
Polish Journal of Environmental Studies Vol. 11, No. 3 (2002), 255-260 
 

Occurrence of Trihalomethanes, Particularly 
Those Containing Bromine, in Polish Drinking 

Waters 

K. Luks-Betlej, D. Bodzek 

Medical University of Silesia, Faculty of Medicine, Department of Chemistry, 
Jordana 19, 41-808 Zabrze, Poland 

Received: 9 September, 2001 
Accepted: 25 October, 2001 

Abstract 

Trihalomethanes (methane derivatives containing chlorine and/or bromine) have been determined in 
drinking waters in Upper Silesia - the most industrious and most populated region in Poland. 

Halomethane content determination is based on Capillary Gas Chromatography (CGC) with Electron 
Capture Detector (ECD), while these compounds' isolation from waters by Solid-Phase Microextraction 
(SPME) is based on optical fibres coated with poly(dimethylsiloxane) phase. In liquid phase the microextrac-
tion technique was applied to extract the halogenated compounds from the drinking water coming from 
consumers' taps in the Upper Silesia region. 

This method showed precision in the range of 3-12% (R.S.D), depending on the compound. The volatile 
compounds were present in investigated water in the concentration range from a few ppb to sub ppb. 

Keywords:     finished    drinking    water,    determination,    solid-phase    microextraction,    GC-ECD, 
trihalomethanes. 

Introduction 
Besides the fact that commonly used disinfection of 

drinking water has been found to be one of the biggest 
achievements in public health in the 20th century [1], the 
problem of a possible human health hazard resulting 
from the occurrence of disinfection by-products in drink-
ing water has been considered by scientists, consumers 
and producers for many years [2-4]. 

Trihalomethanes (THM) are the main group of com-
pounds which are formed due to water disinfection, i.e. 
chloroform (CHCl3), bromodichloromethane (CHBrCl2), 
chlorodibromomethane (CHBr2Cl), bromoform (CHBr3). 
These compounds are aromatically insensible, yet their 
presence in water may be physiologically hazardous. 
Their harmful influence on organisms is presented in 
Table 1. At present these compounds are known to show 
carcinogenic properties in bioassays carried out in ro- 
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dents [5-7]. Epidemiological research suggests that blad-
der, rectal and colon cancer are potentially associated 
with drinking chlorinated water [8-11]. Recent epi-
demiological studies have reported associations between 
the consumption of chlorinated drinking water and re-
productive and developmental effects [12-14]. 

For almost half the population of Poland, and for the 
majority in Upper Silesia, a large industrial region in Po-
land, water pipes are supplied with treated surface water. 
Chlorination is the most common process used in water 
treatment. Analyses of the biggest surface water intakes 
in Upper Silesia have given evidence of bromine contents 
[15], and their presence in water during disinfection 
forms halomethane bromine derivatives because of their 
better kinetics when compared to chlorine derivatives 
formation [16]. 

Because trihalomethane occurrence in water is unde-
sired, and because of their influence on water quality (in 



 
Fig. 1. The region of Silesia, Poland. 1 - Slawków; 2 - Katowice; 3 - Siemianowice; 4 - Olkusz; 5 - Sosnowiec; 6 - Kozłowa Góra; 
7 - Wójkowice; 8 - Zabrze; 9 - Knurów; 10 - Gliwice. 

Table 1. Harmfulness of the investigated compounds [32]. 
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accordance with recommendations by different organiz-
ations in many countries protecting public health), their 
presence in water should be determined by means of 
a simple and convenient analysis. 

Solid-phase Microextraction is widely used at present 
for separation of organic compounds from matrices of 
various origins [17]. Theory and practice of this tech-
nique has been described by Pawliszyn and co-workers 
[18-22]. This technique has been also applied for deter-
mination of volatile chlorine compounds in water matrix 
[23-25]. 

The aim of the work was to determine the concentra-
tions of trihalomethanes in drinking waters coming from 
consumers' taps in different towns in Upper Silesia. 
Halomethane content determination was based on Capil-
lary Gas Chromatography (GC) technique with Electron 
Capture Detector, and these compounds' isolation from 
waters - on microextraction in immersion mode on op-
tical fibres coated with polydimethylsiloxane phase 
(PDMS). 

Materials and Methods 

Sample Collection 

Finished drinking water samples (100 cm3) were col-
lected for analysis from consumers' water pipes in 10 dif-
ferent towns in Upper Silesia, (see the map - Fig 1.). The 
samples were taken in a standard way [26] after running 
a few litres of water from the tap. 0,lg of sodium thiosul-
fate (Na2S2O3 • 5H2O analytical grade POCH SA, 
Gliwice) was added to each sample. 

