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T h e  s u p p l y  of h y g i e n i c  i n n o c u o u s  a n d  c o n t r o l l e d  d r i n k i n g  w a t e r  is of 
g r ea t  c o n c e r n  in  m a n y  coun t r i e s .  T h e r e f o r e  N a t i o n a l  a n d  I n t e r n a t i o n a l  
S t a n d a r d s  w e r e  i s s u e d  w h i c h  r e g u l a t e  t h o s e  c o n s t i t u e n t s  w h i c h  h a v e  a 
d i r e c t  e f f ec t  o n  c o n s u m e r  hea l th ,  or  o t h e r  c o n s t i t u e n t s  w h i c h ,  w h e n  
p r e s e n t  in  e x c e s s i v e  a m o u n t s ,  m a y  d i s c o u r a g e  c o n s u m p t i o n .  

F o r  t a s t e  a n d  o t h e r  r e a s o n s  l a rge  c o n s u m e r  g r o u p s  u s e  n a t u r a l  m i n e r a l  
w a t e r s  as s t a n d a r d  d r i n k i n g  wate r .  

We w e r e  i n t e r e s t e d  in  t h e  f i x e d  l i m i t s  for  s u l p h a t e  in  d r i n k i n g  w a t e r  
s t a n d a r d s ,  w h i c h  are  g i v e n  as a m a x i m u m  of 250 mg/1. T h e  o r ig in  of th i s  
l im i t  s e e m s  to be  a t w e n t y - y e a r - o l d  G e r m a n  c l a i m  t h a t  s u l p h a t e  in  e x c e s s  
of t h i s  l i m i t  c a u s e s  i n t e s t i n a l  d a m a g e .  H o w e v e r ,  no  e x p e r i m e n t a l  p roof ,  to  
o u r  k n o w l e d g e ,  has  b e e n  p r o v i d e d  for  t h i s  c la im.  I n  t h e  f o l l o w i n g  90-day  
s t u d y  w e  r e p o r t  on  t h e  o b s e r v e d  e f fec t s  of  s e v e r a l  w a t e r s  w i t h  e i t h e r  low,  
m e d i u m  or  h i g h  s u l p h a t e  c o n t e n t  in t h e  rat. 

Experimental 
In this investigation Sprague Daw]ey rats (Charles River SA, COBS, Elbeuf, 

France) received during 90 days drinking waters with different sulphate contents. 
The control group A received tap water containing 9 to 10 mg/1 sulphate, the low 
sulphate group B received Bagats natural mineral  water containing less than 
10 mg/1 sulfate. The medium sulphate group C got Vittel Grande Source containing 
280 mg/1 sulphate while the high sulphate group, D, received Vittel Hepar with 
1.595 rag/1. Bagats, Vittel Grande Source and Vittel Hepar are natural bottled 
mineral waters and were provided by courtesy of the Soci~t~ des Eaux Min~rales de 
Vittel; Vosges, France. Of course, these waters were also different with respect to 
other ions and trace elements, but the aim of this investigation was to study the 
effects of different sulphate contents in their natural environment  of other ions. 
More about overall composit ion of these natural mineral waters has been 
documented elsewhere (4, 5). The tap water was analysed in our laboratories. 

