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Volatile halocarbons in drinking water have attracted
increasing attention during recent years (Rook 1974;
Symons et al. 1975; US EPA 1975; Eklund et al. 1978;
Kroneld et al. 1978; Johnson et al. 1982; Skvortsov
et al. 1983).

These substances are also found in body fluids (Dowty
et al. 1975; Kroneld and Reunanen 1980; Pfaffenberger
and Peoples 1982; Kroneld and Reunanen 1983).

All disinfectant chemicals used in water treatment
seem to produce by-products. Of particular concern are
the following substances from the use of various dis-
infectants according to US EPA (1975).

From chlorine: volatile halocarbons such as trihalo-
methanes, trichloroacetone and other largely un-
characterized chlorinated and oxidized intermediates
formed from the complex set of precursors in natural
water; chloramines; chlorophenols; and the largely un-
known products of dechlorination.

From bromine and iodine: volatile halocarbons such as
trihalomethanes, other bromine and iodine analogues of
chlorinated species, bromophenols, bromoindoles and
bromoanisoles are formed and the halogens themselves,
which may remain in drinking water.

From chlorine dioxide: chlorinated aromatic compounds;
chlorate and chlorite, which are often present as by-
products of unreacted starting material from the

production of chlorine dioxide; and chlorine dioxide
itself.

The aim of the present study was to follow the forma-
tion and occurrence of volatile halocarbons in
different types of water.
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Figure 1. Chromatogram of calibration solution (I),
and extract of chlorinated drinking water (II), and
well-water (III). 1 = CHCl3, 2 = CHCCl3, 3 = CCluy,
4 = CcnCl = CClp, 5 = CHBrClp, 6 = CBrClz, 7 =
CHBro>Cl, 8 = BrCHpCHpBr, 9 = ClpC = CClp, 10 =
CHBr3, IS = international standard, U = unidenti-
fied. Column: SE-52, 20-m x 0.3-mm i.d.; tempera-
ture: 40 ©C; carrier gas: 1.7 ml hydrogen/min.

MATERTALS AND METHODS

The volatile halocarbons were analyzed through elution
with n-pentane (Kroneld and Reunanen 1983). The actual
determinations were carried out by extracting 100 ml
(220C) of water or of laboratory or hospital solutions
or dialysis fluid made with water, with 5 ml of n-
pentane containing an internal standard (400 ng/ml) for
5 min, and then injectinga 2 ul aliquot of the pentane
phase into the gas chromatograph (GC) equipped with a
split injector and an 63Ni electron capture detector
(ECD). A Schimadzu C-R1B calculating integrator cal-
culated the concentrations of identified compounds
according to the sorted calibrationdata (figures 1-2).

Samples of raw water, disinfected water and water from
the distribution net of Turku were taken monthly
during 1981-84. The effect of different chlorine doses
on the formation of volatile halocarbons or especially
total trihalomethane concentration (TTHM) at pH 7.5
and 25 O0C was studied as well as the effect of ammo-
nium with a chlorine dose of 1.0 g/1l. The results of
active charcoal filtering, of distillation and of
serial resin ion-changing were also compared with the
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concentrations of trihalomethanes in the drinking
water. Volatile halocarbons in hospital and labora-
tory solutions from the medical industry in Turku
that had been bottled at two different seasons of the
year, were also analyzed. Analyses were also made in
1981-84 of the tap water of the Turku University
Central Hospital, at different stages of its purifi-
cation and of dialysis fluid. Nonchlorinated well-
water was used as a control. The Student's t-test
was used to analyze significance differences.

RESULTS AND DISCUSSION

The concentrations of the volatile halocarbons found
in the raw and purified water samples are shown in
table 1.

In the Aura river, i.e. raw water, only small con-
centrations of volatile halocarbons were found. The
TTHM concentrations determined from the beginning of
July to the end of November were significantly higher
(n = 12) compared with the minimum value found during
March. A maximum concentration for TTHM was found in
August each year.

The total concentrations of trihalomethanes increased
markedly and in a highly significant way after dis-
infection (n = 12) of the raw water. The maximum con-
centration for TTHM appeared in October and all the
monthly values were significantly higher (p < 0.001)
compared to the minimum value analyzed for January.

The total trihalomethane concentrations continued to
increase in the distribution net (n=12), with higher
mean values compared to the mean values after dis-
infection. This increase was, however, not statisti-
cally significant.

Seasonal changes of volatile halocarbons in the differ-
ent categories of water were registered with maximum
concentrations of approximately 100-130 ug/l during
autumn. Bromoform was found in the raw water and
traces found in the samples from the distribution net.
Tetrachloroethene, tetrachloromethane and bromotri-
chloromethane appeared in small concentrations or as
traces in the different water categories analyzed.

The nonchlorinated well water was never found to contain
volatile halocarbons (n=12) during the study period.

The TTHM concentration increased with the dosage of

chlorine (table 2), a phenomenon that also could be
shown in studies at the water works of Turku by
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Figure 2. Gas chromatograms registered with electron-
capture detection from a sodium citrate rinse
solution (I), a sodium chloride infusion solution
(II) and in a sample of a sodium chloride infusion
solution passed through an infusion tube to a
patient (III).

1 = CHCl3, 2 = CCly, 3 = CHC1 = CClp, 4 = ClpC =
CClp, 5 = CHBr3, 6 = CHC1 = CHCl, 7 = CHBrClp,
8 = CHBrpCl, IS = internal standard. Chromato-
graphic conditions the same as in Fig. 1.

