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ABSTRACT 

The p a p e r  d e a l s  w i t h  t h e  problem o f  t h e  o r i g i n  o f  n i t r i c  compounds i n  t h e  
mine  w a t e r  e n t e r i n g  po rphy ry  q u a r r y .  A h y d r o g e o l o g i c a l  s t u d y  o f  t h e  n a t u r a l  
and  d i s t u r b e d  g round  w a t e r  r eg imes  a s  a consequence  o f  q u a r r y i n g  have  shown 
t h a t  f e c a l  and d o m e s t i c  sewage was t h e  main s o u r c e  of n i t r o g e n  compounds i n  
t h e  w a t e r  e n t e r i n g  t h e  po rphy ry  q u a r r y .  

The sewage c o n t a m i n a t e d  t h e  s u r f a c e  w a t e r  which  i n  t u r n  i n f i l t r a t e d  i n t o  t h e  
po rphy ry  w i t h i n  t h e  c o n e  o f  d e p r e s s i o n .  I n  a d d i t i o n  t o  t h a t ,  NH+ and NO- 
i o n s  p e n e t r a t e d  i n t o  t h e  s u r f a c e  w a t e r  a s  t h e  r e s u l t  o f  wash ing  3 

o f  n i t r o g e n  o u t  o f  t h e  s o i l  and a s  a p r o d u c t  o f  b i o c h e m i c a l  and chemica l  
c h a n g e s  i n  t h e  s o i l .  

A s o l u t i o n  o f  u n b u r n t  e x p l o s i v e s ,  u sed  f o r  t h e  g round  e x c a v a t i o n  was a l s o  
a s o u r c e  o f  n i t r o g e n  compounds. 

INTRODUCTION 

The p a p e r  c o n s i d e r s  t h e  o r i g i n  o f  n i t r o g e n  compounds i n  mine  w a t e r s  i n  a 
po rphy ry  q u a r r y  i n  Z a l a s ,  n e a r  Krze szowice  - a b o u t  15 km t o  t h e  w e s t  o f  
Cracow ( F i g u r e  l a ) .  The  p r e s e n t  q u a r r y i n g  o p e r a t i o n s  o f  po rphy ry  a r e  b e i n g  
c a r r i e d  o u t  be low t h e  n a t u r a l  l e v e l  o f  g round  w a t e r .  The d i s t u r b a n c e  o f  t h e  
o r i g i n a l  w a t e r  r eg ime  i n  t h e  r e g i o n  o f  t h e  d e p o s i t  c r e a t e d  a number o f  new 
problems.  One o f  them was t h e  q u a l i t y  o f  mine  w a t e r s  d i s c h a r g e d  i n t o  one  
o f  t h e  s t r e a m s  p a s s i n g  by. A s  a r e s u l t  o f  o b s e r v a t i o n s  l a s t i n g  f o r  s e v e r a l  
y e a r s ,  i t  was c o n c l u d e d  t h a t  t h e  w a t e r s  d i s c h a r g e d  f rom t h e  q u a r r y  compl ied  
w i t h  t h e  a p p r o p r i a t e  e n v i r o n m e n t a l  r e q u i r e m e n t s c l a r i i y b u t  t h e c o n c e n t r a t i o n  
o f  NH+ and NO- i o n s  were  t o o  h i g h .  The a u t h o r s  o f  t h i s  p a p e r  a t t e m p t  t o  

4 3 
e x p l a i n  w h e t h e r  t h e  n i t r o g e n  compounds c o n t a m i n a t i n g  g round  w a t e r  was a 
r e s u l t  o f  t h e  m i n i n g  a c t i v i t y  o r  o t h e r w i s e .  
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THE GEOLOGICAL SETTING AND HYDROGEOLOGY OF THE 
REGION OF THE QUARRY I N  ZALAS 

