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Abstract 

The potential health hazards of trihalomethanes (THMs) contamination in 
drinking water in Shenzhen were estimated. The concentrations of THMs in 
drinking water from 13 centralized water supply systems were determined 
from Jan 2015 to Dec 2016 in Shenzhen. The water environmental health risk 
assessment model recommended by USEPA was established based on the 
water monitoring data of THMs. Preliminary health risks of THMs through 
ingestion of drinking water were assessed. The median concentrations of 
THMs, TCM, DBCM, BDCM and TBM in drinking water were 37.0, 24.5, 2.3, 
7.8 and 0.3 μg/L respectively. The values of carcinogenic risks for THMs, 
TCM, DBCM, BDCM, and TBM to the individual per year in drinking water 
were 4.52 × 10−5, 2.38 × 10−5, 6.07 × 10−6, 1.52 × 10−5 and 7.45 × 10−8 respec-
tively. The values of non-carcinogenic risks for THMs, TCM, DBCM, BDCM 
and TBM to the individual per year in drinking water were 9.32 × 10−2, 7.68 × 
10−2, 3.61 × 10−3, and 1.23 × 10−2 and 4.71 × 10−4 respectively. The health risk 
caused by THMs to the individual through ingestion of drinking water was in 
the order of TCM, BDCM, DBCM and TBM from high to low. The carcino-
genic risks induced by THMs through ingestion of drinking water are acceptable 
with tolerable value offered by USEPA (1.0 × 10−6 - 1.0 × 10−4), but reached to 
the tolerable value (5.0 × 10−5) by International Commission on Radiological 
Protection (ICRP). The non-carcinogenic risk of THMs is tolerable (HI < 1). 
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1. Introduction 

Disinfection is indispensable for drinking water. Chlorine-based disinfectants 
are the most commonly applied products due to the versatility, effectiveness, low 
cost and residual disinfecting power of chlorine [1]. However, it is also known 
that the reactions between free chlorine and DBP precursors (e.g., natural or-
ganic matter, bromide ion) lead to the formation of disinfection by-products 
(DBPs) [2] [3]. In recent years, health risks of DBPs are of concern to people in-
creasingly. Within these DBPs, the trihalomethanes (THMs), a class of carcino-
genic organic halogenated by-product of water chlorination, have been recog-
nized as potentially hazardous to human health and are the major by-products 
of chlorination [4]. THMs are formed due to the reactions between chlorine and 
the natural organic matter in water supplies, especially surface waters. Typically, 
the following four THMs are found as a result of chlorination: trichloromethane 
(TCM), bromodichloromethane (BDCM), dibromochloromethane (DBCM) and 
tribromomethane (TBM). These groups of compounds have been implicated in 
liver and kidney defects, central nervous system problems, cardiac arrhythmias 
and increased risk of carcinogenicity and mutagenicity as Class B carcinogens 
[5] [6] [7].  

In the narrow sense, health risk assessment (HRA) was one of the key con-
tents of environmental risk assessment emerging after the 1980s, which used risk 
as an evaluation index to link environmental pollution with human health and 
quantitatively described the risk of pollution to human health hazards. For the 
environmental health risk assessment procedures, the most common one is the 
four-step method published by the American Academy of Sciences in 1983 [8]. 
The health risk assessment of water environment is mainly for substances harmful 
to the human body in the water environment. These substances can be divided 
into two categories, gene toxic substances and somatic toxic substances. With 
the study on the hazard effects of harmful substances on human health through 
ingestion, risk models for health risks from carcinogens and non-carcinogens 
were established [9] [10] [11].  

This study will mainly focus on the hazard studies on THMs in drinking wa-
ter. In order to understand the sanitary status of drinking water quality and the 
health risks of THMs in Shenzhen, the concentrations of the chloroform, 
dibromomethane, dichloromonobromomethane and bromomethane in chlori-
nated water and tap water from municipal water supply plants in Shenzhen were 
tested and preliminary health risk assessment was performed according to the 
USEPA evaluation method.  

2. Materials and Methods 

2.1. Sample Collection, Determination and Evaluation  

Drinking water samples from 13 centralized water supply systems from Jan 2015 
to Dec 2016 in Shenzhen were collected, with a total of 52 factory samples and 
16 peripheral samples. All filtered and acidified water samples were determined 
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for TCM, DBCM, BDCM, and TBM using gas chromatography with electron 
capture detector (Table 1). 

