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Abstract 
Introduction This study was aimed at assessing for human health risk from 

exposure to chlorination disinfection by- products ( DPBs)  of water from 2 sources, 
tap water and swimming pool water, by different routes of exposure since there 
have been reports of health risks.  Methods Water samples in Khon Kaen Province 
from municipal tapwater after boiling in open and closed boilers, and swimming 
pool water from the middle and the border of the swimming pool, were investigated 
for THMs (Trihalomethanes) by Purge and Trap, GC-ECD, for HAAs (Haloacetic acids) 
by LCMSMS. Risk assessments of health effects from different routes of exposure to 
these DBPs were performed.  Results Study proved that the open boiling was the 
most efficient method in reducing volatile THMs, the closed boiling with pump 
dispenser the second efficient and the closed boiler without pump dispenser was 
the least efficient. Repeated boiling increased evaporation of volatile chemicals and 
water, so involatile chemicals increased their concentrations.  THMs in swimming 
pool water were found higher at the border than the middle of the pool. HAAs were 
found insignificant amount in tap water and swimming pool water.  Lifetime excess 
cancer rates calculation of non- threshold toxicity from exposure to THMs in 
municipal tap water from various exposure routes were found too high, 258-378 fold 
the acceptable risk, most of them from ingestion route. The excess cancer rates from 
exposure during swimming was 1. 24- 1. 93 fold the acceptable risk, most of them 
from inhalation route. However, the threshold toxicities of water of these 2 sources 
were in acceptable range. Conclusion We concluded that to reduce the cancer risk 
when boiling water, people should open the boiler to let volatile compounds to 
evaporate to reduce THMs, and should avoid repeated boilings since this will 
increase concentrations of involatile chemicals. When swim people should avoid to 
swim at the border of the pool for lesser cancer risk. Our study confirmed that there 
were unacceptable cancer risks from water resources disinfected by current 
chlorination disinfection methods in both tap water and swimming pool water. 
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บทคัดย่อ 
บทน้า งานวิจัยน้ีมุ่งประเมินความเสี่ยงทางสุขภาพจากสารท่ีเกิดจากการฆ่าเชื้อโรคในน้้า

ด้วยคลอรีน (Chlorination Disinfection by-products, DBPs) จาก 2 แหล่งน้้า(น้้าประปาท่ีผ่าน
การต้ม และน้้าจากสระว่ายน้้า)โดยช่องทางรับสัมผัสแตกต่างกันเน่ืองจากมีรายงานถึงอันตรายต่อ
สุขภาพมาอย่างต่อเน่ืองจากสาร DBPs วิธีวิจัย เก็บตัวอย่างน้้าประปาหลังต้มให้เดือดด้วยวิธี
แตกต่างกันคือการต้มแบบเปิดฝาและการต้มแบบปิดฝาและเก็บตัวอย่างน้้าจากสระว่ายน้้าท่ีจุดเก็บ
ตัวอย่างน้้ากลางสระและริมสระมาตรวจวิเคราะห์ โดย THMs (Trihalomethanes) ใช้ Purge 
and Trap, GC-ECD, ส่วน HAAs (Haloacetic acids) ใช้ LCMSMS แล้วท้าการประเมินความเสี่ยง 
ผลการวิจัย งานวิจัยพบว่าการต้มโดยวิธีเปิดฝาจะลด THMs โดยการระเหยของสารได้ดีท่ีสุด การ
ต้มแบบปิดฝาแล้วใช้วิธีการกดจ่ายน้้าออกจากหม้อต้มด้วยปั๊มลดสาร THMs ออกได้ดีรองลงมา 
และการต้มแบบปิดฝาแต่ไม่ได้ใช้วิธีการกดจ่ายน้้าออกจากหม้อต้มด้วยปั๊มจะลดสาร THMs ได้น้อย
ท่ีสุด การต้มน้้าซ้้าๆจะท้าให้สารเคมีท่ีระเหยได้และน้้าระเหยออกไปจนสารเคมีท่ีระเหยได้น้อยมี
ความเข้มข้นเพิ่มขึ้นในน้้า กรณีน้้าในสระว่ายน้้างานวิจัยพบว่ามี THMs บริเวณขอบสระสูงกว่า
บริเวณกลางสระ แต่กรณีสาร HAAs พบในน้้าประปาและน้้าสระว่ายน้้าในปริมาณท่ีไม่มีนัยส้าคัญ 
เมื่อประเมินอัตราเสี่ยงในการก่อมะเร็งตลอดชีวิต (Lifetime excess cancer rates) ส้าหรับกรณี
ความเสี่ยงด้านความเป็นพิษแบบไม่มีระดับกั้น (non-threshold toxicity) จากการใช้น้้าประปา
รวมจากหลายช่องทางรับสัมผัสพบว่าสูงเป็น 258-378 เท่าของอัตราเสี่ยงท่ียอมรับได้ซ่ึงส่วนใหญ่
เกิดจากช่องทางการกิน ส่วนอัตราเสี่ยงในการก่อมะเร็งตลอดชีวิตจากการรับสัมผัสน้้าในสระ
ระหว่างว่ายน้้าสูงเป็น 1.24-1.93 เท่าของอัตราเสี่ยงท่ียอมรับได้ซ่ึงส่วนใหญ่เกิดจากช่องทางการ
หายใจระหว่างว่ายน้้า แต่กรณีความเสี่ยงด้านความเป็นพิษแบบมีระดับกั้น ( threshold toxicity) 
ของน้้าจาก2แหล่งน้ีอยู่ในระดับยอมรับได้ (acceptable range) สรุป ในการต้มน้้าควรปล่อยให้
สารเคมีมีโอกาสระเหยออกไปได้เพื่อลดปริมาณ THMs ในน้้า และควรหลีกเลี่ยงการต้มน้้าซ้้าๆ
เนื่องจากเป็นการท้าให้สารเคมีซ่ึงระเหยยากกว่าน้้าหรือสารเคมีไม่ระเหยมีความเข้มข้นมากขึ้น เมื่อ
ว่ายน้้าควรหลีกเลี่ยงการว่ายน้้าบริเวณขอบสระ เพื่อลดความเสี่ยงด้านการก่อมะเร็ง การศึกษาน้ี
ยืนยันว่ามีความเสี่ยงต่อการเกิดมะเร็งในระดับยอมรับไม่ได้จากการฆ่าเชื้อโรคในน้้าด้วยคลอรีนด้วย
วิธีการท่ีใช้อยู่ในปัจจุบันท้ังน้้าประปาและน้้าในสระว่ายน้้า 
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Introduction 
Chlorination disinfection in public water 

