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ABSTRACT

The public health problem of greatest concem in wastewater reclamation and reuse is the

POSSibility of infection and disease c餌Sed by pa血ogenic microonganisms・ It is now possible to

quantitatively assess the risk from血ese pathogenic microorganisms based on a血merical model

uslng血e risk assessment method simila血y utilized for chemical safcty assessments. This paper

PreSentS a literary review of pa血ogenic microorganism infection risk assessment me血odoIogleS

and a summary of examples of血eir application to dri血dng water in water supply and wastewater

reclamation and reuse.　　　　　　　了

RISK ASSESSMENT　　　　　　　　　　　　　　　　　.

血血e United States, eValuation me血ods ca11ed risk assessments related to human health are used

to perfom quantitative assessments of the degree to which血e concentrations of chemicals and

Pa血ogenic microorganisms in drinking water’血e atmosphere, etC., a蹄ct human hea皿, and

ecosystems to regulate血ese concentrations have been established.珊e word "risk" in the tem
’’risk assessment” of rick agents in血e environment w鵬ch a鱒もct hum狐hea血is defined as血e

PrObability of an adverse e鯖もct on human heal血.

器藍叢書器諾器慧諾謹告詩誌1培窪警
begmS by defining血e source of血e risk. In o血er words,血e first step _is to clarify瓜e risk agent

Which is血e souree of血e hazard to be assessed. This is called "hazard ident縦cation." The second

SteP, quantitatively describing the e餌ect which this rick agent has on the body of a person who is

exposed to it’is called the dose-reSPOnSe aSSeSSment. The model used for the dose-reSPOnSe

assessment is a numerical model prepared based on epidemioIoglCal data or experimental data

Obtalned from either human or animal experiments・

The next step IS an asSeSSment Of the extent to which a person would be exposed to血e risk agent

in a certain scenario・ This process involves detemmmg how many people would be exposed by

What route when a risk agent has been discharged into the environment・ When a person has been

exposed to a risk agent through ingestion of an environmental medium such as air, drinking

Water, food, etC., if血e concentration of血e risk agent in the environmentaI medium can be

directly clarified, the amount ingested wi血that environmental medium can be clarified as a

default value’thus allowmg the dose of血e risk agent to be calculated.
●
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If data obtained from monitoring of a risk agent in血e environmental medium which血e person

has mgeSted is available・ this may be used as it is. However, in a case where only血e

COnCentration of瓜e risk agent which has been produced in or discharged into the environment

from an emiss転n source, Or Only the concentration of the raw water is known, the conc菰缶ation

in the water or food to which the person is directly exposed is estimated by uslng a mOdel to

Predict the transfer and decay processes in the environmental medium and/or血e removal process

during water or wastewater treatment・ The anount to which the person is exposed, in other words

血e dose, Can be calculated based on血e anount of water or food ingested and the concentration

Of血e risk agent in this water or food・珊e final step is血e use of a dose-reSPOnSe mOdel based on

血is dose to measure and characterize the degree of risk・珊is task is called risk characterization.

The same approach is used to perfom a risk assessment for pathogens. The risk of infection is a

function of danger (Probability of infection紅om a speci宜ed unit dose) and amount of exposure .

To quantify and characterize the risk,血e interaction of the pathogenic microorganisms and血e

PerSOn eXPOSed・ in other words・ the dose-reSPOnSe relationship and the level of the person's

exposure to that pathogenic microorganism must be known. The assessment of risk of infection

by a microorganism is usually performed by means of a deteministic evaluation of the
microorganism concentration, anOunt Of environmental medium mgeSted, and血e reduction rate

in the environment and during treatment. However, because the pathogenic microorganism

COnCent輸血on in血e environment’血e amounts of water and food ingested, the reduction rate of

the pathogenic microorganism in the environment and during various treatment processes, and

O血er firotors fluctuate in practice’血ese all contribute a degree of uncertainty. For血is reason, a

PrObability based approach that accounts for血e variability of血ese factors is applied to the

exposure assessment, and血e risk assessment is based on血e results.
′

A risk assessment of亜s kind is not only used as a perspective me血od--finding out what degree

Of risk is caused by a certain degree of exposure--it is also used as a retrospective me血od, in

Other words, When the risk which can be a11owed is known’it is used to legally or

administratively detemine血e allowed contanination level41).

DOSE"RESPONSE MODEL

The central process for risk assessments which transfom an amount of exposure to a pa瓜ogenic

microorganism into risk wi皿now be described in deta軋Because the risk to a person from a

Pathogenic microorganism is categorized into various levels of damage, namely infection,
COntraCtion, and death, it is necessary to宜rst clarify which level of risk is to be evaluated. Animal

Or human data劃℃ neCeSSary m Order to establish a dose-reSPOnSe mOdel that w拙quantify the

relationship between血e amount of a pathogenic microorganism to which a person is exposed and

the肱elihood血at the person will be infected or become m. Data based on human studies must be

used as the basis for assesslng the risk from pa血ogenic microorganisms2)・ The only ways to

Obtain this infomation are to either experimentally expose members of a volunteer group to
Varylng amOuntS Of a pathogenic microorganism, Or tO investigate an accident in which

Pa血ogenic microorganisms were mixed with water or food to鱒nd out how many people were

infected’血e type of pathogenic microonganism causmg the accident’and the amount of exposure

to the pathogenic microorganisms・ The only way to detemine the mo血idity or mortality for a

SPeC脆c pa血ogenic microorganism is to examine medical records at actual hospitals.

Because dose-reSPOnSe data are often based on small groups of healthy volunteers, the risk is

assumed to be higher for children, Old people, Or O血er risk groups than血e values predicted from

the dose-reSPOnSe data based on a healthy volunteer group study・ These high竜sk groups include

many常OPle; aS muCh as 17% of血e population of the United States is sald to belong to such risk

groups ’and it is not yet clear what degree of safety margln Should be allowed in the case of risk

assessments for pathogenic microonganisms.

On血e other hand’the risk from pa血ogenic microorganisms is marked by large di餓汀enCeS in the

Seriousness of illness and the mo血ity between various types of pathogenic microorganisms. The

heal血risk from chemicals is categorized by the United States Environmental Protection Agency

(USEPA) and the Intemational Agency for Researeh on Cancer (IARC) into two groups,
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CarCinogens accompanied by a high mortality, and non-CarCinogens. The criteria for judging a

CarCinogen is based on whether the agent causes cancer. Unified judgments are made that a non-

Careinogen will not harm human health below a certain threshold, but integrated judgments-Of伽s

kind are not pt)SSible regarding pathogenic microorganisms・ Discussions of the sal毛ty of

Chemicals deal w皿the issue of血e chronic Iong-tem e塙鵜tS Of continuous exposure, While the

risk from pathogenic microorg豊SmS is considered as an acute adverse effect・ in o血er words’the

risk from each case of exposure.