The test results were evaluated in accordance with GB 5749-2006 “Standards 
for Drinking Water Hygiene”. The standard limits of TCM, DBCM, BDCM and 
TBM were 0.06, 0.1, 0.06, 0.1 mg/L respectively. When the sum of the ratio of the 
concentrations of four disinfection by-products to the respective standard limits 
is less than 1, the THMs index is judged to be acceptable. 

2.2. Health Risk Model  

The International Agency for Research on International Cancer (IARC) usually 
divides the pollutants into two types: carcinogenic and non-carcinogenic. At the 
same time, the US Environmental Protection Agency (USEPA) establishes a risk 
model for health risk assessment based on whether the pollutants are carcino-
genic. In general, carcinogenic pollutants have a non-carcinogenic health hazard 
effect.  

2.2.1. Health Risk Assessment of Non-Carcinogenic Pollutants 
Toxicological risks, expressed as the hazard index (HI), were calculated based on 
the comparison of the Lifetime Average Daily Dose (LADD) to the reference 
dose (RfD) as follows. 

Hazard index for THMs of Oral Route = LADDoral/RfD          (1) 

where RfD is the reference dose for a specific substance, which is listed on 
USEPA Web site (USEPA, 2002).  

where LADDoral = (total amount ingested/body weight × life time)       
= (CW × IR × EF × ED)/(BW × AT)              (2) 

2.2.2. Health Risk Assessment of Carcinogenic Pollutants 
In addition to toxic risks, carcinogenic risks of exposure to surveyed THM levels 
were calculated using the USEPA methodology. Carcinogenic compounds differ 
from toxic compounds in that there is no lower limit for the existence of risk. 
The LADD is typically used in conjunction with the Cancer Slope Factor (CSF) 
to calculate individual excess cancer risk. It is an estimate of the daily intake of a 
carcinogenic agent throughout the entire life of an individual. The CSF is the 
gradient of the line of the dose response curve derived from laboratory toxico-
logical studies, and values for each substance are available in the USEPA IRIS  
 
Table 1. Detection parameters of THMs in drinking water. 

Chemicals Detection method Equipment name 
Lowest detectable 

limit (mg/L) 

TCM 

Standard examination  
method for drinking water 

GB/T 5750.8-2006 

Gas chromatograph with  
Electron capture detector 

0.06 

DBCM 0.1 

BDCM 0.06 

TBM 0.1 
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databases (USEPA, 2006). For THM species, the USEPA range of concern is for 
an increased carcinogenic risk of 10−6 i.e. 1:1,000,000 (USEPA, 2003). The fol-
lowing relationship was used to calculate the carcinogenic risks for THMs 
through ingestion [12].  

THM carcinogenic risk of oral route = LADDoral × CSForal        (3) 

The lifetime cancer risk for people living in area study was calculated using 
the input parameters in Table 2 and the THMs concentrations measured in this 
study. Table 3 summarizes the reference doses (RfD), cancer group classifica-
tions and cancer slope factors (CSF) for the THM components [13]. 

2.3. Quality Control  

In order to ensure the quality of sampling and detection, parallel and blank con-
trols are acquired simultaneously in each sampling. In the analysis process, a 
blank sample, a parallel sample and a spike recovery test are set up, and it is re-
quired that the component to be tested cannot be detected in the blank sample 
(the actual measurement result meets the requirements). Each batch of samples 
is tested with parallel quality control samples, and samples with too high or too 
low detection results are re-examined. 

2.4. Statistical Methods  

Excel 2007 was used for data entry and establishment of a water quality database. 
Statistical analysis was performed using SPSS 22.0 software. According to the  
 
Table 2. Input parameters and abbreviations for exposure assessment. 

Input parameter Units Values References 

THM Conc. in water (Cw) mg/L See tables Present study 

Ingestion rate (IR) L/day 2.0 USEPA (1997) 

Exposure frequency (EF) days/year 365 Lee et al. (2004) 

Exposure duration (ED) year 70 USEPA (1997) 

Average exposure time (AT) days/year 
non-carcinogen: 30 × 365 

carcinogen: 70 × 365 
USEPA (2009) 

Body weight (BW) kg 70 Lee et al. (2004) 

 
Table 3. Carcinogenic slope factors (CSF), reference doses (RfD) and cancer group classi-
fications for THM components.  

