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Chlorination by-products o f  d r i n k i n g  waters are 
capable to induce sister chromatid exchanges (SCE) 
a n d  c h r o m o s o m e  a b e r r a t i o n s  (CA)  i l l  v i t r o ,  i n  a d d i t i o n  
t o  t h e i r  m u t a g e n i c  a c t i v i t y  i n  t h e  A m e s '  t e s t  
( A t h a n a s i o u  a n d  K y r t o p o u l o s  1 9 8 3 ;  v a n  K r e i j l  e t  a l .  
1 9 8 3 ;  M e i e r  a n d  B u l l  1 9 8 4 ;  A l - S a b t i  a n d  K u r e l e c  1 9 8 5 ;  
W i I c o x  a n d  W i l l i a m s o n  1 9 8 6 ) ,  

F i n n i s h  d r i n k i n g  w a t e r s ,  p r o c e s s e d  f r o m  h u m u s - r i c h  
s u r f a c e  w a t e r  u s i n g  c h l o r i n e  d i s i n f e c t i o n ,  h a v e  b e e n  
found to be hi gh I y mutagen [ c i n the Ames ' test 
(Vartiainen and Li imatainen 1986; Vartiainen et al. 
1987; Vartiainen et al. 1988). The highest activities 
have been found in the acidic, non-volatiIe fraction 
of the water concentrates using tester strain TA100 

w i t h o u t  m e t a b o l i c  a c t i v a t i o n  b y  S 9 m i x .  "File 
mutagenici ties have varied between 500 and 14000 
induced revertants per liter. These figures are one 
to two magnitudes higher than those reported 

e l  s e w h e r e .  

We studied f i v e  Finnish drinking water samples for 
their potency to exert genotoxic effects, SCEs and 
C A s ,  i n  mammal  J a n  e e l  I s  i n  v i t r o  ( h u m a n  p e r i p h e r a l  
l y m p h o c y t e s  and C h i n e s e  h a m s t e r  l u n g  fibroblasts). 

MATERIALS AND METHODS 

D r i n k i n g  w a t e r  c o n c e n t r a t e s  w e r e  p r e p a r e d  a s  d e s c r i b e d  
i n  d e t a i l  b y  V a r t i a i n e n  e t  a l .  ( 1 9 8 8 ) .  F i v e  d r i n k i n g  
water samples of 192 l were collected from tile same 
source (a tap at tile University of Kuopio, Finland) 

during spring and summer ill 1986. The samples were 
allowed to stand until they were free of residual 
chlorine. The samples were then acidified to pIl 2 
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( c o n e .  I I C 1 )  a n d  a d s o r b e d  o n  XAD 8 r e s i n  ( 5 0  m l ,  ZO 
5 0  m e s h ,  0 6 4 4 6 ,  F l u k a  A G ) ,  u s i n g  2 4  1 p o r t i o n s  

o f  w a t e r  ( f l o w  r a t e  0 . 6 7  b e d  v o l u m e s  p e r  m i n u t e ) .  
A f t e r  e a c h  p o r t i o n  t i l e  c o l u m n  w a s  e l u t e d  w i t h  e t h y l  
a c e t a t e .  ] ' l i e  c o m b i n e d  eluates w e r e  e v a p o r a t e d  i n  
a R o t a v a p o r ,  a n d  t i l e  v o l u m e  w a s  a d j u s t e d  t o  4 m l  
w i t h  e t h y l  a c e t a t e .  S m a l l  a l i q u o t s  o f  t h e  c o n c e n t r a t e s  
( c o r r e s p o n d i n g  t o  1 0  - 1 2  1 o f  w a t e r )  w e r e  u s e d  i n  
t h e  g e n o t o x i c i t y  a s s a y s  a f t e r  e x c h a n g i n g  t h e  s o l v e n t  
t o  d i m e t h y l  s u l f o x i d e  ( D M S O ) .  