While the dose-reSPOnSe mOdel for chemical risk applied to humans accounts for血e weight and

body su血ce area of瓜e person based on data obtained from animal experimentation results,血e

dose-reSPOnSe mOdel for a pa血ogenic microorganism is considered to be highly reliわle because

it is based on data for血e direct relationship between humans and pathogenic microorganisms.

Ano血er point which distinguishes血e assessment of risk from pa血ogenic microorganisms from

the assessment of risk from chemicals is that there are cases where secondary infection is

important; in such cases’attention must be pald to血e risk of secondary or even tertiary infection

Of one person by another.

A number of models have been proposed that determine the amount of pathogenic

microorganisms to which a person is exposed, and血e degree of risk of that person becommg

infected and of contracting the disease from the amount of血e microorganisms to which血e

person was exposed, in other words, the dose2・7・8). Risk assessment models for pathogenic

microorganisms are based upon a dose-reSPOnSe relationship for which血ere is no safe exposure

level, that is, a dose level where infection or symptoms do not appear, Or a hypo血etical threshold

Value is not set・ The model ultimately chosen will be血e one which conforms most cIosely with

experimental results, but the exponential model and beta model that are described next were

Obtained from the results of theoretical considerations of the interaction of pathogenic

microonganisms wi血human beings・ Pa血ogenic microonganisms of di鮎もrent kinds cause various

umque symptoms in people・ Fu血emore, a PerSOn's own immu血ty also a節ects the pa血ogenic

microorganisms, SO that血e degrees of susceptibildy of various people to a ce請ain pathogenic

microonganism are not血e sane. Thus, eVen When two or more people are simila血y exposed to a

Pathogenic microorganism,血e nature of each person's response varies, SO for many groups, a

model which expresses血e response as infection risk is used.

1) Exponential Model
This type is also ca11ed a single hit model. Exp?riments to find血e dose-reSPOnSe are uSua11y

Performed with the number of pathogenic mlCrOOrganisms approximated by a PoissonIs
dis血bution as a dose. In a case where血e percentage of persons who are infected by a particular

Pathogenic _microprganism is constant,血at is, the interaction of people wi血a pathogenic

microorganism is宜xed,血e probability of infection caused

霊蔀1討●

●

?1ngle exposure to血e average

number of microorganisms IS PrOVided by an exponential
●

P(D) = 1 - EXP(一昨))

Whe鳩,

P: Probability of infection by a slngle exposure

D: Exposure虻mOunt, Or dose

Y: Paraneter

【醐

The paraneter γ is the infectivity of pathogenic microonganism to persons, and the langer it is, the

greater血e infectious potential of血e microonganism.

2) The Beta Distribution Infection Probability Model
This is a model in which the infectivity varies according to the number of ingested pathogenic

microorganisms rather than one which hypothesizes that血e capability to infect a person γ Of each

Pathogenic microorganism in a host in血e exponential model is constant regardless of the amount

Of pathogenic microorganisms which have entered the host・ Considering that this is a probability



model which expresses this inte調elationship as a beta distribution, it is possible to estimate the

followmg infection probability:
●

P(D)= 1-(1 +(D/β))-α

Whe記,

P: Probability of infection with a smgle exposure

D: Amount of exposure

α, β are paraneters.

(2)

The larger α the cIoser to an exponential distribution.

慧荒業器葦蒜法曹rmal di剛ion model and a logistic model血a few

3) Lognomal Model
A Iognomal distribution model is a model血at hypo血esizes that血ere are individual di鮮erences

in individual immunity to pathogenic microorganisms’and that they are in a lognomal

dis血bution to the amount of pa血ogenic microonganisms to which each person is exposed:

P(D)= (Log(D)- )2
(3)

Whe記,

P: Probability of infection by a single exposure (risk)

D: Amount of exposure, Or dose

α, β出世, O: Parameters

4) Logistic Model

The logistic model proposed by Hald11).1S rePreSented as shown below:

P(D) =
l十巳XP(- (M +NLog(D)) ) (4)

Whe鳩,

P: Probability of infection by a single exposure (risk)

D: Amount of exposure, Or dose

M, N: Parameters

Selection of the most appropriate model and the establishment of血e most肱ely parameters are

based on data sets on血e dose of pa血ogenic microonganisms to which people are exposed and the

Pereentage Of a group of people who were exposed to this dose and who we嶋aCtually infected to

the total numbers of people who were dosed. These data were obtained either from

epidemioIogical data or from tests of a group of volunteers.

Dose-reSPOnSe mOdels and their estimated parameters for infection from various kinds of

羅藍書誌謹書誓言謹謡怒盈‡霊宝藍悪霊豊圭
●　　　　　　　　●　　　　　　　　　　　　　　　　　　　●

Same tyPe Of pathogenic microorganism are assumed to be a result of the revision of the infection

data used for the estimations. Figure 2 shows the dose-reSPOnSe relationships for a number of

microorganisms prepared based on this model.



TABLE「 Parameters of Infection Risk Models from Pathogens

Type of Path(均enS Refere Type of

nces ModeI
α∴∴∴ β ReIe rred

number

Poliovirus l

Poliovirus 3

Echovirus 12

Rotavirus

Gfa/動向庵mb施

Cr岬to印O庇勅m pa刑um

Ca mpyわba cter

Sah)One施

Sa偏One侮りphi

Sh臼e胞

Shjge施句仰este庖e l

Shゆe施徹enerf 2A #

Vめ庇) (加OfeIa C属ssわaI

Vめ庇) OholeI場Ey 7br

Et↑ねmoeba co〃

Ei塙amoeba hisめ明細a

2)7)　Beta

7)　Beta

8)　eXPOnentia1

8)　Beta

3)　Beta

3)　Beta

8)　Beta

2)　Beta

2)7)　Beta

8)　Beta

7)　Beta

8)　Beta

7)8)　eXPOnentia1

14)　eXPOnentia1

7)　rBeta

7)　Beta

7)　Beta

7)　Beta

2)7)　Beta

2)7)　Beta

7)　Beta

7)　Beta

2)7) Beta

7)　Beta

0.0091

0.0199

○○0047

15　1000

0.5　　1.14

0.1097　1524

15　1000

0.119　　　200

0.409　　0.788

0.5　　1.14

1.3　　　　75

0.374 186.69

0.232　　0.247

0.26　　0.42

0,039　　　55

0.33　1 39.9

0.21　　5531

0.16　　155

0.5　　100

0.2　　2000

0.097　13020

2・70巨-05　1.33

0.17　　1.32

13.3　　39.7
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In addition, Cooper et al・ 15) reported on the parameters fdr fchr models as shown in Table 2 based

On data which they organized themselves. It is not clear whe血er血e model accounts for血e

morbidity dataror also infection data, though it is important to note that this model handles血e

risk of morbidity.

