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ABSTRACT : KRR

Human health risks from exposure to disinfection by-products are of concern based on epidemiological and
toxicological evidences of potential adverse effects. Risk assessment of THM compounds; on particular, arises as an urgent
need for ensuring safety of drinking water resources. Potential risk associated with exposure to THMs in drinking water of
Kafr El-Dawar district as a rural area was investigated. Data revealed that levels of Y THMs were higher than Egyptian
Maximum Contaminant Level (EMCL) and reached its highest value (264.67ug.L) during winter 2002. Chloroform was
the major THM deiected especially during winter and spring seasons. Total chronic daily intakes (CDI) of THM mixture
through inhalation, dermal and ingestion exposure pathways were 0.016, 7.6x10°° and 0.024 mg.kg™.day™; respectively at
50" percentile of probability. Estimated cancer risk reached its highest value; 5.8x10° for chioroform via inhalation at 90*
percentile. The measured compounds were classified according to their weight of evidence as B2 for chloroform and BDCM
and C for DBCM. Hazard quotient (H(Q) was found to be of a high value for chloroform (9.3) through ingestion pathway at
90” percentile. Sum of hazard indices recorded 10.4 for chloroform., BDCM, and DBCM exceeding their reference doses.
Accordingly, the obtained data can provide an evidence of potential systemic and/or carcinogenic effects due to exposure to

THM through different pathways.
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INTRODUCTION

rinking water is always disinfected with chlorine

to kill microorganisms that can cause serious
illness and death. This kind of disinfection is the most
commonly employed in Egypt nowadays but
unfortunately chlorination may create tiny amounts of
disinfection by-products (DBPs), resulting from
reaction of chlorine with natural organic matter
(Bellar et al, 1974). Within these DBPs,
trihalomethanes (THMs), a carcinogenic organic
halogenated byproduct composed of chloroform,
bromoform, bromodichlromethane, (BDCM), and
dibromochlromethane = (DBCM), have  been
recognized as potentially hazardous to human health
and are the major byproducts of chlorination (Bull
et al., 1995; Hsu et al., 2001). Correlation between
chlorination of drinking water and cancer mortality
has been investigated (Morris, 1995; Gallagher, et al.,
1998; Yang et al., 1998, 2000) in particular urinary
bladder and colorectal cancer (Pilotto, 1995; Cantor
et al, 1998; Yang et al, 1998). Additionally,
exposure to chlorinated byproducts was related to
spontancous abortion and other adverse reproductive
outcomes (Kramer et al., 1992; and Waller et al,,
1998). Indeed EPA revised downwards by 20%, the
limits of THMs in public drinking water since

prolonged exposure to such chemicals can increase
the chance of cancer (US EPA, 2001).

Kafr El-Dawar district, Behira Govemnorate,
has a total area of 601.94 ki’ and total population of
750,000 consuming 47.7x10° m*day of drinking
water and working mainly in agriculture, textile
activities and chemicals/dyes production. Most areas
of this district are ill-served and have no access to
safe drinking water with poor status of distribution
network pipelines particularly at remote ends.
Therefore, the purpose of this study was 0 provide an
assessment of the potential hazard effects of
multipathway exposure to questionable
concentrations of THMs detected in drinking water
samples collected from Kafr El-Dawar as a rural area.

METHODS

The risk assessment of THMs in drinking
water in Kafr El-Dawar is based on the data collected
by Abdallah and Gaber 2004, where water samples
were collected on spatio-temporal basis during 2002
from eight zones as illustrated in Fig (1). Samples
were prepared, extracted and determined on gas
chromatography equipped with EC detector using
temperature/pressure program (STM-APHA 1998; Yu
and Cheng, 1999).
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Fig. (1): schematic map showing the total governorate as a whole with specific notation on the main water
purification plants in kafr El-Dawar.The study covered 17 villages. Sampling locations covered areas at
high environmental pollution risk including, 1-inlet and outlet points of main municipal purification plant,
3 quick filtration units (QFU);2-tapwater along distribution system network (kitchen taps, zeers, storage
containers)and 3-tapwater collected from houses served by purification units inside the industrial complex.

