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Abstract

Drinking-water samples were selected country-wide over a period of 2 years and analysed for THM, pH, DOC, bromide and residual
chlorine. The average THM concentration was 45 ug/f. At 75 per cent of the sites chloroform was predominant, THM values were related to
the measured variables. Standardised mortality rates were calculated for two causes of cancer deaths possibly related to water intake, i.e. car-
cinoma of the digestive organs and peritoneum and carcinoma of the genito-urinary organs. No relationship between THM levels and mor-

tality from these 2 cancers was observed.

Introduction

Since the discovery by Rook (1974) and Bellar et al. (1974) that
organohalogenated compounds are formed in drinking water as a
result of its disinfection by chlorination, there has been a prolifera-
tion of publications on this topic, especially on the
trihalomethanes (THMs). One of these compounds, namely
chloroform, usually accounts for -approximately 75 per cent of the
total THMs and has been found to be an animal carcinogen (Na-
tional Cancer Institute, 1976). In general, epidemiological investi-
gations have not revealed any causative relationship between
THMs and cancer. However, some investigators have suggested a
relationship between these products and tumors of the bladder,
large intestine and colon (KIWA, 1986). In spite of this, a lack of
concensus on the associated health aspects still exists (Pieterse,
1988).

Several countries have introduced quality criteria for THMs, e.g.
Canada 350 pglf, USA 100 pug/f, Germany 25 pug/f, The
Netherlands 1 pglf, etc. (Pieterse, 1988; Gehr, 1989). South Africa
has no official guidelines or regulations for THMs. The responsi-
ble authority is, however, contemplating the introduction of
guidelines in this regard. In order to obtain more information in
this connection, this study was undertaken over a period of 2 years
to determine the occurrence and concentration of THMs in South
African drinking waters and to relate the data to variables which
could influence THM formation and to health data bases.

-Methods

Forty sample sites were selected country-wide incorporating as
large a portion of the domestic sector as possible. Tap waters from
drinking-water reticulation systems were sampled twice a month
over a period of 2 years (during 1986 to 1988).

The determinands for regular analysis were those which are di-
rectly related to the production of THMs in water, viz. pH, dissol-
ved organic carbon (DOC), bromide and free residual chlorine (e.g.
Johnson and Jensen, 1986; Fleischacker and Randtke, 1983). The
terminology THMs represents the sum of the components
chloroform, dichlorobromomethane, dibromochloromethane and
bromoform. -
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The determination was done by gas chromatography according
to the method described by Van Rensburg et al. (1978). Dissolved
organic carbon analysis was based on photochemical oxidation
(Van Steenderen and Lin, 1981).

Although all the water purification plants used chlorine disinfec-
tion as a final process, many tap-water samples did not contain free
chlorine which indicated under-chlorination during the treatment
process. For this reason it was decided to chlorinate one of the
samples taken at each site to 1 mg/f free chlorine residual which
was left standing at room temperature for 2 d before THM
analysis.

Results and discussion

The average THM concentrations are shown in Fig. 1. From this
figure it follows that 4 out of 40 samples exceeded 100 ug/¢
THMs. Upon chlorination to 1 mg/f free chlorine residual, 8 of
the 40 samples exceeded 100 ug/f THMs. On average, water
samples contained 45 ug/f THMs. Upon chlorination to 1 mg/¢
residual chlorine, this value rose to 74 pg/{ THMs. At 75 per cent
of the sites chloroform was the predominant compound (> 60 per
cent). At the other 25 per cent of the sites all 4 THM compounds
were evenly distributed.

A varijety of chemicals were used in the treatment of the raw
water sources. However, in all cases chlorine was used in the final
stage. Forty five per cent of the treatment plants used aluminium
sulphate while an equal amount used polyelectrolyte. The other 10
per cent represented ferric chloride, polyaluminium chloride, lime
and combinations of various of the flocculants mentioned. No rela-
tionship between the chemical treatments and the THM concen-
trations could be established.