Based on the infection model shown in Table l, the infectivity, mOrbidity, and mortality when a

欝On is

exposed to a smgle unit of various pathogenic microorganisms are presented in Table

As mentioned above, the infection model has no血reshold value for a dose血at does not cause

infection, but Rose ct al・17・19) estimated the pathogenic dose necessary for infection as shown in

Table 4 for a case in which l% or O.01% of people are infected is de宜ned as the minimum dose

Of infection. This table reveals that poliovirus, eChovirus, and other enteric viruses, and Giar窃a

CySt, entamOeba, and o血er protozoa are fat more infectious than pa血ogenic bacteria such as

Sal胸nella or VIb亮o cholera. This demonstrates that efforts to deal with water-bome infectious

disease should focus more on enteric viruses and protozoa because of血eir high infectivity and

their ability to survive in血e environment.

EXPOSURE ASSESSMENT

To perfom a slngle exposure infection risk assessment, it is necessary to assess the pa血ogenic

dose in a smgle exposure from血e pa血ogenic concentration of water or food directly ingested

and血e amount of water or food ingested・ If any monitoring data are available, they may be used

to estimate the pa血ogenic concentration. However, in血e case of puri宜ed water in血e water

SuPPly system or reclalmed wastewater which has undergone advanced treatment for reuse, the

Pa血ogqulC COnCentration may be below血e detection limit, Which malkes it di縦cult to measure.

But even concentrations below血e detection limit may present a risk level which can not be

lgnOred. In such cases,血e pa血ogenic concentration to which a person is exposed is estimated by

taking quantitative data concemlng raW Water for血e water supply system or wastewater after

SeCOndary treatment as the starting point, and by accounting for the removal e触ciency or

inactivation e綿ciency of血e water treatment processes and for血e environmental attenuation

rate.

Tumlng tO血e estimation of the volume of water or food consumed, it is often hypothesized血at

馨蓋護憲謹書豊叢善業諾茅
●

●　　　　　　●

hypo瓜esized that a diver mgeStS Only about 40 ml of water in one dive. It is impossible to fully
●

evaluate relative safety simply by assessmg血e risk of a smgle exposure, because it is necessary

to compare血e risk wi血other relative risks in the risk assessment process, but the exposure

frequencies of other risks also vary. For example, PeOPle drink water every day, but swim far

more infiequently.

The safety for each reuse application must therefore be considered in tems of the probability

risky events occumng during a certain time period. If the risk caused by a smgle exposure

de鼠ned as P, the followlng equation can be used to represent血is as an annual risk:
●

1-(1-P)n　　　　　　　　　　(5)

Here, n is the number of exposure events per year. Similarly, it is possible to also calculate the

lifetime risk if n is taken as the frequency of exposure over a person’s lifetime.
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TABLE2 Parameters o冊ection Risk ModeIs from Pathogens

α

XpOne

Mode書

GMI GSD2

Shゆe伯抑. ー7.4577 2.0292

VめIめ勃0居館

C庵ssわa /

Vぬめ勃0居館勧めr　-24.82　5.39

C負mpyfoba cter

ESchen応h庵co〃

S負肋one伯沖.

Sa肋one伯的hi

Enterovirus

G居用船偽mb胎

ー1.2184 0.2406

-1.9927 0○○002

-7.9934 1.9293

0・16　　155 1.03巨○○3

0.097　13020 7.45巨細06

1.33 2.70E-05 4.99巨細05

0.39　　　55 7.00巨-04

1 。22巨-08

0.33　139.9 2.35巨○○3

0.21　　5531 3.79巨細05

0.18　　11.6 1.53巨○○2

8.92巨十03

3.20巨十06

了.20巨細04

30

4.36巨十07

3.37巨十〇6

2.50巨十02

102

1. GM: Geometric mean of IognormaI distribution in equation (3)峠Log(GM)

2・ GSD‥ Standard deviation of Iogno申distribution in equation (3) o = Log(GSD〉

TabIe 3 Risk of in軸on’disease’death due to enteric pathogens「

1 m輔on

PeOPIe

rerCentage of

CaSeS Where

CIinicaI cares

dpsed a are required

SIngle unit of after

Pathogens infection(%)

M〇億ality(%)

infection (%)

C負廟ba c胎r

S貧肋one伯的hi

S男匂e伯

胸Iめcho佃伯C居ss唐I

Coxsackieviruses

Echovirus 12

Hepatitis A virus

NorwaIk virus

PoIiovirus I

PoIiovirus 3

Rotavirus

G自由烙居mb伯

1・ NRCbasedby 16), 17), 18)

1 7,000

5-96

14,900 0.1-1

31 ,000

310,000 28-60

1 9,800

9

7

0.12-0.94

50 0.27○○.29

75 ○○6

0.0001

0.9

0.01-0.12

76

40

78

30

90



Table 4 Estimation of minimum dose for infection from enteric pathogens using dose-

response models7)
こ〇二二二ユ

ニ=　一章㌢

Minimum infection dose

1% of infection risk 0.01% of infection risk

1.4 0.014

Ca mpyfoba cter

Sa加7One伯

Sah7One伯fyphi

Sh臼e伯

Shゆe伯旬ven胎r庵e

Sh臼e伯i庖meh 2A拙筆

胸[わchofe昭c庵ssfaI

陶枕) Cho店掘割7もr

Poliovirus I

Poliovirus 3

Echovirus 12

Rotavirus

白斑amoeba co〃

昂塙amoeba h応め妬めa

G雇I寄治偽mb/伯

0.67

0.32

0.59

0.03

了0.04

0.04

0,5

0.0067

0.0058

0.0050

1. NR5basedby 16), 17), 18)
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RISK ASSESSMENT OF PATHOGENS IN DRTNKING WATER

Microorganis廟もwhich cause water-bome diseases include viruses, PrOtOZOa, andニother

microorganisms whose tolerance of their environment and behavior during water puri鯖cation

PrOCeSSeS di批汀from those of index organisms: COlifom bacteria, fecal colifom bacteria, etC.

Because血ese viruses and protozoa are, as Stated in血e previous section’endowed wi瓜Iarge

infectivity, the safety of the public exposed to such microorganisms is a serious problem. Dose-

reSPOnSe mOdels have been used虹n観on risk assessme華豊議書霊言霊霊

maked by highly variable concentrations in drinking water
development of standards used to detemine suitable water pu亜ca缶on processes required to

reduce the microorganism infection risk.

At血e same t血e as the US EPA controls the e餓鵜tS On血e public heal血of chemicals in d血king

Water’it also uses the risk assessment me血od to detemine the type of water pur脆cation system

needed to control bacteria’PrOtOZOan CyStS, and viruses causmg ,Water-bome diseases that ham

human hea皿8・32). To deal with the increaslng lnCidence of water-bome diseases seen in the

諾霊宝葦諒轟宝器窪藍器窪ま宝器霊霊詣器
must provide in order to protect water supply systems which draw their water from sources such

as surface water or contaminated ground water from Gia7窃a cysts and enteric viruses. As a

result, all water supply systems usmg all血e su血ce water’and some groundwater where there is

any possibility of contamination, SuCh as shallow ground water aquifers are now required to

inco呼orate sand餌ters in血eir treatment. The foundation of血is regulation is血e risk assessment

me血odoIogy describedわove.血o血er whrds, as Shown in Figure 3, if an allowalble annual risk

Of infection from dri血血g紅om瓜e water supply is detemined, a dose-reSPOnSe mOdel is used to

inversely calculate the microorganism concentration in血e drinking that can satisfy血is risk of

infection. Then’based on pa血ogenic microorganism measurement data for water supply source

Water nationwide, the removal e組ciency required in the water treatment process can be

detemined’and血e treatment process conditions needed to achieve this e縦ciency are stipulated.