Nutagenici ties o f  the samples were tested by tlre 
method of Ames et al. (1975) and Naron and Ames (1983) 
u s i n g  t e s t e r  s t r a i n s  T A 9 7 ,  T A 9 8  a n d  T A I O 0  w i t h o u t  
m e t a b o l i c  a c t i v a t i o n .  M e t a b o l i c  a c t i v a t i o n  w a s  n o t  
used, because it was shown earlier that it reduces 
the activity (Vartiainen and Lilmatainen 1986). Methyl 
methane sul fonate (MMS) for TAI00 and A- 
Ir i t r o p h e n y  1 e n e - o -  d i  a m i n e  (A-NPD) f o r  T A 9 7  a n d  T A 9 8  
w e r e  u s e d  a s  p o s i t i v e  c o n t r o l  m u t a g e n s .  T h e  s o l v e n t  
( D M S O )  s e r v e d  a s  n e g a t i v e  c o n t r o l  f o r  a l l  s t r a i n s .  
F o r  e a c h  s a m p l e  5 d o s e s  ( l Z .  5 t o  2 0 0  m l  O f  w a t e r  
equivalents per plate) were tested using two plates 
per dose. The mutagenicities are presented as induced 
revertants per liter, calculated from the slope of 
the linear part of the dose-response curve. 

Tile cytogenetic assays were performed as described 
by Galloway et al. (1985). Metabolic activation was 
not used. 

C h i n e s e  h a m s t e r  l u n g  f i b r o b l a s t s  ( F A r  c e l  1 1 i n e )  
were cultivated in darkness for two cell cycles at 
3 7 ~  in  E a g l e ' s  minimal e s s e n t i a l  medium ( E a g l e - M E N ,  
1 0  m l  ) c o n t a i n i n g  1 5 ~  c a l f  s e r u m  a n d  a n t i b i o t i c s  
( p e n i c i l l i n  1 0 0  U / m l  a n d  s t r e p t o m y c i n  1 0 0  ~ g / m l ) .  

D r i n k i n g  w a t e r  c o n c e n t r a t e s  ( 1 0  I l l  ) ,  c o r r e s p o n d i n g  
t o  d o s e s  o f  1 0 0  a n d  9 ,00  till o f  w a k e r ,  a n d  
b r o m o d e o x y u r i d i n e  ( B r d U )  ( f i n a l  c o n c e n t r a t i o n  1 0  
~ N )  w e r e  a d d e d  2 4  h o u r s  a f t e r  c u l t u r e  i n i t i a t i o n .  
I n c u b a t i o n  w a s  c o n t i n u e d  f o r  a d d i t i o n a l  2 4  h o u r s .  
C o l c e m i d e  ( f i n a l  c o n c e n t r a t i o n  O. 1 ~ g / m l )  w a s  a d d e d  
3 h o u r s  p r i o r  t o  t h e  e n d  o f  t h e  t e s t .  M i t o t i c  c e i l s  
w e r e  h a r v e s t e d  w i t h  t r y p s i n  a n d  s u b s e q u e n t l y  t r e a t e d  
w i t h  h y p o t o n i c  s o l u t i o n  o f  KCI  ( 7 5  raN) a n d  f i x e d  
w i t h  m e t h a n o l / a c e t i c  a c i d  ( 3 :  1 ) .  A i r  d r i e d ,  c o d e d  
s l i d e s  w e r e  s t a i n e d  a c c o r d i n g  t o  t i l e  m e t h o d  o f  P e r r y  
a n d  W o l f f  ( 1 9 7 4 ) .  F o r  tire d e t e r m i n a t i o n  o f  f r e q u e n c i e s  
of sister chr'omatid exchanges and chromosome 
a b e r r a t i o n s ,  5 0  N 2  c e l  I s  a n d  1 0 0  N1 c e l  I s ,  
r e s p e c t i v e l y ,  p e r  d o s e  l e v e l  w e r e  s c o r e d .  G a p s  a n d  
endoredupl i c a t i o n s  were recorded but not included 
in  t o t a l s  (breaks,  te rminal  d e l e t i o n s ,  exchanges, 
rearrangements ,  p u l v e r i s e d  c e l ! s ,  unco i led ,  d i c e n t r i c  
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and r i n g  chromosomes, and h e a v i l y  damaged c e l l s  
c o n t a i n i n g  t en  or more a b e r r a t i o n s ) .  DMSO was used 
as  n e g a t i v e  c o n t r o l  (10 HI). T r i e t h y l e n e m e l a m i n e  
(TEM) as  p o s i t i v e  c o n t r o l  was used a t  0.25 Hg/ml 
fo r  a b e r r a t i o n s  and 15 ng/ml fo r  s i s t e r  chromat id  
exchanges.  