Cross - media transfer

A contaminant concentration in a specific
environmental medium can be expressed in another
medium to which a person may be exposed using the
following equation which was modified by Giardino
et al., (1990):

o On P
V

Where, C, is the concentration in bathroom air; C,, is
the concentration of the contaminant in water
expressed as pg. I''; V is the bathroom volume (9.00
m’, average); F is the shower flow rate (600 1. Hr'");
F; is the fraction of the contaminant volatilized (0.75),
and t; is the shower duration (15 min, average).

Ca

Exposure dose assessment
Exposure assessment involves calculation of
contaminant concentration in different exposure
pathways including ingestion, inhalation, and dermal
absorption. The following assumptions of cancer risks
were tailored based on EPA guidelines (USEPA,
1985,1988, 1989, 1999 and 2002).

1. Inhalation

The following equation was used to calculate
the THM, dose via inhalation pathway:

St G Et .Ed |
Bw . At

T

Where, Ca is the contaminant concentration in air
during showering expressed as mg. m>; Ir is
breathing rate (0.6 m’. hr during showering); Et is
the exposure time expressed as hr. day™; Ed is the
exposure duration expressed in years, Bw is the
person body weight (70 kg) and At is the averaging
time (365 day.Year™).

2. Dermal

Dermal contact with a chemical in water
during house activities was estimated as follows:

CwSaELEf EdCS
BwAt

CD{iermal:

Where, Cw is the chemical concentration in water
expressed as mg. L'; Sa is the skin surface area
available for contact (0.86 m?®); Et is the exposure time
(consider local activity patterns is 2.6 hr. day™); Ef is the
exposure frequency (7 days. Year); Ed is the exposure
duration expressed in years and Cf is the volumetric
conversion factor for water (1 L. 1000 cm”).

3. Ingestion
Ingestion of chemicals through drinking waier
was estimated according to the following equation:

CDI Cw .Ir .Ef .Ed
Bw . At

ing
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Where, Cw is the chemical concentration in water
expressed as mg. L' Ir is the ingestion rate
(14 L. ; adult average); Ef :s the exposure
ﬂ'equency expressed as day. Year' and Ed is the
exposure duration expressed in years.

Risk Estimation

Estimations of cancer risks through ingestion
route, dermal absorption and inhalation exposure
depends on the availability of cancer slope factors and
unit risk estimates which are provided on USEPA
Website (USEPA, 2002; IRIS, 2005). In brief, cancer
risk was estimated as follows:
risk

=CDI xS.F
Cancer

Where, S.F. is the slope factor of a specific cancer
substance. In case of inhalation pathway, the risk was
calculated based on function of unit risk expressed as
(mg. kg”'. day™). Total exposure cancer risk was
assumed to be the collective risk of exposure
pathways. USEPA classified the chemical substances
that cause cancer in human in a five main categories
depending on their possibility of exerting
carcinogenic effects.

: On the other hand, non-carcinogenic risk was
evaluated based on the reference doses (RfDs) and
reference concentrations of contaminants. Thus the
hazard quotient of THM, in each exposure pathway
was calculated for non-carcinogenic risk assessment
of ingestion route and dermal absorption as follows:

CDI oral

RD

Where, RID is the reference dose for specified
substance (USEPA, 2002; IRIS, 2005). Hazard Index
(HI) is the sum of more than one hazard quotient for
multiple substances and/ or multiple exposure
pathways.
Statistical analysis

The obtained data were expressed as mean
SE and statistically analyzed using ANOVA to
determine the significant differences between
treatments (Snedecor and Cochran, 1967).

HQ

oral

RESULTS AND DISCUSSION
According to Human Development Report of
Egypt (UNDP, 2006), the average life expectancy at
birth is 71 year in Behira Governorate which matches
with the value stated by USEPA. The average
percentage of households with access to piped water and
sanitation in Behira is 80.1 and 97.2; respectively
compared with 91.3 and 93.6 in whole Egypt. But there
was no accurate available data for us about hopsehold
water consumption for either drinking or showering.
Thus EPA consumption rates were used for exposure

assessment through mathematical calculations.