supply is the most popularly used method 
around the world due to the lowest cost and 
high efficacy despite several harmful disinfection 
byproducts (DBPs) are produced such as  
trihalomethanes (THMs), haloacetic acids (HAAs), 
haloacetonitriles (HANs) of which THMs and HAAs 
are used as indicators for DBPs since these  
2 groups compose for about 80%  of all DBPs 
(Health Canada, 2008). Studies showed that THMs 
(including chloroform or CF, bromodichloromethane 
or BDCM, chlorodibromomethane or CDBM, and 
bromoform or BF) could be carcinogens in animals 
and humans (WHO, 2004). For more detail please 
see Chatsantiprapa et al. (2020). In this article, DBPs 
of 2 different sources of water from chlorination-
disinfection are presented, i. e. , tap water after 
boiling and swimming pool water since boiling 
water has been reported to increase concentrations 
of DBPs in water ( ATSDR, 2005; Rahman et al. , 
2011), and swimming pool water is another important 
source of DBPs. 
 
Methods 
1. Water samples 

Two sources of water are presented in 
this article. The first source of water samples was 
Khon Kaen municipal tap water as described in 
Chatsantiprapa et al.  ( 2020) .  Since there are 2 
common boiling methods used in households in 
Thailand, municipal tap water from a household 
at the last collection point (point 5, Chatsantiprapa 
et al. , 2020)  was used in the experiment to test 
for different disinfection byproducts ( DBPs) 
occurrence between the 2 boiling methods, using 
an open boiler and a closed boiler (Figure1) .  In 
both boiling methods, 1 litre of water was boiled 
and collected for detection of DBPs ( described 
in Chatsantiprapa et al. (2020) at 3 boiling intervals. 

The first interval, water was boiled for 5 min, 
then let cooling down before collection.  The 
second interval was 10 h apart, re- boiling, let 
cooling down before collection. The third interval 
was another 14 h apart, re- boiling, let cooling 
down before collection.  Water from the open 
boiler was collected by using a ladle up the 
boiler, whereas from the closed boiler water was 
pumped out through the self- contained-water-
pump dispenser ( as this is a common type of 
boiler used in households in Thailand) .  The 
second source of water samples was water from 
a swimming pool.  This swimming pool is an 
active and open- air swimming pool with size 
Width x Length x Depth=25 x 50 x 1.2-2.2 m. The 
collection points were at the middle ( eye sight 
estimation)  and the border of the pool (within 
50 cm from the swimming pool’s border) (Figure 
2). Collection time was at 7 am when the  
swimming pool was just open for swimming 
activities.  Comparison between rainy and after-
rainy periods of swimming pool water was also 
conducted. Analyses presented were from triplicate 
collections. Data shown were mean±S.D.. 

 

https://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjYjP7k86bNAhVJRo8KHajAAswQjRwIBw&url=https://en.wikipedia.org/wiki/Khon_Kaen_Province&psig=AFQjCNE_GR8MNABRNWHqfvM6cTOMw8Db2A&ust=1465972638905753
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2. Water sample preparation and chemical 
analyses 

Water was collected in rainy period 
(during September-October 2014) and after-rainy 
period (November-December 2014). Analysis for 
THMs (Trihalomethanes) was by Purge and Trap 
and GC- ECD, for HAAs ( Haloacetic acids)  by 
LCMSMS (see Chatsantiprapa et al. (1) for detail). 
3. Risk assessment estimation (ATSDR, 2005; 
US.EPA., 1989; US.EPA., 1992a; US.EPA., 1992b) 

3.1 Calculation for risk of threshold toxicity 
(non-carcinogenic effects) 

Total hazard index (HI)=Hazard quotient 
from ingestion of water containing DBPs +Hazard 
quotient from inhalation of volatile DBPs from 
water during shower or swimming + Hazard  
quotient from dermal contact of water containing 
DBPs during shower or swimming. 

Each hazard quotient from ingestion 
(HQing), inhalation (HQinh), dermal contact (HQder) 
= ADD /RfD  

ADD =average daily intake dose of DBPs 
from ingestion, inhalation, dermal contact 
(average over a year of exposure) 

RfD =  reference dose from ingestion, 
inhalation, dermal contact of DBPs 

3.2 Calculation for risk of non-threshold 
toxicity (carcinogenic effects) 

Total cancer risk = Cancer risk from  
ingestion of water containing DBPs +Cancer risk 
from inhalation of volatile DBPs from water  
during shower or swimming +  Cancer risk from 
dermal contact of water containing DBPs during 
shower or swimming 

Cancer risk for a lifetime from ingestion, 
inhalation, dermal contact from each DBPs = SF 
x LADD 
Where  SF =  slope factor ( carcinogenic potency 
factor) of DBPs 

LADD =  lifetime average daily intake 
dose of DBPs from ingestion, inhalation, dermal 
contact (average over a lifetime) 

3.3 Calculation for intake dose 
The intake doses from exposure via 

ingestion, inhalation and dermal contact routes 
were calculated for average daily intake dose 
( ADD)  over a year of exposure to evaluate for 
threshold toxicity (non-carcinogenic effects), and 
for lifetime average daily intake dose (LADD) over 
a lifetime of exposure to evaluate for non-
threshold toxicity (carcinogenic effects) for DBPs 
detected from municipal water supply and 
swimming pool water (2 sources) as follow. 