For lymphocyte assay, a venipuncture blood sample 

was donored by a healthy, non-smoking female person. 
Plasma (i ml) of a heparinized blood sample was added 
to i0 ml of Eagle-MEM containing 15 % calf serum, 

antibiotics, and phytohaemagglutinin (2 %, Fluka). 

The samples (I0 HI) were added. Cultures with BFdU 
in a final concentration of i0 Hg/ml were incubated 
for 72 - 75 hours, and cultures without BFdU for 

45 - 50 hours, at 37 ~ Colcemide (0.2 Hg/ml) was 

added 3 hours prior to harvesting of the cells. 

Preparation and staining, as well as scoring o f  
metaphases fOF SCEs and CAs, were carried out as 
described above for hamster cell assay. 

RESULTS AND DISCUSSION 

Mutagenicities of the d r i n k i n g  water samples are 
shown in Table i. TAIO0 was the most sensitive strain. 

The activities a r e  high, but not exceptional in 

Finland (Vartiainen et al. 1988>. None of the samples 

showed any toxicity at the dose levels tested. 

Table i. Mutagenic activities (-$9) of the drinking 

water samples. The values are expressed as induced 
revertants per liter. 

Sample Sampling Mutagenicity 

number date TA97 TA98 TAIO0 

1 20.03.1986 1600 310 4300 

2 09.04.1986 1550 240 4990 
3 07.05.1986 1140 160 2000 

4 01.07.1986 1630 360 5970 

5 21.07.1986 1810 510 7360 

DMSO 1 138 22 123 
1 2 MMS 0.125 H /plate_ - - 348 

4-NPD 2 ~g/plate z 273 305 - 

2means of  4 p l a t e s ;  
means of  2 p l a t e s ,  spontaneous  m u t a t i o n s  have not  

been s u b t r a c t e d  

The samples  induced both s i s t e r  chromat id  e x c h a n g e s  
and chromosome aberrations in hamster cell assay 

(Table  2) .  The commonest chromosome damages were 
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i n t e r c h a n g e s .  I n  h u m a n  l y m p h o c y t e  a s s a y  ( T a b l e  3 ) ,  
s i s t e r  c h r o m a t i d  e x c h a n g e s  w e r e  i n d u c e d ,  b u t  n o  
c h r o m o s o m e  a b e r r a t i o n s  w e r e  f o u n d .  T h e  i n d u c t i o n  
o f  S C E s ,  h o w e v e r ,  c o n f i r m s  t h e  r e s u l t s  i n  h a m s t e r  
c e l l  a s s a y .  

T a b l e  2 .  I n d u c t i o n  o f  s i s t e r  c h r o m a t i d  e x c h a n g e s  
( S C E s )  a n d  c h r o m o s o m e  a b e r r a t i o n s  ( C A s )  b y  t h e  w a t e r  
c o n c e n t r a t e s  i n  C h i n e s e  h a m s t e r  l u n g  t ' i b r o b l a s t s .  

S a m p l e  D o s e  N u m b e r  o f  

n u m b e r  ( m l )  S C E s / c e l l  

c e l l s  with CAs 

e x c l u d i n g  i n c l u d i n g  
g a p s  g a p s  

1 I00 14.00 7 9 

200 27.32 I0 12 

2 100 13.04 8 ii 

200 25.72 Ii 14 

3 100 

2 0 0  c y t o t o x i c 

4 I00 12.21 4 6 

200 23.04 6 8 

5 i00 13.21 7 8 

200 27.05 I0 14 

DMSO i0 UI 7.02 

TEN O. 15 ~tg 32.00 

2. 5 pg 

2 4 

1 7 . 2  1 9 . 6  

D o s e s  h i g h e r  t h a n  2 0 0  ml e q u i v a l e n t s  o f  w a t e r  c o u l d  
n o t  b e  t e s t e d  d u e  t o  c y t o t o x i c i t y ,  o b s e r v e d  a s  l o s s  
o f  c l o n e  f o r m i n g  a b i l i t y  o f  t h e  c e l l s .  L o s s  o f  c e i l -  
t o - e e l  1 c o n t a c t ,  a p p e a r a n c e  o f  " g a p s "  b e t w e e n  t h e  
c e l l s  a n d  c h a n g e s  i n  c e l l  m o r p h o l o g y  w e r e  o b s e r v e d .  
A t  2 0 0  ml d o s e  l e v e l  ( c o r r e s p o n d i n g  t o  0 . 0 2  1 w a t e r  
p e r  ml t e s t  m e d i u m )  i t  w a s  d i f f i c u l t  t o  f i n d  g o o d  
m e t a p h a s e s  f o r  s c o r i n g ,  t t i g h  d o s e s  i n f l u e n c e d  o n  
c h r o m o s o m e  c o n d e n s a t i o n ,  c a u s i n g  s h o r t  c h r o m o s o m e s  
a n d  s e p a r a t e d  c h r o m a t i d s .  T h e  s a m e  e f f e c t  w a s  r e p o r t e d  
a l s o  b y  W i l c o x  a n d  W i l l i a m s o n  ( 1 9 8 6 ) .  

