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Effects of Sunlight, Temperature and Suspended Solids on Inactivation of Poliovirus in River
Water
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INTRODUCTION

A huge number of enteric viruses usually exist in sewage. Discharges from wastewater treatment
plants would be contaminated with the viruses because removal and inactivation efficiencies of
viruses by the conventional wastewater treatment are low. Actually many researchers reported
enteric viruses were frequently detected in the river receiving the discharges. Therefore, it is needed
to evaluate the risk of infection by the viruses in order to utilize the contaminated river as the water
resource. The viral inactivation in the river which is the key factor to evaluate the infectious risk is
affected by some water qualities (e.g., suspended solids (SS), organic matters, chlorides) and
physical conditions (e.g., water temperature, sunlight, velocity). The objective of this study is to
evaluate the inactivation of poliovirus 1 in the river water, focusing on effects of ultra violet (UV)

in sunlight, temperature and SS.

MATERIALS AND METHODS

Concentrations of SS and dissolved organic carbon in the river water employed in the experiment
were 33.5 and 2.47 mg/L, respectively. Poliovirus 1 (Sabin strain) was inoculated into 15mL
sterilized centrifuge tubes (CORNING, USA) with the river water so that the viral concentration
was approximately 10° PFU/mL. The tubes were exposed to sunlight in the thermostatic water bath
(CB-301, AS ONE, Japan) under the condition that the water temperature was 4, 10 or 20°C. The
dose of UV in sunlight was measured with the potable UV meter (UV caremate, FUJI ZEROX,
Japan). The niver water with poliovirus 1 at the same concentration was also inoculated into the
tubes covered with aluminum foil and put in the thermostatic water bath to evaluate the viral
inactivation under the dark condition. Viral concentrations in the tubes were measured several
times during the experiment. Before the measurement, the samples were filtrated with the
membrane filter (Millex-FG 0.22um Filter Unit, Millipore, USA) to remove substances interfering
with the viral detection with cell line. Viruses adsorbed to SS were also removed by the filtration.
The concentration of viruses in the free state after the filtration was measured with BGM cell line.
In the same manner, the inactivation of poliovirus 1 in the river water without SS was also
evaluated by using the river water filtrated with the membrane filter (Millex-FG 0.22um Filter Unit,

Millipore, USA). As above-mentioned, inactivations of poliovirus 1 in the river water at 4, 10 and




20°C were evaluated under the following four conditions of SS and sunlight:
RW(L): the experiment in the raw river water under the light condition,
RW(D): the experiment in the raw river water under the dark condition,
FRW(L): the experiment in the filtrated river water without SS under the light condition, and
FRW(D): the experiment in the filtrated river water without SS under the dark condition.

RESULTS AND DISCUSSIONS
Effect of temperature on inactivation of free poliovirus
Figure 1 shows the inactivation of free poliovirus 1 which was not adsorbed to SS in the raw river
water. The vertical axis means the viral survival ratio (S) calculated by the following formula:

S = Cu/Clhr
where, Cy, is the concentration of poliovirus 1 in the raw river water under the light condition
(RW(L)) and C’;, is the initial concentration. As shown in Figure 1, the survival ratio
exponentially decreased with the accumulation of UV dose. This inactivation processes could be
expressed with the following function:

S = exp(-kD)
where, D is the accumulated dose of UV (J/em?) and k is the coefficient of viral inactivation (cm®/J).
The inactivation coefficients were estimated as 0.038, 0.053 and 0.076 cm*Jat 4, 10 and 20°C,
respectively. Based on the estimation, it is concluded that UV doses needed to inactivate 90% of
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Figure 1. Inactivation of free poliovirus 1 in the raw river water.



poliovirus 1 are 60.6 (4°C), 43.4 (10°C) and 30.3 J/em® (20°C), respectively. The UV dose of 30.3
Jlem® at 20°C is equivalent to that accumulated by the summer sunlight only for two hours in the

mid-latitude region.

Amount of poliovirus adsorbed to suspended solids

The amount of poliovirus 1 adsorbed could be evaluated as the difference between the viral
concentration under the dark condition in the filtrated river water (FRW(D)) and that in the raw
river water (RW(D)). The average amount of viruses adsorbed to suspended solids were 1.2 x 10°,
1.3 x 10° and 2.1 x 10° PFU/mg-SS at 4, 10 and 20°C, respectively. However, the hypothesis that
the water temperature affected the adsorption of poliovirus 1 to suspended solids was rejected by
t-test with the significant level of 5%. It was reported that the amount of poliovirus 1 adsorbed to
silicate minerals ranged from 64.2 x 10* to 89.5 x 10" PFU/mg-minerals. The ability of suspended

solids in the river to adsorb the virus was about 500 times lower than that of silicate minerals.

Effect of suspended solids on inactivation of free poliovirus

The difference between the concentration of poliovirus 1 in the filtrated river water under the dark
condition (FRW(D)) and that under the light condition (FRW(L)) indicates the amount of viruses
inactivated by UV without the effect of SS. The amount of viruses inactivated was proportional to
the accumulated dose of UV under all conditions of water temperature (Table 1). Also in the
presence of SS, the amount of viruses inactivated linearly increased with the accumulation of UV
dose. Regardless of the temperature, the viral inactivation rate defined as the slope of the regression

line in the presence of SS was lower than that in the absence due to the cutoff of sunlight by SS.

Table 1. Results of linear regression analysis for the inactivation
of free poliovirus 1 in the river.

Temperature River water Regression line* R?
20°C Raw (with SS) Y=222D 0.66
Filtrated (without SS)  Y=24.2D 0.77

10°C Raw (with SS) Y=15.8D 0.86
Filtrated (without SS) Y=167D 0.76

4°C Raw (with SS) Y=15.6D 0.22

Filtrated (without SS) Y=178D 0.60

*Y is the amount of viruses inactivated by UV (PFU/mL) and
D is the accumulated dose of UV (J/ecm?).

CONCLUSIONS

1) Survival ratio of poliovirus 1 in the river water exponentially decreased with the accumulation of
UV dose. Coefficients of viral inactivation at 4, 10, 20°C were 0.038, 0.053 and 0.076 cm?/J,
respectively.



2) Suspended solids in the river could adsorb the amount of poliovirus 1 between 1.2 x 10” and 2.1
x 10° PFU/mg-SS regardless of water temperature. Its ability to adsorb the virus was about 500
times lower that of silicate minerals.

3) In the presence of suspended solids, poliovirus 1 would be protected from the inactivation by

UV due to the cutoff of sunlight.



