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Abstract: In order to investigate the current status of organic pollution in groundwater in Tai’an urban area,26
volatile and semi-volatile organic pollutant components specified in the “Standard for groundwater quality” (GB/T
14848-2017) were tested, and a health risk assessment model was used to evaluate the non-carcinogenic and
carcinogenic risks generated by three exposure pathways (drinking water intake, skin contact,and bathing breathing
inhalation). The research results showed that the detection rate of volatile and semi-volatile organic pollutants in
groundwater samples was 35.34%. Among the 15 detected components, 1, 1, 2-trichloroethane had the highest
detection rate of 16.38% ,followed by tetrachloroethylene (12.07%) and trichloroethylene (6.90%). Compared with
the limit values of Class [l water standards in the GB/T 14848-2017, the total exceeding rate of volatile and semi-
volatile organic compounds was 5.17%. The components that exceeded the standard were 1,1, 2-trichloroethane,
trichloroethylene and benzo(a) pyrene,with the maximum detected concentrations being 26.90,149.00 and 0.024 pg/L
respectively, which was 5.38,2.13 and 2.40 times of the standard value,indicating that the groundwater in the study
area had been polluted to a certain extent by organic pollutants. The non-carcinogenic risk index for volatile and semi-
volatile organic pollutants ranged from 1.52X107° to 1.48,with a mean of 4.33 X107 % and a limit exceeding rate of
only 0.86% ,indicating a low non-carcinogenic risk and a low degree of harm to human health. The cancer risk value
was 2.04X10"° to 3.37X 10 °, with a mean of 1.77X 10 ° and a limit exceeding rate of 6.90% ,and the risk points
were distributed in spots. The components that caused cancer risk were 1,1, 2-trichloroethane, trichloromethane and
trichloroethylene, which needed to be focused on and controlled. The main exposure pathway of non-carcinogenic risk
and carcinogenic risk were through drinking water intake, while the risks arising from skin contact and bathing
breathing inhalation could be ignored. The research results have guiding significance for the safety of groundwater
supply and the prevention and control of organic pollution in the urban area of Tai’an.
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Fig.1 Location of the research area and distribution of groundwater sampling points
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Table 1 Toxicity parameters of main volatile and semi-volatile organic pollutants
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Table 2 Detection and exceeding standards of volatile and semi-volatile organic pollutants in groundwater in the

research area
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Table 3 Calculation results of non-carcinogenic risk index and carcinogenic risk value at the detection points