Chemicals Cancer group CSForal (mg/kg/day)−1 RfD (mg/kg/day) 

Chloroform, CHCl3 B1 3.10E−02 1.00E−02 

Bromodichloromethane, CHCl2Br B2 6.20E−02 2.00E−02 

Dibromochloromethane, CHBr2Cl C 8.40E−02 2.00E−02 

Bromoform, CHBr3 B2 7.90E−03 2.00E−02 

B1: probable human carcinogen with limited human data; B2: probable human carcinogen with sufficient 
animal data; C: possible human carcinogen. 
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Kolmogorov-Smirnov normality test, the data of this study belonged to the 
non-normal distribution (P < 0.01), so the median was used. The Mann-Whitney U 
test was used to compare the concentrations of disinfection by-products in the 
two groups. The Kruskal Wallis H multi-group rank sum test was used to com-
pare the multiple groups and the exact probability was calculated. The difference 
was statistically significant at P < 0.05. 

3. Results 

3.1. Detection of Disinfection By-Products in Water 

3.1.1. Concentration of THMs in Different Types of Water Samples 
The concentrations (median) of TCM, DBCM, BDCM, TBM and THMs in 
drinking water in Shenzhen were 24.5, 2.3, 7.8, 0.3 and 37.0 μg/L, respectively. A 
total of 68 water samples were tested, and there were 5 water samples with 
THMs exceeding the standard (3 pieces of factory water and 2 pieces of peri-
pheral water). Among them, TCM in 2 pieces of water sample exceeded the 
standard (1 piece of the factory water and the peripheral water from different 
water plants). Comparing the qualified rate of THMs in the factory water [94.2% 
(49/52)] with that in the peripheral water [87.5% (14/16)], the difference was not 
statistically significant (Table 4).  

3.1.2. The Concentration of THMs in the Water from Different Seasons 
The THMs in the water samples of Shenzhen during the wet season (from April 
to October) and the dry season (from January to March, November and Decem-
ber) were all qualified. There was no significant difference in the concentrations 
of the four THMs components in the water samples during the wet and dry sea-
sons (Table 5).  

3.1.3. Concentration of THMs in Factory Water from Different Water  
Plants 

The differences in the concentrations of four THMs in the water from different 
water plants were not statistically significant (Table 6). 

3.2. Health Risk Assessment of THMs through Ingestion of  
Drinking Water 

3.2.1. Health Risks of THMs in Different Types of Water Samples 
The carcinogenic risk of THMs in drinking water in Shenzhen is 4.52 × 10−5/a, 
among which the carcinogenic risk of TCM is 2.38 × 10−5/a, accounting for 52.65% 
 
Table 4. Concentration of THMs in factory water and peripheral water in Shenzhen.  

Sample Type 
Sample 
number 

Average THMs level (μg/l) (median) 

TCM DBCM BDCM TBM THMs 

Factory Water 52 23.6 2.3 7.8 0.3 35.7 

Peripheral Water 16 30.3 2.3 7.8 0.3 39.3 

Total 68 24.5 2.3 7.8 0.3 37.0 
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Table 5. Concentration of THMs in factory water in different seasons in Shenzhen.  

Period 
Sample 
Number 

Average THMs level (μg/l) (median) 

TCM DBCM BDCM TBM THMs 

Wet Season 26 26.5 2.9 8.4 0.3 37.1 

Dry Season 26 21.4 2.1 7.4 0.3 32.7 

Total 52 23.6 2.3 7.8 0.3 35.7 

 
Table 6. Concentration of THMs in factory water from 13 municipal water plants.  

Water 
Plant 

Average THMs level (n = 4, μg/l) (median) 

TCM DBCM BDCM TBM THMs 

plant1 45.3 1.6 7.4 0.3 53.1 

plant2 33.8 4.5 11.9 0.3 48.2 

plant3 26.1 4.3 11.5 0.3 42.8 

plant4 30.1 2.1 6.7 0.3 39.4 

plant5 24.9 2.3 7.5 0.3 35.3 

plant6 22.5 3.3 9.5 0.3 35.5 

plant7 22.7 1.4 6.9 0.3 35.4 

plant8 21.0 2.5 8.0 0.3 34.5 

plant9 23.9 2.1 8.1 0.3 34.5 

plant10 21.3 3.0 8.6 0.3 33.1 

plant11 19.4 1.9 6.8 0.3 28.0 

plant12 16.4 2.3 7.5 0.3 26.8 

plant13 15.0 1.7 6.0 0.3 23.1 

 
of THMs, which is the main carcinogenic risk substance. The hazard index of 
THMs is 9.32 × 10−2/a, among which the hazard index of TCM is 7.68 × 10−2/a, 
accounting for 82.40% of THMs. There was no significant difference in carcino-
genic risk and health hazard index between the factory water and the peripheral 
water. The carcinogenic risk and health hazard index were in the order of TCM, 
BDCM, DBCM and TBM from high to low (Table 7). 

