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Chlorination of raw surface water containing natural organic substances produces
a number of by-products including the trihalomethanes (THMs) chloroform,
dichlorobromomethane, chlorodibromomethane and tribromomethane
(bromoform) (Symons et al. 1975, Allgeir et al. 1980; Stevens and Symons 1980).
Chloroform has been shown to cause cancer in two species of laboratory animal
(Bull 1981) and is regarded as a potential cancer risk in man, athough the
mechanism of carcinogenesis has not yet to be discovered ( Dunnick and Melnick
1993 ).

Chlorine is used in water treatment as a disinfectant. The formation of
trinalomethanes (THMSs) is largely dependent upon the interaction of chlorine and
certain organic substances in the water (e.g. fulvic and humic acids) (Trussell et a.
1978).

Several studies have shown that the formation of THMs depends on several
parameters, including the concentrations of total organic carbon (TOC) , bromide

ions , water temperature, P'and chlorine dosage (Stevens and Symons 1980,
Rook 1973). The total concentration of the trihalomethanes (CHCI3, CHCI2Br,
CHCI2Br and CHBr3) in drinking water may vary up to 1000 pg/l but it must not
exceed 100 pg/l (WHO 1984) .

The aim of this study is to evaluate the concentration levels of chloroform,
dichlorobromomethane, chlorodibromomethane, bromoform and total
trihalomethanes in water treatment plants outputs in Cairo during 1991 - 1993.

MATERIALS AND METHODS

Drinking water samples were collected every month during 1991 - 1993 from the
outputs of 3 water treatment plants in Cairo, including : Mostorod, Tebbin and
Rod El - Farag. Drinking water sample collection, preservation, dechlorination by
sodium thiosulfate and liquid - liquid extraction with n-hexane were carried out
according to standard methods (USEPA 1985). A 20 ml aliquot of sample was
placed in a 40 ml bottle. 4 ml of n-hexane were added. The bottle was shake for 25
minutes and the phases were allowed to separate. The extract Was analyzed by
injecting 2 ml of the organic phase into a gas chromatograph (GC). Analyses were
performed using a Hewlett - Packard GC, Model 5890 A, equipped with Ni 63
electron capture detector, split / splitless injector and HP 763A Autosampler.

A computerized integrator, HP 3396 B Series Il. is used for measuring and
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caculating peak areas. The GC was fitted with ( 25m length and 0.32 mm I.D. )
a fused - dlica capillary column coated with 0.25 mm film of the stationary phase.

The injector and detector temperatures were 180° C and 270° C, respectively, The
column temperature was 40° C for 4 min., then increased to 100° C at 10° C / min.
and held for 2 minuets. The helium was the carrier gas at a flow rate of 2.5
ml/mm. and the nitrogen was the make up gas a a flow rate of 60 ml/min.

Standard reference solutions of chloroform, dichlorobromomethane, chlorodibro-
momethane and bromoform were prepared in organic free distilled water, and
were used for the identification and calculation of their specific concentrations in
water samples. Percentage recoveries of standard agueous solutions of CHCIs3,
CHCI2Br, CHCI2Br and CHBr3z amounted to 93, 90, 92 and 98, resepctively.

RESULTS AND DISCUSSION

The mean values of the chloroform, dichlorobromomethane, chlorodibromome-
thane, bromoform and the total trihadomethanes concentrations in the outputs of 3
water treatment plants in Cairo during 1991 - 1993 are given in Tables (1 - 3).
Chloroform and dichlorobromomethane congtituted the major fraction of the tota
trihalomethanes (TTHMs). Other THMs were found in small amounts.
Bromoform was even not detectable in most of the water samples collected
(Tables 1 - 3 ), the maximum contamination level (MCL) proposed by US.
Environmental Protection Agency (EPA 1985) for TTHMs is 100 pg/l. The World
Health Organization (WHO 1984) recommended a maximum permissible level of
30 pg/l for chloroform in drinking water. The known carcinogenic effects of
THMs other than chloroform are limited (Cantor and Mc Cabe 1978). However,
they are known to be more active than chloroform in the Ames Salmonella test for
mutagenis (WHO 1984). Available results (Tables 1-3) revea that the mean
values of chloroform concentrations amounted to 4-25 ug/l. Meanwhile,
dichlorobromomethane conc. in drinking water was amounted to 4-21 pg/l in
samples collected during 1991-1993. Results of the water samples collected
during 1991-1993 revealed that the concs. of TTHMs and chloroform were within
the permissible levels.

