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Abstract

Background: This study was focused on the probability of carcinogen risk of low-level ingestion and dermal expo-
sure with polycyclic aromatic hydrocarbons (PAHs) from drinking water in Tehran, capital of Iran.

Methods: Concentrations of 16 PAHs were measured in the tap, bottled and heated tap water in four different sea-
sons. Using a questionnaire-based sutvey, exposure with PAHs from drinking water was evaluated via direct ingestion,
swimming, washing and showering. Finally, a comprehensive risk assessment was performed in four age groups. Rank
correlation was used to represent variability in risk analysis and obtained coefficients were used for sensitivity analysis.
In addition, Monte Carlo simulation was implemented to determine risk probability distributions and to calculate cu-
mulative probability of the total risks in different age groups.

Results: The lifetime average daily dose and the dermal absotbed dose wete 0.69E-06 and 1.33E-05 mg/kg/day, re-
spectively. The total estimated excess lifetime cancer risk (ELCR) of ingestion and dermal exposure were 1.57E-05 and
17.24E-05.

Conclusion: Sum of estimated ingestion and dermal ELCR was 18.81E-05, which was higher than the acceptable val-
ue recommended by WHO. It means a total of 1504 lifetime cancer cases in residents of Tehran. Monte Catlo simula-
tion indicated that risk probability above the acceptable level was 96.2% in dermal exposure. Moreover, sensitivity
analysis indicated that tap water consumption (Pspearman >0.92) and washing activities (Pspearman>0.95) had the greatest
correlation on the cancer risk.
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Introduction

Chemical can enter the body by various routes.
The drinking water can be act as an important
pathway for the entering of organic pollutants.
Among all chemical, persistent organic pollutant
such as PAHs, polychlorinated dibenzo dio-
xins/furans, polychlorinated biphenyles, orga-
nochlorine and organophosphorus pesticides
poses the greatest risks to human health (1). Po-
lycyclic aromatic hydrocarbons are one of the
most widespread persistent organic pollutants in

1455

the water environment (2). Water pollution to
PAHs is related to dry and wet atmospheric de-
position (3), runoffs (4), municipal and industrial
wastewaters (5) and petroleum spills (6). Labora-
tory experiments and epidemiological data had
indicated that both short- and long-term expo-
sure to PAHs could cause harmful health effects.
PAHs can increase the risk of cancers (7) and
capable to cause oxidative stress during its meta-
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bolism (8). Besides, they can DNA adduct forma-
tion (9).

Human carcinogen risk assessment (CRA) is a
useful approach to quantify potential harmful
effects of toxic chemicals on human health. CRA
is implemented in four stages including hazard
identification, dose-response assessment, expo-
sure assessment and risk characterization (10).
Hazard identification is based to determine
whether exposure to a stressor can cause adverse
effects in human. Dose-response assessment is
the second step in risk assessment to evaluate the
adverse effects associated with a biological,
chemical or physical stressor. This stage consists
of the analysis of the relationship between the
amount of a stressor absorbed by organisms and
the changes developed in reaction to the agent.
Exposure assessment is critical section that deals
with long-term, low-level exposure in environ-
ment. It is crucial for the identification and eval-
uation of health risks. The aim of exposure as-
sessment is to identify and quantify exposures to
chemical stressors that may cause health effects.
This stage identifies the exposure that occurs in
human populations. Risk characterization is final
stage in risk assessment. It summarizes estima-
tion of the probability of an adverse effect in
human population. Finally, outcomes can express
as excess lifetime cancer risk (11, 12).

Many chemical pollutants, such as THMs and
PAHs can enter through three different routes to
human body and cause health adverse effect. In-
gestion is the most dominant route which fol-
lowed by inhalation or dermal contact (13, 14).
Some studies have investigated the health risk of
exposure to PAHs from drinking water. They
have estimated ELCR between 1.00E-05 to
4.50E-05 (15-17).