Each experimental  group consisted of 25 male and 25 female rats, which had 
been randomly alloted from a large pool of animals in order to have comparable 
starting body weights in the various groups (Table 1). The rats were housed singly 
in makrolon cages type III on soft wood bedding (Litalabo, Paris, France). The cage 
covers were made from stainless steel. The makrolon water bottles were provided 
with stainless steel caps and contained a volume of 100 ml. The experimental  
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a n i m a l s  l ived  in a b a r r i e r  p r o t e c t e d  u n i t  w h i c h  was  ful ly air  c o n d i t i o n e d  w i t h  
f i l te red  air. T e m p e r a t u r e  was  m a i n t a i n e d  at  23 ~ _+ 1 ~ a n d  re la t ive  h u m i d i t y  at  
60% +_ 5%. A day  n i g h t  cycle  of 12 h o u r s  w as  a d j u s t e d  on  t he  a u t o m a t i c  ar t i f ic ia l  
i l l umina t ion .  Ra t s  f r o m  con t r o l  as wel l  as all e x p e r i m e n t a l  g r o u p s  r e c e i v e d  a 
s t a n d a r d  pe l l e t ed  d i e t  (Us ines  A l i m e n t a t i o n  Rat ione l le ,  V i l l emoi s son - su r -Orge ,  
F r a n c e )  c o n t a i n i n g  20% pro te in .  F o o d  c o n s u m p t i o n  a n d  i n d i v i d u a l  b o d y  w e i g h t  
w e r e  r e c o r d e d  weekly .  Wa te r  c o n s u m p t i o n  was  m e a s u r e d  da i ly  b y  b a c k  w e i g h i n g  of 
i n d i v i d u a l  d r i n k i n g  bo t t les .  T h e  bo t t l e s  we re  a f t e r w a r d s  w a s h e d  in a n  a u t o m a t i c  
w a s h i n g  m a c h i n e ,  r i n s e d  w i t h  d e m i n e r a l i s e d  w a t e r  a n d  s te r i l i sed  in a n  a u t o c l a v e  at  
130 ~ for  ha l f  a n  hour .  A lways  on ly  f r e sh ly  o p e n e d  c o m m e r c i a l l y  b o t t l e d  m i n e r a l  
w a t e r  was  u s e d  to fill t h e  d r i n k i n g  bot t les .  A t  90 days  of t h e  t r ia l  20 m a l e  a n d  20 
f ema le  ra ts  of e a c h  g r o u p  were  f a s t ed  for  16 h o u r s  p r io r  to b l o o d  s amp l ing .  B l o o d  
was  d r a w n  in to  h e p a r i n i z e d  t u b e s  b y  p u n c t u r e  of t he  r e t r o b u l b a r  venous  p l e x u s  
u n d e r  c a r b o n d i o x y d e - o x y g e n  anaes t he s i a .  Whole  b l o o d  was  i m m e d i a t e l y  a n a l y s e d  
for  r ed  b l o o d  cells, w h i t e  b l o o d  cells,  h a e m o g l o b i n  a n d  h a e m a t o c r i t .  P r o t h r o m b i n  
t i m e  was  d e t e r m i n e d  f r o m  spec ia l ly  s a m p l e d  s o d i u m  c i t ra te  t r e a t e d  b lood.  Addi t io -  
na l ly  w h o l e  b l o o d  w as  c e n t r i f u g e d  for ana lys i s  of p l a s m a  p a r a m e t e r s  s u c h  as  b l o o d  
u rea  n i t rogen ,  g lucose ,  t r ig lycer ides ,  to ta l  cho les te ro l ,  p h o s p h o l i p i d s  a n d  a lka l ine  
p h o s p h a t a s e .  The  a n i m a l s  we re  t h e n  k i l l ed  af te r  e t h e r  n a r c o s i s  b y  o p e n i n g  t h e  
aor ta .  All r a t s  we re  t h o r o u g h l y  i n s p e c t e d  m a c r o s c o p i c a l l y  a n d  t he  w e i g h t s  of l iver,  
k idneys ,  ad rena l s ,  b r a i n  a n d  tes t i s  r eco rded .  S t a n d a r d  t i s sue  s l ices  w e r e  t a k e n  f r o m  
s t o m a c h ,  d u o d e n u m ,  i leum,  caecum,  colon,  b o t h  k idneys ,  liver,  ad rena l s ,  gonads ,  
hear t ,  lung ,  thy ro id ,  panc rea s ,  t h y m u s ,  sp leen ,  b l a d d e r  a n d  ao r t a  a n d  f ixed  in  
B o u i n ' s  f ixat ive.  Af te r  u sua l  f ixa t ion  a n d  p roces s ing ,  t i s sues  we re  e m b e d d e d  in 
pa ra f f in  (Parap las t ,  S h e r w o o d  Med ica l  I n d u s t r i e s ,  St. Louis ,  U.S.A.). S e c t i o n s  of 
4 m i c r o n s  we re  cu t  f rom all o r g a n s  a n d  s t a i n e d  w i t h  h a e m a t o x y l i n  eos in  a n d  
a d d i t i o n a l  s ec t i ons  f rom liver, k i d n e y s  a n d  t h e  i n t e s t i n a l  t r ac t  w i t h  P A S  a n d / k l c i a n  
Blue.  All  h a e m a t o l o g i c a l  a n d  b i o c h e m i c a l  p a r a m e t e r s  w e r e  c h e c k e d  w i t h  a qua l i t y  
con t ro l  s y s t e m  u t i l i s ing  Lab t ro l ,  E n z a t r o l  a n d  H e m a t o l o g y  R e f e r e n c e s  (Merz a n d  
Dade, Luze rn ,  Swi tzer land) .  
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D u r i n g  t h e  w h o l e  of  t h e  9 0 - d a y  s t u d y ,  c o n t r o l  a n d  t r e a t e d  r a t s  d i d  n o t  
s h o w  a n y  d i s t u r b a n c e  of  d e v e l o p m e n t ,  a p p e a r a n c e  o r  b e h a v i o u r .  N o  
d e a t h s  o c c u r r e d  a n d  n o  s o f t  f a e c e s  o r  e v e n  d i a r r h e a  w e r e  n o t i c e d .  T h e  

