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Assessment of human health risks from marine bathing beach:
based on quantitative microbial risk assessment

LIU Yikai'?, MING Hongxia’, SHI Tingting’, HUANG Huiling'?, REN Kaijia>’, LI Dongwei’,
SU Jie?, JIN Yuan?, FAN Jingfeng "

1 College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China

2 State Environmental Protection Key Laboratory of Coastal Ecosystem, National Marine Environmental Monitoring

Center, Dalian 116023, Liaoning, China
3 College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, Liaoning, China

Abstract: [Background] Quantitative microbial risk assessment (QMRA), a valuable tool for
estimating the burden of disease due to the exposure to pathogenic microorganisms, has been widely
used abroad. However, the application in China is in its infancy and there is a lack of data on human
exposure in marine bathing beaches. [Objective] To collect exposure data of swimming populations and
apply them in marine bathing beaches to assess the feasibility of fecal coliform as a risk assessment
indicator. [Methods] The correlation of water quality and fecal coliform concentration in six marine
bathing beaches with environmental factors was analyzed, and the exposure data of domestic swimming
populations were collected based on questionnaire survey. Then QMRA was employed to evaluate the
risk of gastrointestinal diseases from each marine bathing area. [Results] Fecal coliform concentration
in the six bathing areas was significantly correlated (P<0.01) with water temperature, air temperature,
and total cloud cover. The fecal contamination in the southern bathing areas was more serious than that
in the northern bathing areas, and the 95th percentile of fecal coliform concentration was much higher
than the threshold of the domestic “poor” water quality standard. The volume of seawater swallowed by
children, male adults, and female adults in a single bathing event was 35.1 mL (95% confidence
interval=32.4-37.8, a=0.578, f=0.016), 45 mL (95% confidence interval=31.1-59.3, 0=0.532, =0.012),
and 35.7 mL (95% confidence interval=29.7-41.8, a=0.753, p=0.032), respectively. The risk of
gastrointestinal diseases from all six marine bathing sites was well below the safety threshold set by the
US Environmental Protection Agency. [Conclusion] It is recommended Enterococcus and human
Bacteroides, rather than fecal coliform which can reflects fecal contamination, be used as indicators of

human health risk from marine bathing sites.

Keywords: marine bathing beach; quantitative microbial risk assessment; model parameters; domestic
swimmers; questionnaire survey; fecal coliforms
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Table 1 Concentration ranges of environmental factors and fecal coliforms in six bathing beaches in China
Name of the bathing beach Fecal Air Water pH Rainfall DO
coliforms temperature  temperature  value (mm) (mg/L)
(CFU/L) (°C) (°C)
Shenzhen Dameisha bathing beach 10-2.9x10*  19.5-37.4 21.3-36.0 7.80—-8.96 0-255.6 4.05-17.91
Haikou holiday bathing beach 20-9.2x10*  21.9-38.6 22.0-33.3 7.45-8.76  0-253.6 4.46-9.90
Huludao Suizhong Dongdaihe bathing beach 10-2.4x10*  9.6-32.6 12.1-30.8 7.49-891 0-158.2 4.09-32.09
Dalian Jinshitan bathing beach 20-2.4x10*  9.4-31.9 6.9-26.3 7.15-8.84  0-86.0 4.08—-11.72
Qinhuangdao Laohushi bathing beach 10-4.2x10*  11.9-33.7 18.4-28.2 7.45-8.34 0-1053 4.05-9.71
Qingdao No.1 bathing beach 20-2.4x10*  12.6-36.5 12.4-28.0 7.50-8.33 0-126.1 5.31-9.60
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Figure 1 Concentration distribution of fecal coliform in
six bathing beaches in China.
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Figure 2 The percentage of days with different water quality grades and the 95 th percentile of the concentration of
fecal coliforms in six beaches in China. A: Qingdao No.l bathing beach; B: Shenzhen Dameisha bathing beach; C:

Haikou holiday bathing beach; D: Huludao Suizhong Dongdaihe bathing beach; E: Dalian Jinshitan bathing beach; F:
Qinhuangdao Laohushi bathing beach
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Table 2 Correlation analysis of fecal coliform concentrations and environmental factors Pearson in six bathing
beaches in China

Name of the bathing pH DO Water Wave Wind Wind Air Visibility Total  Rainfall
beach value temperature height  speed direction temperature cloud

amount
Shenzhen Dameisha 0.039" -0.002 0.125" -0.050"" —0.053" -0.025 0.063" 0.022  0.1317 0.199™
bathing beach
Haikou holiday bathing —0.022 —0.017 0.051" 0.204™ 0.092 —0.081"" 0.049" 0.089™  0.106™ 0.118"
beach
Huludao Suizhong 0.004  0.0417 0.150" 0.002  -0.030 —0.021 0.130" 0.016  0.066" 0.008
Dongdaihe bathing
beach
Dalian Jinshitan bathing 0.000  —0.052"" 0.154" -0.016 —0.055" —0.011 0.162" 0.023  0.037" 0.004
beach
Qinhuangdao Laohushi —0.016 —0.039" 0.039™ -0.030 -0.030 —0.030 0.061"" 0.007  0.060" 0.009
bathing beach
Qingdao No.1 bathing ~ —0.014 —0.029 0.038" 0.017  —0.097" 0.015  0.022 0.073"™  0.068" —0.040"
beach

Note: *: P<0.05; **: P<0.01.
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Table 3 Descriptive statistics of responders to inquiries

Questionnaire options

Children (<20 years)

Adults (>20 years)

Number

Percentage of options
among children (%)

Number Percentage of options

among children (%)

The questionnaire 1181

Male 602
Female 579
Swallow times during one swimming event

No swallowing 493
One swallow 347
Two swallows 154
Three swallows 58
More than three swallows 129

Swimming duration

Less than one hour 471
1-2 hours 412
2-3 hours 158
More than three hours 140
Discomfort after swimming

No discomfort 1092
Conjunctivitis 24
Tympanitis 30
Nasosinusitis 15
Pharyngitis 8
Diarrhea 30

51.00
49.00

41.74
29.38
13.04
4.91

10.92

39.88
34.89
13.38
11.85

91.08
2.00
2.50
1.25
0.67
2.50

312
159 51.00
153 49.00
139 44.55
115 36.86
34 10.90
8 2.56
16 5.13
185 59.29
117 37.50
7 2.24
3 0.96
288 89.44
10 3.11
13 4.04
4 1.24
0.00
7 2.17
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Figure 3 Probability of illness in six beaches based on fecal coliforms in China.
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Figure 4 Monte Carlo simulation results of fecal coliform health risks in six bathing beaches in China.
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