3.2.2. Health Risks of THMs of Factory Water in Different Seasons 
It can be seen from Table 8 that the average carcinogenic risk caused by THMs 
in different seasons through ingestion of drinking water is 4.43 × 10−5/a. The 
mean carcinogenic risk caused by TCM through ingestion of drinking water is 
2.29 × 10−5/a, accounting for 51.69% of the carcinogenic risk of THMs. The ha-
zard index of THMs through ingestion of drinking water in different seasons 
was 9.05 × 10−2/a. The average hazard index caused by TCM through ingestion 
of drinking water is 7.40 × 10−2/a, accounting for 81.86% of the THMs hazard 
index. There was no significant difference in health risks between the wet season 
and the dry season. The cancer risk and health hazard index were in the order of 
TCM, BDCM, DBCM, TBM from high to low. 
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Table 7. Health risk assessment results of THMs in factory water and peripheral water in 
Shenzhen (/a). 

 Factory Water Peripheral Water Total 

Hazard index 

TCM 7.40E−02 9.52E−02 7.68E−02 

DBCM 3.61E−03 3.61E−03 3.61E−03 

BDCM 1.23E−02 1.23E−02 1.23E−02 

TBM 4.71E−04 4.71E−04 4.71E−04 

Subtotal 9.05E−02 1.12E−01 9.32E−02 

Carcinogenic risk 

TCM 2.29E−05 2.95E−05 2.38E−05 

DBCM 6.07E−06 6.07E−06 6.07E−06 

BDCM 1.52E−05 1.52E−05 1.52E−05 

TBM 7.45E−08 7.45E−08 7.45E−08 

Subtotal 4.43E−05 5.09E−05 4.52E−05 

 
Table 8. Health risk assessment results of THMs in factory water in different seasons in 
Shenzhen City (/a). 

 Wet season Dry season Total 

Hazard index 

TCM 8.31E−02 6.71E−02 7.40E−02 

DBCM 4.48E−03 3.22E−03 3.61E−03 

BDCM 1.32E−02 1.16E−02 1.23E−02 

TBM 4.71E−04 4.71E−04 4.71E−04 

Subtotal 1.01E−01 8.24E−01 9.05E−02 

Carcinogenic 
risk 

TCM 2.58E−05 2.08E−05 2.29E−05 

DBCM 7.52E−06 5.41E−06 6.07E−06 

BDCM 1.64E−05 1.44E−05 1.52E−05 

TBM 7.45E−08 7.45E−08 7.45E−08 

Subtotal 4.97E−05 4.07E−05 4.43E−05 

3.2.3. Health Risk of THMs of Factory Water in Different Water Plants 
According to the health risk assessment model and parameters, the average indi-
vidual annual risk caused by THMs in the water from the municipal water plants 
was calculated through oral route, as shown in Table 9. It can be seen from Ta-
ble 9 that the carcinogenic risk of THMs through ingestion of drinking water is 
between 1.09 × 10−6 - 1.51 × 10−4/a, and the median is 4.43 × 10−5/a. The carci-
nogenic risk of TCM through ingestion of drinking water is between 9.74 × 10−8 
- 7.71 × 10−5/a, the median is 2.29 × 10−5/a, accounting for 51.69% of the total 
carcinogenic risk. The carcinogenic risk of other THMs is lower than that of 
TCM. The health hazard index of THMs through ingestion of drinking water is 
between 1.40 × 10−3 - 3.04 × 10−1/a, and the median is 9.05 × 10−2/a. The hazard 
index of TCM is in the range of 3.00 × 10−4 - 2.49 × 10−1/a, the median is 7.40 × 
10−2/a, accounting for 81.77% of the total health hazard index. The health hazard 
indices of other THMs were lower than TCM. 
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Table 9. Health risk assessment results of THMs in factory water of 13 municipal water 
plants in Shenzhen (/a). 

THMs 
Hazard index carcinogenic risk 

Range Median Range Median 

TCM 3.00E−04 - 2.49E−01 7.40E−02 9.74E−08 - 7.71E−05 2.29E−05 

DBCM 3.00E−04 - 1.26E−02 3.61E−03 5.28E−07 - 2.11E−05 6.07E−06 

BDCM 3.00E−04 - 4.24E−02 1.23E−02 3.90E−07 - 5.26E−05 1.52E−05 

TBM 4.71E−04 - 4.71E−04 4.71E−04 7.45E−08 - 7.45E−08 7.45E−08 

Total 1.40E−03 - 3.04E−01 9.05E−02 1.09E−06 - 1.51E−04 4.43E−05 

4. Discussions 

From the concentration of drinking water DBPs in some cities in China reported 
by Deng et al. [14], the concentration of THMs in municipal waters in Shenzhen 
is at a medium level. Compared with other test results in Shenzhen, the concen-
tration of THMs (excluding TBM) is significantly higher. This may be related to 
the year of the test and the location of the water plant, suggesting that attention 
should be paid to the differences in water quality in different regions. This study 
found that the concentration of THMs in 5 water samples exceeded the stan-
dard. It is recommended that the water supply unit should analyze the cause of 
excessive THMs concentration to reduce the THMs concentration. 

