al total nwt>er of petients not total mm:ier. of beds}. 

0.58 2.73 $ 1.09 $ 2.65 $ 2.02 $ 1.42 Disposables $ 1.76 $ $ 

Reusablea 1.49 1.44 1.21 .85 2.13 1.65 1.91 

1.94 4.78 3.67 Total wastes 3.25 2.02 3.94 3.3) 
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Disposable items are found in all tr.e are~s of the 

hospital, and have special application in burn therapy, aseptic 

techniques, and isolation cases. Typical iten:s are fc~nc in 

Table 13. They are combinations of ~aterials such as pape~, 

plastic, rayon, acrylic, cellulose, nylon, glass and metal. 

The plastic content is much higher than the 2-3 percent found 

in municipal solid waste: one study of infectious waste found 

it to be 11.42 percent hard plastic and 7.09 percent soft 

plastic (Anon, 1972b). (18) Expenditures have risen from $30 

million in 1966 to $126 million in 1970, and may rise to an 

estimated $900 million in 1978 (Fahlberg, 1973). (26) Further 

estimates say that a hospital can double its waste output by 

completely switching to disposable linen (Salkowski, 1970) • ( 27·) 

Disposables add two problems to the waste treatment process; 

first they increase the volume so that disrosal systems are 

taxed and second the plastic components are hard to degrade. 

Also, it may be that some plasticizers are toxic. The John 

Hopkins School of Hygiene and Public Health in Baltimore r.as 

found that plasticizers in blooc bags leach into the stored 

blood and go on to lodge in lungs, spleen, liver, and 

abdominal fat. Tests of embryonic heart cell cultures ~evealed 

that the cells died when plastic tubir.g was substituted for 

rubber (Anon1 l97lb). (281 

When a ~imple a change as supplying paper towels to 

each patient's room was made at the Baylor University ~edical 
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Center, it was found an additional wastetasket was tr.en requirec. 

The maintenance cost fro~ plugged toilets ir.creased, and tr.e 

labor charge for emptying ar.d washing wastebaskets ir.creased by 

30 percent, but the number of cloth towels used did r.ot cecrease 

(Paul, 1964). (29) The pure bulk of the disposables ~resents the 

problem that most authors comment on, but other hazards are also 

present. Discarced needles and cuttir.g edges r~~ain a ~azard to 

collection personnel. Scavenging of the durr.ping areas for 

useable items and play items for children show that sfread 

of infectious disease is a real hazard in the disposal of 

disposables (Walter, 1964; (30) Mattson, 1974 (31)). Disease 

organisms can also be introducted to a landfill in ~re.at 

quantities via disposable linens and diapers (Ostertag and 

Junghaus, 1965; (32) Peterson, 1974 (33)). 

Some indication of the numbers of disposable hypodermic 

needles used by individual hospitals can be obtained from 

the literature. Michaelson and Vesley (1966) (34) found 

from 14,000 to 833,000 used annually at various hospitals in 

1966, and Eaker (1971) (35} found over 550,000 used annually 

in 1968. There are proper ways to collect and destroy these 

items, such as collecting them at the individual nursing 

stations and returning them to central storage to be crushed 

and .. broken in{o fragments, then incinerated. Ttey can also 

be collected in special boxes and sent eirectly to the 

incinerator, or collected at the nursing stations and sent 

to central service to be autoclaved and melted into one 

mass (l?aul, 19641. (291 Scme hospitals tave even tried 
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Veterinary RosFitals 

While vete=inary hospitals have some of the waste disposal 

problems which hospitals caring for people have, these problems 

are mainly confined to disposing of dead animals, animal waste, 

and waste generated during treatment of animals. Animal waste 

includes waste generated from animal care or use, including 

excretions, secretions, tissue, remains, and any inedible by

products of animal processing for food and fiber production. 

It has been pointed out to the Agency that the majority of 

diseases that could be transmitted through improper disposal of 

veterinary hospital waste are primarily ones that are transmitted 

only from animal to animal. It is true that several hundred 

diseases are transmitted from animal to animal, but more than 

150 zoonotic diseases are transmitted between animals and man. 

Decker and Steele (38a) report the human health problems 

that are created by patbogenic zoonoses. Some of the most 

significiant ~acterial zoonoses are sal.Ir.onellosis, staphlococcal 

and streptococcal infectious, tetanus, tuberculosis, brucellosis, 

leptospirosis, and colibacillosis. Animal wastes also play a 

significant role in the distribution of fungal diseases by 

providing nutrients for the survival and growth of fungi ir. 

man's environment. 
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soil associat€d with infected animals. Inhalation anthrax 

results from intalation of anthrax spores. Gastrointestinal 

anthrax arises fron ingestion of contaminated undercooked 

meat. Anthrax spreads an:.ong he!:'bivorous animals through 

contaminated soil and feed and among omnivorous animals 

through contaminated meat, bone meal or other feeds. Biting 

flies and other insects are suspected of serving as vectors. 

Vultures have spread the organism from one area to ar.other. 

The SFores of Bacillus anthracis, the infectious agent, 

which resist environrr.ental factors and c.isinfection, remain 

viable in contaminated areas for many years after the source

animal infection has terminated. (39) 

Initial symptoms of inhalation anthrax are mild and 

non-specific, resembling common upper respiratory infection: 

acute symptoms of respiratory distress, fever and shock 

follow in from 3 to 5 days, with death shortly thereafter. 

Gastrointestinal anthrax is more difficult to recognize, 

except that it tends to occur in explosive outbreaks; abdominal 

distress is followed by fever, signs of septicemia, and death 

in the typical case. 