The most important action in CRA is determin-
ing the parameters that have effects on the expo-
sure pathway. Since both skin contact and direct
ingestion is resulted to entry of the PAHs into
the body, in this research is evaluated the carci-
nogenic risk from direct ingestion of water (in-
cluding tap water, bottled water, and heated tap
water), showering and swimming in Tehran, the
capital of Iran, using probabilistic techniques. In
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addition, Monte Carlo simulation and analysis
were used to determine risk probability distribu-
tions and selection of parameters that had the
most important effects on the risk.

This study was the first effort to provide infor-
mation on the carcinogenic risk of PAHs in Iran
and might be useful in developing strategies for
carcinogenic risk management.

Materials and Methods

According to the Tehran Water and Wastewater
Company, the distribution system of drinking
water was divided into six districts. Four water
samples were collected from each district in each
season. The samples were directly taken from
taps (99 samples) located in different parts of the
distribution system. Bottled water samples were
purchased from local retailer stores. Bottled wa-
ter samples were comprised 22 products from
different companies, including mineral bottled
water (MBW) and bottled drinking water (BDW)
that were packed in polyethylene terephthalate
(44 samples). Heated water was prepared by boil-
ing tap water for 3-10 minutes in laboratory (20
samples). Samples were collected in 1000 ml
amber glass bottles with Teflon lined tops to pre-
vent any kind of reaction after the sampling.
Each sample was stored in an icebox at 4 C
while being transported to the laboratory. Water
sampling carried out during the period July 2010-
December 2011. Finally, sixteen priority PAHs,
including naphthalene (Nap), acenaphthylene
(Acy), acenaphthene (Ace), fluorene (Fl), phe-
nanthrene (Phe), anthracene (Ant), fluoranthene
(Flu), pyrene (Pyr), benzola]anthracene (BaA),
chrysene (Chy), benzola]pyrene (BaP), ben-
zo|b]fluoranthene (BbF), benzolk|fluoranthene
(BKkEF), dibenzola,h]anthracene (DahA), inde-
no|[1,2,3-cd|pyrene (IcdP) and ben-
zo[g,h,i]perylene (BghiP) were analyzed in Central
Laboratory, School of Public Health, Tehran
University of Medical Sciences for each sample.
Water samples were extracted using a solid phase
extraction (SPE) system according to the estab-
lished procedure by EPA (18, 19). Further infor-
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mation on PAHs extraction in the tap water is
reported by Karyab et al. (20).

The PAHs extracted were analyzed by using a
3800 Varian gas chromatography coupled to a
Varian Saturn 2200 mass spectrometer, equipped
with a 30mx0.25mm id. WCOT CP-Sil 8 CB
column. Calibration curves were plotted at seven
concentration levels from 2 to 2000 ng/1 with
standard solutions containing all studied PAHs.
Detection limit (DL) for individual PAHs, with a
signal to noise ratio of 3, ranged from 0.8 to 2
ng/l. Concentrations that were below the DLs
were assigned as not determined; in such cases,
half of the DL value for that substance was con-
sidered for the calculations. To check the analyti-
cal recovery rate, ten ultra-pure water samples
were spiked with 500 and 1000 ng/1 of individual
PAHs and extracted. The mean recovery rate for
single PAHs was Nap (36.28%), Acy (68.1%),
Ace (82.6%), Fl (59.1%), Phe (112.2%), Ant
(97.0%), Flu (74.5%), Pyr (82.0%), BaA (79.7%),
Chy (64.5%), BaP (69.7%), BbF (108.1%), BkF
(117.8%), DahA (132.5%), IcdP (80.2%), and
BghiP (47.83 %). With each series of samples,
blank samples were analyzed to check contamina-
tion, check column performance, resolution, and
the detection limits. Blank samples were included
solvents, standard mixture of PAHs and ultra-
pure extracted water. No detectable amount of
PAHs was found in solvents and extracted ultra-
pure water samples.