The containers had teflon-lined screw caps. The water 
samples were kept no longer than three days at + 5°C. 

Materials 

Standards chloroform (CHC13), bromodich-
loromethane (CHBrCl2), dibromochloromethane 
(CHBr2Cl), bromoform (CHBr3) (each 5000 µg/lmL in 
MeOH, J.T. Baker) were used. The suitable solutions of 
the standards were prepared in methanol (Suprasolv, 
Merck) by dilution in volumetric flasks. 

MicroExtractor for manual injection (Supelco Corp.) 
SPME Fibre Assembly - 100 µm film thickness of 
poly(dimethylsiloxane). Magnetic stirrer with a teflon stir 
bar. 

Solid-Phase Microextraction (SPME) 

The compounds were separated from the water 
samples by SPME technique [27]. During extraction the 
fibre was directly immersed in the aqueous solution. The 
extraction was carried out in 3 ml screw cap vials fitted 
with silicone/PTFE septa, (Supelco Corp.) to which the 
sample was being poured underneath the  seal. The 

microextractor fibres coated with 100 µm film of 
poly(dimethylsiloxane) PDMS (Supelco Corp.) phase 
were introduced into the vessel with the sample of water 
and during the fibre exposition the sample was stirred 
with a magnetic stirrer. Microextraction conditions were 
selected experimentally [27] - microextraction time: 
8 min, mixing the sample: 400 turns/min; equilibrium 
state was achieved in the above conditions. After the set 
time of the microextraction the fibres were immediately 
inserted into the injector of GC-ECD gas chromato-
graph, where the desorption took place within 2 min at 
170°C. The time of thermal desorption was verified by 
fibre purity control by blank test; moreover, the fibres 
were cleaned at 250°C, before each extraction. 200 ex-
tractions were performed with the PDMS fibres. 

Quantitative Analysis 

GC-ECD analysis was performed in the gas 
chromatograph of A-14 type (Shimadzu). The chromato-
graph was equipped with ECD (63Ni) detector, 
Chromatopac C-R6A integrator (Shimadzu), and a col-
umn with poly(dimethylsiloxane) phase (HP-1, Hewlett 
Packard) of 25 m x 0.2 mm x 0.33 µm (film thickness) 
dimensions. 

The parameters of chromatographic analysis were as 
follows: 

Temperatures: split/splitless injector 170°C, detector 
250°C; programme: 30°C (5 min), 30-120°C (9°C min,), 
120°C (10 min). 

Carrier gas He: 20 cm s-1; N2-ECD make-up gas flow: 
40 cm s-1. Desorption time from the fibres: 2 min. 

To make calibration curves the standard aliquots dis-
solved in methanol with concentration of 5000 µg/mL of 
all standards were applied. The solutions were kept re-
frigerated in amber-coloured vials. The basic aliquots 
were dissolved with methanol in order to prepare spiked 
water solutions for making calibration curves. 

Calibration curves for chloroform were made for the 
concentration range 5-30 µg/L, for bromodich-
loromethane 0.25-4 µg/L, dibromochloromethane 0.5-5 
µg/L, bromoform 0.05-0.1 µg/L, respectively. Calibration 
curves details are shown in Table 2. 

Table 2. The calibration curves correlation coeficients of com-
pounds determined by the SPME-GC/ECD method at a range of 
concentrations: Bromodichloromethane (CHBrCl2) 0.25-4.0 
µg/L, Dibromochloromethane (CHBr2Cl) 0.5-5.0 µg/L, Bromo-
form (CHBr3) 0.05-0.5 µg/L, Chloroform (CHC13) 5-30 µg/L. 
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Table 3. Concentration of halometanes in finished drinking waters of Upper Silesia (Poland) determined by SPME - GC-ECD method. 
 

 

n = (5-7) number of determinations 
ND - non detected 
TTHM - Total Trihalomethane 

Results and Discussion 

SPME Optimization 

Microextraction is a method of equilibrum extraction, 
which requires determination of the process optimised 
parameters. 

The diagrams in Fig. 2 show the dependence of the 
absorbed standard amount on microextractor fibre in 
time function of fibre exposition in the water standard 
solution. Based on the determined dependence the fol-
lowing microextraction parameters were assumed: turn-
ing speed - 400 turns/min and extraction time - 8 min. 
For chloroform the extraction balance was achieved 
more quickly, probably because of higher concentration 
of this standard assumed for this test. 