Untreated cutaneoua anthrax has a fatality rate of from 

5-20%, but with effective antibody therapy, few deaths 

OCC\lr. ( 3 9) f 
SalmonellosiJ 

Although this disease is discussed in the section on 

sewage sludge, the important role that animals play in the 

transmission of the disease shall be stressed t-.ere. 
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Tuberculosis 

Tuberc1llosis r:mst still !:e. cor.!3ider.ed as an important 

disease r.elated to animal wast.es. While bovine tuberculosis 

caused by Mycobacterium bovis has been effectively controlled 

in this country, it is occasionaly found in some wild animals, 

as well as in food animals and in p~ts. 

Mycobacterium ~uberculosis, the human type of tubercule 

bacillus, is capable of infecting cattle swine, and household 

pets. 

Mycobacterium avium, the etiologic agent of tuberculosis 

in gallinaceous birds, is capable of producing tuberculosis 

in swine and of infecting cattle to such an extent that 

reactions are pro1uced in routine tuberculin testing of 

cattle. 

The bovine tubercle bacillus is transmitted to man 

tr.rough respiratory secretions, feces, and milk. In those 

few cases where infection of man with the covine tubercle 

· bacillus is known, there usually is an occupational contact 

with cattle. (38) 

Brucellosis 

Brucellosis is commonly an occupational disease of 

those with close contact with cattle and swine and their 

viscera and ercreta. The disease in man and animals is 
r caused by any one of three ·species of Brucella. 
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species test t~e leptospira, including the ~omestic fooc

producing species. Cattle and swine are the principal 

domestic animals involved--leptospirosis occurs :n epizootic 

form in stables and feedlot herds. Dogs and rodents are 

frequently infected. 

Leptospirae are transmitted from the animal host to man 

through a number of routes. Documented sources of l:'J..-rr.~n 

infection are rice fields, swimming "holes", sewers, and a 

nwnber of occupation? in which exposure to infected ani~als 

is by direct contact. (38) 

The disease in man shows a wide range of symptoms and 

severity, depending on the species of leptospira involved, 

exposure, and the health of the i.:1dividual. It presents 

symptoms similar to influenza, enteric viral infections, 

infectious gastroenteritis, and a number of other diseases. 

Fatality is low, but increases with advancing age and may 

reach 20% or more in patients with jaundice and kidney 

damage. (39) 

Tularemia 

The reservoir for Tularemia is normally wile anill"als, 

but is occasionally found in sheep. Mode of transmission is 

by inoculation of the skin, conjunctival sac or anal mucosa 

with blood ot tissue while handling infected animals, as in 

skinning, dressing, or performing necropsies; or by fluids 

from infected flies, ticks, or other animals, or through the 

bite if arthropods including a species of ceer fly. The 
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3.11 Rationale for Regulation of Laboratory Waste 

Data are generally not available that can be used to show 

evidence of disease associated with laboratory waste. In a 

re9ently published study at the University of Texas (Pike, 

19751 (42}, some waste/disease data can be extracted from the 

50-year data base of published and unpublished cases of 

laboratory-associated infections. 

As shown in the reproduced table (Table 7), 46 cases of 

laboratory-acquired infections related to the (waste) source 

of discarded glassware are shown. Of these cases, 34 were 

related to bacteria, 10 related to viruses, and 2 to rickettsiae. 

Of the total number of reported laboratory-associated infections 

studied, the 46 associated with discarded glas~ware represent 

about 1, of the total. 

The Center for Disease Control has determined that 

certain microorganisms are of potential r.azard to human 

health and the environment, as published in the "Classification 

of Etiologic Agents on the Basis of Hazard." Since it has 

been determined by HEW that classes 2 through 5 are of 

potential hazard, then any laboratory dealing with these 

agents would be generating a potentially hazardous, infectious 

waste. Given that most hospitals and lacoratories know 

which organiSifs are used in their work, the list is appended 
r 
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TABLE 7 - Distribution of Cases Accx:u:'ding t.o Proved or Prcbable Salrce of Infection 

.Agents 

Chla- Unspec-
Sources Bacteria Viruses Rj clcettaiae ~i rn:liae Parasites ifierl ToL1l 

Accident --, 
-1 

378 174 45 33 14 38 21 703 

Animal or ect.qlarasite 149 249 66 151 32 11 1 659 

Clinical specimen 90 175 2 l 0 19 0 287 

Discarded glassware 34 10 2 0 0 0 0 4b 

Human autopsy 56 9 4 0 0 1 5 7S 

I 
..::'\ Intentiooal Infection 14 1 0 0 0 4 (J 19 
...... 
I 

Aerosol 101 92 217 88 22 2 0 ~7.2 

\'orked with the agent 381 213 100 62 43 28 0 827 

Other 7 l 7 0 1 0 0 16 

Unknown or not indicated 459 U5 130 18 16 12 7 767 

Total 1669 1049 573 353 128 us 34 3921 



In t~is bulletin ~er.eral requirereer.ts :or :and applicatior. 

of sludges are gi\•en. Ref ere nee is made to "Process Design 

Manual for Sludge Treatr.ent and Disposal" (EPJl. 625/1-74-006: 

October 1974) ~hich specifies in more detail the techniques for 

sludge stabilization. 

The bulk of the information presented in this section 

of the background dOC',lll\ent is identical to that presented in 

the background document for §25i.4-5 (Land Criteria) to be 

used for Section 4004 of RCRA. (45) Section 4004 regulations 

will require sewage treatment plant sludge to be "stabilized" 

to "reduce public health hazards." 

Pathogenic organisms occuring in sewage sludge cover a 

wide variety of bacteria, viruses and intes~inal parasites. 

Their individual presence, as well as their numbers, will 

vary considerably from community to comrr.unity depending upor. 

rates of dis~ase in the contributing population. (46} Routes 

of infection to humans and animals from sewage sludge may be 

through direct contact with contaminated environments or 

through the ingestion of contaminated food and water. 