To represent variability, Monte Carlo simulation
and sensitivity analysis were implemented by
standard Model Risk software. Sensitivity analysis
was performed with rank correlation to identify
and selection of parameters that had the most
important effects on the risk. The obtained can-
cer risks were compared in different exposure
pathway using the spearman coefficient. Rank
correlation assesses a possible association be-
tween variables. The correlation coefficient
ranges from -1 to +1. Coefficient of 1.0 presents
perfect correlation, 0 to 1.0 indicates variables
tend to increase or decrease together, -1.0 to 0
indicates that one variable increases as the other
decreases and -1.0 indicate that there are perfect
negative or inverse correlation. Monte Catrlo si-
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mulation, which is often used to address uncet-
tainty in assessments of risks, was implemented
to determine risk probability distributions. In ad-
dition, it was used to calculate cumulative proba-
bility of the total risks in different age groups and
different exposure pathway. In addition, cancer
risk was compared in different exposure pathway
and age groups using the H independent test with
SPSS package 17 software (Chicago, 1L, USA).
To estimate the lifetime average daily dose
(LADD), exposure assessments were conducted
based on: a) the exposure factors that were pre-
pared from the questionnaire; and b) the concen-
trations of PAHs that were measured in tap, bot-
tled, and heated tap water. Toxic equivalency fac-
tors (TEF) were applied to convert the concen-
trations of multi-component PAHs into BaP,
concentration. TEF is an estimate of the relative
toxicity of a PAH compound compared to Bap
21).

A questionnaire survey was conducted to investi-
gate the exposure factors, including water intake
rates as well as the frequency and the duration of
dermal exposure via hand washing, showering,
and swimming. After interviewing and training,
standard drinking-scaled cups were delivered to
the participants. Then data were collected on the
behavior of the 3368 participants in four seasons,
which were selected randomly during the Tehran
city. To obtain age-dependent adjustment factors
(ADAF), the study was conducted on four stan-
dard age groups, including less than 2, 2-<6, 6-
<0, and older than16 (22). Finally, lifetime aver-
age daily dose (LADD) and dermal adsorbed
dose (DAD) was calculated. The equation used to
calculate LADD was adapted from USEPA (23),
which is expressed in Eq. 1.

C; xIRxEF xED
BW x AT

LADD =

(Eq. 1)

where, LADD is calculated as mg/kg.day, C, is
the concentration of BaP,, in water (mg/L), IR is
the water intake rate (L/day), EF is the exposure
frequency (350 day/year), ED is the exposure
duration (years), BW is the body weight (kg), and
AT is the averaging time (70 yrx365day/yr). The
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DAD during showering, hand washing, and
swimming was calculated using Eqs. 2 and 3,
which adapted from USEPA (2004):

Hence

6 t
event < U, then : DA n = 2FAX K, xC,, x | —event tevent
T

(Eq. 2)

DA, ent X EV x ED x EF x SA
BW x AT

DAD = (Eq. 3)

Where, DA, is the absorbed dose per event
(mg/cm’.event), t.. is the event duration
(hr/event), t is the time to reach steady-state (ht),
FA is the fraction of absorbed water (dimension-
less), k, is the dermal permeability coefficient of
the target compound in water (cm/hr), C is the
concentration of BaP,, in water (mg/ cm’), T oo
is lag time per event (hr/event), DAD is the daily
exposure dose of BaP,, through dermal absorp-
tion pathway (mg/kg.day), SA is the skin sutrface
area available for contact (in washing: 875 cm’
for less than 2 year, 925 cm” for those aged 2-<6,
975 c¢m’® for 6-<16, and 1360 cm® for older
than16; in showering and swimming: 5300 cm’
for less than 2, 7600 cm’ for those aged 2-<0,
15900 cm® for those aged 6-<16, and 18150 cm?
for older than16), and EV is the event frequency
(events/day).