THMs residues
Levels of THM, residues in collected potable
water samples are exhibited in Table (1) and
compared with both EMCL values and world health
organization (WHO) guideline values (0.02, 0.06, 0.1
and 0.1 mg. I" for chloroform, BDCM, DBCM and
bromoform; respectivelyWHO, 1993, 2004). In
general THM, residue levels were higher than EMCL.
The sum of examined compounds reached the highest
value in drinking water (0.27 mg. I') during winter
while, the lowest value was recorded dunng autumn

(0.05 mg. I'"). During winter and spring seasons,
- chloroform was the major THM compound detected

at high concentrations. Furthermore, estimated values
in inhaled air showed that, chloroform and BDCM
reached the high values during winter and spring
seasons. Such increase in THM, levels particularly
during winter may be justified where the rate of water
consumption in winter is relatively lower than the
other seasons, which in tumn allow the chlorinated
water to stay for longer periods in bad state and dis-
repaired network pipelines permitting a chance for the
organic matter naturally occurring in water in addition
to that present in the pipelines to react with the
chlorine in water. This issue is also emphasized
through elevation in COD values accompanied with
fluctuations in pH values during the defined seasons
(Abdallah and Gaber, 2004). Additionally, decreasing
of water temperature in pipelines may lower the THM
compounds volatilization which consequently may
lead to increase in its total concentration. On the other
hand, bromo-THM, were present in lower
concentrations than chioroform in most areas of the
district which is consistent with other siudies (Chang
et al., 1996; Hsu et al., 2001). Also, TCEand 1, 1, 1-
TCE were detected at low levels during all seasons.

Exposure dose assessment

Chronic daily intakes (CDIs) of THM through
various exposure pathways were presented in Table (2).
Inhalation and oral pathways seem to be the most
absorbent than dermal pathway for most THM
compounds. Chloroform was the major absorbed THM
to account for 1.3x10-2, 6.0x10-6 and 1.9x10-2 mg. kg™
day”, respectively at SOth percentile of probability
through inhalation, dermal and ingestion exposure
pathways. The lowest absorbed doses were 2.0x10-7 and
2.5x10-7 mg kg™, day” for TCE and 1,1,1-TCE in case
of dermal absorption. Inhalation exposure occurs when
the air breathed contains compousnds volatilized during

- water usage. Showering has been identified as the

activity contributing the greatest amount to inhalation
exposure to volatile compounds (Wilkes et al., 1992).
Due to its property of a lower boiling point, chloroform
is assumed to be the major compound to which people
are exposed during showering and bathing.
Comparatively, the tolerable daily intake (TDI) of
chioroform was calculated by Fawell (2000) 1o be 0.02
mgkg”. day™ in drinking water.
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Table (1): Average of seasonal residue levels of THMs in drinking water samples and estimated
concentrations in inhaled air bathroom in the study area of Kafr EF-Dawar district during

2002.

Compound Winter Spring Summer Autumn N mean
1-Drinking water (mg.I")
Chioroform 0.24x 4.02 0.13x292 0043169 0018:1.10 32 0.109x 5.99
BDCM 0.008£0.71 0.007+68  0.011+0.85 0.009+0.79 32 0.009 + 1.71
DBCM 0.015£099 0015+1.01 0019+1.15 0.018:1.09 32 0.017+2.36
Total 0.263 0.152 0.073 0.045 0.135
EMCL 0.100 0.100 0.100 0.100 0.100
TCE 0.001£039 0016032 0.001+025 0.00 32 0.0011 +0.55
1,1,1-TCE 0.001+0.08 0.015+0.32  0.002+029 0.00 32 0.001 + 0.57
LSDggs 11.49 0.52 0.57 0.31 0.59
2-Inhaled air (mg.n)
Chloroform 3.04+1421 171599 0.60+599 023+3.88 32 1.40£ 2.13
BDCM 0.093+2.50  0.086:241 0.136+3.02 0.118+2.80 32 0.11 + 6.00
DBCM 0.187+3.53  0.191£3.58 026+4.07 0.22+3.87 32 0.22 +7.54
Total 3.32 1.98 0.99 0.568 1.73
TCE 0.024+121 0019+1.14 0.011+0.87 0.00 32 0.014+ 2.13
1,1,1-TCE 0.015+1.00 0019+1.12 0.016+1.02 0.00 32 0.012+2.03
LSDggs 22.98 1.04 1.14 0.61 - 0.58
Each value is the mean xSE.