Trussell et a. (1979) reported a mean value of 15.8 pg/l of TTHMs in severa
international drinking waters. In Japan (Kagino and Yagi 1978) TTHMs ranged
between 125 and 37.5 pg/l. In Thailand (Onodera et a. 1984) the mean values
was 44.90 ug/l whereas in sweeden a much lower range between 0.2 and 25 g/l
was recorded for TTHMs (Norin and Lars 1980). Such variations in TTHMs
levels reflects the effects of different factors controlling the formation of THMs on
chlorination of drinking water (Jonson and Jensen 1986). Previous studies have
shown a relative increase in THMs during Summer due to the increase of
temperature (Otson et a 1982) and that THMs formation is temperature dependant
(Allgeier et a. 1980). The elevated temperature may increase the rate of THMs
production, although this may be confounded with the increase in partition of
THMs from water to air (Lahi et a. 1981). In our study, the results (Tables 1-3)
show that no correlation between water temperature (15 - 40° C) and THMs
content of water samples. This behaviour is in agreement with the study done by
(Fayed and Igbal 1985).
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Table 1. Mean values of THMs in water treatment plants outputs in Cairo during
(Sept. 1991 - Dec. 1991).

D Sampline Si THMs Species pug/1
ate  Sampling SHe eI, CHCLBr CHCIBr, CHBr; TTHMs

Sept. 1991 Mostord 16.10  15.60 6.60 ND 38.30
Tebbin 16.70  22.00 8.40 29 49.00

Rod El - Frag 20.40  18.30 7.10 ND 45.80

Oct. 1991 Mostord 15.50  28.80 8.20 ND 52.50
Tebbin 25.50 2440 9.70 1.80 61.41

Rod El - Frag 3520 17.80 8.30 ND 61.30

Nov. 1991 Mostord 14.00 12.70 5.60 ND 32.30
Tebbin 16.01  15.95 7.79 ND 39.75

Rod El - Frag 13.70  10.70 7.30 ND 31.70

Dec. 1991 Mostord 21.10  20.50 7.40 ND 51.00
Tebbin 18.40  14.80 7.15 ND 40.35

Rod El - Frag 16.40  16.90 6.90 ND 40.20

Table 2. Mean values of THMs in water treatment plants outputs in Cairo during
(Jan. 1992 - August. 1992).

D Sampling Si THMs Species pg/l
ate ampling Stie CHC1;3 CHC1;Br CHC1Br; CHBr3; TTHMs

Jan. 1992 Mostord 24.50 5.10 2.80 ND 32.40
Tebbin 16.76 5.12 3.23 ND 25.11

Rod El - Frag 17.00 6.00 2.50 ND 25.50

Feb. 1992 Mostord 21.20 5.00 2.60 ND 28.80
Tebbin 16.70 4.80 2.50 ND 24.00

Rod El - Frag 21.10 4.40 2.40 ND 27.90

March 1992 Mostord 1440  13.60 5.60 ND 33.60
Tebbin 17.44 1120 4.50 ND 33.14

Rod El - Frag 17.00 12.80 5.20 ND 35.00

April 1992  Mostord 1639 11.00 2.70 ND 30.09
Tebbin 16.70 9.70 3.20 ND 29.60

Rod El - Frag 17.30 11.20 3.30 ND 31.80

May 1992 Mostord 31.70 6.70 2.20 ND 40.60
Tebbin 33.30 6.70 2.30 ND 42.30

Rod El - Frag 28.40 7.30 1.50 ND 37.20

August 1992  Mostord 8.55 10.65 1.93 ND 21.13
Tebbin 8.11 11.50 1.75 ND 21.36

Rod El - Frag 8.80 9.25 1.35 ND 19.19
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Table 3. Mean vaues of THMs in water treatment plants outputs in Cairo during
(Sept. 1992 - Feb. 1993).

D Sampline Si THMs Species pg/1
ate  Samping Stie = H 1, CHCIBr CHCIBr, CHBr; TTHMs

Sept. 1992 Mostord 8.80 9.00 244 ND 20.24
Tebbin 13.30 6.30 2.40 ND 23.00

Rod El - Frag 8.30 7.90 2.30 ND 19.05

Oct. 1992 Mostord 9.50 7.16 3.69 ND 20.35
Tebbin 10.12 12.70 6.90 ND 29.72

Rod El - Frag 15.40 7.00 3.90 ND 26.30

Nov. 1992 Mostord 10.80  10.70 2.80 ND 24.30
Tebbin 10.60 9.00 3.30 ND 22.90

Rod El - Frag 10.40 11.30 2.20 ND 23.90

Jan. 1993 Mostord 10.90 12.00 4.80 ND 27.70
Tebbin 13.30 1540 6.00 ND 34.70

Rod El - Frag 14.75 10.80 4.50 ND 30.00

Feb. 1993 Mostord 11.54 7.83 3.88 ND 23.25
Tebbin 12.80 9.10 4.30 3.30 29.50

Rod El - Frag 1220 10.10 3.60 3.20 32.10

ND : not detected.
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