G A o KUK 15 K SO0 KU

POKAEA B A% fih BETR TR A SatD POKAEA B2 A fi VR IR A Saty
S03 5.83X10* 1.74 X106 1.30X 106 5.86X 10 * 1.81 X107 5.41X10°1° 2.92X10 12 1.81 X107
S04 1.27X10°2 3.81X10°° 2.83X10°° 1.28 X102 3.94 X106 1.18 X108 6.39X 10! 3.95X 106 =
S06 8.09X 10 * 2.09X10°6 4.31X10°6 8.15X10°* 3.79X10°7 1.08X10°* 7.87X10° 1 3.80X 1077
S12 4,26 X102 1.28 X101 3.01X10°° 4.58 X102 8.84X 106 2.65X1078 3.42X10°8 8.90X 1076 =
S13 1.12X1073 3.34X 1076 2.49X1076 1.12X1073 3.46X1077 1.04X107° 5.61<10712 3.47X1077
S25 1.29X1073 1.17X10°6 1.10X10°7 1.30X1073 3.88X1077 3.50X1071° 1.32X 10716 3.89X1077
S26 6.02X10?2 1.80X10* 8.28 X104 6.12X 102 1.38 X106 4.13X10°° 6.79X 1012 1.39 X106 %
S32 1.62X10* 4.85X10°7 1.08 X106 1.63X10* 8.83 X108 2.65X 10710 1.96 10" 1® 8.86 X108
S35 1.45 4,33X10°3 1.99X 1072 1.47 3.36X107° 1.00X 1077 1.64 10710 3.37X107° %
S39 1.21 X104 3.64X10°7 1.14X10°° 1.33X10°* 2.77X10°8 8.30X10 1 1.29 X101 2.79X10°8
S42 3.64 X101 1.09X 1076 3.41X10°° 3.99 X104 8.30X 1078 2.49X10710 3.88X 10710 8.36 X108
S43 8.23X10°° 2.47X107° 6.35X 1074 8.89X107° 2.47X1076 7.40X107° 6.99X107° 2.48X 1076 =
S48 5.53X10 2 1.65X10 * 7.61X10 " 5.63X10 2 1.27X10 6 3.80X10* 6.25X10 ! 1.28X10 ¢ *
S56 1.37X10°2 4,10X10°° 9.83X 104 1.47X107°2 3.47X10°6 1.04 X108 1.10X10°8 3.49X 1076 =
S57 3.64X10* 1.09X10 6 3.41X10° 3.99X 10 * 8.30X 108 2.49X10°10 3.88X10 10 8.36X10 8
S59 5.02X 1072 1.50X 10t 3.29X10°° 5.37 X102 7.82X10°6 2.35X1078 3.48 X108 7.88X 1076
S63 4.85X107* 1.46 X106 4.54X107° 5.32X107* 1.11X10°7 3.32X1071° 5.18X 10710 1.12X10°7
S65 3.24 X101 9.63 X107 4,18X10 ¢ 3.29X10°* 4.08X10° 1.21Xx10~ M1 4.35X10" M1 4.09X10°¢
S67 1.21 X103 3.64X10°6 2.92X10°° 1.25X1073 5.85X 1077 1.76 X107° 2.60X 10710 5.87X10°7
S68 2.43X10°4 7.28X10°7 2.27X10°° 2.66X10* 5.53 X108 1.66 <1010 2.59X 10710 5.58 X108
S71 6.07X10"* 1.82X 1076 5.68X107° 6.65X10* 1.38 X107 4.15X10710 6.47X10710 1.39 X107
S75 9.71X10°° 2.91X10°7 1.67X10° 1.14x10* 1.44 X107 4.30X10710 2.48X10° 1 1.44X10°7
S83 6.21 X103 1.86X107° 4,70 X107 6.28 X103 9.33 X107 2.79 X107 1.40Xx 101 9.35X 1077
S87 5.46 X107 1.63X1077 3.90X 1078 5.48X107° - - - -
S88 2.43X10°* 2.18X10°7 - 2.43X10°* 3.83X10°8 3.45X 1011 3.54X10° 1 3.84X10°8
S89 3.56X10° 1.06 X10°° 1.44 X104 3.71X1073 4.56 X107 1.37X107° 1.30X10°° 4.59X10°7
S90 3.28X1073 9.75X10°6 3.95X10°° 3.33X10°3 1.39X10°7 4.11X10°1° 1.58 X 1012 1.39 X107
S91 4.39X10°3 1.31X10°° 2.77X10°* 4.68X10°° 6.76 X107 2.03X10°° 2.85X10°°7 6.81 X107
S92 4.85X1074 1.45X10°6 2.27X107° 5.10X107* 5.53X1078 1.66X 10710 2.59X10710 5.58X1078
S94 1.78 X103 5.30X 1076 2.30X10°° 1.81 X103 2.24X1078 6.67 X101 2.39X107 1 2.25X10°8
S95 3.72X10°3 1.11X107° 8.72X107° 3.82X1073 1.51X10°7 4.53 X101 5.18X 10710 1.52X1077
S99 1.62X10 * 4.82X10° 7 2.09X10 6 1.64x10 * 2.04X10° 6.07X10 12 2.18X10 1 2.04X10°
S101 4,13X10 3 1.23X10°° 7.61X10° 4,21X10 % 1.45X10°7 4.33X10°10 2.59X 1010 1.45X10°7
S105 1.62X10* 1.46 X107 — 1.62x10* 2.56 X108 2.30X 101 2.36X10° 1 2.56 X108
S108 1.46 X106 4,33 X10°° 5.45X10°8 1.52X10°6 - - — -
S109 2.43X10°1 7.19X1077 1.24 X106 2.45X107* 6.80X 1078 2.01X1071° 7.93X107 1% 6.82>X1078
S110 4.85X10 4 1.44 X106 6.27X10°6 4,93X10* 6.12X10°° 1.82x10 1 6.53X10 1 6.13X10°*
S112 1.01X1073 3.01X10°6 3.86X10°° 1.05X1073 2.21X10°7 6.58X 1010 3.90X 10710 2.22X10°7
S115 1.54 X103 4.60X10°°¢ 9.82X10°° 1.64 X103 2.28X10°7 6.85X 1010 1.04 X107 2.30X10°7
S116 9.30X 10" 2.78 X106 6.10X107° 9.94 X101 1.42X10°7 4.27X10710 6.47 X107 10 1.44 X107
S117 2.43X10°1 7.22X10°7 3.13X10°¢ 2.47X1071 3.06 X107 9.10X10712 3.27X1071 3.07X107°
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Fig.2 Distribution characteristics of carcinogenic total risk in the study area
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