Fig. 1. M e a n  food  c o n s u m p t i o n / r a t / w e e k .  
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Fig. 2. Mean food consumption/Eat/week. 

water  consumpt ion  (Diagram 3, 4) was comparab le  in control  and treated 
groups  and always remained  within physiological  limits. Urine ou tpu t  and 
analysis were done  in several s imul taneous  exper iments ,  in which  increas- 
ing dosages of the various mineral  waters  were adminis tered  by  gavage 
and compared  to tap and distilled water. No striking differences were 
found in sediment,  a lbumin  or ur inary  glucose bu t  the vo lume of urine 
measured  1, 2, 5 or 24 hours  af terwards was always dependan t  on the 
vo lume of water  adminis tered  orally. Thus  increasing the water  vo lume  
orally adminis tered  results in increased ur inary  output,  wheras  osmolar i ty  
decreases. Food  consum pt ion  was equal ly equil ibrated in control  and 
t rea tment  groups  (Diagram 1, 2). Since generally body  weight  at 4 and 
12 weeks  (Table 1) also did not  show significant differences be tween  the 
control  group and the groups  treated with mineral  water, the ni t rogen 
balance s tudy  which  was foreseen was dropped.  A significant difference in 
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Fig. 3. Mean water consumption/rat/week. 
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Fig. 4. Mean water consumption/rat/week. 

b o d y  w e i g h t  was  o n l y  n o t i c e d  at  12 w e e k s  in  m a l e s  of g r o u p  C, u s i n g  t he  
S t u d e n t  t-test.  F o o d  c o n v e r s i o n  ef f ic iency ,  c a l c u l a t e d  at 4 w e e k s  was  
c o n s e q u e n t l y  no t  d i f f e r en t  i n  e i the r  sex  or i n  a n y  of t he  t r e a t m e n t s  
(Table  1). 

R e s u l t s  of p l a s m a  b i o c h e m i s t r y  (Table  2) d id  n o t  y ie ld  s i g n i f i c a n t  
d i f f e r ences  i n  e i t he r  sex,  w h e n  t r e a t m e n t s  B, C a n d  D were  c o m p a r e d  to 
t he  con t ro l s  A. Howeve r ,  b l o o d  u r e a  n i t r o g e n  v a l u e s  in  m a l e s  a n d  f e ma l e s  
i n d i c a t e  a t r e n d  to lower  v a l u e s  in  t he  Vi t te l  G r a n d e  S o u r c e  a n d  Vi t te l  
H e p a r  t r e a t m e n t s .  Th i s  o b s e r v a t i o n  b e c a m e  s i g n i f i c a n t  af ter  10 m o n t h s  in  
the  s u r v i v i n g  10 r a t s / g r o u p  w h i c h  were  k i l l ed  o n l y  af ter  th i s  c h r o n i c  
t r e a t m e n t .  R e s u l t s  of m o s t  h a e m a t o l o g i c a l  p a r a m e t e r s  (Table  3) we re  also 
c o m p a r a b l e  in  t r e a t ed  a n d  c o n t r o l  rats ,  w i t h  a p o s s i b l e  e x c e p t i o n  of w h i t e  
b l o o d  cel ls  i n  tap  w a t e r  t r e a t e d  males .  La te r  w h e n  b l o o d  s a m p l i n g  a n d  

Table 1. Body weight and food conversion efficiency. 
(Mean value +_ S.E.M.) 