Bacteria 

Among the bacteria that are commonly found in sewage 

slu4ge, is the group referred to as ·the "enteric bacilli" 

that natural~ inhabit the gastronintestinal tract of humans. 

In their virulence for humans, the enteric baccilli fall into 

three general categories: pseudomonas species, salmonella 

species, and shigella species. 
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Sr:igella 

The third c~tegory of enteric tacte=ia is the Shigella 

genus. The shigella cause in hu.'T .. ?ns a ci.isabling disease 

known as bacillary dysentery. This is an acute infection of 

the large intestines, resulting i.n diarrhea, which, if 

sufficiently ~evere, rnay be accompanied by bleeding from the 

colon. All known species of the genus Shigella are pathogenic 

for humans, with the followir.g being the most common: s. 

dysenteriae, ~ flexneri, and~ sonnei. 

None of the enteric cacilli form spores. Spores are 

resistant bodies produced by large number of bacterial 

species that enable them to withstand unfavorable environmental 

conditions such as heat, cold, desiccation and chern~cals. 

Since enteric bacilli are not spore formers, their survival 

span outside of their normal environment (human intestinal 

tract) is usually measured in days or months, compared to 

years for spore forming bacteria. ~ost sludge stabilization 

processes would create an unfavorable environment for enteric 

bacilli to survive. 

A pathogenic bacterium frequently found in sewage 

sludge, although not an enteric organism, is the tubercle 

bacillus Mycobacterium tuberculosis. This organism is 

responsible ffr nearly all cases of pulmonary tuberculosis. 

Tubercle bacllli are very hardy organisms, and can withstand 

fairly extreme environmental conditions. 
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Infectious hepatitis is an acute infectiocs disease 

that causes fever, nausea, abdominal discomfor.t, followed by 

jaundice. It is caused by a resistant virus. 7r.e Heoatitis 

virus is shed from the body through the feces, and fecal-

oral spread is probably the most common method of transmission. 

Parasites 

The third group of pathogenic organisms found in waste 

water treatment sludges are the intestinal parasites. Those 

parasites of concern to humans can be subdiviced into two 

categories: tll Protozoa, and (2) Helminths. Subgroups of 

the Protozoa group include amoebas, flagellates, and ciliates. 

Subgroups of the Helminths include trematodes and nematodes. 

Protozoa 

At least five species of amoebae live in tl:.e intestinal 

tract of humans, with Entamoeba histolytica being the only 

proven pathogen. Infection with E.!. histolytica may produce 

chronic diarrhea, amoebic hepatitis, acscess of the liver, 

train, lung, and ulceration of the skin. Amoebae have two 

stages in their life cycles, a mobile form and a cyst form. 

The cysts are infective upon passage from the body, and are 

survive in a moist and cool environment. Giardia lamblia, 

another protozoan, is also found in sewage slucge. Like the 

amoeba, G. lf:£lia is a parasite of the r.uman intestinal 

tract anc is responsible for certain conditions such as 

diarrhea or symptoms referable to the gall bladder. 

Balantidium ~ is the only ciliate hUlT:an parasite 

and is the largest of human protozoan parasites. It invades 

-67-



soliurn, !;_ saginatta, and Hymenolepis n~. With the exception 

of the species of P.ymenolepis, infection with the common 

hUt1an species results from eating raw or imperfectly cooked 

beef, pork, or fish in which the larvae have developed. 

~ymenolepis .:!E_· on t.~e other hand, need no intermediate 

host. It is able to complete its entire life cycle in a 

single host; thus, when eggs are ingested by man, the larvae 

migrate into the lumen of the intestine. 

Numerous studies report that pathogenic organisms 

present in sludge are eit.he.r killed or greatly reduced in 

number when exposed to various stabilization methods used. 

The specific number of an org~nism necessary for the 

establishment of the potential for disease is related to 

various factors; etiologic agent, susceptibility of r.ost 

etc. However, there is evidence that with many pathogens 

this dose may be rather high, in particular the enteric 

pathogens. DuPont et. al (49) reported that approximately 
5 . 

10 Sall'r.onella cells (including S typhi) are required to 

cause a disease. This would tend to support the premise 

that by reducing the number of pathogenic organisms in 

sludge, the public health hazards associated with its use 

would be greatly minimized.· 

_- A revie1 of the literature (7) has shown that there is a 

paucity of ejidemiological data linking disease transmission 

of humans and animals directly to the lanespread1.ng of waste

water treatment sludges. The data that do exist, indicate 
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~he stabilization process will recuce tte pathogen 

fcpulation in sludge; the level of reduction will vary with 

the process used and r.ume:ous cthe~ variables, e.g., time, 

temperature, pH etc. Since available epidemiological evidence 

links disease transmission to the landspreading of unstabilized 

sludge and not stabilized sludge~ it is evicent that there 

is a correlation between the concentration of pathogens in 

the sludge and disease transmisssion. 

Wastewater slucge stabilization is normally accorr.plished 

by anaerobic and aerobic digestion, and lime treatment. 

Lesser used methods include heat treatment, ponding and long 

time storage, chlorination, and composting. The stabilization 

of sludge by thermal irradiation is being addressed, but at 

this time the process is still in the experimental state. 

As previously mentioned, the extent to which pathogenic 

organisms are reduced is related to the stabilization process 

used as well as other variables. Not all stabilization 

processes affect pat~ogenic organisms in the same manner, 

therefore, some processes are more effective in reducing the 

pathogen population than others. ~lso the levels of stabiliz

ation within a particular process will vary as to their 

effectiveness in reducing pathogenic organism nwr~ers, e.g., 

anaerobic dig,stion of sludge for a two week period in the 
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.c , mb ' ·' "' t 45 the eggs o~ A .• u, r1cc1aes v o ~ercent. 