The highest THM concentrations occurred at sites where the
raw water sources were known to be recipients of treated sewage
effluents. The highest DOC values also occurred at these sites.
Sites 29 and 40 drew from the same source, yet the THM and
DOC values at site 29 were lower than at site 40. The difference in
treatment was the use of powder activated carbon at site 29, The
granular activated carbon used at site 40 was obviously exhausted
in respect of THM removal. It is interesting to note that at the
sites which were recognised recipients of secondary treated
sewage, the 4 THM compounds were more evenly distributed.

The presence of algae in these eutrophied waters also plays an
important role in the formation of THM precursors. Microcystis
aeruginosa is one of the most common bloom formers in South
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Awverage concentrations of THMs at sampling sites

Africa and is known to be a prolific organohalogen precursof (Van"

Steenderen et al., 1988). Upon death and lysis of these algae large
amounts of extracellular products are released into the water
which when chlorinated will produce THM:s.

Simple and multivariate regression analysis was applied to deter-
mine whether any relationship existed between THM and the
other measured determinands. Statistics did not accommodate fac-

~ tors such as seasonal influences, different sources of raw water, dif-

. ferent chemical treatments or the final chlorination dosages. Box-
and-whisker plots indicated a considerable skewness around the

' inter-quartile ranges for all determinands which can directly be at-
tributed to the above-mentioned factors (Van Steenderen et al.,
1989).

Although analysis of variance only indicates a 16,24 per cent
THM dependence on DOC content, the probability level of this
relationship is in the order of 90 per cent. The probability level of
this relationship increases to 99,9 per cent under controlied
chlorination conditions. One should, however, be very cautious in
trying to find surrogate parameters for THM formation, although
total organic carbon (TOC) has shown to be correlated with finish-
ed THM levels in national surveys (Batchelor et al., 1987).

The effect of chlorine on the formation of dibromochlo-

. romethane and bromoform in the presence of bromide was also
demonstrated. Although r-squared only indicated a 5,57 per cent
dependency on the formation of brominated compounds in the
presence of bromide, the probability level of a relationship was 84
per cent and increased to 96 per cent under controlled chlorination
conditions. This is in agreement with results by other researchers;
Aiwaza et al. (1989) even stated that in the course of the THM for-
mation reaction, bromination occurs preferentiaily, when chiorine
and bromide react competitively. The formation of chloroform
and dichlorobromomethane upon chlorination was not influenced
by the presence of bromide. :

Although pH is known to influence the formation of THM in
the presence of dissolved organic material and free chlorine

(Johnson and Jensen, 1986), this study was unable to confirm this
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phenomenon due to the small difference in pH found in the
samples.

Based on data from this survey it appears that in general, South
African drinking waters are within the USA THM criterion of 100

nglt.

Correlation of mortality with THM levels

To link the above data with health data, an abstract of all deaths
registered among the westernised population of South Africa was
obtained on computer tape from the Central Statistical Services for
the period 1978 to 1982. (Although this period does not corres-
pond directly with the period of the THM survey, there is no
reason to believe that dramatic differences in the patterns would
have taken place). The abstract contained details of the age, sex
and cause of death of the deceased, coded to the internatioy.l‘/
classification of diseases (ICD) (WHO, 1977). They were also
coded spatially, according to the 284 magisterial districts into
which the country is divided.

Two groups of carcinoma most possibly related to water were
analysed, viz. cancer of the digestive organs and peritoneum (ICD
codes 150-159) and cancer of the genito-urinary organs (ICD codes
179-189). Standardised mortality ratios (SMRs), an index of mor-
tality which takes into account differences in population structure
between areas, were calculated for each sex, for each- of the
magisterial districts in which THMs were sampled (Bourne,
1987). For those areas where more than one source of water was
sampled, a mean value was used.

All the scattergrams of SMRs as a function of THM levels in-
dicated no significant trend in mortality at the 5% level of
significance using Spearman rank correlation tests (Examples ap-
pear in Figs. 2 and 3).

From this spatial analysis of mortality it follows that in the range
of THM levels measured in South Africa, no relationship with
mortality from these 2 groups of carcinoma was observed.
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