The results of this study indicated that the annual carcinogenic risk caused by 
THMs in some water plants in Shenzhen was between 3.07 × 10−5 and 6.81 × 
l0−5/a, with a mean value of 4.43 × 10−5/a. Among them, the carcinogenic risk 
caused by TCM through ingestion of drinking water was in the range of 1.46 × 
10−5 - 4.41 × 10−5/a, and the mean value is 2.29 × 10−5/a, which was the main 
source of THMs carcinogenic risk. The carcinogenic risk of THMs was in the 
order of TCM, BDCM, DBCM, and TBM from high to low, which accounted for 
51.69%, 34.31%, 13.70%, and 0.17% of the total carcinogenic risk of THMs re-
spectively. 

USEPA’s acceptable risk level for carcinogens is between 1.0 × 10−6 - 1.0 × 
l0−4/a [9] [15], <1.0 × 10−6/a represents that the risk is not obvious, 1.0 × 10−6 - 
1.0 × l0−4/a indicates there is a risk but is acceptable, >1.0 × l0−4/a indicates there 
is a significant risk. The maximum acceptable risk level recommended by the 
International Commission on Radiation Protection (ICRP) is 5.0 × l0−5/a, which 
is currently not available in China. 

The average carcinogenic risk of THMs through ingestion of drinking water 
in Shenzhen municipal drinking water was within the acceptable risk of USEPA, 
but there was still a health risk. Although the mean carcinogenic risk was still 
below the maximum acceptable value recommended by ICRP, it was close to an 
acceptable threshold. In addition, there were 3 water plants with carcinogenic 
risk values exceeding the critical value, and 1 close to critical value. It should be 
of sufficient concern. In accordance with USEPA’s risk control requirements, 
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with a risk value of 1.0 × 10−6/a, a feasible risk management strategy should be 
proposed. The author’s previous research showed that the health risks of heavy 
metals in drinking water sources in the region reached the maximum acceptable 
value recommended by the ICRP (IV). Therefore, it is necessary to conduct a 
comprehensive health risk assessment of local drinking water. 

The hazard index of THMs through ingestion of drinking water in different 
water plants is 1.40 × 10−3 - 3.04 × 10−3/a, with an average of 9.05 × 10−2/a. The 
hazard index of TCM through ingestion route is in the range of 3.00 × 10−4 - 2.49 
× 10−1/a, the average value is 7.40 × 10−2/a, the health hazard index is in the order 
of TCM, BDCM, DBCM, TBM from high to low. They accounted for 81.77%, 
13.59%, 3.99%, and 0.52% of the hazard index respectively. 

The average health hazard index produced by THMs through ingestion of 
drinking water was less than 1, and health indicators of 13 water plants were all 
below 1. It is expected that it will not cause health damage and meet safety re-
quirements. 

Because the water environment health risk assessment system involves many 
uncertain factors, such as the distribution of pollutants concentration, the expo-
sure level, and the risk tolerance level of different groups of people. All these 
factors make the evaluation results uncertain to some extent. 

This study adopted the USEPA drinking water THMs risk assessment method 
for human health exposure. For the exposure route, only the average drinking 
water intake was considered without other exposure pathways. Due to the low 
boiling point of THMs, except for oral exposure, it also includes skin contact, 
respiratory vapor inhalation, etc., which actually underestimates the risk of 
THMs exposure. Shenzhen is located in the south of China. Bathing and swim-
ming are common and the frequency of exposure is high. The carcinogenic risk 
caused by these pathways cannot be ignored. 

Due to the uncertainty of health risk assessment itself, there are no standard 
exposure parameters for health risk assessment in China. Therefore, the USEPA 
data is often cited in terms of life expectancy, body weight, water intake and car-
cinogenic slope factors, choice of reference dose, and cumulative effects of toxic 
substances on human health hazards. Due to differences in ethnicity and living 
habits, the parameters are not completely suitable for Chinese residents. Ac-
cording to EPA parameters, there is a certain deviation in the evaluation results. 
Therefore, the research on the exposure risk of THMs in drinking water in 
Shenzhen needs further study. 
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