ADDing = Average daily intake dose from 
ingestion = Cw x IR x EF / BW   

ADDinh = Average daily intake dose from 
inhalation = Cw x K x IR x EF / BW  

ADDder =  Average daily intake dose 
from dermal contact = Cw x Kp x SA x EF / BW  

LADDing =  lifetime average daily intake 
dose from ingestion = Cw x IR x EF x AT / BW x LT  

LADDinh = Lifetime average daily intake 
dose from inhalation = Cw x Kx IR x EF x AT / BW 
x LT  

LADDder = Lifetime average daily intake 
dose from dermal contact =  Cw x Kp x SA x EF x 
AT / BW x LT  

and EF = F x ED / d  
ADD =average daily intake dose, LADD= 

lifetime average daily intake dose, Cw= chemical 
concentration in water, K =volatilization factor of 
the chemical from water to air = 0.5 L/m3 (US. 
EPA} 1991) , IR = intake rate from ingestion or 
inhalation, EF=exposure factor, F = frequency of 
exposure, ED = exposure duration, BW = body 
weight=63 kg (male and female combined, Size 
Thailand, 2007-2008; U.N. , 2015) , AT=averaging 
time, LT = lifetime=74 years (male and female 
combined, SizeThailand, 2007-2008; U.N., 2015), 
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Kp = permeability coefficient of the chemical via 
skin, SA =  body surface area =  1. 688m2 (male 
and female combined, SizeThailand, 2007-2008; 
U.N. , 2015) .  Conversion factors:  1 litre = 0.001 
m3=1000 cm3. 

In calculating for municipal water supply, 
ADDs was assumed equal to LADDs as water was 
assumed to be used ( exposed)  regularly at the 
same rate every day all through a lifetime.  For 
inhalation and dermal contact of municipal 
water it was assumed to occur during the 
shower. In the worst case: daily intake dose was 
calculated from the highest concentration of 
DBPs detected (see Chatsantiprapa et al., 2020). 
In the best case: daily intake dose was calculated 
from the concentration of DBPs detected in 
finished water at Kotha water treatment plant 
( the start point of tap water supply route)  ( see 
Chatsantiprapa et al., 2020). 

In calculating for intake doses of  
swimming pool water, ingestion, inhalation, and 
dermal exposure were assumed to occur during 
swimming.  In the worst case:  daily intake dose 
was calculated from the highest concentration 
of DBPs detected.  In the best case: daily intake 
dose was calculated from the lowest  
concentration of DBPs detected. 
4. Statistical analysis 

Differences between groups were tested 
by one–way ANOVA, then Tukey HSD for post-
hoc multiple comparisons, using statistix10 
(Analytical Software, USA). 
 
Results 
1. Validation of methods for chemical 
analyses 

All analyses were proved to be within 
acceptable range both for THMs and HAAs ( see 
Chatsantiprapa et al. (2020) for detail). 
 

2. Water from different boiling methods 
Baseline values were from Chatsantiprapa 

et al.  ( 2020) .  Boiling significantly reduced free 
chlorine from baseline even after the first boiling 
in both boiling methods. From the open boiling, 
free chlorine was further reduced significantly 
after the second boiling but remained unchanged 
after the third boiling.  While from the closed 
boiling, free chlorine did not change further in 
repeated boilings. Dissolved organic carbons (DOCs) 
were found significantly higher in the closed 
boiling than the open boiling. However, after the 
third boiling, DOCs increased its concentration 
significantly in both boiling methods with the 
open boiling significantly higher than the closed 
boiling (Table 4). 

For trihalomethanes (THMs) detection, it 
was found that after the first boiling, THMs were 
significantly reduced in both boiling methods 
and every repeated boiling in both methods 
further reduced THMs significantly.  Closed boiling 
was found to significantly reduce THMs more 
efficiently than the open boiling after the second 
and third boiling (Table 5). 

Comparison of THMs after mixing the 
boiling methods and the water collection methods 
-  an open boiler collecting water by ladling up 
the boiler, a closed boiler collecting through a 
self- contained- water- pump dispenser, and a 
closed boiler collecting by ladling up the boiler - 
to test for the effects of boilers and collection 
methods. It was found that the open boiler gave 
the lowest each THM compound and TTHMs of 
all boiling methods since after the first boiling. 
Comparing between 2 different collection methods 
of the closed boilers found that the pump 
dispenser significantly reduced more THMs than 
using a ladle up the boiler ( Table 6) .  These 
results meant that the open boiling was the most 
efficient method in reducing volatile chemicals, the 
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closed boiling with pump dispenser the second 
efficient and the closed boiler using a ladle was 
the least efficient. 

For haloacetic acids ( HAAs)  detection, it 
seemed that boiling did not significantly change 
HAAs. Dichloroacetic acid (DCAA) was found the 
highest concentration of all HAAs in both boiling 
methods (Table 7). 
3. Water from a swimming pool 

After- rainy period, free chlorine in water 
was found significantly higher than water in rainy 
period. And water at the border of the swimming 
pool was found significantly higher free chlorine 
than water in the middle of the pool (Table 8). 

For THMs detection, TTHMs and  
chloroform (CF)  were found higher in the water 
at the border of the pool than in the middle of 
the pool in both rainy and after- rainy periods, 
with CF the highest concentration of all THMs. 
After-rainy period water was found higher TTHMs 
and CF than in the rainy period (Table 9). 

For HAAs detection, there were no  
statistical difference in concentrations between 
rainy and after- rainy periods and between the 
border and the middle of the pool in each HAA 
and THAAs. However, DCAA the highest  
concentration of all HAAs was found significantly 
higher in the middle of the pool in rainy period 
(Table 10). 
4. Risk assessment estimation 

4.1 Risk of threshold and non-threshold 
toxicities from municipal tap water 

In calculating from all routes of exposure 
( ingestion, inhalation, dermal)  to municipal tap 
water for the worst case scenario, the risk of 
threshold toxicity was within acceptable range 
with grand total HI=0.5169. However, the risk of 
non- threshold toxicity was unacceptable with 
the grand total lifetime excess cancer rate = 
3.78x10-4. It was 378 fold of acceptable lifetime 

excess cancer rate ( 10- 6, US EPA) .  For the best 
case scenario calculation, the risk was a little 
better with the grand total HI=0.3701, the grand 
total lifetime excess cancer rate =2.58x10-4. The 
major source of the risks both for threshold and 
non- threshold toxicity were from the ingestion 
route (Table 11). 