Males 

Group n Initial Body weight Body weight 
body weight 

4 weeks 12 weeks 

Food conversion 
efficiency 
4 weeks 

A 20 75.9• 284.9• 458.8_+7.0 
B 20 75.7___1.2 281.4___4.7 445.8+_6.6 
C 20 75.9• 276.9• 438.3+_6.5* 
D 20 7 5 . 3 + _ 1 . 2  2 8 2 . 3 + _ 5 . 1  451.9+_9.3 

Females 

A 20 69.1+1.5 1 8 1 . 2 + _ 2 . 3  261.5___3.2 
B 20 68.6___1.6 1 9 2 . 1 + _ 3 . 9  269.3+_5.8 
C 20 6 9 . 1 + _ 1 . 5  1 8 8 . 8 _ + 3 . 9  262.2• 
D 20 68.5+-1.7 188.6• 266.8+_5.9 

0.35 
0.34 
0.33 
0.33 

0.25 
0.25 
0.25 
0.26 

* = P < 0.05. 
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Table 2. Plasma chemistry. 
(Means value • S.E.M.) 

Group n 

Males 

Blood-urea- Glucose Tri- Cholesterol Alkaline Total 
nitrogen glycerides (total) phos- protein 

phatase 
mmol/1 mmol/1 mmol/1 mmol/1 mU/ml g/1 

A 20 6.29• 6.86• 1.09• 2.39• 59.0• 69• 
B 20 6.24• 6.80• 0.96• 2.11• 56.8• 68• 
C 20 5.63• 6.48• 1.08• 2.27• 54.0• 68• 
D 20 5.79• 6.82• 0.98• 2.20• 58.1• 66• 

Females 

A 20 6.80• 6.85• 0.70• 2.36• 37.6• 72• 
B 20 6.42• 6.86• 0.77• 2.33• 34.8• 70• 
C 20 6.29• 6.53• 0.80• 2.38• 38.3• 72• 
D 20 5.80• 7.21• 0.71• 2.37• 37.1• 69• 

ana ly s i s  of h a e m a t o l o g i c a l  p a r a m e t e r s  was  r e p e a t e d  at  6, 7 a n d  10 m o n t h s  
o n  t he  s u r v i v i n g  rats,  no  d i f f e r ence  in  w h i t e  cel l  c o u n t s  w e r e  d e t e c t a b l e  
a n y  more .  T h e r e f o r e  t he  h i g h e r  l e u c o c y t e  c o u n t  i n  t he  m a l e  rats  of t reat -  
m e n t  g r o u p  A at  t h r ee  m o n t h s  h a v e  to be  c o n s i d e r e d  as a n  ar tefact .  
A n y w a y  the  v a l u e s  were  no t  p a t h o l o g i c a l  a n d  r e m a i n e d  fu l ly  in  the  phys -  
io logica l  r ange .  O r g a n  w e i g h t s  of d i s s e c t e d  a n i m a l s  (Tab le  4) we re  su rp r i s -  
i ng ly  h o m o g e n o u s  a n d  d id  n o t  i n d i c a t e  a n y  a t r o p h y  or h y p e r t r o p h y .  Th i s  
i n t e r p r e t a t i o n  was  c o n f i r m e d  b y  t he  fo l low-up  h i s t o p a t h o l o g i c a l  eva lua-  
t i on  of t he se  o rgans .  

T h e r e  was  no  c h a n g e  at  t he  l i g h t - m i c r o s c o p i c  leve l  i n  t he  s t o m a c h  in  
a n y  a n i m a l .  T h e  sma l l  i n t e s t i n e  was  e x a m i n e d  in  l o n g i t u d i n a l  a n d  cross  
s ec t i ons  at  t he  level  of t he  d u o d e n u m ,  j e j u n u m  a n d  i l e u m  o n  sec t ions  
s t a i n e d  H E  a n d  a l c i a n  b l u e  PAS.  Spec i a l  a t t e n t i o n  w a s  d r a w n  to the  l e n g t h  

Table 3. Haematological results. 
(Mean value • S.E.M.) 

