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Incidence of Trihalogenmethanes in Drinking
Water
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Abstract—Trihalogenmethanes are the most significant by-
products of the reaction of disinfection agent with organic precursors
naturaly present in ground and surface waters.Their incidence
negatively affects the quality of drinking water in relation to their
nephrotoxic, hepatotoxic and genotoxic effects on human health.
Taking into consideration the considerable volatility of monitored
contaminants it could be assumed that their incidence in drinking
water would depend on the distance of sampling from the area of
disinfection. Based on the concentration of trihalogenmethanes
determined with the help of gas chromatography with mass detector
and the analysis of variance (ANOVA) such dependence has been
proved as statistically significant. The acquired outcomes will be
used for assessing the non-carcinogenic and genotoxic risks
to consumers.
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|. INTRODUCTION

ATER goes through series of treatments before it

becomes drinking water. The treatments are aimed at
achieving proper physical-chemica characteristics and health
non-harmfulness. In  the course of disinfection,
the am of which is to achieve microbiological non-
harmfulness of drinking water, many disinfection by-products
(DBPs) are produced and quite a few of them have significant
toxic effects[12]-[2].

The DBPs ae produced by the interaction
of an oxidizing agent with organic substances commonly
present both in ground and surface waters [18]. The DBPs
occurring in the highest concentrations and which may have a
serious impact on consumers” heath include chloroform,
(CHCI3), bromdichlormethane(CHBrCl,),dibromchlormethane
(CHBr,Cl), and bromoform (CHBr3).

The above mentioned pollutants belong into the group of
organic  halogenderivates, commonly indicated as
trihalogenmethanes (THMs) [2].

Thereforeit is necessary to monitor continuously the THMs
concentrations in drinking water and implement adequate
countermeasures in case the increased concentrations are
detected.
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I1.THE ANALYSISOF CURRENT STATE

The requirements for non-harmfulness of drinking water are
defined in legidation on both national and supranationa
levels. The WHO states in its earlier handbook on the quality
of drinking water, that international limits for THMs range
from 25 to 250 pg.dm™ [19]. Limit for the total amount of
THMs in drinking water in the Czech Republic is 100 pug.dm’
%and is in compliance with the requirements of the European
Union [14]. The U.S. EPA sets the limit for THMs as not
harmful to health at 80 pg dm®[16].

The WHO does not mention any particular amount, but the
sum of weighted averages for the most significant THMs [20].
Besides the total amount of THMs the standards define aso
thelimit concentrations for individual compounds classified
into the group of THMs. The acceptable concentration of the
sum of THMs s higher in the Czech Republic thanin the U.S.
EPA. However, the limits for chloroform are lower than those
set by the U.S. EPA and WHO.

Mainly chlorination and ozonisation, or their combination,
are used for water disinfection not only in the Czech Republic,
but in most countries around the world [2]. Recently the
application of UV radiation and ozone is on the increase,
mainly due to the high efficiency of ozone against resistant
pathogens such as Cryptosporidiumoocysts and a lower
potential for the production of DBPs. However, all
disinfection agents are oxidants producing DBPs[10].

The types and amounts of chlorination intermediates
depend on the ways of disinfection and water properties. The
research conducted by Chinese scientists has shown that the
total amount of THMs increases a certain pH
values.Temperature is  another  factor  influencing
the amount of DBPs. When exceeding the so caled key
temperature the quantity of produced DBPs decreases. The
amount of produced DBPs is aso the function of some ions
being present in treated water. It has been proved that the
cations Mo*, Na" and K increase the total production of
THMs, while the occurrence of the cations Fe**, Mn*
andCa® has the opposite effect [5]. The speed
of reaction and the range of produced DBPs depend on the
type and dose of disinfection agent being used, concentration
and chemical composition of organic precursors present in
water or the distribution network, water delay during
disinfection, etc. [19], [17]. The THMs are present in the
interval from 37 to 58% [11] depending on the conditions
of disinfection. Other authors state that the occurrence of
THMs may be up to 90% with chloroform being the dominant
product [3]. The THMs are not the only group of DBPs,
halogen acetic acids, cyanogen chloride, halogenacetonitriles,
chlora hydrate (2,2,2-trichloro-1,1-ethandiol), chlorophenals,
bromates, etc., have also been identified [13], [1].