4.2 Risk of threshold and non-threshold 
toxicity from swimming pool water 

In calculating for the worst case for the 
risk of threshold toxicity from swimming pool 
water (from the border of the pool at after-rainy 
period) , it was found very safe with grand total 
HI= 0. 0075, and the best case ( from the middle 
of the pool at rainy period) grand total HI=0.0044 
(Table 12). The hazards came mainly from dermal 
exposure and inhalation. However, the risk from 
non- threshold toxicity was unacceptable with 
the grand total lifetime excess cancer rate = 
1.93x10-6 in the worst case, and = 1.24x10-6 in 
the best case. The cancer risks came mainly from 
inhalation (Table 13). 
 
Discussion and conclusion 

The lower free chlorine and higher DOCs 
after boiling of tap water compared to baselines 
reflected the evaporation of free chlorine and 
water but not DOCs. But for DBPs (THMs, HAAs), 
our boiling experiments had 2 major factors 
involved, the temperature activation factor, and 
the chemical evaporation factor.  

To prove temperature as an activation 
factor building up DBPs ( both THMs and HAAs) 
(ATSDR, 2005; Rahman et al. , 2011), we expected 
that after boiling the levels of DBPs should 
increase and more boilings more DBPs. For chemical 
evaporation factor, at boiling temperature we  
expected that the volatile compounds should 
reduce their concentrations, the involatile compounds 
should not reduce, but increase their  
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concentrations due to the evaporation of water. 
The temperature activation effect and evaporation 
of voltatile chemicals produced from temperature 
activation effect could be counteracted in our 
experiments. Hence, the results were difficult to 
observed.  However, in our experiments situations 
were more complicated. The closed boiling method 
could have intervened the results since a closed 
boiler might have prevented the evaporation of 
chemicals and water.  The different methods of 
water collection in our study could also be 
another factor intervening the results as water 
was collected from the open boiler by using a 
ladle collecting up the open boiler, whereas 
from a closed boiler, water was collected by 
pumping out through a self- contained- water-
pump dispenser.  The dispelling force of the 
dispensing pump of the closed boiler may have 
added to evaporation of the volatile compounds 
when running out of the closed boiler, thus, 
resulted in a lesser volatile compounds left in 
water.  

In this study, the closed boiler was found 
with a little ( insignificant)  higher THMs after the 
first boiling than the open boiler. This may have 
reflected the prevention of evaporation effect in 
a closed boiler of THMs.  However, after the 
second and third boiling, the closed boiler showed 
a much significantly lower THMs than the open 
boiler. This may have proved the more efficient 
effect of pump dispensing methods of the 
closed boiler in reducing the volatile THMs than 
the mere evaporation of chemicals from an 
open boiler. As THMs are volatile at high  
temperature, even if compounds may have been 
produced from heat activation during boiling 
(ATSDR, 2005; Rahman et al., 2011) and escaping 
of compounds may have been prevented in a 
closed boiler, the high pumping force while 
dispensing through the self- contained- water-

pump dispenser should have overcome these 
factors and dispelled most of the volatiles, 
resulted in much lesser levels found in the 
second and third boilings.  Moreover, when 
comparing between the 2 closed boilings with 
different collection methods, using a ladle 
collecting water up the container vs.  pumping 
out through the dispenser, the pumping  
collection still resulted in lesser amount of THMs 
in water. Therefore, we confirmed that the closed 
system of boiling with self- contained- water-
pump dispenser although THMs produced may 
have been prevented from evaporating during 
boiling, it posed a lesser health risk due to the 
high dispelling force during pump- dispensing 
comparing to without pump dispensing. Our  
experiments proved that the open boiling was 
the most efficient method in reducing volatile 
chemicals, the closed boiling with a pump 
dispenser the second efficient and the closed 
boiler without pump dispenser was the least 
efficient methods. 

 Therefore, in households where people 
boil chlorination disinfected water (thus  
containing chlorine residues and DOCs –  
precursors of DBPs, Rodriguez et al. , 2004; Yee  
et al., 2006; Gough et al., 2014) in a tightly closed 
container and do not use a pump dispenser but 
other collection methods without dispelling 
force, or if the boiled water is left in the boiler 
until cool before use, in particular repeated 
boilings, the health risks from THMs produced 
could be higher than expected. 

The finding with HAAs, another DBPs, was 
different from THMs.  HAAs are not volatile 
compounds at water boiling temperature. Therefore, 
boiling had no effect in decreasing the chemicals, 
but evaporation of water from boiling  
temperature should result in increasing the  
concentrations. After boiling, only DCAA and  
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DBAA were detectable in our study but MCAA 
and other chemicals were not detectable, thus, 
resulting in lesser THAAs than baselines. However, 
as HAAs occurred in only a small amount in our 
municipal tap water, the significance before or 
after boiling did not change.  Overall, HAAs in 
municipal tap water in this study should have 
had only little health effects. 

In the swimming pool, free chlorine and 
THMs were found higher at the border of the 
pool than the middle of the pool.  This may be 
due to the usually higher movement of water in 
the middle of the pool from swimming activities 
than in the border.  This factor resulted in more 
escaping of volatile compounds in the middle of 
the pool.  Hence, the health risk was higher to 
people who tended to swim around or near the 
border of the pool than in the middle of the 
pool. THMs were also found higher in after-rainy 
period than the rainy period. This may be due to 
less water dilution from rain in after-rainy period. 

In this study, the estimations of risk were 
based on many assumptions. The discussion on 
assumptions of risk from ingestion of municipal 
tap water was described in Chatsantiprapa et al. 
( 1)  in which ADD was assumed equal to LADD 
since water should be consumed regularly in 
every day through out the lifetime.  However, 
ADDs and LADDs when calculated for risk from 
swimming water were different since the  
exposure did not occur daily and the averaging 
time was not equal to the lifetime. We assumed 
ADD as the average dose of exposure for a yearly 
basis while LADD as a lifetime basis with 50 years 
exposure duration (averaging time for swimming) . 
The risk from inhalation route of exposure was 
calculated with more uncertainties than ingestion 
route since the reference doses of THMs via 
inhalation were not specified by US EPA.  