DBCM: Dibromochloromethane, BDCM: Bromodichloromethane, EMCL: Egypt. Maximum contaminant level,
TCE: Tetrachloroethane, 1,1,1-TCE: 1,1,1-trichloroethane, and N: number of samples.

Table (2): Chronic daily intake (CDI) of THMSs thrdugh various exposure pathways.

Absorbed dose (mg_._lgg".day")/ exposure pathway

Compound Inhalation Dermal absorption Oral ingestion

50" 90" 50" 90" 50" 90"
Chloroform 0013 . 0.071 6.0x10° 2.0x107 0.019 0.093
BDCM 1.0x10°  5.6x10° | 49x107  1.7x10° 1.7x10°  7.4x10°
DBCM 2.0x10%  0.011 9.4x107  3.2x10% 3.0x10°  0.014
TCE 1.4x10*  7.0x10* | 6.0x10®  2.0x107 .| Lox10*  9.0x10*
1,1,1-TCE 1.9x10*  62x10* | 5.7x10*  2.5x107 1.8x10*  8.6x10™
Z CDI 0.016 0.089 7.6x10°  2.6x10° 0.024 0.116

Carcinogenic risk effect There is a lack of information concerning

The slope factors of the four contaminants that
are associated with lifetime cancer risk for the
exposed individuals are shown in Table (3).
Estimated values of cancer and non-cancer risks
attributable to exposure to each THM component in
drinking water and inhaled air are presented in Table
(4). Chioroform was the major THM induced cancer
risk effect (1.1x10™*) in drinking water via ingestion
route of exposure, 1.1x10” and 3.6x10* in case of
inhalation and dermal exposures; respectively at 50®
percentile. Yrisk of exposure pathways reach the
highest value 8.0x10 at 90® percentile. The checked
compounds were classified according to their weight
of evidences as B, for chloroform and BDCM and C
for DBCM. These estimates ripresent thegretical
excess cancer risk higher than 107, the demonisms or
negligible risk level defined by the USEPA.

exposure and risk associated with THM; in drinking
water in Egypt. Worldwide, few studies have been
measured THM, in drinking water and estimated the
health risks through ingestion route (Clayton et al.,
1999; Hsu et al., 2001; Sofuaglu :t al., 2003; Lee
et al,, 2004 and Kavcar et al, 2006). The highest
estimated risk vatues were 1.8x 10™ in Taiwan (Hsu
et al., 2001) and 2.1x107 in Arizona (Sofauglu et al.,
2003) for chloroform and 6.82 x10”° in Hong Kong
(Lee et al., 2004) for BDCM. Epidemiological studies
showed an association between breast cancer risk and
chlorinated by-products in the Finnish investigation
(Koivusalo and Vartiainen, 1997), bladder cancer
(King and Marrett, 1996) and spontaneous abortion,
low birth weight and defects (Mills et al., 1998). Also,
consumption of drinking water with high THM
content may increase the risk of melanoma and
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possibly of hormone-dependent cancers such as

neoplasm of the prostate, breast and the ovary
(Vinceti et al., 2004). Additionally, increased risk of
chronic myeloid leukemia was associated with

increasing ears of exposure to different chlorination
disinfection by-product indexes, with an adjusted
odds ratio of 1.72 for the highest exposure duration to
total THM of more than 40 pg. I''(Kasim et al., 2006),

Table (3): Slope factors (SF), unit risk values and reference doses (RD) for THMs (USEPA, 1999).

Compound SF oral Unit risk inhalation R
(mg.kg’.day™)’ (mg.kg day™)" (mg.kg’.day?)
Chloroform 6.1x10° 1.7x107 1x10%
BDCM 6.2x10? 1.8x10¢ 2x10?
DBCM 8.4x107 2.4x10° 2x10?