Table 2. TTHM formation at different chlorine con-
centrations

Cl2 g/l 0.5 1.0 2.0 3.0 4.0 Q.O
n = 15

TTHM pg/l  5.320.5 30.6%1.1 71.551.0 87.9%0.8 98.8%0.7 99.611.1
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

p < 0.001 by comparing with the initial values

following TTHM, chlorine and ammonium concentrations.
The increase in the TTHM concentration was statisti-
cally highly significant.

Ammonium, on the other hand, which appears in the
water in large quantities during seasonal run-off
periods, binds chlorine (table 3).
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Table 3. TTHM formation at different ammonium con-
centrations

NH, " mg/l 0.1 0.2 0.4 0.6 0.8 1.0

n =18

TTHM pg/l  17.720.7 10.2%0.6 7.9%0.5 5.5%0.5 2.9%1.0 1.4%0.9
p<0.007 p<0.001 p<0.001 p<0.001 p<0.001

p < 0.001 by comparing with the initial value

As a result, both the possibility of chlorine reacting
with organic material to produce trihalomethanes and
the trihalomethane concentration then decrease. The
decrease in TTHM concentration was statistically
significant as ammonium ion content of the water in-
creased.

Filtering with active charcoal or distillation seem to
have no effect on the TTHM concentration (table 4).
The small molecular size and the evaporation of the
compounds may explain the results. The increase
registered after distillation was significant (n=18).

The difficulty of eliminating volatile halocarbons may
also explain why small amounts of these substances
were found in the investigated hospital and laboratory
solutions (table 5).

Table 4. Effects of distillation and active charcoal
filtering on TTHM concentration

distribution after after charcoal
n=18 net distillation filtering
TTHM
pg/l 43.5%0.1 46.9%0.9 45.9%0.7
p<0.01 N.S.

p values given by comparing with the initial value.
N.S. = not significant

Hospital and laboratory solutions bottled during the
autumn contained significantly higher concentrations of
chloroform (p < 0.001), compared to solutions bottled
during the spring (n=23). Statistical significance could
not be found in this respect for other volatile halo-
carbons analyzed. Small amounts or traces of these com-
pounds appeared, however, inall the solutions. Bromoform,
which may be found in river water and the environment
and in ozonated tap water, was found in two solutions.
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Table 5. Volatile halocarbons in hospital and labora-
tory solutions made with water from the
distribution net in Turku during autumn and

spring.
Substence Sodium chlor, Sodium bicarh. Sodium citr. Sodium chlor. Aqua
isot. sinse 7.5 X solution tinse solu- physiol.inl. steri-

n = 23 solution tion solution lisata
months IX-Xt 1 1X-X} 1-1) 1X-X1 - 1X-X1 -n 1X-XI i-t
ng/t
CHCl 4.420.3  2.220.1  2.410.2 0.320.01 2.110.1 0.610.03 1.7¢0.08 0.410.06 5.313.7 0.220.%

3 <0.001 p<0.001 p<0.001 p<0.001 <0.001
CHI)ICI2 0.0710.02 0.0230.0! 0.0420.01 + 0.0520.01 0.0210.01 0.0410.02 - 0.0310.01 -

N.S.

CHB!Z(II + - + - + - - - - -
CHIlr3 - - 0.1310.08 - 0.0520.4 - - -~ - -
CCV‘, 0.0210.01 - 0.0210.01 - 0.0320.01 - - 0.02£0.0¢ 0.0120.01 +
clye-cal, 0.0210.01 - . - - + + 0.03+0.01 0.0610.02 -
CHCI=CHC! - - 0.0210.01 ~ - - - + 0.0210.01 -

+ = traces, - = not detecred

p<0.001, N.S. « not significant by
comparing with the initial values

Table 6. Concentraticns of volatile halocarbons in tap
water and after each stage of water treatment.

Substance

tap water alter after alter after used
n =20 water active charcoal reverse paper dialysis
wg/l softening  filtering 0smosis filtering fluid
610.4
Ci 67.910.6 43.930.5 44,910.6 37.941.7 37.610.5  33.
el p<0.001 p<0.001 p<0.001  p<0.001  p<0.001
10.910.5 9.510.5 9.710.5 7.710.4~ 7.910.4 6.410.3
CHECl ’ N.S. N.S. p<0.001  p<0.001  p<0.001
CHBr,Cl 2.410.3 1.540.3 1.620.2 1.210.2 1.210.1 1.120.1
2 p<0.05 p<0.05 p<0.001  p<0.001  p<0.001

P values given by comparing with the
initial values. N.S. = not significant

Table 6 shows the most prominent volatile halocarbons
in tap water and after different treatment.

There was a highly significant decrease in the chloro-
form concentration and an almost significant decrease
in dibromochloromethane after water softening and a
highly significant decrease for all compounds analyzed
after reverse osmosis. The substances were all reduced
during the treatment, but not eliminated.

During autumn, when the volatile halocarbons were
highest, approximately 100 to 130 ug/l, the use of
chlorine is at its maximum. To reduce the concentra-
tions of volatile halocarbons, primarily the TTHM con-
centration, it is suggested that the amount of pre-
cursors in the raw water should be lowered by more
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active prehandling and that chlorination should be
optimized. The occurrence of volatile halocarbons
could also indicate the occurrence of other, possibly
even more hazardous, compounds produced through chlo-
rination. Because analytical investigations have
limitations in determining compounds with possible
health risks in tap water, bioclogical tests should be
used to guarantee the highest quality of tap water in
view of its importance for public health.

The difference in the concentrations of volatile halo-
carbons in the analyzed hospital and laboratory solu-
tions was significant for chloroform according to
seasonal changes in concentrations in tap water. The
concentrations of volatile halocarbons generally might
be explained by the fact that the medical industry
uses water of different quality in their solutions.
There was also a significant correlation between the
concentrations in tap water and dialysis fluid
according to seasonal changes.
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