Sample number 3 was the most cytotoxic one. No results 

were obtained even at the lowest dose (i00 ml) in 
hamster cell assay. 

F i n n i s l l  d r i n k i n g  w a t e r  s a m p l e s ,  w h i c h  w e r e  m u t a g e n i c  
i n  t h e  A m e s '  t e s t _ ,  w e r e  s h o w n  t o  i n d u c e  a l s o  s i s t e r  
c h r o m a  t i d e x c h a n g e s  a n d  c h r o m o s o m e  a b e r r a  t i o n s  i n 
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T a b l e  3 .  I n d u c t i o n  o f  s i s t e r  c h r o m a t i d  e x c h a n g e s  
( S C E s )  a n d  chromosome a b e r r a t i o n s  ( C A s )  by the water 

concentrates in human peripheral lymphocytes. 

Sample Dose Number of 

number (ml) SCEs/cell 

% cells with CAs 

e x c l u d i n g  i n c l u d i n g  
g a p s  g a p s  

1 100  1 0 . 7 2  0 I 
2 0 0  2 0 . 0 3  0 1 

2 100  1 1 . 0 3  1 3 
2 0 0  1 8 . 2 1  0 2 

3 100  1 0 . 3 2  0 2 
200 19.44 0 3 

4 1 0 0  10.16 0 4 

2 0 0  2 1 . 0 0  0 1 

5 100  1 4 . 8 4  0 2 
2 0 0  1 9 . 9 2  0 3 

DHSO 1 0  ~tl 6.04 0 2 

TKH 0 . 1 5  pg 31.21 

2.5 ~g 15.8 20.4 

v i t r o  a t  c o n s i d e r a b l y  l o w e r  d o s e  l e v e l s  t h a n  i n  t h e  
s t u d i e s  c a r r i e d  o u t  i n  G r e e c e  ( A t h a n a s i o u  a n d  
K y r t o p o u l o s  1 9 8 3 ) ,  USA ( M e i e r  a n d  B u l l  1 9 8 4 ) ,  t i l e  
N e t h e r l a n d s  ( v a n  K r e i j I  e t  a l .  1983) a n d  E n g l a n d  
( W i l c o x  a n d  W i l l i a m s o n  1 9 8 6 ) .  

T h e  r e s u l t s  a r e  n o t ,  h o w e v e r ,  d i r e c t l y  c o m p a r a b l e ,  
s i n c e  t h e  c o n c e n t r a t i o n  p r o c e d u r e s  a r e  d i f f e r e n t .  
I n  t i l e  s t u d i e s  o f  A t h a n a s i o u  a n d  K y r t o p o u l o s  ( 1 9 8 3 )  
a n d  W i l c o x  a n d  W i i I i a m s o n  ( 1 9 8 6 )  t i l e  s a m p l e s  w e r e  
c o n c e n t r a t e d  u s i n g  XAD r e s i n s  w i t h o u t  a c i d i f i c a t i o n  
o f  t h e  w a t e r  p r i o r  t o  a d s o r p t i o n .  We h a v e  u s e d  
a c i d i f i c a t i o n  r o u t i n e l y  s i n c e  m a i n  p a r t  o f  t i l e  
m u t a g e n i c  a c t i v i t y  w a s  f o u n d  i n  a c i d i c  r a t h e r  t h a n  
n e u t r a l  f r a c t i o n  ( V a r t i a i n e n  a n d  L i i m a t a i n e n  1 9 8 6 ,  
V a r t i a i n e n  e t  a l .  1 9 8 7 ,  V a r t i a i n e n  e t  a l .  1 9 8 8 ) .  
A l s o ,  c o n t r a r y  t o  o u r  r e s u l t s ,  d r i n k i n g  w a t e r  s a m p l e s  
s t u d i e d  b y  W i l c o x  a n d  W i l l i a m s o n  c a u s e d  c h r o m o s o m e  
a b e r r a t i o n s  i n  h u m a n  i y m p h o c y t e s .  I n  t h e  s t u d y  o f  
v a n  K r e i j l  e t  a l .  ( 1 9 8 3 )  c o m p o u n d s  r e s p o n s i b l e  t o  
t h e  g e n o t o x i c  a c t i v i t y  d i f f e r  f r o m  t h o s e  i n  o u r  
s a m p l e s ,  b e c a u s e  t h e y  r e q u i r e  m e t a b o l i c  a c t i v a t i o n  
a n d  e x e r t  t h e i r  e f f e c t s  i n  t e s t e r  s t r a i n  T A 9 8 .  

