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ABSTRACT

The feasibility of applying microbial risk assessment techniques in South Africa was evaluated by
assessing risks associated with enteric viruses in raw and treated drinking water. Maximum daily
risks associated with treated drinking water were in the range 2x102 - 7x10". If levels of viruses in
treated drinking water were approximated from those in raw water by assuming reductions during
treatment of 4 log, 5 log and 6 log, maximum daily risk estimates were 4x102- 4x10", 5x103 - 1x10"
and 5x10* - 1x10?, respectively. A number of complicating factors were identified. Detection limits
were high and volumes of water monitored were low. There was no information on viral pathogen
removal during treatment. Application of risk assessment techniques within these limitations clearly
showed the volume of water monitored to be the most important factor limiting detection of low risk
levels. The sampling and concentration of large water volumes (at least 100¢) for microbial analysis
was identified as an urgent need.
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INTRODUCTION
Risk assessment aims to provide a quantitative estimate of the probability of illness associated with
environmental exposures. In the absence of suitable epidemiological data, it holds potential as a
usetul tool for the formulation of water quality guidelines. Risk assessment techniques have been
used to a considerable extent in the development of chemical guidelines (Cotruvo, 1987; US EPA,
1987) and have been proposed for the development of microbial water quality guidelines (Rose and
Gerba, 1991). "

The United States Environmental Protection Agency (EPA) has proposed a microbial drinking water
guideline based on risk. It requires that water treatment reduces levels of Giardia and viruses by
3 log and 4 log respectively to achieve a yearly risk of infection not greater than 10* (Federal
Register, 1989).

The application of microbial risk assessment in the development of water quality guidelines would
be of considerable benefit in South Africa. Risk-based guidelines would permit guidelines to be
derived from community-based perceptions of acceptabile risk and from cost-benefit considerations.
However, a number of factors complicate the use of microbial risk assessment in the South African
context. Although currently used viral detection methods have high recoveries (approaching 90%),
the detection limits are high and volumes of water analyzed are low. There is relatively little
information on treatment efficacy, particularly with respect to pathogen removal, and exposure data

are limited.
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This study assesses the feasibility of applying microbial risk assessment techniques in South Africa
within the limitations described above. The effect of these factors on risk detection and calculation

was evaluated. Specifically, risks associated with enteric viruses in raw and treated drinking water
were estimated.

RiSK MODEL

The beta-distributed infectivity probability model was selected since review of probability models of
infection indicated that this model provided the best description of viral infection (Haas, 1983; Gerba

and Haas, 1988). The model, and representative parameter values for a number of enteric viruses,
are shown in Fig. 1 and Table 1.

P =1-(1+N/p)°

P = probability of infection from a single exposure (daily risk of infection)
N = number of organisms ingested per exposure
a,p = parameters characterising the host-virus interaction

Fig. 1. Beta-distributed infectivity probability model
TABLE 1 Representative values of parameters «, B for beta-distributed risk model
Echovirus 12 Poliovirus 1 Poliovirus 3
o 1.3 15 0.5
) 75 1 000 1.14

The model shown in Fig. 1 estimates daily risks. Longer term risk can be determined from daily risk

values, calculated using a measure of central tendency over the period of interest, usually the
geometric mean (Fig. 2).

A number of assumptions, previously described by Rose and Gerba (1991), were employed.
Occurrence of viruses in water was assumed to be governed by a Poisson distribution. All members
of the exposed population were considered to be equally susceptible to a single exposure, and an
adult water consumption of 2¢ per day was assumed (Rose and Gerba, 1991). In addition, a
number of assumptions may be employed in the use of data sets incorporating non-detect results.
In this study, the effects of substituting non-detect results with half the detection limit and with zero
were compared.

Px = 1-(1-P(N)*

Px = probability (risk) of one or more infections over period x

x = number of days of exposure

P(N) = daily risk, using measure of central tendency for N (usually geometric mean)
N

= measure of organisms ingested on daily basis over period x {usually geometric
mean)

Fig. 2. Calculation of risk over longer exposure periods
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CASE DESCRIPTION

The raw water data used in this study represent one of three sources which contribute to the
drinking water supply of the most densely populated region of South Africa. Water from the three
sources is mixed and treated by high pH lime coagulation and breakpoint chlorination. Water from
the treatment plant supplied by the monitored source serves approximately 2.3 million people.