Males 

Group n Red blood Haemoglobin Haematocrit White blood Prothrombin- 
cells cells time 
(10 6/ram 3) (g%) (%) (10 3/ram 3) (s) 

A 20 7.37• 15.9• 51• 10.9• 12.7• 
B 20 7.26• 15.4• 49• 7.8• 12.3• 
C 20 7.29• 15.8• 50• 7.1• 12.2• 
D 20 7.29• 15.6• 50• 7.1• 12.2• 

Females 

A 20 6.76• 15.5• 49• 4.8• 12.6• 
B 20 5.88• 15.0• 47• 4.1• 12.3• 
C 20 6.57• 15.2• 48• 4.5• 11.9• 
D 20 6.56• 14.8• 47• 3.6• 12.2• 



124 Z e i t s c h r i f t  fi~r Ern~ ihrungswis senscha f t ,  B a n d  18, H e f t  2 (1979) 

Table 4. Absolute organ weights. 
(Mean value • S.E.M.) 

Males 

Group n Liver Kidney Adrenals Brain Testis 
g g mg g g 

A 20 12.0• 2.8• 52• 1.6• 
B 20 11.5• 2.8• 55• 1.6• 
C 20 11.0• 2.8• 56• 1.6• 
D 20 11.2• 2.9• 58• 1.5• 

Females 

A 20 6.5• 1.7• 72• 1.4• 
B 20 6.5• 1.7• 71• 1.5• 
C 20 6.5• 1.7• 70• 1.4• 
D 20 6.4• 1.7• 73• 1.5• 

3.6• 
3.4• 
3.5• 
3.5• 

* = P < 0 . 0 5  

of villi ,  n u m b e r  of villi,  t he  size of ep i the l i a l  cells,  t h e  c y t o p l a s m -  n u c l e u s  
ratio,  t he  n u m b e r  of gob le t  cells,  t he  mi to t i c  ac t iv i ty  as a n  i n d i c a t i o n  of cell  
t u r n o v e r ,  t he  r e s o r p t i v e  sur face  a n d  the  l y m p h o c y t i c  act iv i ty .  T h e r e  was  
no  d i f f e r ence  d e t e c t a b l e  at  the  l igh t  m i c r o s c o p i c  leve l  b e t w e e n  the  g r o u p s  
or i n d i v i d u a l  a n i m a l s .  No p a t h o l o g i c  c h a n g e  in  o c c u r r e d  the  sma l l  i n t e s -  
t i ne  at  a n y  leve l  i n  a n y  an ima l .  

T h e r e  was  no  p a t h o l o g i c  c h a n g e  in  t he  la rge  in t e s t i ne .  S i n g l e  c o l on  
w o r m s  (he te rak i s  sp.) w e r e  p r e s e n t  in  2 C males .  T h e r e  was  no  m i c r o s c o p -  
ic c h a n g e  in  the  e x o c r i n e  or e n d o c r i n e  panc r e a s .  

I n  the  l iver  no  u n u s u a l  c h a n g e  of d i f f e r ence  b e t w e e n  g r o u p s  was  
obse rved .  K i d n e y  t u b u l a r  ca lc i f i ca t ion  at  t he  level  of t he  c o r t i c o m e d u l l a r y  
j u n c t i o n  was  p r e s e n t  in  a m i n i m a l  to p r o n o u n c e d  deg ree  in  a m a j o r i t y  of 
f emales  of all  g roups .  I t  was  n o t  p r e s e n t  i n  males .  T h i s  o b s e r v a t i o n  is wel l  
k n o w n  in  ra ts  a n d  is n o t  r e l a t ed  to the  e x p e r i m e n t a l  c o n d i t i o n s .  Ar te r io-  
sc leros is  of i n t r a r e n a l  a r t e r i es  was  o b s e r v e d  in  a m i n i m a l  deg ree  in  a 
m a j o r i t y  of m a l e s  a n d  f ema le s  of all  g r o u p s  w i t h o u t  d i f f e r ence  b e t w e e n  
the  g roups .  O t h e r  f i n d i n g s  w e r e  in  m o s t  i n s t a n c e s  r e l a t ed  to ear ly  deve lop -  
m e n t  of p r o g r e s s i v e  n e p h r o p a t h y  a n d  were  n o t  r e l a t ed  to e x p e r i m e n t a l  
c o n d i t i o n s .  