Two groups (58,59) observed that there was 9C and 69 

percent di.-nir.ution of tube:-cle cacilli, while two others 

(60,61) noted "survival" of M. tuberculosis after anaerobic 

digestion. 

Mclinney et. al(62l found in their studies that approximately 

93 percent of~- typhosa were removed after being exFosed to 

anaerobic digestion process for 20 days. ~enner (63) reForted 

that slucge treated by anaerobic cigestion has ceen sr.own to 

contain Salmonella and Pseudomonas organisms. 

Cram (54} reported f:t·orn his studies, that activated 

sludge treatment does not affect thG viability of~- histolytica 

cysts or ascarid eggs. Aeration in the activatee sludge 

process for 5 months showed no effect on ascarid eggs except 

a slow recuction in numbers (64}, Kabler (53) reported that 

studies indicate that activated sludge reduced!.:_ typhosa 

and strains of bacilli 91 to 99 percent. 



E::iteric vir,ls inactivation during the treatment of 

wastewater Sy tr.e acti va tee. s l 11::ge ~:ro(;ess has been reported 

~xtensively in the literature. (65-7C) Carlson (71) et 

al reported t.hat after 6 months of aeration, polioviruses 

we~e remov~d or inactivated to a point at which infectiousness 

for mice was •Jreatly reduced. Sproul (72) reported that 

virus removal of 90 percent or more has been obtained in a 

number of studies with activated sludge process. Kelly et 

al (731 report~d that Coxsackie virus survived activated 

sludge treatment. 

Tabl~ 4 

REmJval of viruses ty bench scale activated sltrl;e units 

~e virus A9 Poliov:irus 1 
Test No. Voliille Virus Vol.Alie vlrwi 

1 

solids c,;1) oo 
Ir.activated 

(Percent) 
98.8 

solids (1@} Inactivated 
(Percent) 

79 
2 650 96.l 400 88 
3 1,000 99.2 600 90 
4. 1,100 99.1 600 91 
5 1,500 97.4 1,200 92 
6 1,500 99.4 1,200 91 
7 4,000 94 

Bacterial inhibition from caustic conditions has long been 

know:n.(74) Studies have shown that Salmonella typr.osa did 

survive in concentrations in the range of pH 11.01-11.50 

longer than two hours, while Shigella dysenteriae was destroyed 

rapidly in a;:r pH range studies: FH 11.01-11.50 produced 100% 

kill in 75 mrnutes. (75) ?.owever, the effectiveness of lime 

treatment on parasitic ova and viruses has not been demonstrated. 
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to sludge treatment are low pressure oxidation, heat drying 

and pasteurization. During the low pr.essure oxidation (LPO) 

process, the sludge temperatur9 is elevated to between 350 

and 400 F, pressure is raised to 180 to 210 psi, and the 

retention time is between 20 and 30 minutes. The process 

kills all pathogenic organisms due to ~he high temperature 

achieved and the retention time. Over 26 U.S. cities are 

currently using the LPO process. 

Heat drying of sludge is presently being carried out in 

a number of U.S. cities. However, the nu..-nbers are declining 

because of cost of fuel necessary for the drying process, 

and also because the market for heat dried sludge did not 

dgvelop as hoped. The temperature achieved during the heat 

drying process kills most bacteria. 

Pasteurization is a process where the sludge is heated 

to a specific temperature for a period of time that will 

destroy pathogenic organisms. In most cases this is accomplished 

by the use of steam. Currently, pasteurization is used only 

in Europe. 

While the technical literature presents some conflicting 

data as to the degree that pathogenic organisms are reduced 

by various sludge stabilization methods, it does generally 

indrcate that the stabilization process will reduce most 

pa~ogenic o&Ianisms significantly. This reduction, in turn 

minimizes the public health risks associated with the 

landspreading of stabilized sludges. 
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in garden soil. Gudzhabidze (91) reported in the Soviet 

Union that Ascaris ova survived 2-5 years in soil of irrigated 

agriculture fields. The literature reviewed coes not reveal 

any studies in the United States where Ascaris ova survived 

in sludge amended soils for more than one year. 

Ress et al. {92} reported the survival of salmonellae on 

grass contaminated with sludge for 40 to 58 weeks in a dry 

atmosphere. McCarty and King (93) found that enteric pathogens 

could survive and remain virulent for up to two months. 

Rudolfs et. al. (94} concluded from field studies that the 

survival of representatives of the Salmonella and Shigella 

genera on tomato surfaces did r.ot exceed seven days, even 

when the organisms were applied with fecal organic material. 

He attril:luted thei.r short survival time to the lack of 

resistant stages: thus making them more vulnerable to adverse 

environmental conditions. 

Martin (95), inoculating sterile virgin soils with E. 

typhosa, fou_nd they died out rapidly, but in sterilized 

contaminated soils growth occurred and the bacteria survived 

for numerous months. Rudolfs (94} in his literature review, 

found that the survival time of E. typhosa ranged from less 

than 24 hours to more than two years in freezing moist 

soi;s, but ge,erally less than 100 cays. 

Approximately 90 different enteric viruses have been 

recovered from municipal sewage. However, there are few 
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Table 6 

survival tirres of Pa~c Micrcorganisrrs in varicus rredia { 89) * 
Type of 

OrQanisns M::diun Awlicaticn* Survival ti.'Te 

Ascaxis C"Ja Soil Not stated 2-5 years 
Soil Sewage Up to 7 years 
Plants and Fruits H:. l rrcnth 

~ Soil H:. 8 days 
H.istolytics Tanatces H:. 18-42 hcurs 
cysts Lettuce H:. 18 ociurs 

Ente.roviruses P.cots of l:::ean H:. At least 4 days 
plants 
SOil lC, 12 days 
Tanato & ;:ea roots -P..C. 4-6 days 

Strawberries lC, 6hcm's 
SOil 
SOil 

AC, 
J,c, 

74 days 
70 days 

Soil 
Pea plant st.ens 
Radish plant stems 
soil 
I.ettlX:e & endive 

H:. 
H:. 
H:. 
H:. 
H:. 