The optimised conditions for SPME and GC-ECD 
analysis of THMs were as follows: 

SPME fibre 100 µm PDMS 
Sample volume 3 mL water sample 
Extraction temperature room temperature 
Extraction time 8 min 
Speed turns 400 turns/min. 
Desorption temperature 170°C 
Desorption time 2 min. 

THM Determination in Water Samples 

The data presented in Table 2 show that the quantifi-
cation correlations for all THMs during 8-minute extrac-
tion from water are linear, with linear correlation coeffi-
cients (r2) are more than 0.99 for all compounds. Values 
of relative standard deviation of these determinations are 

in the range of 3-12%, indicating good precision for the 
SPME-GC-ECD methods. For all determined THMs the 
detection limits are in the range of low concentrations 
0.0015-0.020 µg/L (ppb). Figure 3 presents a typical GC-
ECD chromatogram of compounds extracted from one 
of the investigated tap water samples by SPME (in liquid 
phase). Halomethanes were found in most household 
water samples. Concentrations of halomethanes in 
finished drinking waters of Upper Silesia (Poland) deter-
mined by the SPME-GC-ECD method were presented in 
Table 3. In real sample determinations using this method 
repeatability was also acceptable (1.5-14% - see. R.S.D 
Tab. 3). One sample (No 10 - from Gliwice) among all 
the investigated samples did not contain these com-
pounds. This sample came from a place that is supplied 
almost exclusively with deep-water intake. 

In most water samples determined concentrations of 
the compounds did not exceed Polish standards and 
WHO standards. In all household water samples the con-
tents of TTHM did not exceed recommended standards 
(the highest 37 µ/L, sample 3). 

Concentrations of brominated halomethanes in 
waters were low, although in most water intakes in Upper 
Silesia bromide occurrence is found to range from 0.4 to 
0.7 mg Br-/L [15]. Only in one water sample (No 3) was 
chloroform concentration found to be higher than per-
missible (32 µg/L compared to permissible 30 µg/L). 

Bromodichloromethane was determined in the range 
of about 4 - 0.8 µg/L in seven samples out of ten. In other 
samples it was absent. Dibromodichloromethane was 
present in the range of 1.5 to 0.08 µg/L in six samples, 
while bromoform - 0.36 to 0.05 µg/L in five water 
samples (Table 3). 

Fig. 4 presents the percentage of particular 
trihalomethanes in total trihalomethane (TTHM), which 
illustrates a concentration distribution in tap water in 
Silesia region. In the samples containing halomethanes 
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Fig. 2. The effect of extraction time for SPME. Standard concen-
trations: CHCl3 (60 µg/L), CHBrCl2 (1 µg/L), CHBr2Cl (1 
µg/L), CHBr3 (0.5 µg/L). Turning speed: 400 turns/min. 

 
Fig. 4. Trihalomethanes contents (%) in TTHM. (Numbers of 
collecting places:  1  - Stawkow, 2 - Katowice, 3 - 
Siemianowice, 4 - Olkusz, 5 - Sosnowiec, 6 - Koztowa Gora, 7 - 
Wojkowice, 8 - Zabrze, 9 - Knurow, 10 - Gliwice (see also Fig. 
1). 

chloroform was the biggest fraction, then - bromodich-
loromethane (samples No 2,3,5,6,7,8, and 9), and dib-
romochloromethane and bromoform. Such a distribution 
is representative for household water in the investigated 
region and thus provides us with information about the 
realistic range of environmental concentrations. 

The occurrence of volatile organic halogen com-
pounds, particularly THMs can be found in all kinds of 
waters, i.e. drinking water, surface water, deep water, 
rain water, seawater and even in polar ice and water [28]. 

Half-life values (t 1/2) of these compounds in many 
cases can be estimated up to several thousands years, e.g. 
for bromoform - 686 years [29, 30]. 

Total emission of these compounds is high, estimated 
to be approximately 1 • 106 ton/year, including chloro-
form - about 0.2 • 106 ton/year [29, 30]. 

From water and soil the pollutants may transfer into 
living organisms, either directly or via the food chain. It is 
particularly hazardous for organisms at the end of the 
food chain, e.g. humans, who can take a big portion of 
concentrated pollutants through food. Volatile organic 
halogen compounds were determined in such materials 
as mother's milk, urine, and blood [30]. 

THM concentration contents in drinking waters 
are considerably influenced by technological systems 
in water treatment station, i.e. which medium is applied: 
chlorine,  chlorine dioxide,  or ozone.  Sawiniak 
and Trybulec [31] have found out that in the case of 
ozone or chlorine dioxide application THM contents are 
lower, although chlorine is used in final disinfection. 
Moreover, when ozone or chlorine dioxide is applied, 
bromoorganic compounds have better kinetics, even if 
too much chlorine in relation to Br" is added in the final 
chlorination. 