It is important to note that the a11owed infection risk is clearly stipulated. An infec缶on risk at a

level of one infedtion out of lO,000 persons per year, Or less than lO-4/year, is allowed. Unlike

CanCer’Water-bome diseases are fatal relatively rarely; Gerba showed that血eir mortality is

roughly l%16). The risk of in蹄tion should be reduced to the lowest possible level in order to

avoid lost man-hours’treatment COStS’and discomfort caused by illness, but it is necessary to

consider血e extent of o瓜er types of rick. An annual risk of infection of the order of lO-4/year is

not unreasonable, because according to the US EPA, the actual risk of infection紅om Giardia

CySts血rough exposure from recreational activities unrelated to血e water supply, Or the actual

risk of infection from swimmmg, are far greater than血e annual risk of infection which is the

target of the regulations .

三豊器葦‡慧蕊諾意霊詰慧蓋葦豊嵩霊誌罵●　　　　　　　　　　　●　　　　　　　　　　　　　　　　　　　　　　　　●　　　　　　　　　　　　　　　　　　　●

Haas was used to perform a risk assessment of dri血dng water mgeSted at a rate of 2 1iters per

day to calculate血e risk of infection from enteric virus. Table 5 presents the annual infection,

disease contraction’and death risk from drinking water containing smgle virus unit of poliovims

1 and hepatitis A virus (HAV) in from lO liters to l’000 1iters・ Becau亨e nO HAV infection model

now exists, it was hypothesized that it is atout as infectious as poliovlruS l.珊e HAV morbidity

and mortality are higher than血ose for poliovirus l, and血e annual risk of infection from HAV

exceeds one person in lO,000, eVen When only one virus is found in l,000 1iters of water. So

When considering the safety of drinking water, Only an extremely low virus concentration in

drinking water can be a11owed.

間



Fig. 3 Pro雪蕊譜器討総監鴇許諾語結構S during water●

Table 5 Annual Risk of Infection from Viruses in Drinking Waterl O)

POliovi「us

Pathogen

COnCentration

Infection Disease Death lnfection Disease Death

1110」

「1100し

て11事000」

6.6x「O-1 1.1x「O-2 1.1x「O-4　6.6x「O-1 5.6x「O-1 4.9x「O-3

1.Ox「O-2 1.1x「O-4　9.5x「O-7 1.Ox「O-2　7.8x「O-3　4.3x「O-5

1.3x「O-3 1.3x「O-5 l.1x「O-7 1.3x「O-3　9.8x「O-4　5.8x「O-6

Table 6 Allowable pathogen concentration in drinking water satisfying 10-4 of annual

infection risk 8}

Pathogens Allowable

COnCentration

numberfL

References

Rotavirus

P0=0 3

Eh庇amoeba co〃

G属rd庵

P0=0 1

Echovirus 12

P0=0 1

2.22x「 O-7

2.65x「 O-7

6.25x「 O-7

6.75x「 O-6

1.51x「O置5

6.85x「 O-5

1.91x「○○3

Minor 24)

Lepow et aI. 25)

12



Regli ct al・8), Calculated the concentration of various kinds of pathogenic microorganisms that

maintain an anrmal allowable infection risk of less血an lO1yyear when a person drinks 2止ters of

Water Per day, as Shown in Table 6. This clea血y shows that瓜e dose-resPOnSe mOdel that best fits

Giardia and poliovirus l is the誓ponential model, While the beta model is the most appropriate

for o血er pathogenic microorganlSmS. These results reveal血at in order to keep the annual risk of

in鰐otion at or below lO-4’the pathogen concentration must be extremely low, and that the

in蹄tion risk varies in the order of lO-4 according to the type of microorganism. Thus, the

amount of sample water needed to con鯖m the safety level of Gia手枕a is unrealistica11y low,

ranglng from lO-5 to lO-6 1iters’Which means that a realistic method of finding this safety level i§

to consider the microorganism concentration of raw water to be puri鱒ed and the removal

e縦ciency of血e puri鱒cation process. And because血ere is insu組cient infomation about vimses,

it is not appropriate to perfom a risk assessment focused on a limited number of v証eties of

Virus; a Syn血etic virus combining the properties of di鮪aent viruses must be considered. To

combine the properties of血e worst viruses, the water quality level must be 2.2 x lO-7几when

COnSidering the rotavirus with its high infectivity and the hepatitis A virus (HAV), Which is

di綿cult to inactivate and remove. Based on the infection model for rotavirus,血e rela缶onship of

raw water with an annual infection risk of lO-4 or less with the virus removal e綿ciency of血e

Purification process in瓜e 95% reliab亜ty area is estimated as shown in Figure 4.

According to Macler ct aL6),血e most serious consideration must be glVen tO meaSureS tO deal

With the HAV virus, because of the severity of its symptoms and its strong resistance to

disinfection processes, although no practical method of measunng HAV and no dose-reSPOnSe

relationship IS aVailable. The US EPA set standards for su血ce water usmg血e concept of a

Syn瓜etic virus assumed to be血e鵬ghly血fective rotavirus.

Rose ct al・19) used the exponential model for Gia肋a to find conditions where the annual

infedtion risk is lO-4 from血e relationship between血e cyst concentration in血e water and its

removal e縦ciency. Based on data obtained from measurements of Gia楊a cysts in raw water

W弛considerable contamination from human sources and in raw water containing no §uCh

COntamination collected紅om throughout the United States, a dose-reSPOnSe mOdel is used to

assess the annual infection risk and dally maximum infection risk, When the level of processmg

empIoyed by a water supply utildy is v証ed. The results of血is study demonstrate血at in血e case

Of the raw water contalning considerable human contamination, remOVal of between 4 and 5 Log

is necessary,高hile removal of 3 Log lS all that is required by a water puri鱒cation system

handling raw water紅ee from human contamination. Here,血e Log removal e触ciency, Which is

also called the logarithmic prevention coe鮪cient, is the absolute value of the log of the

Pereentage Of pa血ogenic microorganisms remalnmg after processmg; for example it is a removal

e縦ciency of99% for 2 Log, and 90% for l Log.