Therefore, we assumed the inhalation reference 
doses the same as the ingestion reference doses 
although the uptake of these chemicals via 
these two different routes should be different. 
Moreover, the volatilization factors of THMs 
were used 0.5 L/m3 for all THMs as suggested by 
Andelman ( 1990)  in US EPA ( 1991)  due to 
simplicity although many other studies proposed 
many different methods in estimating these 
factors such as Smith et al.  ( 1980) , Moya et al. 
(1999), Marti et al. (2014) and others. Gordon et al. 
(cited in Nuckols et al., 2005) reported that much 
higher levels of THMs were measured in exhaled 
breath if the water temperature was raised from 
30 or 35oC to 40 oC and study of Nuckols et al. 
( 2005)  confirmed that showering and bathing 
activities are important sources of THMs exposure. 
Nevertheless, we expected that the result of the 
inhalation risk in our study may have been  
overestimated for situations in Thailand.  The 
intake dose via inhalation in Thailand could be 
somehow lower than that occured in the settings 
of the temperate countries from both during 
shower and swimming since our shower room 
and swimming pool are usually better ventilated 
( swimming pool in open- air)  due to a natural 
warmer weather in Thailand, and therefore, the 
shower and swimming water are usually not heated. 
These factors might have produced lesser  
volatilization of THMs while taking shower or 
swimming.  Therefore, intake of these volatiles via 
inhalation and thus the risk for people in Thailand 
might be somehow lower than the situations in 
temperate countries due to unheated water and 
better ventilation in the shower room or swimming 
pool area.  

Previous studies had reported different 
significance of the exposure routes to DBPs. 
Some studies reported inhalation exposure the 
highest risk during showers (Wang et al., 2007) or 
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that inhalation contributed to 80- 90%  of the 
total risk ( Basu et al. , 2011)  or inhalation was 
higher risk compared to ingestion or dermal 
exposure (Siddigue et al., 2015). Panyakapo et al. 
( 2008) , a study in Thailand, reported THMs in 
swimming pool higher than that in tap water and 
skin exposure while swimming was the highest 
risk to people.  Our study and Pentamwa et al. 
( 2013)  were also in Thailand, studies’  results 
were similar in that ingestion gave the highest 
risk of all routes of exposure to public water 
supply containing DBPs.  However, in our study 
of exposure to swimming pool water, the  
inhalation route gave the highest risk of all 
routes of exposure for nonthreshold toxicity. 
The total excess cancer risk from swimming 
water exceeded the acceptable rate. The  

differences among studies may have been due 
to different study locations and settings, methods 
of chemical analyses, assumptions in the  
calculation, and reference values used in the 
calculation.  However, all studies pointed to the 
unacceptable cancer risk from THMs in water 
resources disinfected with chlorination.  Therefore, 
for safety, we recommend urgent measures  
should be pursued.  More safety measures were 
described in Chatsantiprapa et al. (2020) 
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Table 1 Standard values used in calculation for ingestion 
Term Meaning Value Unit Reference source 

SF Slope factor, ingestion    
 CF (chloroform) 0.061 (mg/kg/d)-1 US EPA (n.d.) 
 BDCM (bromodichloromethane) 0.062 (mg/kg/d)-1 US EPA (n.d.) 
 CDBM (chlorodibromomethane) 0.084 (mg/kg/d)-1 US EPA (n.d.) 
 BF (bromoform)  0.0079 (mg/kg/d)-1 US EPA (n.d.) 
RfD Reference dose, ingestion    
 CF (chloroform)  0.01 mg/kg/d U.S. EPA (1987) 
 BDCM (bromodichloromethane) 0.02 mg/kg/d U.S. EPA (1987) 
 CDBM (chlorodibromomethane) 0.02 mg/kg/d U.S. EPA (1987) 
 BF (bromoform)  0.02 mg/kg/d U.S. EPA (1987) 
IR Ingestion rate of water 

- Municipal water 
- Swimming pool water 

 
2.5 
0.016 

 
L/d 
L/event 

 
RAIS (n.d.) 
Dufour, et al. (2006) 

EF Exposure factor for ingestion 
- Municipal water 
- Swimming pool: 24 events per year 

 
1 
24 

 
 
events/y 

 
United Nations (2015) 
Assumed for ADD calculation 

 Averaging time for swimming 50 y Assumed for LADD calculation 
 
Table 2 Standard values used in calculation for inhalation  

Term Meaning Value Unit Reference source [2-14] 
SF Slope factor,inhalation    
 CF (chloroform)  0.081 (mg/kg/d)-1 US. EPA. IRIS (2005) 
 BDCM (bromodichloromethane) 0.062 (mg/kg/d)-1 US. EPA. IRIS (2005) 
 CDBM (chlorodibromomethane) 0.084 (mg/kg/d)-1 US. EPA. (n.d.)IRIS (2005) 
 BF (bromoform)  0.0039 (mg/kg/d)-1 US. EPA. (n.d.)IRIS (2005) 
K Volatilization factor 

 
0.5 L/m3 US. EPA. 1991, Strenge and 

Chamberlain, 1995 
IR Inhalation rate (Male and Female combined) 

- Light intensity -shower 
- Moderate intensity -swim 

 
9.268E-3 
2.06E-2 

 
m3/min 
m3/min 

 
Calculated from US.EPA (2011) and 
United Nations (2015) 

EF Exposure factor for inhalation 
- Municipal water supply:shower time 10 min/ 
event, 2 event/d 
Averaging time=Lifetime 
- Swimming pool: 1 h per event, 24 events 
per year Averaging time for swimming 

 
20 
74 
 
24 
50 

 
min/d 
y 
 
h/y 
y 

 
Assumed ADD= LADD 
United Nations (2015) 
 
Assumed for ADD calculation 
Assumed for LADD calculation 

 
Table 3 Standard values used in calculation for chronic dermal contact 

Term Meaning Value Unit Reference source 
Kp Chemical-specific dermal permeability 

constant 
   

 CF (chloroform)  0.0089 cm.h-1 EPA (1992a)  
 BDCM (bromodichloromethane) 0.0058 cm.h-1 EPA (1992a)  
 CDBM (chlorodibromomethane) 0.0039 cm.h-1 EPA (1992a)  
 BF (bromoform)  0.0026 cm.h-1 EPA (1992a) 
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Table 3 Standard values used in calculation for chronic dermal contact (cont.) 
Term Meaning Value Unit Reference source 