Risk associated with ingestion and dermal expo-
sure was calculated using the Eqs.4 and 5, respec-
tively, which was adapted from USEPA (23, 24).
In addition, age-dependent adjustment factors
were used to adjust the estimated excess risks in
the four age groups.

Ingestion ELCR = LADD x oral CSF x ADAF,

(. 4

Where, oral CSF is the cancer slope factor of BaP
for direct ingestion, which defines the relation-
ship between dose of the BaP and the corres-
ponding response. According to the Integrated
Risk Information System (IRIS), the CSF for BaP
fits the lognormal distribution, and the ingestion
slope factor is in the range of 4.5 to 11.7 per
(mg/kg.day), with a geometric mean of 7.3 per
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(mg/kg.day). Schneider et al. (2002) verified CSF
value of 11.5 per (mg/kg.day) for mixture of
PAHs.

DAD x oral CSF
D | ELCR= —M—MMM@M@M .5
ermal ELC ABS,, (Eq. 5)

Where, ABS, is the gastrointestinal absorption
factor. It is assumed that in the direct ingestion
100% of BaP is absorbed, whereas in the dermal
contact, the ABS, factor is 0.89. Monte Carlo
simulation was implemented to analyze the un-
certainties and determination of its impact on the
risk estimated. In addition, sensitivity analysis was
used to identify the most important of exposure
pathway by calculating rank correlation. To en-
sure the consistency of the results, simulation was
run with 5000 iterations, which has been demon-
strated that have high reliability (25).

Results

The concentration of single PAHs in the distribu-
tion system ranged from not quantifiable to
438.96 ng/l. Except Fl, Ant, Flu, and Phy, all
PAHs were identified in the water samples. The
maximum single PAHs concentration (ng/1) was
found for Chy (438.96), IcdP (277.51), BkF
(203.75), DahA (114.61), BghiP (67.74), and Nap
(63.10). Chy occurred most frequently in water
samples (60.6 %). It was followed by Nap
(46.5%) and DahA (31.3 %). 44.5-100% of indi-
vidual PAHs had vaporized from the spiked
samples in heated tap water. The total PAHs
concentration in heated tap water was 6.30 ng/l.
The mean concentration of Total PAHs in MBW
and BDW was 20.54 and 32.20 ng/1, respectively.
Nap, Fl, Phe, BaA, BbF, BkF and IcdP were
identified in the bottled water.

Based on TEF,, the BaP,, concentrations in tap
water, bottled water, and heated tap water are
presented in Table 1. In the selected scenario, the
mean of BaP,, concentration was used for calcu-
lating LADD and DAD, which were 15.90, 4.84,
and 0.45 ng/L in tap water, bottled water, and
heated tap water, respectively.
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Table 1: Concentration of Benzo (a) Pyrene equivalent in different water sources (ng/L)

BaP.q Tap water Bottled water Heated
(ng/1) tap water

District District District District District Districc MBW DBW Total

1 2 3 4 5 6

Max. 107.20 68.11 2571 65.69 23.72 20.10 30.8 7.78 14.2 2.33
Min. 1.96 3.29 3.27 1.13 3.24 3.10 3.41 3.41 3.41 0.11
Mean 29.44 21.55 11.67 19.43 11.56 12.00 5.08 4.35 4.84 0.45
Median 4.30 7.41 8.85 5.45 9.64 12.41 3.42 3.55 3.50 0.18
Exposure parameters in different age groups are swimming was 1.6910.71, 24.92+9.65, and

presented in Table 2. The annual average direct
tap water consumption was 1.75 liter per capita
per day. The share of tap water, bottled water,
and heated tap water was 58%, 16%, and 26%,
respectively. The frequency of dermal exposure
with drinking water via hand washing, showering,
and swimming was 3.59%£1.10, 0.4%£0.11, and
0.0021£0.3 events per day, respectively. In addi-
tion, the duration of dermal exposure with drink-
ing water via hand washing, showering, and

63.05£18.38 minutes per event, respectively. As
presented in Table 3, Sum of LADD and DAD
was 6.97x107 and 1.33x10°, respectively. The
DAD/LADD ratio was 19/1, which indicates
higher intake rate of PAHs through dermal expo-
sure. For both ingestion and dermal exposure,
the maximum intake rate was observed for the
older than 16 years. Additionally, the minimum
PAHs intake was observed for those aged less
than 2.

