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CE OF ORGANIC CONDENSATE FROM DRINKING-WATER ON MITOTIC ACTIVITY
AND SCE FREQUENCY IN CULTURED HUMAN LYMPHOCYTES

N. DELIGC*, D. ZIMONJIC*, B, SOLDATOVIC*, and V. ADAMOVIC**

Senariment of Biology, Faculty of Veterinary Medicine Bul. JA 18, Belgrade,
sertment of Sanitary Chemistry, Institute of Public Health of Serbia, Belgrade
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The organic condensate prepared from the Belgrade drinking
water supply network was examined for genotoxic activity in cultured,
PHA-activated, human peripheral blood lymphocytes

The whole organic drinking water condensate caused a dose-
dependent increase in SCE frequency. The lowest concentration
(20ul/ml) of the whole condensate did not show cytotoxc and/or
cytostatic effects, whereas, at higher concentrations (50w l/mi and 100
wl/ml) a significant decrease in mitotic activity was observed. Three
fractions of drinking-water organic condensate (neutral, acidic and
basic) had different effects. The neutral fraction increased the SCE
frequency significantly, but did not change the mitotic index in com-
parison to the control level. The acid fraction increased the SCE
frequency and decreased the mitcotic index, whereas the basic
tion suppressed cell proliferation but did not change the SCE freque
cy.

In our opinion, the different chemical composition of the
fractions is responsible for the differences in their genoto
cytotoxic activities.

Key words: drinking water, pollutants, genotoxicity, sister
chromatid exchange (SCE), mitotic index (M).
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INTRODUCTION

= estimated, that the human body consumes about 40000 lters of
water during its 50-year lifetime. Since drinking water can contain more
) different organic chemicals (Bull, 1981). there is serious concern about
=ble effects on human health. The list of organic substances detected
& continuously increasing due to the rapid development of new, sensitive
ate analytical techniques. Most organic pollutants remaian present in
n after boiling and repetitive evaporation (Adamovic, 1984).

we are different sources of contamination in water, but these can be
classified into three groups: contaminants in raw water, chemicals
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introduced into water through treatment (chlorination, fluoration ect.) Ses
cals formed, or unintentionally introduced through water distribution
1988).

infective diseases, improving its taste and removing the natural co

by humic substances. Chrorination is most commonly used to fulfi
ments. However, in spite of these positive effects, it seems that this §
of chlorine is the major factor responsible for the creation of highis
chemicals, and some of these have strong genotoxic potential. Names
water chlorination, trihalomethanes (THM's) are produced in refas
amounts. The most commonly formed THM's are:CHCI3 (chloroform
CHCIBr2 and CHBra. In addition, there is a large number of other hals
hydrocarbons and other chemicals with a more comp
(chlorophenols, haloketones, haloacetonitriles, haloacetic acids

acid, trichloroacetic acid etc., Meier, 1988). The THM's and ot
products are considered to be the most active mutagenic and ¢
chemicals. During chlorination, precursors of these chemicals are
occuring in water (i.e. humic substances ect.) or introduced via
chlorination of humic substances results in the formation of the aci
furanone (3-chloro-4- (dichloromethyl)-5-hydroxy-2- (5H)- fur
refered to as MX). Some experiments have shown that MX repre
mutagen in both chlorinated drinking water and in chiorinated humse
tions (Backlund et al. 1989).

The aim of our experiments was to evaluate the genotoxic ans 8

effects of the water organic condensate by employing the SCE in vitra
water organic condensate was prepared from the Belgrade drinkin
network.

MATERIALS AND METHODS

The samples for evaluation of the genotoxic properties of ds
were prepared in the following way.