Rose ct al・7) conducted a study to find the pa血ogenic microorganism removal e触ciency of the

pu亜cation process required to satisfy the annual irfection risk of lO-4 set by血e US EPA for the

use of surface water as raw water for瓜e water supply system. They calculated the concentration

in the raw water to which Giardi仏POliovims, and rotavirus must be lowered in order to satisfy

血e requnement for an annual infection risk of lO-4, for hypothetical purification process removal

e縦ciencies varied from l Log to 4 Log. As shown in Figure 5血ey estimated血e relationship of

the pathogen concentration of the raw water with the removal e批ciency of the purification

process required to reduce血e annual infection risk to lO-4 under an exposure caused by the

mgeStion of 2 1iters of water for two cases: One Where血e raw water wi血the peak concentration

is used 40 days per year, and another where water with the average concentration of

microorganisms is used 365 days per year. In order to achieve an annual infection risk of lO-4,

the process must be controlled so that血e concentration of poliovirus is between O.1 and O.3/100

1iter, that of Gia肋a is O.23 cysts′100 1iters, and there is no more than lO-3 cysts of viruses or

PrOtOZOan CyStS Per liter. From these results, it was concluded that when raw water with the
highest level of contamination is to be used in the water supply system,血e removal e触ciency of

血e purification process must be 4 Log.
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Fig. 4 ReIationship between rotavirus concentration in raw water and reduction
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Fig. 5 Relationship between Giardia cyst concentration in raw water and reduction

譜箱詰薄黒盟嵩結藍覇講読器講習able risk IeveI
●

14

」
〇
〇
二
」
の
盲
M
o
U
し
っ
°
S
 
U
-
S
o
S
⊃
」
一
>
空
〇
日
-
O
U
寄
e
三
〇
三
〇
∈
〇
〇
〇

00〇`0
1

0
●

0〇十
日

00
●

引

田

0回
田●
0

“
○
○
 
i
漢
0〇.

」
8
三
の
}
鴫
周
る
U
…
O
S
U
一
S
】
S
>
U
P
、
p
立
0
)
°
∪
罵
≡
U
三
の
∈
○
さ

0
●

0
富
子
‖
L

00
●

一
千
漢

く

J

 

l

0一山
喜●
0



Based on the above・ the USEPA established the standards shown in Table 7 for瓜e pathogenic

microorganism removal e縦ciency of血e purification process needed to achieve water _SuPPly

言霊謹諾悪霊霊器霊‡藍露盤器蒜器謹器
must provide the f批ration and disinfection needed to guarantee the maximum values in this table,

and血e methods of selecting鮒tration processes and disinfection processes that satisfy this

requlrement are also stipulated.

RISK ASSESSMENT OF PATHOGENS IN DISCHARGE FROM WASTEWATER
TREATMENT PLANTS

The safety of treated wastewater based on risk assessments were first discussed by Hutzler ct

al・12). Based on pathoIogical statistical data, they perfomed infection risk assessments of a case

Where hepatitis A virus (HAV) shed by patients into wa咋Water WaS discharged to the

environment・ It is di批cult to quantify HAV, and the discussIOn WaS based on the amounts of

irfective feces instead of血e virus concentration. Feces containing HAV were deliberately

PrOVided・ and the relationship between the fecal dose and血e appearance of HAV patients created

Clinically in this way lS Summarized in Figure 6・ Because it was impossible to detect the HAV

Virus’血e dose-reSPOnSe relationship is expressed by treating the amount of infective feces as the

dose. A typICal dose of O.1 g of feces causes disease occunence requmng medical action at a
●

PrObabildy of 50% from血e results of an estimation of the upper con観dence limit (UCL) of 95%

area at that time・ Up to血is UCL・ it was assumed血at血e dose-re§POnSe relationship is血ear in

the model・ HAV virus is shed in血e fecds of an HAV patient for about l month, and about 80

PersOnS in a population of lOO’000 shed HAV. Each patient sheds between lOO and 200 grams of

feces each day・ SO if 450 1iters of water are consumed per person,瓜en the wastewater will

COntain O.03 mg/liter of HAV infected feces. 0・02 mg/1iter of feces infected with HAV is

discharged from sewage treatment plants’and is inactivated wi血99.9% reduction in瓜e recelVmg

WaterS・ The dilution factor in the waters is lO times, SO if a person swimmmg in瓜e area mgeStS

10 ml of water,血at person’s infection risk is as follows:

risk=UCLx喜=0.5x智=10-7 (6)

Haas2) studied a dose-reSPOnSe mOdel fdr enterovirus etc., and calculated瓜e risk of infection to a

SWimmer downstream紅om where enterovirus is discharged into the river by a sewage treatment

plant3)・ Based on the reported geometric mean of virus in血e water, namely 5,650/liter, and

assumlng that HAV is reduced at 67・5% in血e grit tank狐d pnmary sedimentation tank, at 86%

by the subsequent activated sludge process, and finally at 90% in the chlorination tank,血en the

COnCentration of viruses rem狐nmg in the treated wastewater is 25.7価ter. The dilution factor at

the point where treated wastewater is discharged is lOO times, and it is hypothesized血at the

decay constant of the viruses during the two days it takes for the water to組ow downstream is

O・69/day. Assummg that a person swimmmg at this downstream location mgeStS lOO ml of water

and that l% of all those persons infected during downstream recreational use of血e river will

become i11 as a result of血e infection’the risk of illness from a smgle exposure is estimated to be

6.5 x lO-5 in a case where disinfection is perfomed and 6.3 x lO-4 when it is not.
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Table 7 DesIgnated reduction in water treatment processes which is regu-ated in

S而ace Water treatment Rule(SWTR) Q。)
時

l

G唐舶胞 VlruSeSDaiIy average

COnCentration of

Pathoロen in raw water

<=1

>1-10

>10・100

DOS巨

RESPONSE

%　OF　　　50

POPULATION

AFFECTED

BY DOSAGE

RISK

O
DE D50

DOSAGE

Fig. 6 Estimation of HAV infection modeI 12)

Upper figure represents dose interms of weight of infective feces’and Iower graph

Shows that the dose-reSPOnSe reIation is Iinear as high as a 95% upper confidence Iimit
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Olivieri ct al・22) used the Monte Carlo method developed by Cooper et al・15) to calculate the

infection risk to a diver from virus in wastewater discharged into the ocean from a sewage

treatment plant-Where sedimentation is practiced but no bioIogical treatment is performe虚This

Monte Carlo method uses a model which accounts for variations in the concentration of

Pathogenic microorganisms・ in the amount of water mgested, and in the processmg Of the

Pathogenic microorganisms or the attenuation properties of血e environment. Olivieri et aん22)

assumed血at a diver ingests 40 ml of water (10% of standard deviation) and set血e initial dilu缶on

factor at the di餓]Ser uSed to dischange血e water into the ocean at lOO times and the dilution rate

at the edge of the kelp bed at an initial di鱒usion of 3,000 times, and estimated the risk at血ose

two points. Kehr and Butterfield28圭血med a study of the frequency of the contracti。n 。f

typhoid fever based on data concemmg血e relationship of the number of colifom bacteria groups

With Sal棚nella t炉hoid in wastewater or in contaminated water(Fig. 7). They discovered a

relationship between the pereentage of Sal榊nella卿hi to total colifom bacteria groTPS and the

incidence of typhoid fever・ and showed that the number of pathogenic microorganlSmS Per l

mi11ion colifom groups is related to血e number of persons per lOO’000 who contract typhoid

fever’and that this can be found experimentally with血e followlng fomula28):
●

y=arn (7)

Whe鳩,

a’n: Constants’3 and O.46 respectively

y: Number of pa血ogenic microorganisms per l mnlion colifom groups

r: Contraction rate per lOO,000 persons ,,

Olivieri et aL22) empIoyed the Kehr-Butte]血eld fomula to experimentally find血e relationship of

the number of persons becomlng ill per unit of population wi血the number of co鵬m groups

W鵬ch are pathogenic microorganisms uslng mOnitoring data concemmg血e colifom groups and

励脇onとlla xp. in血e water discharged from the wastewater treatment plant presented in Tatle 8

and enterovirus at Santee in San Diego.