Table 2: Exposure parameters of ingestion and dermal exposure to PAHs in the different exposure pathway (mean

+ SD)
Exposure pathway Unit Age groups (yr)
<2 2-<6 6- <16 > 16
Direct water Tap L/capita/day 0.45%0.12 0.51£0.14 1.12+0.27 1.23+0.27
ingestion
Bottled 0.22%0.06 0.29£0.06 0.27£0.10 0.30£0.15
Heated 0.28%0.12 0.27£0.06 0.38£0.13 0.54£0.14
Dermal expo- Washing Event/day 2.97£1.03 2.84%0.49 3.04£0.73 3.89%1.13
sure
Showering 3.27£0.47 2.67£0.44 2.8520.63 2.72%1.03
Swimming ND ND 0.03£0.12 0.10£0.38
Dermal expo- Washing Min/event 1.24%0.81 1.77+0.77 1.71£0.48 1.73+0.73
sure
Showering 17.36%+8.72 24.20£8.53 26.64£7.68 27.02£9.49
Swimming ND* ND 90 58.15%£15.29

*Not determined

The results for multi-pathway risk assessment are
given in Table 4. The excessive cancer risks due
to ingestion of tap water, bottled water, and
heated tap water were estimated to be 1.36E-05,
0.15E-05, and 0.06E-05, respectively. In addition,
the excessive cancer risk for washing, showering,
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and swimming were 2.71E-5, 14.45E-5, and
0.14E-5. Sum of lifetime cancer risk of dermal
absorption and oral ingestion was 17.24E-05 and
1.57E-5, respectively.

Simulation of the direct ingestion risk of PAHs
from drinking water is shown in Fig. 1. As shown
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in Fig. 1-a, the cancer risk is ranged from 0.18E-5
to 2.7E-5 in the age group of less than 2 (P=0.01-
0.07). In this category, the risk value of 0.61E-5
had the highest probability. The simulated cancer
risk of direct ingestion for the age group of 2-<6
is shown in Fig. 1-b. The figure is indicated that
the cancer risk is varied between 0.2E-5 and 2E-
5, which the value of 0.51E-5 having the maxi-

mum probability (P=0.008-0.08). In the age
group of 6-<16, the simulated risk is ranged from
0.04E-5 to 2.02E-5 and that the value of 0.35E-5
having the highest probability. Finally, in the age
group of older thanl6, the simulated cancer risk
was between 0.12E-5 and 3.3E-5, with the cancer
risk of 0.69E-5 having the highest probability

(Fig. 1-d).
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Fig. 1: Distriution of excess lifetime cancer risk attributable to direct ingestion of PAHs in drinking water

Table 3: Lifetime average daily dose and dermal adsorb dose if ingestion and dermal exposure to PAHs from drink-
ing water (mg/kg/d)

Exposure components <2 2-<6 6-<16 >16 sum
pathway

Ingestion Tap water 8710x2.93 8710%6.64 8710x3.46 7710%4.63 7710%6.37
Bottled water 9710x4.38 8710x1.15 9710%5.76 8710%3.46 8710%5.62
Heated water 10710%2.35 10710x4.44 10710x3.35 9710%2.57 710x%3.58
sum 8710%3.39 8710x7.84 8710%8.42 7710%5.01 7710%6.97
Dermal washing 7710%x1.13 7710%2.71 7710%1.16 7710%1.56 6710%2.10
showering 7710%3.98 6710%x1.10 6710x1.39 6710%8.39 5710x1.11
swimming ND ND 9710%6.05 7710%x1.04 7710%1.09
sum 7710x5.11 6710x1.37 6710%1.55 6710%9.90 5710%1.33