Investigations have also proved that THM contents 
are getting lower in winter due to lower average tempera-
ture of water and air, and the contents of THM precur-
sors and micro organisms are getting lower, too. 

Our investigations were carried out on water samples 
collected in the second half of November. Thus, it can be 
expected that average contents of THMs per year will be 
higher. 

Conclusions 

The applied analytical procedure including SPME for 
sampling halomethanes from water and determination by 
GC-ECD enabled us to determine selectively and rela-
tively quickly (approx. during 20 minutes) the main com-
pounds of the disinfections by-products in finished tap 
water. This method showed precision in the range of 3-
12% (R.S.D), depending on the compound. The volatile 
compounds which were present in water in the con-
centration range from a few ppb to sub-ppb such as: 
chloroform, bromodichloromethane, dibromoch-
loromethane, bromoform can be efficiently isolated by 
this method. In the investigated drinking water samples 
the contents of the most dangerous for health com-
pounds did not exceed the maximum permissible concen-
trations obligatory in Poland. 

Fig. 3. GC-ECD chromatogram of tap water. 

259Occurrence of Trihalomethanes ... 



 

 

Acknowledgements 

The studies were sponsored by the Polish State Com-
m i t t e e  f o r  S c i e n t i f i c  R e s e a r c h  ( P r o j e c t  N o  
0 363/TO9/2000/19; 2000-2002). 

References 

1. BOORMAN   G.A.,   DELLARCO   V,   DUNNICK  J.K., 
CHAPIN R.F., HUNTER S, FHAUCHMAN, GARDNER 
H., COX M, SIELS R.C.  Drinking Water Disinfection 
By-products: Review and Approach to Toxicity Evaluation, 
Environmental Health Perspectives, 107, Supplement, 1207, 
1999. 

2. BELLAR T.A., LICHTENBERG J.J. KRANER R.C. The 
Occurrence   of   Organohalides   in   Chlorinated   Drinking 
Water, J.AWWA, 66, (12), 703, 1974. 

3. ROOK J.J. Formation of Haloforms Drinking Chlorination 
of Naturals Waters, Water Treat. Exam. 23, (2) 234, 1974. 

4. KRUIJF H.A.M., KOOL J.H. Organic Micropollutants in 
Drinking Water and Health, Amsterdam, Elsevier., pp. 85, 
1985. 

5. National Toxicology Program. Toxicity and Carcinogenicity 
of Bromodichloromethane (CASNo.75-27-4) in F 344/N 
Rots and B6C3F, Mice. TR-321 Research Tringle Park, 
1987. 

6. National Toxicology Program. Toxicology and Carcinogen 
esis Studies of Tribromomethane (Bromoform) (CAS No 
75-25-2) in F344/N Rats and B6C3F] Mice (Gavage Studies). 
TR-350 Research Triangle Park, 1989. 

7. DUNNICK J.K, HASEMAN J.K, LILIJA H.S., WYAND 
S. Toxicity and Carcinogenicity of Chlorodibromomethane 
in Fischer 344/N rots and B6C3F1 nice. Fundam. Appl. Toxi 
col., 5, 1128, 1985. 

8. MORRIS R.D, AUDET A. M., ANGELILLO IF., CHAL 
MERS T.C., MOSTELLER F. Chlorination, Chlorination 
By-products, and Cancer: a Meta-analysis, Am. J. Public 
Health, 82, 955, 1992. 

9. Me    GEEHIN     M.A.,     REIF    J.S.,     BECKER    J.C., 
MANGIONE F.J. Case-control Study of Bladder Cancer 
and Water Disinfection Methods in Colorado, Am. J. Epi 
demiol, 138, 492, 1993. 

 

10. KING W.D, MARRET L.D. Case-control Study of Bladder 
Cancer and  Chlorination By-products  in Treated  Water 
(Ontario, Canada), Cancer Causes Control, 7, 596, 1996. 

11. KOIVUSALO   M,   PUKKALA   E,   VARTIAINEN   T, 
JAAKKOLA  J.J.K,   HAKULINEN   T.   Drinking   Water 
Chlorination and Cancer-a Historical Cohort Study in Fin 
land, Cancer Causes Control, 8, 192, 1997. 

12. KANITZ S, FRANCO Y, PATRONE V, CALTABEL- 
LOTTA M, RAFFO E, RIGGI C, TIMITILLI D, RAV- 
ERA G. Association Between Drinking Water Desinfaction 
and Somatic Parameters at Birth, Environ. Health Persp. 
104, (5), 516, 1996. 