Drinking water was preconcentrared by adsorption on the mas
resin XAD-2 (Rohm and Hass, PA, USA), packed in two glass col
one above the other. The height of the column adsorbant was 2 -
diameter 10 mm. The entire quantity of water was 400 liters per probe
flow rate from one to the other column was about 80 mi/min. €
adsorbed organic phase was achieved with purified diethylether (2
concentration was performed by subsequent evaporation at room &=
down to the volume of 25 ml (25 ml of eluate = 400 lit. of water). F=
mi of eluate (2,5 ml = 40 lit. of water) was fully evaporated, anc
dissolved in 300 ml of DMSO (dimethylsulfoxide). This was then uses
organic condensate". The 20 ml of eluate was separated into thees
acidic, neutral and basic. DMSO was added to each fraction to the
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ese, 5 ml were taken (5 ml = 64 lit. of water), fully evaporated and
3001 | of DMSO. In the following way.
Ewere performed invitro, using short-time cultures of lymphocytes from
pheral blood. Human lymphocytes were set up using hepann
from healthy female donors, in Parker 199 medium containing 30%
calf serum,) 0,04 mg/ml of PHA (Difco laboratories) pE
streptomycin and 25 ¢ M 5-bromo-2'-deoxyuridine
Deginning of incubation, water organic condensate
s at concentrations of 20, 50 and 100 ul/ml. Ano pup of vic
by the different fractions (acidic, neutral and basec) of previously
mater condensate, at concontrations of 100 u I/ml
s were kept in the dark at 37 9C, for a further 7
ung, colcemide (Ciba) was added at the firml Ct
:eﬂ!r;fugdnon (1750 rpmfor 8 msn) cells weretreated w :
solution of KCI, and then fixed in 3:1 methanol-acetic acid for thre
pecies of centrifugation and resuspension. Finally, the cell suspension
on to microscopic slides, air dried and aged for a further 96 hours

8

ial staining for the inspection of SCE rate was performed according
grocedure, described by Perry and Wolff (1974)
h experimental concentration, as well as for controls
et al., 1984) were inspected for SCE sporm g, W
alysed according to the standard procedure. Stat
ental values (Student's t-test), as well as the
Wwses were performed on a computer,

RESULTS AND DISCUSSION

wity of the three fractions (acidic, neutral and basic
pes of 100 «l/ml on the SCE frequency and mitotic :'.:
acidic and neutral fraction increased the SCE/ce

"'re basic fraction caused a slight, insignificant increass
# conclude that the acidic and neutral fraction influe

whereas the basic one does not have such an e.‘fe::
e previously reported experimental data (Zimonijic et. al 3
ptic index (MI) decreased when basic fraction was used (p<0,001)
) the acidic one showed the same effect the level of statistical
was [ower (p<0,01). The neutral fraction did not change MI sig-
Bre 1). Obviously, the basic and acidic fractions had cytotoxic and/or

BCIS In our experiments.

per part of our experiments was designed to evaluate the effects of
Br organic condensate (WOC) on the SCE and MI values using
= -'anons of WOC (20, 50 and 100 ul/ml). Figure 2 shows the
OC on the SCE frequency. All three experimental concentrations
eased the SCE (p<0,001). This increase was concentration-de-
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Figure 1. The changes of mitotic activity (Ml) and SCE frequency in cultures of ks
caused by three different fractions of water organic condensate.
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Figure 2. The influence of DMSO and whole drinking water organic condensate on S8
in cultures of human lymphocytes.

pendent. The fitted curve equation for WOC is y=8,159 + 0,486x - |
0,000064x° and the correlation coefficient r=0,99. DMSO (negative cons
same concentration was also used, but it did not change the SCE s
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s, r = 0,99).

e change of Ml after the application of WOC at concentrations of 20, 50
2 l/ml are shownin Figure 3. The concentrations of 50 ml/ml and 100 s«l/ml
ong enough to decrease the Ml (p<0,001). On the other hand the
ation of 20« I/ml caused only a small insignificant suppression of MI. The
ve equation forWOC is:y = 10,349 - 0,1728x + 0,0009x" (r =0,99), and
B0y = 10,104 -0,1108x +0,00056x" (r=0,99). It is interesting to note that

suppressed the M| at concentrations of 50«l/ml (p<0,01) and 100ul
1)..
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The mitotic index values in cultures of human lymmphocytes treated with DMSO and whole
@nnking water organic condensate.

B increase in the SCE frequency is a sensitive method in the detection of
mage caused by various chemical mutagens and/or carcinogens (Popes-
1982). On the basis of our experimental results, we assume that different
{acidic. neutral and basic) probably have different chemical composition
Moxins, i. e. the acidic and neutral fractions contain the majority of
and/or carcinogenic substances. The whole WOC increased the SCE
with all three concentrations applied. Therefore, it is logical to assume
mixture of genotoxins in WOC is strong enough to cause such an effect,
he possible synergistic effects might be of importance in the area of low
ation (20 ul/mi),

pesponding fifited curve equation is: y = 8,159 - 0,0406x + 0,0013x° -
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The changes in M! imply that the substances responsible i
and/or cytostatic effect are present mainly in the basic fraction of WO
The whole WOC suppresses the M| at concentrations of 50 ang
whereas the concentration of 20 #l/ml does not have such an
(negative control) decreased the Ml in concentrations of 50 and 1008
the WOC and DMSO have cytotoxic and/or cytostatic effects. bus #
former are more pronounced.