Then using血e rate of contraction for S.卿hi,励l棚nella埴科, and部ejgella呼や. Per lOO,000

PersOnS for血e en血℃ United States・ Which are O.18, 360, and 160 respectively, Olivieri et al.

estimated血e concentration of pathogenic microorg狐isms at血e d珊ISer and at the edge of the

kelp bed as shown in Tal)1e 9・珊is was used to evaluate血e risk of contrac血g an illness from

diving once.

But enterovirus confoms to the concentration detected in血e wastewater, and it is assumed that it

is reduced to l/10 in the sedimentation ta]k in血e sewage treatment plant. This result indicated

血at viruses present血e greatest rick of infection, and血at血e morbidities at血e di餓JSer and at the

edge of the kelp bed糾℃ 3 persons in lOO and l person in l’Oco respectively.
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TabIe 8 Pathogen concentration in wastewater treatment pIant 22)

同

Pathogen

呈出ent (哩吐喧幽

CoIiform

bacteria arou

COpeentration in prlmary
■

FecaI Coliform Sa偏One伯

arOuP SDD.

U ntreated

WaSteWater

(PFUlリ
enterovIruS

Average

Geometric mean

Standard deviation

44.5x「 O6

7.64

1.99

Geometric standard O,299

deviation

0.97

0.56

19.883

4.29

7.9

TabIe 9 Estimating diver’s risk of disease due to ocean outfall of sewage in San Diego
22)

At the location of diffuser

Pathogen

COnCentration

n/」

Sa偏one脆ap.

S.肪hi

Sh佃e脆抑.

Pathogenic ECo〃

Enter9Virus

Total risk IeveI

0.003

0.13

0.1

330

200

At the Edge of KeIp

Risk of　. Pathogen

disease in one concentration

了dive

0.3x「 O-4

0.9x「 O-6

0.1x「O-4

0.3x「 O-6

0.3x「 O-2

0.3x「 O-2

0.0001

0.004

0.003

聞

7
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TYPHO10 FEVER roR8I関TY, CAS〔S/1000　POP【九ATIO=
二　二‾

100　‾

Beds

Risk of

disease in

One dive

0.9x「 O-6

0.7x「 O-7

0.9x「 O-6

0.1x「O-6

0.1x「O-2

0.1x「○○2

Fig.7 ReIationship between the ratio of number of Sa肋one伯的hito CoIiform bacteria

grOuP COuntS and occurance of typhi fever in popuIation 28)
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RISK ASSESSMENT OF PATHOGENS FOR WASTEWATER RECLAMATION_ AND

Rose and Gerba17) evaluated the safcty of microorganism standards in Arizona fdr viruses and

Giar窃a when wastewater is reused, and the infection risk from enteric virus when reclaimed

WasteWater lS mgeSted based on data concemmg Viruses and Giar窃a in reclaimed wastewater.

Arizona is the only state in the United States where standards have been set for unres血cted use

W鵬ch exposes an unspec範c public to viruses or Gia肋a or o血er parasites; Standards such as one

enteric virus in 40 1iters and one cyst or one oocyst of Giardia or C7押わやorid訪m in 40 1iters. In

the case of reuse where there is no possibility of the public being exposed on the o血er hand, a

Standard of 125 enteric viruses in 40 1iters has been set. Based on data indicating瓜at the virus

COnCentration of lOO liters of secondary e鮒uent from wastewater treatment plants in Arizona and

FIorida was a maximum of 245 and 210 PFU’and an average of 13 and 130 PFU, and that血e

器蒜諾諾諾露語器蒜誌諾器蒜諾箱詰紫
infection risk from viruses or Gia肋a in a case where a person has accidentally directly ingested

lOO ml of reclaimed wastewater. FIom血e results summarized in Table lO, the infec也on risk from

accidentally mgeSting the secondary e鮒uent would be about 2 x lO-3, but the subsequent

紺tration could reduce血is risk to 2 x lO-4 and 2 x lO- 6 for Giardia.珊us, it was concluded血at

if the鮒tration and disinfection can be counted on to have a disinfection e鱒もct, it would be

POSSible to reuse血is water for unres血cted use as lmgation water.

●　　　　　●

i「

Based on data concemlng Pa血ogenic microorganisms in water discharged from a wastewater

reclamation and reuse plant in St・ Petersburg in Florida, Rose ct al.30) assessed瓜e infection risk

Of accidentally ingesting lOO ml of this reclaimed water as shown in Table ll. In this case,

rotavirus and echovirus are used as exanples of havmg eXtremely high infectivity and moderate

infectivity・ reSPeCtively. Because血ere was no C7斑胸やorid訪m infection model availz曲Le at the

time of that study・ the Gia肋a infection model was applied to Crypto岬oridi桝m without

The next study introduced here is that by Asano ct aL21): a rick assessment of virus infbetion in

many applications of wastewater reclamation and reuse based on the most reliable available

measurement data for viruses at鱒ve sewage treatment plants in Califomia. Scenarios for

assesslng血e safety of wastewater reclamation and reuse are established to assess血e infection

risk in the reuse applications listed in Table 12; OneS highly肱ely to result in contact with血e

reclaimed water by the public. The reuse scenarios correspond to the followmg tyPeS Of

WaSteWater reClamation and reuse which are becommg mCreasmgly common in Califomia.

[1] Spray I正gation of Golf Courses

Golf courses are watered at night’and it is assumed that each golfer plays a course an average of

twice a week all year. It is hypothesized血at about l ml of reclaimed water remammg On the

grass adheres to golfers' hands when they pick up血eir ball’eXPOSmg血eir mouths to this water.

But it is also assumed that if a golfer comes into contact with this recla血ed water containing

Vi山ses about l day after spraymg, the virus will have attenuated in the first order reduction at a

decay rate of O.69/day.