Table (4): Cancer and non-cancer risk estimates for THMs in different exposure pathways.

Compound Weight of Cancer risk value H

evidence 50T [ 90® 50 [ 90%
1- Oral ingestion ‘
Chloroform B2 1.1x10* 5.6x107 1.9 9.3
BDCM B2 1.1x10* 4.7x10™ 0.09 0.40
DBCM C 2.5x10° 1.2x10° 0.15 0.70
Z risk 4.7x10* 2.2x10” 2.14 10.4
2-Dermal absorption
Chloroform B2 3.6x10° 1.2x107 6.0x10-* 2.0x10°
BDCM B2 3.1x10° 1.1x107 2.5x10° 8.5x10”
DBCM C 8.0x10° 2.8x10”7 4.7x10° 1.6x107
T risk 1.5x10” 5.1x107 6.7x10™¢ 2.3x10”
3-Inhalation
Chloroform B2 1.1x107 5.8x10” ND ND
BDCM B2 1.8x107 1.0x10° ND ND
DBCM C 4.8x10” 2.6x10”° ND ND
T risk 1.1x10° 5.8x10° ND ND
Total risk 1.6x10° 8.0x10” 2.14 10.4

ND: not determined due to lack of RfC values for inhalation studies.,

Non-carcinogenic risk effect
The hazard indexes of THM, of different
exposure routes were also presented in Table (4).
Hazard quotient and hazard index that exceed 1.0 for
a single or combinations of chemicals or exposure
routes indicate the possibility of non-cancer toxic
risks from the exposure. HQ was found to be of a
high value for chloroform (9.3) at 90" percentile
through oral ingestion exposure pathway indicating a
great potential toxic effect. The sum of hazard indices
did not exceed 10.4 for all checked chemicals at 90™
percentile.
: Toxicological studies revealed that exposure to
mixture of THM, led to higher blood levels of
unchanged THM, in animals, which may induce risks
at low concentrations of THM mixtures (DaSilva
et al, 1999). Exposure to multiple toxicants in a
mixture may result in additive and/or interactive
effects, that could be synergistic or antagonistic (Hsu
et al., 2001). Long-term exposure to these byproducts
increases the risk of cancer and creates problems for

liver, kidney, gastrointestinal and urinary tracts and
central nervous system (USEPA, 2001) in addition to
reproductive and developmental effects that are
warranting further investigations..
Uncertainty analysis

Uncertainties exist in the risk assessment of
exposure. These include uncertainties in measurement
(Fritz and Schenk, 1987), in values assigned to
population exposure variables (Wallace, 1991) and
the uncertainties introduced in risk characterization
due to day-to day, place to place variations in
concentrations (Kim et al., 2002). Even in weli-
designed and well-conducted analytical studies,
relatively poor exposure assessments were conducted.
A major uncertainty surrounds the interpretation of
the observed associations, as exposure to relatively
few water contaminants has been considered. With
the current data, it is difficult to evaluate how
unmeasured DBPs or other water contaminants may
have affected the observed relative risk estimates.
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CONCLUSION

Our data highlights how much risk imposed on
the consumers of such water and provides an
evidence that tap water THM concentration is a
reliable predictor of accrual exposure to these
disinfection by-products, which occurs via ingestion
and -even more so through inhalation and dermal
exposure. Association between THMs exposure
through these pathways and lifetime cancer risk
disclosed that the total cancer risk from inhaled air
(5.8x10%) was higher than those from ingested water
(2.2x10%). Non-carcinogenic risk assessment for
THM, was calculated as well. The highest value of
HQ was 9.3 for chloroform. Also, chioroform levels
exceeded its reference dose indicating a great
potential toxic effect.

The risk estimation only not enough for
inducing cancer from exposure to THMs, but more
toxicological studies must done to confirm its.

According to the above results, quality of
drinking water in the study area is considered in a
partial accordance with WHO guidelines for drinking
water. To obtain better quality, DBP, can be
controlled through removal of DBP precursors at the
first place, using granular activated carbon, and
membrane/ozone-bio-filtration which can all remove
organic matter.
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