The THMs are absorbed through inhalation, ingestion and
derma contact, and have neurotoxic, immunotoxic, cytotoxic,
hepatotoxic and nephrotoxic effects [9],[15]. Carcinogenic,
mutagenic, teratogenic and embryotoxic effects are not
excluded, either [15].
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The studies are carried out all over the world wfta aim S ) = ny X s2(y) 2
to discover particular effects of THMs on humanamigm.
There are suspicions that bromdichlormethane inhetig Wheren, andZ(y) is a number of elements

concentration causes spontaneous abortions, retheemtal and conditional variance respectively  ofk-group
weight of children and increases the risk of depslent ¢ random variabley and at the same timgN. The
defects, although this information has not beerfidehtly jyiergroup variability expresses variability amosglected

proved yet [3], [10]. .
Chloroform and bromdichlormethane are classifie¢d the groups, and thqs covers  the examlneq dependgnddaeof
explanatory variable on the one being explainede Th

2B group as probably carcinogenic to humans acegri the intergroup variability,, (y)is calculated according
International Agency for Research of Cancer. Oncibwerary, to the formula (3):

bromoform and dibromchlormethane are classifiedthe '
group 3 as substances or mixtures not carcinogericmans
[6], [7]. It has to be emphasized though, that nigkulting
from insufficient inactivation of pathogens in ddng water is

of higher order priority in comparison with the ltearisk is the variance of conditional averages of il assessed
resulting from the presence of DBPs [19]. groups

se\rlnvil\t/rtlalartﬁgar:]dixtltj?e:;te m]:;tb;h;stsu-lr—r'l_'el\(ﬂjsth:tr?be:/'r?tfr?tlein % The tota variabilitySc(y) is the sum of intragroup and
drinking water depends on the distance from thea ayg intergroup variabilities according to the relati@):
disinfection. This fact is tried to be verified tinis paper with
the aim to provide subsequently more reliable heaisk
assessment.

Su@) =nxs*(®) ®)

wheren = Y, n,is the total number of elements astdy)

Sc@) =Sy) +Su() 4)

The value of B(y)of intragroup variability and total
lll. PROBLEM SOLUTION variability

A.Applied Methods and Devices B(») = Su() x [Sc(N]™* ®)

The samples of drinking water have been taken and ) ] o
analyzed according to the relevant SOP [19]. TheXPresses to which extent the intragroup varigbtfis its
concentration of THMs in the samples of drinkingtevahas §hare in total V‘arIE.iF)Illt.y. If the sha're. of |ntrggp variability
been determined by the liquid-gas extraction teldgywith in the total variability isB, < 0,5 , it is possible to hypothe
the help of the TriPlus static head space dosivigdend the size that the values of measurivigre significantly influenced
Trace GC Ultra gas chromatograph with the Trace D&Qs byﬁi(plagatory Va”tfdblxa hvoothesls is tested with th
detector, produced by Thermoelectron Corporatidre mit of €a cl):\i/sehg(_egr:gggcﬁrypo e(g; s es eq)WI etgsste
Of_lqﬁ;e?rg%t;?: fgfr I\r/]grli\ggzzl I:I\']v'c')sv"f)‘s r?ai Ogiﬁ dLrJns-egd fv%/]ith p andq degrees of freedom. The hypothesis is defined in

) : X e following way:
assessing the mutua_l relation between _the confe‘_Fﬁ-IMs in Hyipy = pp =~ = mand support the statement that
a sample and the distance from the site of chltdnaThe explanatory variable has an impact on the one being

assumptiqn .has. been. that the data are collected fre explained. TheA alternative is determinedasy; + p;and it
normal distribution with constant variance. The inoet ¢ enough for it to be accepted when there is ferdifice

enables us to assess the proportion of intergroog B atween two various means af

intragroup  variability to the total variability andhe  rpg test criterionF is in our case in compliance with
significance of impact of explanatory variable dre tone equation (6):

being explained. [8].
The intergroup variability, (y), given by relation (1),
represents the sum of variabilities inside kafiroups and is

F= Sm(y) [SV(Y)
caused by a number of effects unexplored for tladyars.