[2]臆Sprayed on Fields Growing Food Crops

This scenario considers the risk to consumers when food products sprayed with reclaimed water

are eaten uncooked.血this case・ it is assumed that the total amount of reclaimed water rem孤nmg

On血e food products a person eats in a smgle day lS equlValent to about lO ml, food is shipped to

the maket about 2 weeks after spray lmgation is stopped,血en mgeSted by consumers. It is also

hypo血esized that during this period, the viruses gradually die in the first order reduction at a

decay rate of O・69/day under血e e餓鵜tS Of drying and the sun's rays・
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TabIe lO Single exposure risk when a person ingests lOO mL of secondary e珊uent from

WaSteWater treatment Plant by mistakep7}

Virus /protozoa

COnCentration in lOOL

Risk from

Viruses/protozoa in

Arizona(AZ),

FIorida

Risk of infection

AZ★ FL青

AZγ FL★★

AZ★ FL★★

F」★★

2x「O-1

2x「O-2

2x○○-3

2x「O細4

2 x 「O-5★★★

2 x 「O-6★★★

★ peak and average concentration in secondary e鮒uent

青書levels at peak and average of f冊ate following secondary e軸uent

★★★Acceptable annual risk by a single exposure

TabIe = Risk of infection when 100 mL of reclaimed water lS lngeSted by mistakecR9OAI
●　　　　　　"

Pathogen Dose jn

COnCentration lOOmL

in reclaimed

Water

Rotavi rus

model

Echovi rus G庵rdfa

modeI model

Viruses

G庖厄胎

0.01 PFU

O.13 PFU

0.49 cysts

O.89 cysts

「.67 cysts

3.3 cysts

CI押toSpO勅m O.75 oocysts

5.35 oocysts

1.Ox「O-5

1.3x「O-4

4.9x「 O-4

8.9x「 O-4

1.77x「O-3

3.3x「 O細3

7.5x「 O-4

5.35x「 O-3

6.2x「 O-6

6.Ox〇 〇〇5

2.Ox「 O-3

2.7x「 O-7

9.8x「 O-6

1.88x「O-5

3.3x「 O-5

6.6x「 O-5

1.5x「O-5

1.1x「O-4
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[3] Reuse of Water for Recreation (Swimming)
The flow volumes of Southem Califomia's rivers are extremely low in the summer; reClalmed

Water dischargc d to the recelVlng Water is used for swimmmg With almost no dilution三The

infection risk is calculated for a person who swims 40 days a year and is assumed to ingest abo融

lOO ml each time.

[4] Artificial Groundwater Recharge to Supply Drinking Water
Reclaimed water is sprayed on the su血ce of the ground and thus percolates into the

groundwater・ In this case, it is assumed that it passes through about 3 m of an unsaturated

Stratum・ and enters the groundwater・ aquifdr・ Next・ it is diluted by血e addition of an equal

amount of rain water・ Then six mon血s later, it is used as drinking water. It is assumed that if the

皿ckness of the unsaturated stratum is considered to equal (L) m, the viruses remaining after the

unsaturated stratum will equal lO-0・7L・ and the viruses will attenuate at a decay rate of O.69/day

in the saturated groundwater aquifer.

Based on the above scenarios, Asano ct al. assessed the infection risk from three kinds of

enteroviruses with dose-reSPOnSe mOdels found by Haas.

謹鍋警‡監語意器諾意)葦諾盈書聖ぷ蕊露語
●

Where water processed at this te血ary treatment facility is reused was assessed along with the

annual infection risk in the case of the reuse of tertiary e鮒uent with an actual measured

maximum virus concentration of l l l vu per lOO liters and a detection limit of l vu per lOO liters.

Tables 13 shows the annual infection risk事or echovirus 12, the virus wi血the highest infectivity
21)

Tancka et a手32) perfomed a statistical analysis of enteric virus data for treated wastewater at four

SeWage `treatment Plants in Canfomia’Clea血y demonstrating that at債℃atment Plants where the

Virus concentration in血e secondary e鮒uent was identical,血e virus concentration varied from

day to day m accordance wi心血e lognomal dis血bution, and that the enteric virus concentration

in the secondary e組uent was widely dis血buted among treatment plants (Figure lO). They血en

Studied how safe this reclaimed wastewater which had completed only secondary treatment

PrOCeSS Or血e followlng tertiary treatment process was for reuse for various puxposes, and the

Safety in comparison with血e safety from pathogenic microorganism infection estわlished for

Water SyStemS in the United States’in other words・ the standard a11owances stipulating one

infection or less per lO’000 people per year.

The hypothetical則Se SCenarios presented above are based on Asano ct a手21) They used the

Monte Carlo method to calculate the annual irfection risk in a case of rotavirus’Which presents

the greatest infection risk in a low dose. As shown in Figure l l, in the reuse scen証os, When the

tertiary treatment promlSmg remOVal e餌ciency of 5.2 Log lS aPPlied to unrest正cted use in

Califomia’it will be lower than the allowable annual infection risk of lO-4 hypo血esized by血e

USEPA for the water supply・ Which means it provides su批cient sal毛ty・ However, it clearly

exceeds血e a11owable risk in the case of recreational use, Where contact with血e human body is

assumed to occur・ When an estimation is made of血e virus removal e批ciency during the tertiary

treatment required to satisfy the USEPA a11owable annual infection risk for the water supply,

namely a risk level of lO-4 at a reliability of 90% or 95%’it is estimated that the tertiary

treatment removes viruses at the level shown in Figure 12 at probability of time.

Risk assessments by Asano ct al・21) had considerable repercussions when the wastewater

reclamation and reuse standards in Califomia were revised. The Peer Review Committee

established by the Department of Public Health of the State of Califomia believed that the

infection risk was highest for reuse applications invoIving human contact with reclaimed water,

and that although the allowable infection risk for wastewater reclamation and reuse is preferable

at the level of one person in lO,000 per year’allowable risk standards would not be set, and that

there was not enough data to set pa血ogenic microorganism standards at血at缶me.
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TabIe 12 Summary of Exposure Scenarios Used in Risk Assessment on Wastewater

reclamation And reuse21 )
i

A師。a,i。n叩。S。S　#諾uP

Scenario I

GoIf course irrigation

Scenario =

Crop lrrigation

Scenario =I

Rec「eational

Impoundment

Scenario IV

G roundwater recharge

GoIfer

Consumer

Swimmer

G rou ndwater

COnSumer

1. Adapted from Asano eta/ (1992)

Exposure

frequency

Amount of water

Ing〔拳ted in a

SmgIe exposure

Twice per week l mL

Every day

40 days per

year - Summer
SeaSOn Only

Every day

10m」

100m」

1000 m」

Reduction in the

environment

面gation one day before

Playing

Stop lrrigation two weeks

before harvest and

Shipment. Viral reduction

due to sunlight

No virus reduction

3 m vadose zone and 6

month retention in aquifer・

Virus inactivation

COe珊cient = 0.69/d

ChIo「lne

B. DI「ec†剛†ra†Ion Basln ’、

露語叩

C,　Con†ac†刊†ra†Ion

Chlo「lne

Con†qc†
Bqsln

G「qnulo「

Mbdlum
戸冊「qllon ・

Fig.8 OutIine of te面ary treatment for unrestricted wastewater recIamation and reuse

appIications required by CaIifornia State
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Fig. 9 Virus reduction efficiency during tertiary treatment applicabIe to unrestricted

application of wastewater recIamation and reuse in the Sate of Ca冊omia 31)