Risk probability distribution of dermal ELCR is
illustrated in Fig. 2. As presented in Fig. 2-a, in
the less than 2, the dermal cancer risk was ranged
from 0.007E-5 to 0.72E-5. In this category, the
risk value of 0.1E-5 had the highest probability.
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The dermal cancer risk simulated for the age
group of 2-<6 is shown in Fig. 2-b. Accordingly,
the cancer risk is varied from 0.1E-5 to 1.6E-5
and that the risk value of 0.2E-5 having the max-
imum probability. For the age group of 6-<16,
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the simulated cancer risk ranged from 0.8E-5 to
1E-5 (Fig. 2-c) and that the risk value of 1.3E-5
having highest probability. As shown in Fig. 2-d,
in the age group of older than16, the simulated

cancer risk is ranged from 0.1E-5 to 1.05E-5,
which the value of 0.13E-5 having the maximum
probability
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Fig. 2: Distriution of excess lifetime cancer risk attributable to dermal exposure with PAHs in drinking water

Table 4: The estimated ingestion and dermal ELCR for exposure to PAHs in the water sources

Exposure Components <2 2-<6 6-<16 > 16 sum
pathway
Ingestion Tap water 5710%0.34 5710%0.23 5710%0.35 5710%0.47 5710%1.36
Bottled water 5710%0.05 5710%0.04 5710%0.02 5710%0.04 5710%0.15
Heated water 5710%0.003 5710%0.002 5710x0.001 5710%0.003 5710%0.06
Sum 5710%0.40 5710%0.28 5710x%0.29 5710%0.59 5710%1.57
Dermal Washing 6710%1.46 6710%3.50 6710x2.08 6710x2.01 5710%x2.71
Showering 6710x%5.15 5710x1.43 5710x1.81 5710%10.7 5710%14.45
Swimming ND ND 6710x%0.08 6710x1.34 5710%0.14
Sum 5710%0.66 5710x1.78 5710%2.03 5710%12.85 5710%17.24
Total ELCR 5710x%1.06 5710%2.06 5710%2.32 5710%13.44 5710%18.81
Discussion take rate and PAHs concentrations in the tap wa-

Point estimation showed that the cancer risk of
exposure through direct ingestion was 1.57E-05.
It was 1.5 times higher than the acceptable risk
level of 1.00E—05 defined by the WHO. Among
water sources, it was found that tap water had the
highest risk (1.306E-5); its cancer risk was 1.36
times higher than the acceptable risk level. These
could be explained by the fact that the water in-
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ter samples were higher than bottled and heated
tap water. Strong relationships were detected be-
tween exposure pathway and ELCR (df =5, chi-
square=18.36, P= 0.003). In different exposure
pathway, maximum differences was detected be-
tween showering and heated tap water consump-
tion (P=0.027).

Obtained results indicated that dermal-ELCR of
PAHs was 17.24E-5, which was 17.24 times
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higher than the acceptable risk level. Further-
more, dermal-ELCR was almost 11 times higher
than that of the ingestion-ELCR. These could be
explained by the fact that dermal exposure and its
cancer slope factor are higher than those of in-
gestion intake are. In a dose-response study (20),
the dermal toxicity of PAHs was 3.4 times higher
than that of the direct ingestion. The above find-
ing is consistent with another study (13), that the
dermal cancer risk was 5.42 times higher than the
ingestion risk. Besides, obtained results by Qu et
al., (27) were similar the present study, which
means of dermal-ELLCR in adults was estimated
17 times more than direct-ELCR of PAHs in wa-
ter (3.85E-10 versus 5.39E-9). Different results
had been obtained from exposure to PAHs in
traffics. Chen and Liao (25) had reported inhala-
tion-ELCR to 2.7-fold of skin contact-ELCR.
Similar estimations are provided by Gungormus
et al. (28).