At least 4 days 
14 days 
4 days 
Up to 20 days 
1-3 days 

SOil H:. 2-110 days 
Soil H:. Several rronths 
Lettuce 
P.adishes 
Soil 

Infectad feces 
Infected feces 
Infected feces 

18 days 
53 days 
74 days 

Salm::rlella, other SOil H:. 15-70 days 
than typhi. Vegetables PC 2-7~ 

Tanatoes H:. Less than 7 da:ys 
Soil Sprinkled with 40 days 

danestic sewage 
Potatoes Sprinkled with 40 days 

danestic sewage 
carrots Sprinkled with 10 days 

danestic sewage 
Cabbage and Sprinkled with 5 days 
gcoseberries danest.ic sewage 

Shigella St::reall'S 
Harvested Fl:Uits 
Market tatatoes 

Not stated 
H:. 
1C. 

30 mi.nut.es to 4 G.2.J 
Minutes to s cays 
At least 2 days 

Marketawles lC, At least 6 days 
Tana.toes H:. 2-7 days 

TutercJ.e Bacilli Soil H:. 6 rronths 
Grass AC, 14-15 rronths 

*Artifical COntamination 
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published reports on tee survival of viruses in soil, and 

persistence on crops. Larkin et al. (96} described the 

persistence of polioviruses for 14 to 30 days on lettuce and 

radishes inoculated with sludge. According to Cliver (97) 

the soil is generally not a very adverse environment for 

viruses. ~either chemical nor biological inactivation 

occurs very rapidly, but enteroviruses do lose infectiousness 

as a function of time and temperature in the soil. Poliovirus 

1, retained in sand from septic tank effluent, was inactivated 

at a rate of 13 to 18 percent per day at 20 to 25 c and at 

1.1 percent per day at 6 C to 8 c. (97) 

Rudolfs et al. (94} reported that unlike pathogenic 

bacteria, the parasitic amoeba, Endamoeba histolytica, 

forms resistant cysts which enable the organism to survive 

under adverse conditions. However, on the basis of laboratory 

and field studies on the survival of Endair.oeba histolytica 

cysts, the cysts proved to be ext~er.iely sensitive to desiccation. 

Rudolfs concluded from his studies that field-grown crops 

contaminated with cysts of~ histolytica are considered 

safe in the temperate zone one week after contamination has 

stopped and after two weeks in wetter tropical regions. 

It has been shown in the general survey of the literature 

(94i that ce,-t.ain parasite eggs, especially those of Ascaris, 

are markedlyfresistant to external conditions. Yoshida (98) 

found that mature eggs of A. lurr.briocoices were still viable 

after five to six months under layers of soil in winter. He 
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3.13 Methods for Biological Examinatio~ of Solid waste 

Bacteri~ 

Mirdza L. ?eterson of EPA has published "Methods for 

Bacteriological F.xamination of Solid Waste and Waste· Effluents." 

(104) After examining methods currently available for measuring 

the bacteriological quallty of solid waste, reliable methods 

were established which ar~ best suitee to routinely measure, 

under practical conditions, the bacteriological quality of 

solid waste in and around waste processing areas. These methods 

were not developed to be an all-inclusive battery of tests for 

microorganisms in solid waste; rather, these methods test for 

only a few of the possible microorganisms in the solid waste. 

Three procedural lin~s of investigation were undertaken 

in this effort: (1) to develop methods suitable for indicating 

the sanitary quality of solid waste before and after processing 

or disposal; (2) to develop methods suitable for determi~ing 

the efficacy of operational procedures in removing or destroying 

the microorganisms: and, (3) to develop methods suitable 

for indicating the health hazard of solid waste in which 

pathogenic species may be present in small numbers. Methods 

presented in this publication are ones for determining: 

total viable bacterial cell number, total coliforms, fecal 

coliforms, heft-resistant spores, and enteric pathogens, 

especially sJ1monella sp. 

The determination of approximate total viable bacteria 

multiplying at a temperature of 35 C may yield useful information 

concerning th~ sanitary quality of a waste entering a processing 

or a disposal site, and provide useful ir.formation in judging 
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a :cng ex~osure time (1-1/2 to 2 hr), even in an autoclave 

(121 C) to be heated thro~ghly so that the center reaches a 

sporocidal temperature. Other ~eports (l07) point out that 

although internal air temperatures of muni~ipal incinerators 

usually range from 1200 to 1700 F (650 to 925 C) in continuous 

operation, intermittent use, overcr.~rging of the incinerator, 

and high moisture content of the waste may slow the process 

and interfere with sterilization of the residue. 

Fecal pollution of the environment by untreated and 

improperly disposed waste may add enteric pathogenic bacteria 

to a body of water or a water supply. The most common type 

of pathogen which may be found in untreated waste is Salmonella. 

Tl.e wide distribution of the many types of Salmonella in 

many species of animals with which man has contact or may 

use as food makes it difficult to prevent transmission to 

man. (1C8) Infections may occur through food, milk, or 

water contaminated with infected feces or urine, or by the 

actual ingestion of the infected animal tissues. (109) Salmonella 

has been found in many water supplies (110), polluted waters 

(111-113), raw municipal refuse and in incinerator residue (111-117) 

General laboratory procedures, sample collection and 

preparation procedures, and bacteriological examination 

procedures ft the organisms mentioned above can be found in 

Appendix A-3.l. 

Parasites 

The FDA has recently prepared a ~ethodology for Ascaris 

determination in vegetable and sludge samples (118). The 
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Culnu, medllz. 