Upper and lower figures indicate chlorination processes at lO and 5 mg/L of residual

ChIorine, reSPeCtiveIy where systems A to D represent as fo-Iows: A‥ F岨reatment;

B‥Direct f冊ation; C: Direct fiItration applying activated carbon; D: Contact f冊ation
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Table 13 Comparisons annua=nfection risks depending on different reuse

a軸書OnScQ函

)

Evaluated re5ねimed water

5 1og reduction durIng

te砧ary treatment of

500vu/1 00L of Secondary

effluent

5 Iog reduction of tertiary

treatment of 73400vu/1 00L

Of Secondary effIuent

「 1 1vu/100L of maximum

Virus concentration which

WaS mOnitored in tertiary

effIuent

「vu/100L of detection Iimit

Of viruses

GoIf course

lrrIgation

Food crop

Irrigation

Recreational Groundwater
impoundme recharge

nt

1・14X「O-8　5.11X「O-11 8.77X「O-7　9.73X「O-15

1・68X「O-6　7.49XlO章9　l.29X「O-4　1.46X「O_12

2・51X「O-2　1.13X「O-4　8.44X「O-1　2.27X「O-8

2.29X「O葛4　1.O2X「O-6　1.74X「O-2　2.04X「O-4

Standard deviation

-1　　　　　0　　　　　1

Percent of values equal to o「 Iess

than indicated value

Fig・ 10 Distribution of virus concentrations of unchIorinated secondary effIuents from

WaSteWater treatment PIants in Ca冊ornia State 。2)
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(a) 5.3 log reduction during Fu旧reatment (◆ (b) 3.9 1og reduction during chlo「ination

followlng SeCOndary treatment
●

(C) O Iog reduction afte「 secondary treatment

Fig. 1 1 Estimation of annual risk of infection from various reuse applications based on

Virus data in wastewater treatment plants in California

Assu巾Ptions on treatment levels are (a)te巾ary treatment satisfying reuse criteria caIIed

Tit峠22: (b) chlorination following secondary treatment; (C) only secondary treatment
′

葺e鵠罰㌢e芭tp。m。naAS　App盤霊室諾㌔㊨G。If。。u.Sei. 
OCSD'AS　ロ　MRWPCAAS　　　②Agricultu「alirr.　④Groundwate「 

(a) as safe as drinking water at 90% reIiab航y (b) as safe as.drinking waterat 95% re”ab冊y

Fig. 12 Requlred virus inactivation efficiency during tertiary treatment for wastewater

reclamation and reuse which satisfies the safety equlVaIent to the acceptabIe annual risk

SuPPOSed by USEPA事軍
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Yanko et al.34・38)　　　　　　　.　　　.

L。S Ang。1。S 。。器露盤岩盤三:盤i器謹話豊豊擬
WaS less瓜an l in lO,000 for a11 the reuse scenarios. He demonstrated that present reuse standards

in Ca鵬mia provide a su縦cient degree of safety. Ke11y33) reported that in order to perfo孟mor。

PreCise risk assessments, it is necessary to develop more sensitive virus detection methods, and
that risk which is now assessed should be used as relative ra血er血an absolute risk.

Tanaka35) clearly demonstrated that the risk assessment values obtalned from a risk assessment

Vary Widely according to血e way ln Which a typical concentration of microorganisms used for the

risk assessment is selected in cases marked by extreme variations as in the case of pa血ogenic

microorganisms in treated wastewater・ This study showed that there is a big variation in the

assessed value of the annual infection risk from viruses when treated wastewater is reused,

depending on whe血er血e typical value is an ari血metic mean value, a geOmetric mean value, Or

an expected value obtained from the Monte Carlo method. He pointed out that when an
assessment me血od wi血an ari血metic or geome血c mean value is used as血e typical value,血ere

are cases where it is assessed 5’000 times and 35 times sma11er respectively than in the case of an

assessment me血od usmg an eXPeCted value as the typICal value・ Therefore, he concluded that it is

important for assessments to account for血ese variations.

SUMMARY AND CONCLUSIONS

Risk assessments can be used in the ways described here to quantitatively assess the latent e能加

On hea皿of water or food contaminated,by pa血ogenic microorganisms, and provide a useful

method. Use of risk assessment is spreading to encompass d血king water, treated wastewater,

WaSteWater reClamation and reuse, reCreational water,鱒sh and shel脆sh, and so on. Risk

assessments also have recently been used as a way of estatlishing a11owable standards, nOt Only

to assess the degree of risk in speci宜c cases.

But procedures constituting a methodoIogy for microorganism risk assessments are not as fimly

established as血ey are for risk assessment methods for chemicals. Researehers and organizations

Perfommg risk assessments disagree about many lSSueS, SuCh as whether it is correct to use a
most probable value model to represent血e dose-reSPOnSe relationship or how to predict the

uncertainty factor that accounts for highly susceptible risk groups, tO name Only two. And血e

amount of microorganism which should be used for exposure assessments is not necessarily

assessed based on su縦cient monitoring data. Reasons for址s problem include a shortage of basic

monitoring data’lower limits on the amount of pa血ogenic microorganisms which can be

detected’and insu触cient understanding of血e fluctuation of microorganism concentrations and

血e amounts ingested by di飾erent persons・

In the United States・ Water-bome infectious disease caused by enteric viruses, CyStS Or OOCyStS Of

PrOtOZOa・ etC. are becomlng a Serious problem in the water supply・ The public is demanding that

CIoser attention be paid to血e safety of drinking water, reCreational water, treated wastewater,

WaSteWater reClanation and reuse’and fish and shel脆sh・ Viruses, PrOtOZOa, and other pathogenic

microorganisms are more resistant to the environment than bacterial microorganisms, Suitable

index microorganisms have not been proposed’and adequate detection me血ods are not even

available. A皿ough for these reasons they can not be included among regulated water quality

items at this stage・血e fact that it is di縦cult to monitor血em does not necessarily mean that血ere

is no need to consider the fu調re risk they pose. The levels at which pa血ogenic microorganisms

Of various kinds should be controlled must be studied usmg methods incoaporating risk

assessment techniques, and when this is done, it will be necessary to consider血e degree of risk

that is to be allowed・ Announcements to血e general public血rough discussions of the issue thus

far have been limited to the water supply system in the US, and the a11owable annual infection

risk of lO-4 introduced in this reporL but it is also argued that such standards are needed fdr a11

器豊誌露盤霊蒜霊霊宝謹薄嵩露盤露盤
COnditions vary from country to country, it is also necessary to fully consider detemmmg just

What血e degree of relative risk should be compared with.
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Research on and the application of microorganism infection risk assessment methods have JuSt

Started, and great progress certainly lies ahead.

〇〇二　二
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