Although there is a wide variety of organic and inorganc o
drinking water, their concentration is very low, That is the r
very potent mutagens do not exhibit genotoxicity in different assays &
1990). In addition, some authors entertain the opinion that in most ar
waters the concentrations of carcinogenic substances are very low
norealistic evidence that they have caused harm to humans and a
1993). The problem of mutagenicity testing of drinking waters am
partially, be solved by preconcentration before testing. The ms
employed method of sample preconcentration involves adsorption
molecules from water on Amberlite XAD resins (Onodera et al_ »
adsorption, organic solvents are used for elution. It is a convenient ang
inexpensive technique, useful for processing large volumes of waser
period of time,

It is interesting to note, that there is experimental evidence
drinking water organic concentrates can induce carcinoma in muoe
(Truhaut et al., 1979). In addition, epidemiological studies of the fus
tions exposed to relatively high amounts of genotoxins in ws
demonstrated that some types of cancer (bladder, colon, rectum
more frequently (Williamson, 1981).

Having in mind that the genotoxins occur in drinking water mg
consequence of chlorination, different approaches to their elimination
considered (Meier, 1988). There is certain evidence that mutageniciy
water can be decreased by granular activated carbon (GAC) treatmens
al., 1982). Other approaches include the use of alternative methods of
tion, ozonation being the most commonly employed alternative O
tivates microorganisms more efficiently than chlorine and many waters
Plants use ozone instead of chlorine. Ozone improves smell and tasse 3
some indications that ozone produces less toxic and mutagenic comes
chlorine (Van Hoof, 1982). However, its disadvantages are a higher cos
absence of residual activity.

Finaly, there is still a quite different approach to the e&
genotoxins. The direct-acting mutagens produced after water chiorrs
be inactivated by neucleophilic reagents (Cheh et al., 1980, Watarss
1994). Sulfur dioxide (SO3) is one of such substances. Anyway, the
water pollution is very complex and requires deeper investigation 1o
fully.

In addition to drinking, humans and animals are exposed to gena
water through swimming in polluted waters and through consuming
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#ish. shells and other molluscs, seaweed ect.). The p':»sence of
pollutants in source waters has been determined directly by
analysis of aquatic species (Perin et al., 1978, Alink et al., 1
awsms (Ma et al.,, 1985). It is important to note that genotoxins from
accumulated through food chains. Consequently, the amounts of
& aquatic food sources, especially those of animal origin, are relatively
problemn has to be viewed in the context of its global e“g on water
= Chlorination disturbs the normal communications bet
= (malfunctions in the system of ecomones, sexomol
<) In addition, chemical changes in water ecosystems inferfere with
e -motaxis in microbial communities and, consequently, affect the
& of biodegradation, i. e. regenertion of unpolluted ecosystems (Alink

<

1 aquatic
aquatic

;g water from various sources has different chemi P
g mainly on the pollutants present in certain areas. The genotoxicologi-
n of drinking water should, therefore, be carried out continuously

Y
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ksiéno Cerstee
$a podru¢ja Beograda na limfocite Soumtig

uTicay KONDENZOVANE ORGANSKE FAZE VODE zA piéE NA MiTO
FREKVENCU scE U KULTURAMA LIMFocCITA COVEka

N. BELIC, D. ZIMONJIG, B, SOLDATOVIG i v ADAMOWC

podruéja grad aktiviranih hmioces
periferne kryi,

Nefrakcionisani ("ukupni*) kondenzat
rokovao je doza-zavisn ;
koncemracija ukupno

» dok je bazna frakcija ispoljila Citotoksiéne et
znacajno promenila nivo SCE po celiji,

Prema nagem mislienju, razligit hemijski sastay po
odgovoran je za razlike u njihovim genotoksiénim j CitotoksiGnim efess