The use of ddlydr:ated madla is recommended whenever possible, since these products offer the 
adnnta.ps of aocd consistency from lot to lot, n,qui.re less labor i:J prepuuion, z.nd U'8 mo~ 
economical. £wi lot should be tested for pedormanc. before usa. 

Measure.meat oi the fLrw pH ot a prepared culture medium should be a~pliahed color.
metrically after autodavins and coolinl, Acceptable pH raJ111 is 7.0 J: 0.1. 

Media should be stored iD a cool, dry, and dark placa to avoid dehydntion, deterlor2tion. and 
adverse liaht offects. Stonp la tlM refripntor usually prolonss the shelf•U!e ot most media. Med.i.'.l 
should not be subjected to 10111 periods of storap, because cutlin c:.h.emical. reactions may occ-.u- in 
a medJum even u refrlp:raior temperuura. 

Many or the media mered to below can be obtaimd £tom commercial sources in a dchyd..":lt~ 
form with complete informadoa on their preparation. Th.al media will thmslore ~ listed but net 
descnoed in this section. Dacribed in thb section an thos. media that a.re formulated from 
~ts er from dehydntld m•rertab- Cultun media (Difeo or BBL products) an. lisud c.S 

follcws: 

Blir:to-1111' 
Bismuth swftta apr 
BJoodqll' 
Brain hart mtasioa brodl 
Brilliaat ar-n 1111' 
Brilliant p:een IM:tcsa biw, 2 P-ffCent 
Coat1>flM mannitcl ll,lr' 
OextrOM 
E. C. broth 
EosiA metb.ylone blue apr, Levine 
Fluid thioaiYcollata med.tum 
Gelatin 
H-bt'oth 
Indcle nttm. medmm 
KCN medium 

,. . 
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Bacttrlclogicai Exami.'7ariott 

COWCTION AND PREPARATION OF SAMPLES 

M•tluJd for Coll«tioll of Solid Wait~ or s~ml-Solid Wat~ Stlmpull 

EquJpmfflt and '"4l"11ab. 

Neceaary items are a1 f ollcwl: 
l. Sampla c:cmtamen. spec1men CUPI, sterile, 200-ml size (Falcon Ptastics. Los Anaeies) 
2. Samplinl toqs. sterile (ltairJea steel, anped tips, 18 in. loq) 
3. Shippina container, iDllll:ated, refri~ted, 6 by 12 in. LD. 
4. Disposable &lor9I 

Proc«bln. 
1. Usina sterile ton.p, coUect 20 to 40 rmdom 100- to 200-S ampiel and pllca in sterile sampuns 
CO!\tliocn When collectina sampla from c:onwninatod 10W'Cel, 'ftC dispnnble demi met avoid 
conwniDatin& tbe outsida of U. c:ootlioer. . 
2. Identify mnpla 011 tac md iDcticlca time &Dd data-of sampUns. It' IDc:iM11rar raidJle samples ara 
taken, record opem:ina temperu1Ua of iDAl'lntcw. 

3. DellYer sampJas to laboncory. It ii recammnded that dw aambadoa be swtacl pnf'er:ably 
within l hr after coDlc1:ioa~ tM time elapqaa lx'tWNll coilectioa Uld all'rinatm shout m- ao 
caa ac:eed 8 hr. 

M,tltod /or CJll«:tlDlt of Uqadd ~ tllld btdllltntll WCltln o, ~ 

.E.q,apmat aNl ~ 
N'.eceaary items incbKSe • ,caW<:ipped, 250-mJ. sr.erillt 11,,,.,. bott!a or a 16-oz, lleril9 pl..astic .,.._ 

l'roatbln. 
C>Uect sample in bons. « pladl: bill. leffina an air space i.a the conaimr to racili~ maiq rif 

the sampie bofon, exm-marim Whim coiJectfns samplel fram co,1twninacect ICMeea, weer disposable 
gSo,a and aTOid co11 t:aP1;MatD1 U. out.aide Qf the coataimr. 

Identify a.ad deliNr Prnplee to labantal'y. When sbippina -pill to Wkaatory, p1utaet con
tainal from CNlmDI and muataill temperuwe below lOC d1ldlal a muimam trampc.wt time 
or 6 hr. Exam.ma widua 2 !tr. If n.cer sample contains residual ~ a dechlormaticn agent 
s:ucll a1 mium f+lioe>1faM ii Ml!lld to coiw!daa botdel to muan1ia my Tllillual duorine md ta 
ptetwt a COl'tmuetm oC ti.Ill blctei i-tal action of c:blmim durmc tba time thil sampla is in 
tnmit to Ula IMMA1tory. Paonab IOdilllll thiomlfm ii added to ti. Otlll ~ botda before 
~ to liftWille r' appnr:1◄19 conc:eatraUca of 100 ma par U• ia ma ••PM'· 

-it __,.. ii ~ ro • 11boaeor, re., ..tyail _. ulPrinedc:I caaaac IMpl wtdllll l br. ol ~ tha 
cx,etai,iw mus& b- ♦-Plated md .... ....,,t : t billow 10 C durial tbl :nmfnn'A ttlt":19Qit ~ 6 hr. Sac:b s:ampt. 
lboaid 1M reflipaUN ,._ r--,t la tbl labou1m.1 md procr ■,~ ~ l ht. . 