Spec i a l  a t t e n t i o n  was  d r a w n  to the  w i d t h  of the  3 cor t ica l  l ayers  of the  
a d r e n a l s  e spec i a l l y  t he  g l o m e r u l o s a  a n d  to p o s s i b l e  focal  g l a n d u l a r  ac t iva-  
t i o n  or hype rp l a s i a .  T h e r e  was  no  c o n c e n t r i c  of focal  h y p e r p l a s i a  in  the  
a d r e n a l  co r t ex  of a n y  an ima l .  C o i n c i d e n t a l  f i n d i n g s  in  s ing le  a n i m a l s  
c o n s i s t e d  of focal  e x t r a c a p s u l a r  n o d u l a r  h y p e r p l a s i a  as is f r e q u e n t l y  s e e n  
in  th i s  spec ies  a n d  of focal  i n c r e a s e  in  l ip id  in  cells  of the  fasc icula ta .  No 
g r o u p  d i f f e r ence  was  de tec tab le .  T h u s  a d r e n a l  co r t ex  has  n o t  b e e n  inf lu-  
e n c e d  b y  t he  e x p e r i m e n t a l  cond i t i ons .  

M i n i m a l  deg ree  of a r t e r iosc le ros i s  of i n t r a m u r a l  c o r o n a r y  a r te r i es  was  
p r e s e n t  i n  s o m e  a n i m a l s  of all  g r o u p s  w i t h o u t  a n y  g r o u p  d i f fe rence .  T h e  
c h a n g e s  c o n s i s t e d  of r e o r i e n t a t i o n  of s m o o t h  m u s c l e  cel ls  in  the  m e d i a  
a n d  p ro l i f e r a t i on  of t he se  cells  i n  t he  i n t i m a  w i t h  co l l agen  a n d  e las t ic  f iber  
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formation.  The re  were  no foam cells or fu r the r  p rog re s sed  lesions. Focal,  
min imal  or  mi ld  m o n o n u c l e a r  myoca rd i t i s  and  myocard io lys i s  were  pres-  
ent  in 2 C and  1 D male.  This  change  was  obs e rved  wi th  s o m e  f r e q u e n c y  in 
males  and  is not  re la ted  to the  expe r imen t .  

No change  was  de tec t ed  in sec t ions  of the ma jo r  ar ter ies  s ta ined H E  
and e las t ica-van Gieson.  

No di f ference  in act ivi ty  of thyro ids  an  pa ra thy ro ids  b e t w e e n  exper i -  
menta l  and  control  g roups  and  no pa thologic  change  were  observed .  

D i s c u s s i o n  

The absorp t ion ,  ut i l izat ion and  me tabo l i c  fate of su lpha te  has  been  
inves t iga ted  by  several  worke r s  (Dz lewia tkowsky ,  Benesch  and  Benesch  
(6); Crevierand Belanger(7); But ton,  Brown,  Michels  and S m i t h  (8)). I t  was  
also s h o w n  b y  Miche l sand  S m i t h  (9), A r n a u d a n d  Welsch (10) tha t  not  only  
the organic  su lphu r  f rom pro te ins  and  amino  acids is util ised, bu t  also 
su lphur  f rom inorganic  sources  in the  f o r m  of su lpha te  par t i c ipa tes  in the  
cons t i tu t ion  of the  neces sa ry  b o d y  pool. E x o g e n o u s  s u p p l y  of su lpha te  
increases  the  b o d y  su lpha te  pool. This  p rov ides  bes ides  the  incorpora t ion  
in chondro i t in  su lpha te  the  a m o u n t  for  fu r ther  g lu ta th ion  syn thes i s  as 
requi red  by  cer ta in  de toxi f ica t ion  processes .  A r n a u d  and Welsch (10) 
showed  b y  f rac t ionat ion  of u r ina ry  rad ioac t ive  su lphur  c o m p o u n d s  tha t  
indeed  30-40% of the  c o m p o u n d s  were  conjugated.  I t  a p p e a r e d  tha t  there  
is no d i f ference  in su lpha te  uti l isation,  w h e n  su lpha te  is e i ther  p rov ided  
via the  d r ink ing  wa te r  or  in the  diet. The  d r ink ing  wa te r  may ,  however ,  
p rov ide  only a smal l  a m o u n t  of the  d ie ta ry  su lpha te  in the  case of a low 
su lpha ted  wa te r  (Bagats), or two- to threefo ld  the  d ie ta ry  in take  in h igh  
su lpha ted  wa te r s  (Grande  Source  and  Hepar) .  Abso rp t i on  and  incorpora-  
tion in cart i lage of d ie ta ry  su lpha te  is rapid.  Recent ly ,  Froesch, H u m b e l  
and Labhar t  (11) isola ted a pep t ide  I G F  (insulin l ike g rowth  factor) wh ich  
is p r o b a b l y  respons ib le  for this and  which  can be  t r a n s m i t t e d  b y  s e r u m  of 
g rowth  h o r m o n e  s t imula ted  donors .  G r o w t h  h o r m o n e  itself a p p e a r s  to 
have  no direct  inf luence on  this m e c h a n i s m .  