The extent of enteric virus removal during treatment was not known. Removal of faecal coliforms
was approximately 6 log, and that of bacteriophages was between 5 log and 6 log (Rand Water
Board, pers. comm.). This may be compared with the EPA recommended virus removal of 4 log
(Federal Register, 1989).

Sample volumes of 10¢ of raw and treated water were concentrated by ultrafiltration and analyzed
by cell culture methods. Enteric viruses were reported as the most probable number (MPN) 50%
tissue culture infective dose (TCIDy,) per 10¢ (Grabow and Nupen, 1981). The detection limit was

63 MPN TCIDs, per 100. Monitoring data for raw and treated water for the period April 1981 to
March 1991 were evaluated.

Detection methods were based on observation of cytopathogenic effects in cell culture and allowed
for distinction of enteroviruses and reoviruses. Risk model parameter values were available for the
enteroviruses echovirus 12, poliovirus 1 and poliovirus 3 (Table 1; Haas, 1983). No parameter
values were available for reoviruses. Hence only data on enteroviruses were considered, and
echovirus 12, poliovirus 1 and poliovirus 3 were considered as representative enteric viruses in risk
calculations.

RESULTS AND DISCUSSION

Evaluation of geometric mean virus levels in raw water over the monitoring period, with data
aggregated by month, showed that the highest enteric virus levels were recorded in July (Fig. 3).
This corresponds to midwinter in South Africa, during which the raw water source is typically
dominated by low flow conditions. It is also the period during which the highest probability exists
that this raw water source contributes a significant proportion of the raw water supply for treatment.
Information relating to expected health risks associated with the water before and after treatment
can therefore assist in the management of water treatment and supply, and in the protection of
public health. No enteric viruses were detected in treated drinking water monitored over the same
period. This is obviously desirable in terms of water supply, but complicates direct estimation of risk
associated with drinking water.

Daily risks associated with treated drinking water were estimated at the minimum measurable limit,
l.e. the detection limit, and at one non-detect surrogate value, viz. half the detection limit, for all 3
representative enteric viruses (Table 2). Based on analysis of treated drinking water, it may be
concluded that daily risks of enteric virus infection did not exceed 2x10" to 7x10", if echovirus 12
and polioviruses 1 and 3 were considered as representative enteric viruses. This corresponds to
the minimum measurable risk. If it is assumed that non-detect results can be safely substituted by
half the detection limit, then the maximum daily risk probably did not exceed 9x102 to 6x10". This
is considerably higher than the mean yearly risk of 10 recommended by the EPA. Detection of low
risk levels in drinking water was hampered by small sample volumes and a high detection fimit.

In an attempt to circumvent some of the difficulties associated with non-detect results in drinking
water, virus levels in treated water were estimated from raw water levels. Enteric virus removals of
4 log, 5 log and 6 log were assumed on the basis of approximate bacteriophage removal, and EPA
recommended virus removal. This allowed alternative estimates to be developed of risks associated
with drinking water. Expected values of maximum daily risk were based on distributions of
monitoring data, aggregated by month. Mean yearly risks were based on distributions of monthly
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arithmetic means and monthly geometric means. Non-detect results were substituted by half the
detection limit or zero (Table 3; 1 MPN TCID,, /102 was used instead of zero for the calculation of
geometric means).

1.0E+03(

1.0E+02

1.0E+01

ENTERIC VIRUS MPN TCID, /10/

1.0E+00 - “
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 3. Geometric mean virus levels in raw water data for the period April 1981 - March 1991,
aggregated by month

TABLE 2 Daily Risks of Enteric Virus Infection Associated with Treated drinking Water

Echovirus 12 Poliovirus 1 Poliovirus 3
At detection limit 2x 107 2x 107 7x10?
(63 MPN TCIDs, /100)
At half detection limit 1x10! 9x 10 6 x 10"

(31.5 MPN TCIDy,/100)

If a 4 log reduction during treatment was assumed, expected maximum daily risks associated with
drinking water were estimated in the range 4x102 to 4x10"', considering echovirus 12 and
polioviruses 1 and 3 as representative enteric viruses. If a 5 log reduction was assumed, expected
maximum daily risk values were in the range 5x102 to 1x10'. An assumed 6 log reduction during
treatment yielded maximum daily risk estimates in the range 5x10*to 1x102 Mean yearly risks were
similar to maximum daily risks. Risk estimates for poliovirus 3 were noticeably higher, overall, than
those for echovirus 12 and poliovirus 1.