SF Slope factor (Cancer potency)    
 CF (chloroform)  0.0305 (mg/kg/d)-1 RAIS (2005) 
 BDCM (bromodichloromethane) 0.0633 (mg/kg/d)-1 RAIS (2005) 
 CDBM (chlorodibromomethane) 0.0140 (mg/kg/d)-1 RAIS (2005) 
 BF (bromoform)  0.0132 (mg/kg/d)-1 RAIS (2005) 
RfD Reference dose, dermal    
 CF (chloroform)  0.002 mg/kg/day U.S. EPA  
 BDCM (bromodichloromethane) 0.02 mg/kg/day U.S. EPA  
 CDBM (chlorodibromomethane) 0.02 mg/kg/day U.S. EPA  
 BF (bromoform)  0.012 mg/kg/day U.S. EPA  
EF Exposure factor for dermal contact 

-Municipal water supply: shower time 10 
min /event, 2events/d 
-Swimming pool: 1 h/event,  
24 events per year 
Averaging time for swimming 

 
20 
 
 
24 
50 

 
min/d 
 
 
h/y 
y 

 
Assumed ADD=LADD 
 
 
 
Assumed for LADD calculation 

 
Table 4 Characteristics of municipal tap water after 2 different boiling methods, closed boiling and open boiling, at  

3 boiling intervals.  Collection of water samples of the open boiling was by ladling up the boiler, of the closed 
boiling was by pumping out through a self-contained-water-pump dispenser 

Boiling methods pH Free chlorine (mg/l) Dissolved organic carbon (mg/l) 
Baseline values 6.87±0.01 0.50±0.00 4.95±0.59 
Open, 1st boiling 7.16±0.00 0.025±0.20 4.68±0.00 
Open, 2nd boiling 7.36±0.00 0.015±0.001 4.62±0.00 
Open, 3rd boiling 7.16±0.01 0.015±0.011 6.94±0.001 
Closed, 1st boiling 7.20±0.00 0.025±0.00 5.40±0.00# 
Closed, 2nd boiling 7.28±0.00 0.025±0.00# 5.52±0.00# 
Closed, 3rd boiling 7.20±0.00 0.025±0.00# 6.16±0.001,# 
1 = significantly different at p<0.05 when compared to the first boiling 

#= significantly different at p<0.05 when compared between different boiling methods 
 
Table 5 Trihalomethanes ( THMs)  detected in municipal tap water after 2 different boiling methods, an open boiling and 

a closed boiling, from 3 boiling intervals.  Collection of water samples of an open boiling was by ladling up the 
boiler, of a closed boiling was by pumping out through a self-contained-water-pump dispenser 

Boiling methods THMs  µg/l (mean ±SD) 
 CF BDCM CDBM BF TTHMs 

Baseline values 92.39±5.9 33.94±1.53 17.77±0.81 0.17±0.50 144.27±8.8 
Open, 1st boiling 63.43±2.35 26.79±0.54 3.36±0.31 0.09±0.01 93.67±3.21 
Open, 2nd boiling 42.99±1.451 13.87±1.481 0.94±0.031 ND 57.80±2.961 
Open, 3rd boiling 3.92±0.531,2 0.37±0.051,2 0.34±0.011,2 ND 4.63±0.591,2 
Closed, 1st boiling 65.68±2.39 28.48±0.82 4.23±0.36 0.09±0.01 98.48± 3.58 
Closed, 2nd boiling 2.92±2.071,# 0.42±0.041,# 0.35±0.011,# ND 3.69±2.121,# 
Closed, 3rd boiling 1.64±0.121,2,# 0.33±0.021,2,# 0.34±0.001 ND 2.31±0.141,2,# 

CF-chloroform, BDCM=bromodichloromethane, CDBM=chlorodibromomethane, BF=bromoform, TTHMs=total THMs, 
ND=not detectable 
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1 = significantly different at p<0.05 when compared to the 1st boiling of the same method 

2 = significantly different at p<0.05 when compared to the 2nd boiling of the same method 

#= significantly different at p<0.05 when compared between different boiling methods 
 
Table 6 Comparison of Trihalomethanes (THMs) between 3 different methods, an open boiler using a ladle up the boiler, 

a closed boiler using a self-contained-water-pump dispenser, and a closed boiler using a ladle up the boiler. All 
methods had 2 boiling intervals with 10 hours apart 

Boiling methods THMs  µg/l (mean ±SD)  
 CF BDCM CDBM BF THMs 

Open, 1st, ladle  52.12± 1.48 10.18 ± 0.64 0.91 ± 0.04 ND 63.21±2.16 
Open, 2nd, ladle 19.71 ± 0.931 0.38  ± 0.011 0.34± 0.001 ND 20.43±0.941 
Closed, 1st, pump 54.66  ± 1.41 18.85 ± 1.09 3.77  ± 1.06 0.08 ± 0.00 77.36±3.29 
Closed, 2nd, pump 24.61 ±1.411,a 0.31 ± 0.041 0.34 ± 0.001 ND 25.26±1.451,a 
Closed, 1st, ladle 60.39± 0.30 15.82 ± 1.31 3.20 ± 0.35 0.09 ± 0.00 79.50± 1.96 
Closed, 2nd, ladle 30.82±1.711,a,b 0.45 ± 0.001,a,b 0.33±0.001 ND 31.6±1.711,a,b 

CF-chloroform, BDCM= bromodichloromethane, CDBM= chlorodibromomethane, BF=bromoform, TTHMs=total THMs, ND = 
not detectable 
1= significantly different at p<0.05 when compared to the 1st boiling of the same method 
a= significantly different at p<0.05 when compared to the open boiling using a ladle up the boiler 
b= significantly different at p<0.05 when compared to the closed boiling using a pump dispenser 
 
Table 7 Haloacetic acids (HAAs) detected in municipal tap water after 2 different boiling methods, an open boiling and a 

closed boiling, from 3 boiling intervals 
Boiling methods HAAs  µg/l (mean ±SD) 

 MCAA DCAA TCAA MBAA DBAA THAAs 
Baseline values 2.35±0.00 6.55±0.07 ND ND 5.47±0.52 14.37±0.59 
Open, 1st boiling ND 6.65±0.05 ND ND 5.77±0.58 12.42±0.63 
Open, 2nd boiling ND 6.58±0.05 ND ND 5.25±0.46 11.83±0.511 
Open, 3rd boiling ND 6.76±0.02 ND ND 6.05±0.181 12.81±0.2 
Closed, 1st boiling ND 6.94±0.07 ND ND 5.64±0.79 12.58±0.86 
Closed, 2nd boiling ND 6.94±0.07 ND ND 5.57±0.70 12.51±0.77 
Closed, 3rd boiling ND 6.88±0.02 ND ND 5.46±0.62 12.34±0.64 