In all of the age groups, estimated ingestion-
ELCR is indicated that the age group of older
than16 had the highest risk (0.59E-05), followed
by the age group of less than 2 (0.4E-05). These
could be explained by the higher water intake rate
in older than16 and higher ADAF in the less than
2. In addition, the ingestion cancer risk from dif-
ferent drinking water sources was in the follow-
ing order: tap water > bottled water > heated tap
watet.

The obtained results indicated that the maximum
dermal-ELCR was estimated in the older than16,

which was followed by in the age groups of 6-
<16, 2-<06, and less than 2.

In all pathway of exposure, showering in the old-
er than16 had the highest cancer risk, which was
followed by the risk of showering in the age
group of 6-<16, the risk of showering in the age
group of 2-<06, and the risk of tap water ingestion
in the age group of older than 16. Although
washing and showering could threat human
heath, our results indicated that the primary con-
cern is showering (14.45E-5) that followed by
washing (2.71E-5) and swimming (0.14E-5).
These could be explained by body area and event
frequency exposure in older than 16. The ob-
tained risk shows that each year approximately
21.49 cancers could get from the daily intake of
PAHs in polluted drinking water in populations
of Tehran.

To improve the credibility of the estimated can-
cer risks, Monte Carlo simulation was applied to
identify the uncertainties in the risk assessment.
It was implemented to determine risk probability
distributions and to calculate cumulative proba-
bility of the total risks in different age groups and
exposure pathway. As presented in Figs. 1 and 2,
the dermal absorption in the residents older than
16 had the highest probability cancer risk, with
the mean and median of 3.86E-05 and 3.45E-05,
respectively. In addition, the lowest cancer risk
belonged to the category of dermal exposure for
the residents less than 2.

Table 5: Spearman coefficient of rank correlation for ingestion and dermal excess lifetime cancer risk

Age groups (yr) Ingestion ELCR Dermal ELCR

Tap water Bottler water Heated water Washing Showering Swimming
<2 0.92 -0.05 0.05 0.95 0.03 0.01
2-<6 0.96 -0.2 0.1 0.95 0.03 0.01
6-<16 0.98 0.08 0.05 0.98 -0.03 0.01
>16 0.96 -0.05 0.05 0.98 -0.05 0.03

The cumulative risk showed that in all age groups
the probability of ingestion risk value above ac-
ceptable risk level was zero (Fig. 1). As shown in
Fig. 2, the probability of dermal risk values being
above 1.00E-05 was 96.2%, 0.39%, and 20.78%
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for the age groups of >16, 6-<16, and 2-<0, re-
spectively. Additionally, similar to the ingestion
risk, for the age group of <2, the probability of
cumulative risk being above 1.00E—05 was zero.
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Sensitivity analysis was conducted to evaluate and
selection of parameters that had the most impor-
tant effects on the risk. Rank correlation was
used for the sensitivity analysis of the exposure
pathways. As presented in Table 5, analysis indi-
cated that tap water had the greatest impact on
the ingestion-ELCR (P ms =0.92-0.98). In
dermal-ELCR, washing activities had more corre-
lation than swimming and showering (P
=0.95-0.98).

spearman

Conclusion

The carcinogenic risk of PAHs in the drinking
water was higher than the acceptable level. The
sum of ingestion and dermal-ELCR was 18.81E-
05, which was approximately 18.8 times higher
than the acceptable level proposed by the WHO.
The highest cumulative risk probability of above
1.00E—05 was observed in dermal exposure in
older than16 (96.2%). The obtained results sug-
gested that the dermal exposure of PAHs in wa-
ter sources poses threats to human health more
than direct water ingestion. Therefore, interven-
tion, remediation or further serious action should
be paid for reducing the adverse effects of dermal
exposure in activities such as swimming and
bathing in polluted water.
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