I n  t h e  s t u d y  o f  M e i e r  a n d  B u l l  ( 1 9 8 4 ) ,  u n c h l o r i n a t e d  
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h u m i c  m a t e r i a l  w a s  f o u n d  to i n d u c e  S C E s ,  w h e r e a s  
n o  m u t a g e n i c i  t y  w a s  o b s e r v e d .  C h l o r i n a t e d  w a t e r s  
may  t h e r e f o r e  c o n t a i n  d i  f f e r e n t  c o n l p o u n d s  w i t h  
d i f f e r e n t  genotoxic p r o p e r t i e s .  ] ' h e  s a m e  c o n c l u s i o n  
w a s  a l s o  m a d e  b y  L a n g i  a n d  P r i h a  ( 1 9 8 7 )  i n  t h e i r  
s t u d y  on  p a p e r  a n d  p u l p  m i l l  e f f l u e n t s ,  w h i c h  c o n t a i n  
c h l o r i n a t e d  a n d  u n c h l o r i n a t e d  d e g r a d a t i o n  p r o d u c t s  
o f  l i g n i n  t h a t  r e s e m b l e s  s t r u c t u r a l l y  h u m i c  m a t e r i a l .  
O u r  r e s u l t s  s e e m  t o  c o n f i r m  t h i s ,  s i n c e  n o  c o r r e l a t i o n  
e x i s t s  b e t w e e n  m u t a g e n i c i t y  a n d  i n d u c t i o n  o f  S C E s  
a n d  G A s .  

R e c e n t l y  a s t r o n g  d i r e c t  a c t i n g  m u t a g e n ,  3 - c h l o r o -  
A-  ( d i c h l  o r o m e t h y l  ) - 5 - h y d r o x y - Z ( 5 H ) -  f u r a n o n e  ( "NX" ) 
h a s  b e e n  i d e n t i f i e d  i n  c h l o r i n a t e d  d r i n k i n g  w a t e r s  
( I l e m m i n g  e t  a l .  1 9 8 6 ) .  T h e  s a m p l e s  u s e d  i n  t h i s  s t u d y  
w e r e  n o t  c h e m i c a l l y  a n a l y z e d ,  s o  i t  i s  n o t  k n o w n  
w h a t  i s t h e  c o n t r  i b u t  i o n  o f "MX" t o  t h e  o b s e r v e d  
e f f e c t s .  A c c o r d i n g  t o  K r o n b e r g  a n d  V a r t i a i n e n  ( 1 9 8 8 )  
"HX" c o n t r i b u t e s  t o  a b o u t  o n e  t h i r d  o f  t i l e  
m u t a g e n i c i t y  o f  F i n n i s h  d r i n k i n g  w a t e r s .  

I m p u r i t i e s  o f  d r i n k i n g  w a t e r s ,  i n c l u d i n g  n a t u r a l  
m a t e r i a l  a n d  c h l o r i n a t i o n  b y - p r o d u c t s ,  h a v e  n o t  b e e n  
t o x i c o l o g i c a l  l y  e v a l u a t e d .  On t h e  b a s i s  o f  o u r  
r e s u l t s ,  t h e  u s e  o f  h u m u s - r i c h  s u r f a c e  w a t e F  a s  r a w  
w a t e r  t o g e t h e r  w i t h  c h l o r i n e  d i s i n f e c t i o n ,  p r o d u c e s  
p o t e n t  g e n o t o x i c  s u b s t a n c e s ,  w h i c h  r e p r e s e n t  a 
c a r c i n o g e n i c  r i s k  t o  m a n .  

A c k n o w l e d g m e n t .  We t h a n k  
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