MCAA=monochloroacetic acid, DCAA=dichloroacetic acid, TCAA=trichloroacetic acid, MBAA=monobromoacetic acid, 
DBAA=dibromoacetic acid, THAAs= total HAAs, ND = not detectable 
1= significantly different at p<0.05 when compared to the 1st boiling of the same method 
 
Table 8 Characteristics of a swimming pool water in rainy period and after-rainy period 

Locations pH Free chlorine (mg/l) Dissolved organic carbons (mg/l) 
Rainy period    
Border 3.32±0.28 3.25±0.36 41.83±5.77 
Middle 3.63±0.72 3.05±0.07 40.38±15.71 
After-rainy period    
Border 3.47±0.14 4.65±0.21# 39.31±0.35 
Middle 3.36±0.21 4.05±0.081,# 39.94±0.52 
Border=water was collected within 50 cm from the swimming pools border 
Middle=water was collected from the middle point of the swimming pools (eye sight estimation) 

1= significantly different at p<0.05 when compared with border  
# = significantly different at p<0.05 when compared with rainy period 
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Table 9 Trihalomethanes (THMs) detected in a swimming pool water in rainy period and after-rainy period from 2 
locations 

Location THMs (µg/l) (mean ±SD) 
 CF BDCM CDBM BF TTHMs 

Rainy 
Border 38.02 ± 0.06 3.14  ± 0.23 0.47 ± 0.05 0.01 ± 0.25 

 
41.64± 0.59 

Middle 29.08 ± 0.381 3.34 ± 0.161 0.46 ± 0.01 0.34 ± 0.041 33.22± 0.591 
After-rainy 
Border 51.40 ± 4.09 1.32  ± 0.06 0.35 ± 0.00 ND 

 
53.07± 4.15# 

Middle 48.69 ± 7.431,# 2.11 ± 0.051,# 0.54±0.031,# ND 51.34± 7.511,# 
CF-chloroform, BDCM= bromodichloromethane, CDBM= chlorodibromomethane, BF=bromoform, TTHMs=total THMs, ND = 
not detectable 

Border=water was collected within 50 cm from the border of the swimming pools Middle=water was collected from the 
middle point of the swimming pools (eye sight estimation) 

1= significantly different at p<0.05 when compared with border  
# = significantly different at p<0.05 when compared that point between after-rainy period with rainy period 
 
Table 10 Haloacetic acids (HAAs)  detected in a swimming pool water in rainy period and after- rainy period from 2 locations 

and 2 periods 
Location HAAs µg/l (mean ±SD) 

 MCAA DCAA TCAA MBAA DBAA THAAs 
Rainy       
Border 2.41±0.03 6.25±0.00 ND ND 5.00±0.01 13.66±0.04 
Middle 2.42±0.03 7.25±0.001 ND ND 5.00±0.01 13.68±0.04 
After-rainy       
Border 2.35±0.00 6.24±0.00 ND ND 5.00±0.00 13.64±0.00 
Middle 2.40±0.02 6.24±0.00# ND ND 4.99±0.01 13.63±0.03 

MCAA=monochloroacetic acid, DCAA=dichloroacetic acid, TCAA=trichloroacetic acid, MBAA=monobromoacetic acid, 
DBAA=dibromoacetic acid, THAAs= total HAAs, ND = not detectable 
Border=water was collected within 50 cm from the border of the swimming poolsMiddle=water was collected from the 
middle point of the swimming pools (eye sight estimation) 

1= significantly different at p<0.05 when compared with border  
# = significantly different at p<0.05 when compared that point between after-rainy period with rainy period 
 
Table 11 Risk assessment of THMs from Khon Kaen municipal tap water supply as for threshold toxicity by Hazard Index 

(HI) and Hazard Quotients(HQ) and for non-threshold toxicity by lifetime excess cancer risk from the daily intake 
dose1 (DD) from ingestion, inhalation, and dermal contact routes  

THMs Conc 
(µg/l) 

1DDing 
(µg/kg.d) 

HQing 4Cancer 
risking 

1,2DDinh 
(µg/kg.d) 

3HQinh 4Cancer 
riskinh 

1DDder 
(µg/kg.d) 

HQder 4Cancer 
riskder 

Total 
HI 

Total 
cancer 
risk4 

Calculation for the worst case scenario 
CF 92.39 3.5869 0.3587 2.2E-4 0.1359 0.0136 1.1E-5 0.0734 0.0367 6.5E-7 0.4090 2.3E-4 
BDCM 33.94 1.3468 0.0673 8.4E-5 0.0499 0.0025 3.1E-6 0.0176 0.0009 1.0E-7 0.0707 8.7E-5 
CDBM 17.77 0.7052 0.0353 5.9E-5 0.0260 0.0013 2.2E-6 0.0062 0.0003 2.4E-8 0.0369 6.1E-5 
BF 0.17 0.0067 0.0003 5.3E-8 0.5E-3 1.3E-5 2.0E-11 3.9E-5 3.3E-6 1.0E-10 0.0003 5.3E-8 
sum   0.4616 3.63E-4  0.0174 1.63E-5  0.0379 7.7E-7 0.5169 3.78E-4 
 Grand total HI = 0.5169, Grand total cancer risk = 3.78E-4 
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Table 11 Risk assessment of THMs from Khon Kaen municipal tap water supply as for threshold toxicity by Hazard Index 
(HI) and Hazard Quotients(HQ) and for non-threshold toxicity by lifetime excess cancer risk from the daily intake 
dose1 (DD) from ingestion, inhalation, and dermal contact routes (cont.) 