There  was  no ev idence  of any  s y m p t o m a t i c  in tes t inal  d i sorder  in h igh  
as well  as in low su lpha te  dr ink ing  wa te r  t r ea tmen t s .  Accord ing  to the  
water  c o n s u m p t i o n  da ta  of the rats  and  an a s s u m e d  mine ra l  wa te r  con- 
SUmption of one  l i ter /day in an adul t  subject ,  it can  be  e s t ima ted  tha t  the  
rats  in this s tudy  had  a b o u t  a ten t imes  h igher  wa te r  consumpt ion .  This  
fur ther  ex t ends  the  safe ty  m a r g i n  a l ready es tab l i shed  in the  high su lpha te  
t r e a t m e n t  (Hepar).  In  connec t ion  with  the  ex tens ive  m a c r o s c o p i c  and  
mic roscop ic  inspec t ion  of the  intest inal  t rac t  it is just i f ied to conc lude  tha t  
there was no toxic  or  o ther  de le ter ious  effect  a t t r ibu tab le  to the  h igh  
su lpha te  admin i s t r a t ion  and  it appea r s  tha t  the re  is no scientif ic r eason  to 
l imit  the  su lpha te  con ten t  of d r ink ing  wa te r  to 200 mg/1. 

The  lower ing  effect  of B U N  p l a s m a  b lood  u rea  n i t rogen  va lues  in 
t r ea tmen t s  D (Hepar)  is of in teres t  s ince this effect  b e c a m e  signif icant  in 
older animals .  Whe the r  this  is due  to the  role tha t  u rea  p lays  in ra t  ur ine  
concen t ra t ion  af ter  c o n s u m p t i o n  of h igh  pro te in  diets  and  w h e t h e r  this 
effect  can  be  expe c t ed  also to occur  in hum ans ,  r ema ins  to be  invest igated.  

In  conc lus ion  all th ree  t r e a tmen t s  low, m e d i u m  and high su lpha te  
conta in ing d r ink ing  waters ,  did not  cause  any  gas t ro in tes t ina l  p r o b l e m s  in 
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th i s  90-day  s tudy .  G r o w t h ,  f o o d  c o n s u m p t i o n  a n d  w a t e r  i n t a k e  w e r e  w e l l  
p r o m o t e d  by  t h e  t r e a t m e n t s .  H e m a t o l o g i c a l  a n d  b l o o d  c h e m i s t r y  p a r a m e -  
t e r s  as w e l l  as e x t e n s i v e  h i s t o l o g i c a l  e v a l u t i o n  g a v e  c o n v i n c i n g  e v i d e n c e  
t h a t  c o n t i n u o u s  h i g h  i n o r g a n i c  s u l p h a t e  a d m i n i s t r a t i o n  is w e l l  t o l e r a t e d  
a n d  safe. 
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S u m m a r y  

