DOI:10.13227/j.hjkx.2013.03.048

34 3 Vol. 34 No.3

2013 3 ENVIRONMENTAL SCIENCE Mar. 2013

1 1 12 1
(1. 100084; 2. Department of Chemical & Environmental Engineering Yale University New Haven CT
06511 USA)

3
N s ( FC) . ( EC)
( ENT) . FC. EC ENT
; B
; C E

; ; ; ; Monte Carlo
. X820. 4 A : 0250-3301(2013) 03-0933-10

Microbial Risk Assessment of Urban Water Bodies for Aesthetical and

Recreational Uses

SUN Fu' SHA Jing' ZHANG Yi4an'? LIU Yan-hua'
( 1. School of Environment Tsinghua University Beijing 100084 China; 2. Department of Chemical & Environmental Engineering
Yale University New Haven CT 06511 USA)

Abstract: With the increasing public access to urban water bodies for aesthetical and recreational purposes it is of critical importance
for densely populated urban areas to conduct microbial risk assessment and accordingly implement effective risk management. Based on
the methodology of quantitative microbial risk assessment a case study was conducted on three typical urban water bodies for
aesthetical and recreational uses in a southern city in China. Exposure assessment was carried out through water quality monitoring
field survey and literature review and accordingly human health risk was assessed with different dose—response equations based on fecal
coliforms ( FC)  Escherichia coli ( EC) and Enterococci ( ENT) . Microbial risk estimated by different dose-response equations was
found consistent with and comparable to each other. Stream B located in a residential area was not suitable for primary—or secondary—
contact recreational uses and its microbial risk to the public mainly came from water abstraction for household miscellaneous uses.
Stream C and Lake E located in a public open space and a scenic area respectively could meet the current recreational requirements
and their microbial risk to the public was generally attributed to various recreational activities. It was necessary to address the public
health risk associated with the unauthorized or inappropriate water uses (e. g. abstraction for household miscellaneous uses) of urban
aesthetical and recreational water bodies.
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Table 1  Dose—response equations for microbial risk assessment
DR1 FC logm% =0. 18 xlog,yM -1.44  Ps: ; M: 100 mL FC 37
DR2 FC Ps =5.21 xlog;oM +3. 81 Ps: 1000 ; M: 100 mL FC 6
-a . 7.
DR3 EC Ps:l—[l+i(2“ﬂ—l) Ps: v d: ; ds 8.6x10"; a1
50 o 0.177 8
DR4 EC Ps =10. 39 x log,,M -5. 56 Ps: 1000 7 M: 100 mL EC 6
DR5 ENT Ps =14. 30 x log,, M -4. 50 Ps: 1000 i M. 100 mL ENT 6
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Fig. 1 Procedure of Monte Carlo simulation for
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Table 2 Routes and frequencies of microbial exposure
[ ea”!
365.0
(6 ) 365. 0
26 0.0
2 78.2
42 301.7
B
20 328.5
( 74 ) 7 208.6
4 365.0
17 239.2
2 912.5
C (13 ) 13 216.5
(4 ) 4 365.0
10 0.0
42 14.9
15 51.3
( 80 ) 7 225.4
9 96.0
E
6 75.3
5 52.1
15 0.0
58 6.0
( 77 ) 10 2.2
1 12.0
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Table 3 Parameters of the probability distributions of exposure doses

for different routes of microbial exposure

36
) loa
1 N 0.788 0. 936
0.742 0. 959
Monte Carlo > 079 453
V(1) N( i) 0. 693 0. 964
12 Ps Py 12 Ps Py 0. 833 0. 940
. . .7 .
Monte Carlo Ps( 1) 0788 0.936
Py( i) A A t0.788 0.936
4 1)
Table 4 Exposure concentrations of different indicator bacteria
FC /CFU-L"! EC /MPN-L"! ENT /CFU-L"!
FC EC ENT GM GM GM
B 12 12 7 11 3.0x10% ~5.4 x10° 6.5 x10* 10 ~200 63 39 ~2.3 x 10* 636
C 12 12 5 8 1.2x10%2 ~1.1x10° 1.3x10* 10~120 45 53 ~1.2 x10* 289
E 12 11 2 6 1.1x102 ~7.0x10* 1.4 x10° 10 ~20 14 53 ~2.3 x10° 66
1) GM
2.2 2
2~ 4 1 - ~ 4
B. C E 3 75
030 =—— ik ARE 1 el AR {
i Eﬁ$;ll ik ;I
éﬁom ik e To i *It—%‘]ﬁ—-!-—iﬁi& —-‘e—gﬁ_—-lﬂ—&ii—’|<7%$~+—iﬁﬁ —-I-—M‘lﬁ
g E = ;
£ - O
2 T [
%0.1()::
5:0.03—
+H
& 002 [
g -
)01 _+ % % % % + % %
0—!I+%III+%I+++++II+$III+$III+$III+%III+$III+%III+%I
RS R RS Ro S B R R RS B R R S RS R R R R R SRR R R R e s DR s R R R i R R v R R R R R )
QoA AQAQAQAQAQLQALQAQAQLARAAAAAQAAQAQAQAAAQAQAQAAARAQAAAARAQAQQAQRRLAAQRAARARAQ
14 =—— Bk ABE ' EAERYN {
12 [ N ﬁ{f;* x&u#%ﬁ—’iemm—-\'—g”;%*—%ﬁ—-\'— &%%&ﬁm—kwma‘
g [
g 08 -
@ 06
s
ol l‘?ll r?ll $ QL lJ%I % $ %
&
02 JT-,
0 1 -+ 11 ] == | S==fr=fenieel=] [ == 1 1 1+ 1 1 1+ I I [ == 11 [ == L I ] =p= I 1 ] =p= |
RSB RSl Y By B R Rl B RS R RS B B R v Ry BB RS BV R v R BV R IR RS BV R IR RS Rl v R RS
o e T am  m  m  am m m Ym m o  Y  a m  J n am  om Em  am Y om ae i me e a  om me fa  o a i = e J = B  f

- N T R
B

)
|

Fig. 2 Estimated microbial risk of Stream B according to different dose—response equations
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Fig. 3 Estimated microbial risk of Stream C according to different dose-response equations
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Fig. 4 Estimated microbial risk of Lake E according to different dose-response equations
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