13. REIF J.S, HATCH M.C, BRACKEN M, HOLMES L.B, 
SCHWETZ B.A, SINGER P.C. Reproductive and Devel 
opmental Effects of Disinfection By-products in Drinking 
Water, Environ Health Perspect. 104(4), 1056, 1996. 

 

14. SAVITZ D.A., ANDREWS K.W, PASTORE L.M. Drink 
ing Water and Pregnancy Outcome in Central North Caro 
line: Source, Environ Health Perspect. 103 (6), 592, 1995. 

15. OLSINSKA U. Mat.  Miedzynarod.  Konf,  Zaopatrzenie 
w wode miast i wsi. 451-455 (in Polish) Poznan 1994. 

16. SUMMERS R.S, BENZ M.A, SHUKAIRY H.M, CUM- 
MINGS L. Effect of Separation Process on the Formation of 
Brominated THMs, J. AWWA 85, (51), 88, 1993. 

17. GORLO D, NAMIESNIK J, ZYGMUND B. Applications 
of Sorbent Extraction in Environmental Analysis, Chem. 
Anal. (Warsaw) 42, 297, 1997. 

18. LOUCH D, MOTLAGH S, PAWLISZYN J. Dynamics of 
Organic    Compound    Extraction    from    Water    Using 
Liquid-Coated Fused Silica Fibres, Anal. Chem. 64(10), 
1187, 1992. 

19. ZHANG   Z,   PAWLISZYN   J.   Headspace   Solid-phase 
Microextraction, Anal. Chem. 65, 1843, 1993. 

20. ZHANG Z, YANG J, PAWLISZYN J. Solid-phase Micro- 
extraction, Anal. Chem. 66(17), 844, 1994. 

21. GORECKI T, PAWLISZYN J. Effect of Sample Volume 
on Quantitative Analysis by Solid-phase Microextraction, 
Analyst. Oct. 122, 1079, 1997. 

22. PAWLISZYN J. Solid Phase Microextraction - Theory and 
Practice, Wiley & Sons, Inc., USA, New York 1997. 

23. POPP P, PASCHKE A. Solid Phase Microextraction of Vol 
atile Organic Compounds Using Carboxen - Polydimethyl- 
siloxane Fibers, Chromatographia 46, (7/8), 419, 1997. 

24. CHEN  M.L,  MAO  I.F,   HSU  C.C.   Determination  of 
Trihalomethanes in Drinking Water by Solid - Phase Micro- 
extraction and Gas Chromatography with Electron - Cap 
tured Detection, Toxicol. Environ. Chem. 60, 39, 1997. 

25. LIGOR T, BUSZEWSKI B. Techniki ekstrakcyjne w pro- 
cesie wyodrebniania sladowych ilosci zwiazkow chlorowcoor- 
ganicznych z matryc wodnych, Mat. konf. pod red. B. Bus- 
zewskiego   Chromatografia   i   inne   techniki   separacyjne 
u progu XXI wieku, Torun, 161, 1999. 

 

26. Water and Sewage Sampling,, General Resolves and the 
Range of Standard, PN-74/C-04620/00 (in Polish) 1974. 

27. LUKS-BETLEJ    K,   BODZEK   D.    Determination   of 
Tri,-Tetrachloromethanes and Trichloroethane by Using 
Microextraction with  GC-ECD  Detection, Chem. Anal. 
(Warsaw) 45, 45, 2000. 

28. ABRAHAMSSON K, KLICK S. Determination of Biogenic 
and Anthropogenic Volatile Halocarbons in Sea Water by 
Liquid-liquid Extraction and Capillary Gas Chromatogra 
phy, J. Chromatogr. 513, 39, 1990. 

29. ATKINSON R. Atmospheric Lifetimes of Dibenzo-p-diox- 
ins and Dibenzofurans, Total Environ. Sci. 104, 17, 1991. 

30. MOORE J.W., RAMAMOORTHY S. Organic Chemicals 
in Natural Waters. Applied Monitoring and Impact As- 
sesment, New York, Springer Verlag, 1984. 

31. SAWINIAK   W,   TRYBULEC   K.    Zmiany   zawartosci 
THM-6w   w   uzdatnionej   wodzie   i   podczas   transportu 
w sieciach wodociagowych, Inzynieria i Ochrona Srodowiska, 
3-4, 297, (in Polish) 1999. 

32. V.S.NCI Raport on the Carcinogenesis Bioassay of Chloro 
form (CAS No.67-66-3) TR-000 NTIS Rpt PB264018. Be- 
thesda. MD; National Cancer Institute, 1976. 

Luks-Betlej K., Bodzek D.260