Male and female SPF Sprague Dawley rats received either tap water (centreD, 
Bagats (low sulphate), Vittel Grande Source (medium sulphate) or Hepar (high 
sulphate) as exclusive drinking water ad l ib i tum during a 90-day study; additionally 
they received the sulphate contained in a standard, commercial,  pelleted rat diet 
which was also fed ad libitum. All treatments were well tolerated and promoted the 
expected growth. The determination of several hematological and blood chemistry 
parameters gave comparable results in both sexes of treated and control animals. 
Observation of the animals during the treatment period did not show any diseases 
or ill effects. Organ weights were in the physiological range and macroscopic 
inspection showed a completely normal pattern. Subsequent  microscopic evalua- 
tion of the organs did not indicate any deleterious effects of the treatments. An 
observation of interest was a trend towards lower blood urea nitrogen (BUN) values 
with high sulphate intake. This observation, however, only became significant in 
later stages of surviving rats (6 months treatment). Taking into account the ten 
times higher liquid intake of the rat compared to man and the continuous admin- 
istration of these low, medium and high sulphate containing drinking waters, we 
may consider that the consumption of drinking water containing sulphate in excess 
of 200 mg/1 as being safe. 

This study therefore provides evidence that low, medium and high sulphate 
content  in drinking water do not cause any gastro-intestinal disturbance and the 
hematological examinations, blood chemistry and the histopathological evaluation 
confirmed the absence of any deleterious effects. 

Z u s a m m e n f a s s u n g  

W~hrend 90 Tagen erhielten m~nnliche und weibliche SPF-Sprague-Dawley- 
Ratten ad l ib i tum entweder  Leitungswasser (Kontrolle), Bagats (niedriger Sulfatge- 
halt), Vittel Grande Source (mittlerer Sulfatgehalt) oder Hepar (hoher Sulfatgehalt) 
als ausschlieBliehes Trinkwasser. Zus~tzlieh wurde ein kommerzielles, pelletiertes 
Standardfutter ad l ib i tum verabreieht, in dem ebenfalls Sulfat enthalten war. A]le 
Trinkwasser wurden gut vertragen und f6rderten das erwartete Wachstum. Die 
Best immung yon mehreren h~matologischen und kliniseh-chemisehen Bestim- 
mungen ergab vergleiehbare Resultate in beiden Geschleehtern von behandelten 
und Kontrolltieren. Die Beobachtung der Tiere w~ihrend der Versuchsperiode 
ergab keinertei Krankheiten oder pathologische Effekte. Die Organgewiehte im 
physiologisehen Bereich und die makroskopische Inspektion waren normal. Die 
mikroskopische Untersuchung der Gewebe ergab keinerlei Anhaltspunkte ftir 
i rgendeinen sch~dlichen Effekt der Behandlung. Eine interessante Beobachtung 
war hingegen ein gewisser Trend zu erniedrigten Blutharnstoffwerten bei h6herer 
Sulfateinnahme. Diese Beobaehtung wurde nur in sp~teren Stadien in iiberleben- 
den Ratten (6 Monate Behandlung) statistisch signlfikant. Wenn man die zehnfach 
h6here Fl~ssigkeitsaufnahme der Ratten im Vergleieh zum Menschen und eine 
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k o n t i n u i e r l i c h e  B e h a n d l u n g  m i t  T r i n k w a s s e r  n i e d r i g e n ,  m i t t l e r e n  u n d  h o h e n  Sul-  
f a tgeha l t e s  in  B e t r a c h t  zieht ,  k a n n  die  A u f n a h m e  yon  s u l f a t h a l t i g e m  T r i n k w a s s e r  
t iber  200 mg/1 als ge fah r los  gel ten.  Diese  S t u d i e  bek r~ f t i g t  daher ,  d a b  e in  n ied r ige r ,  
ra i t t le rer  u n d  h o h e r  S u l f a t g e h a l t  i m  T r i n k w a s s e r  k e i n e  B e e i n t r i i c h t i g u n g  de s  
M a g e n - D a r m - K a n a l s  v e r u r s a c h t ,  u n d  die  h ~ m a t o l o g i s c h e n ,  k l i n i s c h - c h e m i s c h e n  
u n d  h i s t o p a t h o l o g i s c h e n  U n t e r s u c h u n g e n  b e s t ~ t i g e n  die  A b w e s e n h e i t  s ch~d l i che r  
Effekte.  
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