-1 < ﬁ]_l(@

The hypothesidip is rejected on the significance level
Sy () = X1 S ) W itF > F_o(k—1, n— k).
Where y in the equation (1) is random quantity,
in this case the concentration of THMs, amd is

the number of groups, witk, mO N Oy O Rezo), whereN is

B.Outcomes and Discussion
Sampling has been carried out in the region of Bowen,
the symbol for the set of all natural numbers zR:e(o) isthe near the water treatment plant, where the disirdctith
gaseous chlorine takes place. The sampling sites baen
divided into three groups based on their distanom fthe site
of chlorination. The site 3 has been the closesh¢oarea of
chlorination, while the site 1 has been the fulthese. The
samples have been taken in various seasons.

symbol for the set of all real positive numberduding zero.
At the same time it holds true that the intergraapiability
S, (y) can be expressed by equation (2):
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TABLE |
CONCENTRATIONOF THMs ON INDIVIDUAL SITESAND IN VARIOUS SEASONS
Site CHCI3 CHCI2Br CHCIBr2 CHBr3 ¥ THMs n
[ng dm-3] [ng dm-3] [ng dm-3] [ng dm-3] [ng dm-3] «
<0,1 <0,1 <0,1 <0,1 0,4
1 0,2 0,1 <0,1 Not detected 0,4 4
0,3 0,2 <0,1 Not detected 0,6
<0,5 <0,5* <0,5 <05 2
<0,1 <0,1 <0,1 <0,1 0,4
2 0,5 0,2 <0,1 Not detected 0,8 4
0,7 0,4 0,1 Not detected 1,2
<0,5 <0,5 <0,5 <05 2
3,1 2,2 1,9 0,4 7,6
1,8 2,3 2,2 0,6 6,9
3 1,4 2,3 2,9 0,7 7,3 5
1,1 1,6 1,9 0,3 4,9
1,2 1,2 1,3 <1 4,7
"Analysis with various limit of determinability
TABLE II
INTERGROUR INTRAGROUPAND TOTAL VARIABILITIES , TOGETHERWITH THE SHARE OF INTRAGROUPVARIABILITY IN THE TOTAL
VARIABILITYY
Site ny £7162) ny, X s;(y) Sy(y) Vi s*) Su(y) Sc¥) B(y)
1 4 0,44¢ 1,79( 0,85(
2 4 0,350 1,400 10,758 1,100 6,264 81,438 92,195 8830,
3 5 1,514 7,568 6,280
TABLE IlI
TESTINGOUTCOMES
F F>F,_(k—1,n—-k) F>F; 95(2,10)
37,850 4,103 37,85(4.103
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The Table | shows the concentrations of THMs
individual sites. For the needs of statistical akltions and in
compliance with the principle of preliminary pretian the
concentrations of THMs being under the
determination have been taken on their upper levelsas the
concentrations representing the limit of determilitsth

The Table Il presents the data
for the calculation of intergroup variabilfy(y), intragroup
variability S,,(y) and total variabilitys. (y)together with their
values. At the same time the portion of intragreapiability
B(y)from total variability is included. It is obvious
from the calculated values, that the discussediquorof
B(y)is 88,3 %, which means the variability is higherosugp
the groups than inside the groups.

The Table Il includes the outcomes of-test
in relation to the hypothesis that the THMs concaian is
the function of the distance of sampling from theaaof
chlorination. As the inequatiéh= F,_,(k — 1, n — k)is
valid, the Hp hypothesiscould be rejected and the
A alternative accepted. It results from the aboventiored
that there is a 95% certainty the THMs concentratio
drinking water depends on the distance of samfiom the
area of chlorination.

IV. CONCLUSION

Drinking water pollutants occurrence analysis is g
risks

important  basis for assessing the health
to the consumers of drinking water. The outcomeguiaed
from the analysis of variance prove that the cotra¢ion of

THMs decreases with the increasing distance of wate
would[17]

sampling from the area of chlorination. It
be necessary to acquire more data through a mdedlede
monitoring of THMs concentration in drinking wates a
function of distance from the area of chlorination.

The acquired outcomes are relevant in
to further population health risk assessment. Avenwill
have to be paid mainly to the areas near the psooés
disinfection.