Risk calculations were relatively insensitive to the treatment of non-detect results, since substitution
of non-detects with either half the detection limit or zero yielded the same or similar risk estimates.
This indicates that the high detection limit of techniques used in South Africa does not affect risk
estimates significantly.

Maximum estimated risks were considerably higher than the EPA recommended yearly risk of 104,
However, daily risks estimated at lower virus levels were markedly reduced, with the lowest estimates
of the order of 107. Detection of low risks was hindered by the small sample volumes analyzed.
Expected values of maximum daily risks calculated assuming 4 - 6 log reductions in enteric virus
levels relative to raw water (Table 3) were lower than daily risks estimated for treated water (Table
2). This was to be expected since the latter risk estimates were dependent on sample volumes and
assumptions regarding non-detect results.
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TABLE 3 : Daily and Yearly Risk Estmates for Echovirus 12, Poliovirus 1 and Poliovirus 3

Expected value of risk

Assurned removal during treatment

Maxmum daily risk Mean yearly risk Mean yearly risk
(geometric mean) (arithmetic mean)

A. Echovirus 12
Non-detect value: 13.5 MPN TCID,,/10¢
4 log 5x10° 6x 102 2% 10"
5log 5x 103 6x10° 3x 102
6 log 5x 10 6x10* 3x10%
Non-detect value: 0 MPN TCID,/10¢
4 log 5x 102 3x10°? 2x 10"
5 log 5x 10% 3x10° 3x10?
6 ‘og 5x 104 3x10* 3x10°
B. Poliovirus 1
Non-detect value: 13.5 MPN TCIDgy/10¢
4'log 4x107° 5x 10 2x 107
5 log 5x 10° 5x10% 3x10?
6 log 5x 10* 5x10* 3x10°
Non-detect value: 0 MPN TCID,,/10¢
4 log 4102 3x 102 2x 10"
5 log 5% 10° 3x10° 2x 10°%
6 Iog 5% 10% 3x 10* 2x 10
C. Poliovirus 3
Non-detect value: 13.5 MPN TCID,,/10¢ y
4 log 4x 10" 7 x 10" 9x 107
5 log 1x 10" 1x 107 sx 10
6 log 1x 102 1x 102 7x10%
Non-detect value: 0 MPN TCID,,/10¢
4 log 4x 10" 5x 10" 9x 10"
5 log 1x 10" 8x 102 5x10’2
6 log 1x 102 8x 10° 7x 10

Yearly risks based on geometric mean virus levels more closely resembled maximum daily risks
than did yearly risks based on arithmetic mean virus levels. This concurs with the findings of
Rose and Gerba (1991) and supports the continued use of the geometric mean for calculation of
mean yearly risks.

Successful application of microbial risk assessment in South Africa requires that attention be
paid to a number of issues pertaining to monitoring of microbial water quality. The risk estimates
presented in this study were relatively high when compared to EPA recommendations (Federal
Register, 1989) and previous findings (Rose and Gerba, 1991; Rose et al, 1991). The greatest
restriction on detection of low risk levels was the volumes of water analyzed, which were not
sufficient to detect low risks. Monitoring of larger volumes, at least 1004, is necessary to detect
risk levels comparable to that recommended by the EPA.

It may be possible to overcome this problem in the short-term by exploiting the relatively high
sampling frequency practised at present (approximately twice per month) to estimate risks over
a shorter time frame (eg. monthly). These risks may be compared with the EPA recommended
yearly risk, or with risk recommendations which may be developed for South Africa. However, to
gain the maximum benefit from the application of risk assessment methods to microbial
monitoring data concentration of large volumes of water is necessary.
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Other requirements for the use of microbial risk assessment include improved data describing
the removal of viruses and other pathogens during water treatment to allow better estimates of
levels in treated water to be derived from raw water levels. More comprehensive exposure data
would also permit meaningful interpretation of the significance of risk estimates to community
health.
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