/ 

I .~. I 
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SAMPLING PROBE 
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HOWMfTER 

CARRYING CASE 

PUMP t==~===1 J_,.. }L~imJ\11 LJ I VACUUM 

0 
I I / fll .. 

PHOSPHATE BUFFER - I· 12" • I 
• 

f i,urc J. Portable aamplcr for mJcroorpoMIDI In lncln~rator alack cmluion. 
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Mttltodl for PraC1tc1 of Member: of Ccliform Group 

The presence of f~ matter in ·waste and related materials is detennined by the rtmdard test! 
for the colif onn sroup described in SUndatd Methods for the Examination of Water and Wa:st; 
~Va tc:r (3). The completed Most Probable Number (MPN) pro~edure is employed. The testfna method 
mcfudes the elented temperature: test (44.S C) that indicates the fecal or nonfec:,J ori&i,a of 
colifo~ bacteria. Compara~ !aboratory studies conduc:b:d showed that the MPN atimato ii thB 
most suitable method for ac:hicvina a representative enumeration ot the coli(orm orpnisrna in sol.id 
waste and waste effluents (9). -.-

--- ·-;, 

Equipment and tMtui,w. 

1. Pipettes, sterile-deliveries to l 0 ml, 1 ml ( 1.1 ml), and 0.1 ml 
2. Media ptQaml In ferme:iution tubn: ,I" 

Lauryl uyptose broth 
Brilliant arean lactose bile broth, 2 ptte:ent 
Lactose t.rypto,e broth 
E.C. broth 

3. Media for pl:itins: 
Eo5in methylend blue ~,.u pl:stes 
Nutri:nt ~~r sJ:i.nt~ 

4. Dil~tion blanks, phosphate buffer solution, st~nle, 99-ml or 90-ml amou.au 
S. Incubator, adjusted to 35 C ± O.S C 
6. Water bath, adjusted to 44.5 C:: 0.2 C 

Proctdurt for total coliform group. 

Presumptive Test. 
1. Inoculate a predcte.muncd volume uf sample into each of 5 lauryl tryptose broth tubes. Tho por
tions of the sample us-1 for inoculation should be decimal multiples and submultiples of 1 mL 
2. Incubate the fermentation tubes at 35 ± 0.5 C for 24 :t. 2 hr. 
3. t.xamin• for ti:, pres9~ of ps. lf no gas is formed, incubate Ul) to 43 :t 3 hr. Rect>rd the 
p::s.:..~,;: or absea,,o{ IIS furmation at ~:ich exami.i.ition of th" tubes, reprdJesa of the amount. 

Confirmed Test. 

l. Submit all presumptive test tubes show;n1 any amount of ps !lt the end ot 24- and 48-hr 
incubation to the confirmed tesL Using a sterile platinum loop 3 mm in dbmetm, transfer ona loop
ful of medium from_ the presumptive test fermentation tube to a fenncntat:iotl tube contain.in~ 
brill~t green lactose bile broth. 
2. Incubate: the inoc:wated brilliant green lactoSc: bile broth tube for 43 ::3 hr at 35 :.: 0.5 c. 
The pre:sence of gas in any amount in tho ferment:ition tube of the brilliant green lactoso bile 
broth within 48 ::t:. 3 hr indicates a positive confirmed test. 

! •rl 
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· • b • - t~one loopful rrom e;i.:h enrichment medium on each of four pl.ates or 
3 After i.nc-J ation, ~ ~olA • . • 

· lla-Shigella and oth:r selective entenc media. . . . . . 
Salmone b th "''"t t 37 C for "'4 to 48 hr and pid:; suspicious colorue:a to triple supr l.l'On 
4. Incu ate e )'Ml es a -ar ;lan~ t th l u at 37 C for 24 hr and complete identification by a.ppropri3to methods .:is 

d~-= ;Y 
0Ed,:..;: and Ewina (20). tso~tion, prelimin:trY identification.. and biochemical t~tina 

are de.scribed in . .:'ijW'C 3 and in Table 2. 

Proctdure 10 d,t:ttt pttlhcgens tn quench or tndustrtaJ wcJter1 and ln l~ochate. 

l. Ptac4 enougb sterile diatomaccous earth on the screen of a stainless steel membrane filter 

holder to fonn a 1-ln. layer. 
2. Filter 8QO-ml sample throulh the earth layer. 
3 Remove one-hill the diatomacoous earth lay~ with a sterile ~•tu.la and place in~o 90 ~ of 
~lenite F enrichment broth; place other half of tho _earth layer mto 90 ml of Selerub brilliant 
green/sulfa enrichment broth. Shake both nasks to mix. 
4 Incubate both fl.asks in a water bath at 39.S C for 16 to 18 hr. . s: Proceed as directed in st~ps 3 throuah S of Procedure to Select Pathogens ln So~ Waste and 

Incinerator Residua. 

Method /01 E:uzmtnarton of St11Ck E/Jlwna 

As descnbed in Methods !'or Colloction o( Incinerator Stack Effluents (usiq tba Armstroq 
sampler), the microorp.nismt are impinpd into a 300-m.l phosphate buff'• ,ointk,a 

Filter 100 ml or the Mf.noculated" pbospb.ate bufTerlOJution throulh a 0.45,a BA mcnbn:ne 
.Jt~ (3). 

2. Tr:insfor membrane mter with sterile Corcq,s to a culture plate conulnm1 tryptlcaM soy apr. 
3. Incubate culture plate und• constant saturated humidity for 20 hr(: 2 hr) at 35 C. 
4. After incubation. remo-,e cmer from culture plate and d;etermim colony count with the aid of 
a low-power (10-15 mqnijicatiom) binocul&r, wide-field microscope. Characterize cclonies usins 
specific isolation mediL 
S. Remove a 10.ml portion at the "inoculated" phosphate buffer solution and examine for vi.able 
heat-resistant spores as directed in steps l th.roust,. 6 of the procedwe under Method to Detmni.na 
the Presence of Viable Heat-Resistant Spore Numbers. · 

Microbial counts are reported as orpaism1 per cubic foot of air. Ir the samplo is not taken 
undu isoki.netic conditions. ~ niswta are qualitative. If the stack velocity is known and renuias 
relativeJy constant, howner, tbl flow rue of the sampler can be adjumld to iloldDltic: condit:lom 
to yield quantitative results. 