With regard to a relatively high variance of measur
values it will also be useful to calculate rather higher limits
of reliability interval following the principle opreliminary
precaution in risk assessment.

REFERENCES
[1] Boorman, G. A. et al. Drinking Water DisinfectioryfBoducs: Review
and Approach to Toxicity Evaluatidinvironmental Health
Perspectives1999, 107, pp. 207-217.
[2] Bozek, F., Bozek, M., Dvorak,
in Drinking Water and Quantification of Health RiskWSEAS
Transactions on Environment and Developn2dil, 7, (4), pp. 103-

113.
[3] Colman, Joan. Et al. Identification of developméntéoxic drinking
water disinfection byproducts

and evaluation of data relevant to mode of actiboxicology and
Applied Pharmacology 2011, 254, pp. 100-126.H. PoorAn

Introduction to Signal Detection and EstimatiorNew York: Springer-
Verlag, 1985, ch. 4.

[4] CSN EN ISO 5667-3.Water Quality-Sampling-Guidance for the
Preservation of Samples and HandlirRrague: Agency for Technical
Standardization, Metrology
and State Quality Control, 2004..

id]

limit of

necessaly]

relation

Hamidin, N. et al. Humanhealth risk assessment

ofchlorinateddisinfection ~ by-products in  drinkingeeusing a

probabilisticapproachWaterResearct2008, 42, pp. 3263-3274.

[6] IARC Monographs on the Evaluation of Carcinogenic Risks

HumansVolume 73: Some Chemicals that Cause Tumours ef th

Kidney or Urinary Bladder in Rodents

and Some Other Substances. Geneva: IARC, GeneRC,1A999, p.

170.

IARC Monographs on the Evaluation of Carcinogenic Rigks

HumansVolume 71: Re-evaluation of Some Organic Chemijcals

Hydrazine and Hydrogen Peroxide. Geneva: IARC, @ané¢ARC,

1999, pp. 1302, 1311, 1333.

[8] Kiiz, O., Neubauer, Sylaby pednasek ze statistikyyskov: VVS PV,
2003.

[9] Larson, J. L., Wolf, D. C., Butterworth, B. E. AeuHepatotoxic and

Nephrotoxic Effects of Chloroform

in Male F-344 Rats and Female B6C3F1 Mioicol. Sci. 1993, 20,

(3), pp. 302-315.

Nieuwenhuijsen et al. Chlorination Disinfection Bgducts in Water

and Their Association with Adverse Reproductivecdutes: A Review.

Occupational

and EnvironmentalMedicin@000, 57(2), 73-85.

Nikolaou, A. Haloforms and Related Coumpounds

in Drinking Water 1°Ed. Berlin, Heidelberg, New York: Springer-

Verlag, 2003, p. 10.

[10]

[11]

[12] Rook, J. J. FormationofHaloformsDuringChlorination
of Natural WatersWaterTreatment and Examinatiot974, 23(2), 234-
243.

[13] Singer, P. C. ControlofDisinfection By-Products
in DrinkingWater.JournalofEnvironmentalEngineerind 994,120, (4),
pp. 727-744.

[14] The Council of the European Union. (CE@puncilDirective 98/83/EC

on the Quality of Waterintended orHuman Consumptmsels: CEU,

1998.

U.S. EPA. Integrated Risk Information System (IRIBatabase of

Toxicological Parameters for Human Healtfon line]. [2010-03-06].

URL: <http://www.epa.goV/ iris/subst>.

U.S.EPA. Drinking Water

[2012-01-20].

<http//:water.epa.gov/drink/contaminants/index.cfm>

Whitaker, H. et al. Description of Trihalomethanevkls in Three

United Kingdom Water Suppliers. Journal

of Exposure Analysis and Environmental Epidemigl@)03, 13, (1),

pp. 17-23.

[18] WHO. Disinfectants and disinfectant by-product&eneva: WHO

(Environmental Health Criteria 216), 2000.

[19] WHO. GuidelinesforDrinking-WaterQuality. VoIl Recommendations
1 Addendum to §; Geneva: WHO, 2006.

[20] WHO. Guidelines for Drinking-water QualityVol. 4. Trihalomethanes.
Switzerland: WHO, 2011

[16] Contaminan{gn line].

URL:

J.Trihalogenmethanes

537