THMs Conc 
(µg/l) 

1DDing 
(µg/kg.d) 

HQing 4Cancer 
risking 

1,2DDinh 
(µg/kg.d) 

3HQinh 4Cancer 
riskinh 

1DDder 
(µg/kg.d) 

HQder 4Cancer 
riskder 

Total 
HI 

Total 
cancer 
risk4 

Calculation for the best case scenario 
CF 67.11 2.6631 0.2663 1.6E-4 0.0987 0.0099 8.0E-6 0.05334 0.0267 4.7E-7 0.3029 1.68E-4 
BDCM 28.43 1.1282 0.0564 7.0E-5 0.0418 0.0021 2.6E-6 0.01473 0.0007 8.5E-8 0.0592 7.27E-5 
CDBM 3.82 0.1516 0.0076 1.3E-5 0.0562 0.0003 4.7E-6 0.00133 0.0001 5.2E-9 0.008 1.77E-5 
BF ND - - - - - - - -    
   0.3303 2.43E-4  0.0123 1.5E-5  0.0275 5.6E-7 0.3701 2.58E-4 
 Grand total HI = 0.3701, Grand total cancer risk = 2.58E-4 

1 average daily intake dose (ADD) and lifetime average daily intake dose (LADD) were assumed equally as daily intake dose 
(DD) in assessing the hazard quotients and index (HQ and HI) and cancer risk from municipal water supply for threshold 
toxicity and non-threshold toxicity assessment 
2 volatilization factor was assumed equally for all THMs = 0.5 L/m3 (US.EPA, 1991) 
3 reference doses for all individual THMs via inhalation were assumed the reference doses via ingestion, as the reference 
doses from inhalation were not specified by US EPA.  
4 cancer risk = a lifetime additional cancer risk or a lifetime excess cancer rate from exposure 
 
Table 12 Risk assessment of trihalomethanes ( THMs)  from a swimming pool as for threshold toxicity by Hazard Index ( HI) 

and Hazard Quotients ( HQ)  from the average daily intake dose ( ADD)  from ingestion, inhalation, and dermal 
contact routes 

THMs Conc 
(µg/l) 

1ADDing 
(µg/kg.d) 

HQing 1,3ADDinh 
(µg/kg.d) 

4HQinh 1ADDder 
(µg/kg.d) 

HQder Total HI 

Calculation for the worst case scenario 
CF 51.40 8.6E-4 8.6E-5 3.32E-2 3.3E-3 8.1E-3 4.1E-3 7.5E-3 
BDCM 1.32 2.2E-5 1.1E-6 8.5E-4 4.3E-5 1.4E-4 0.7E-5 5.1E-5 
CDBM 0.35 5.8E-6 2.9E-7 2.3E-4 1.1E-5 2.4E-5 0.2E-6 1.1E-5 
BF ND - - - - - -  
sum   8.74E-5  3.4E-3  4.12E-3 7.5E-3 
 Grand total HI = 0.0075 
Calculation for the best case scenario 
CF 29.08 4.9E-4 4.9E-5 1.9E-2 1.9E-3 4.6E-3 2.3E-3 4.25E-3 
BDCM 3.34 5.6E-5 2.8E-6 2.2E-3 1.0E-4 3.4E-4 3.4E-5 1.37E-4 
CDBM 0.46 7.7E-6 3.9E-7 3.0E-4 1.5E-5 3.2E-5 1.6E-6 1.66E-5 
BF 0.34 5.7E-6 2.9E-7 2.2E-4 1.1E-5 1.6E-5 2.0E-6 1.3E-5 
sum   5.2E-5  2.0E-3  2.3E-3 4.4E-3 
 Grand total HI = 0.0044 

1 average daily intake doses (ADDs) were averaged from 24 swimmings over a year with 1 hour per swimming. 
3 volatilization factor was assumed equally for all THMs = 0.5 L/m3 (US.EPA, 1991) 
4 reference doses for all individual THMs via inhalation were assumed the reference doses via ingestion, as the reference 
doses from inhalation were not specified by US EPA.  
5 cancer risk means a lifetime additional cancer risk or a lifetime excess cancer rate from exposure 
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Table 13 Risk assessment of trihalomethanes ( THMs)  from a swimming pool water as for non- threshold toxicity ( lifetime 
excess cancer risk) from the lifetime average daily intake dose (LADD) from ingestion, inhalation, and dermal contact routes 

THMs Conc 
(µg/l) 

2LADDing 
(µg/kg.d) 

5Cancer 
risking 

2,3LADDinh 
(µg/kg.d) 

4,5Cancer 
riskinh 

2LADDder 
(µg/kg.d) 

5Cancer 
riskder 

Total 
cancer risk5 

Calculation for the worst case scenario 
CF 51.40 5.8E-4 3.5E-8 2.2E-2 1.8E-6 5.4E-3 4.8E-8 1.88E-6 
BDCM 1.32 1.5E-5 9.3E-10 5.7E-4 3.5E-8 0.9E-4 5.2E-10 3.65E-8 
CDBM 0.35 3.9E-6 3.3E-10 1.6E-4 1.3E-8 1.6E-5 6.2E-11 1.3E-8 
BF ND - - - - - - - 
   3.5E-8  1.85E-6  4.9E-8 1.93E-6 
 Grand total cancer risk = 1.93E-6 
Calculation for the best case scenario 
CF 29.08 3.3E-4 2.0E-8 1.3E-2 1.1E-4 3.1E-3 2.8E-8 1.1E-6 
BDCM 3.34 3.8E-5 2.3E-9 1.5E-3 9.3E-8 2.3E-4 1.3E-9 1.2E-7 
CDBM 0.46 5.2E-6 4.4E-10 2.0E-4 1.7E-8 2.2E-5 8.6E-11 1.7E-8 
BF 0.34 3.9E-6 3.1E-11 1.5E-4 5.9E-10 1.1E-5 2.9E-11 7.9E-10 
   2.27E-8  1.1E-6  2.93E-8 1.24E-6 
 Grand total cancer risk = 1.24E-6 

2 lifetime average daily intake doses (LADDs) were averaged over a lifetime (74 years) with 50 years averaging time 
3 volatilization factor was assumed equally for all THMs = 0.5 L/m3 (US.EPA, 1991) 
4 reference doses for all individual THMs via inhalation were assumed the reference doses via ingestion, as the reference 
doses from inhalation were not specified by US EPA.  
5 cancer risk means a lifetime excess cancer risk from exposure 
 
 

 
 

Figure 1 Comparison of water boiling in 2 different methods, in an open boiler (left) and a closed boiler (right) 
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Figure 2 A swimming pool in Khon Kaen Province showing 2 water sampling points 
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