M6tlt.od for EzmninaJton of Du.st 

>J desc:n'bld in Methodl for Collection of Ou.st Samples, the Ander,m sampl• ii UMd with two 
types or media-tryptiase !f)' apr (TSA-BBL product) c:onta.inina S perceat sheep blood. and eosill 
methylene blue apr (~co product). The TSA/blood aaar is med to isolate a widel- ranp of 
fastidjou.s orpnisms such as Stapltyl«t>cd.. Stnptococci, and Dtplccoct:L TM EMB qar is used to 
i.:solate gram-neptin bacteria. Tho plates ue incubated aerobically at 37 C for 24 hr. (Preliminary 
studies showed that few orpnisms in tho dust would grow under a..aauobic c:onditlona.) Enumeration 
of colonies is made with a Quebec colony cOW'ltet. Microbw count is reported as OfllDisms per 

l>ic foot of air. At timea. wba microbial COUAtl are ltiah, the sampliaa time ii 0.25 mm. thm yiekl• 
, 0.25 cu ft air. / 

i 11 
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A-3.3 ~ETERMINATION OF ASCAR!S spp. EGGS in SO~ID WASTE 

l. Materials 

l.l Balance: 10 g - l kg capacity. 

l.~ Beakers: 150 ml , 600 ml 

l.3 Bottle: 125 ml, Wheaton. 

l.4 Bottle shaker. 

l.S Bruah: 8-8695 Scientific Produce.. 

l.6 Centrifuge: rotor radius 14.6 cm. 

l.7 Centrifuqe tubea: 15 ml and 50 ml. 

l.8 Cheeaecloth: FSN 8305-00-205-3496. 

l.9 Counter: differential 

l.lo Cultu:::e dish2 with 2 mm grid. 

l.ll Inverted micro■cope 

1.12 Pipette•: Paatew: type and 5 ml serological. 

l.13 Rubbu bulb: ca. 2 ml 

~.14 Tray: round, lO.S inches diameter, 3 inch•• high 

•.•9•, Beckl:zlan Inatrument co. 82-018. 

2. Reagent• 

2.l Saline: 0.851 NaCl in a2o. 
2.2 Naceonol: 0.41 oi concentrate in a2o 
2.3 Hydrochloric acid: 2\ solution in e2o. 

, 2.C Solvent: alcobol:acetone:xylane in l:l:2 ratioa. 

3 •. Sample PJoaration 

3.l Veqet&bla Samples 

3.l.l The sample •ize for v•~•ta.ble• isl kg. 

Leafy veget.abl•• occuring in head• {cabbage, lettuce 

I , 
I. -., 



3.2.4 Rina• the l:)ottle 3 times wi.th S ml saline 

and add each rinse to th~ bea.ke~. 

3.2.S Tra.n•fer the contents of the beaker to 

seven lS ml centrifuge tube~. 

3.2.6 Rin•• the beaker 3 times with 5 ml of 

saline and add each rin•• to the centrifuge tub••· 

4. Centrifugation ~ocedu.r~ 

4.l Centrifuge t:.ba tubes collected in J.l and/or 3.2 

at 2,000 rpm (radiu• 14.6 cm) for 4 minutes. 

4.2 Remove a.nd diacard the supernatant. 

4.3 Add 2 ml of aalin• to each tube. 

4.4 Combine the 1edimenu into on• tube uaing a. Pasteur 

pipette to transfer the 1ediment and to rinse each tube 

3 time• with 2 ml of aaline. Each rinJI• i• alao added 

to the c:ollectinq tube. 

4.5 When the collecting tube is full, it ia ~ala.need 

with a blank, centrifuged at 2,000 rpm for 4 minutes, 

supernatant ia discarded. Repeat if nacea•a.ry. 

4.6 Add •~line to the 15 or 50 ml graduation mark on 

the colleetini tub• and rasuspend 

a~ 2,000 rpm fo: 4 minut••• 

4.7 Oiacud th• 1upernatant; add 2 ml of saline and 

·resupend t:.he aediment. 
r 

4.8 Tralatu tha auapenaion to the culture dish, rinse 

the tuba 3 times with 2 ml of saline and add each rinaa 

to the culture dish. Add 8 ml of the 21 hydrochloric 

acid to tha di•h (to prevent mold growth) and cov•r the 

dish. 

) J ,~, 



incubation (atep 6 above), fertilized eggs develop into 

eml:>ry0nated egg■ which contain a second•3t&ge namatede 

la.rva in a cuticular sheath. Types of Ascaris spp. 

eggs are illu•trated in tha following referencea. 

a. Reference■ 

8.l Fawat, E.C. Beaver, P.C., Jung, R.C. 1968. Anim.&l 

Agents and Vector• of Buman Oiaeaae. Lea and FeDiger, 

Philadelphia. 

8.2 Markell, E.~. and Voge, M. 1971. Medical Parasitology. 

Saundera, W.B., Philadelphia. 



2.6 rncubate cultures fer 4 weeks, making weekly 

examinationa (cake smears of suspicious colonie•; 

identify fu.~gi by cultural characteristics,) 

3. Actidione and chloromycetin inoc~lation 

3.l Prepare two tul:les of Sab0~raud'a agar and cwo 

tu.bee of Sabouraud'• agar containing 0.5 m; Actidione 

per ml and o.os g of chloromycetin per liter. 

3.2 Inoculate with a small portion of concentrated 

sediment. 

3.3 Incul:late all tu.bes at 25 C and examine weekly. 

3.4 At the end of 6 weeka make am•ar• of 1uapici0ws 

coloniea and identify by cultural c~aractariatic•• 

) .J. I 
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