C a r b o n i f e r o u s  s e d i m e n t s  a r e  t h e  o l d e s t  o u t c r o p p i n g  r o c k s  on t h e  s u r f a c e  and 
c o n s i s t  of Lower C a r b o n i f e r o u s  s h a l e s  w i t h  l i m e s t o n e  and s a n d s t o n e  a s  w e l l  
as o f  s h a l e s  and s a n d s t o n e s  o f  t h e  upper  c a r b o n i f e r o u s  p e r i o d .  E x t e n s i v e  
porphyry l a c c o l i t h  had formed i n  t h e  r e g i o n  o f  Z a l a s  i n  t h e  Permian p e r i o d  
and i t  i n t r u d e d  between t h e  s t r a t a  o f  t h e  Lower and Upper C a r b o n i f e r o u s  
p e r i o d .  The porphyry is e x p l o i t e d  i n  t h e  q u a r r y  i n  Z a l a s .  Between t h e  
Permian and Middle  J u r a s s i c  p e r i o d s  i n t e n s i v e  p r o c e s s e s  o f  e r o s i o n  took 
p l a c e  i n  t h e  a r e a .  I t  r e s u l t e d  i n  a n  o u t c r o p  o f  t h e  uppe r  p a r t  o f  Z a l a s  
l a c c o l i t h  (Bogacz,  e t  a l ,  1984) .  Middle  and Upper J u r a s s i c  f o r m a t i o n s  l i e  
unconfo rmi t e ly  on C a r b o n i f e r o u s  r o c k s  and on porphyry.  The Middle  
J u r a s s i c  p e r i o d  is r e p r e s e n t e d  by a  10  m t h i c k  s e r i e s  o f  s a n d s  and sand- 
s t o n e s ,  which become sandy l i m e s t o n e  i n  t h e  r o o f  p a r t s .  T h e r o c k y l i m e s t o n e  
and 10  m t h i c k  s e r i e s  o f  marls and l i m e s t o n e  bedded i n  t h e  f l o o r  d a t e  from 
t h e  Upper J u r a s s i c  p e r i o d .  Q u a t e r n a r y  sed imen t s  mainly  o f  p o s t  g l a c i e r  
o r i g i n  a r e  t h e  younges t  f o r m a t i o n s  found i n  t h e  a r e a ;  a p p e a r i n g  i n  t h e  
m o r p h o l o g i c a l p i t s  o f  o l d e r  g e o l o g i c a l  f o r m a t i o n ,  fo rming  moraine  c l a y s ,  
f l u v i o g l a c i a l  s a n d s ,  l o e s s e s  and l o e s s - l i k e  c l a y s .  Four a q u i f e r s  can be 
i d e n t i f i e d  i n  t h e  a r e a  namely t h e  Q u a t e r n a r y ,  J u r a s s i c ,  Permian and 
C a r b o n i f e r o u s  ( F i g u r e  l a ) .  The Q u a t e r n a r y  a q u i f e r  c o n s i s t s  o f  P l e i s t o c e n e  
f o r m a t i o n s ,  ma in ly  o f  s a n d s  and g r a v e l s  which f i l l  b u r i e d  r i v e r  v a l l e y s  
(Dzukynski ,  e t  a l ,  1 9 6 6 ) .  The p ropaga t ion  o f  t h e  a q u i f e r  is r a t h e r  l i m i t e d ,  
b u t  i t  may be  i m p o r t a n t  f o r  t h e  w a t e r  c i r c u l a t i o n  because  o f  i ts g r e a t  
t h i c k n e s s  ( u p  t o  100 ml. 

Two h o r i z o n s ,  Middle  J u r a s s i c  and Upper J u r a s s i c ,  can  be  d i s t i n g u i s h e d  
w i t h i n  t h e  J u r a s s i c  a q u i f e r .  The Middle J u r a s s i c  ho r i zon  c o n s i s t s  o f  a  
s and-g rave l  and sands tone - l imes tone  fo rma t ion .  It  is a  po re  o r  f i s s u r e  - 
p o r e  h o r i z o n  o f  a r a t h e r  s m a l l  r ange  o f  p e r m e a b i l i t y a n d s t o r a g e  c o e f f i c i e n t  
Rocky and i n  some p l a c e s  bedded l i m e s t o n e s  c o n s t i t u t e  t h e  Upper J u r a s s i c  
a q u i f e r .  I t  is a t y p i c a l  k a r s t - f i s s u r e  r e s e r v o i r  o f  ground w a t e r  w i t h  h igh  
a n i s o t r o p y  o f  h y d r o g e o l o g i c a l  q u a l i t i e s .  T h i s  h e t e r o g e n e i t y  is connected 
w i t h  t h e  l e v e l  o f  f i s s u r a t i o n  and k a r s t i f i c a t i o n  o f  l i m e s t o n e s .  The Upper 
J u r a s s i c  a q u i f e r  is i s o l a t e d  from t h e  f l o o r  by pocke t s  o f  Corda ta  marls .  

The Z a l a s  porphyry is a t y p i c a l l y  f i s s u r e d  a q u i f e r  i n  which t h e  w a t e r  
c i r c u l a t e s  a l o n g  a sys t em o f  f i s s u r e s  o f  v a r i o u s  o r i g i n s  and t h e  Permian 
wa te r -bea r ing  r e s e r v o i r .  I n  t h i s  r e g i o n  t h e  the rma l  (Dzu lynsk i ,  19531, t e c t  
o n i c  and wea the red  (Bogacz,  e t  a l ,  1984)  and f r a c t u r e d  rock  can  be  d i s t i n g -  
u i s h e d .  The compl i ca t ed  sys t em o f  f i s s u r e s  is p r e s e n t  i n  d i f f e r e n t  r e g i o n s  
w i t h  d i f f e r e n t  i n t e n s i t y  and t h a t  is why t h e  r e s e r v o i r  is v e r y  heterogenous.  

The uppe r  one  is i n t e r s e c t e d  by a  compact n e t  o f  t he rma l  ( c i r c u m f e r e n t i a l  
j o i n t )  and exogamic f i s s u r e s .  The lower  one  is i n t e r s e c t e d  w i t h  c o n i c a l  
and r a d i a n t  j o i n t s  and a  f a r  r a r e r  n e t  o f  f i s s u r e s .  The p r e s e n t  
e x p l o i t a t i o n  l e v e l s  o f  t h e  q u a r r y  o c c u r  i n  t h e  uppe r  zone o f  porphyry 
which is c h a r a c t e r i z e d  by h i g h e r  p e r m e a b i l i t y  and s t o r a g e  c o e f f i c i e n t .  The 
c a r b o n i f e r o u s  a q u i f e r  is a  t y p i c a l  h o r i z o n  c o n s i s t i n g  o f  s e v e r a l  beds  o f  
s a n d s t o n e  banks  s e p a r a t e d  from roo f  and f l o o r  by impermeable s h a l e s .  The 
c a r b o n i f e r o u s  a q u i f e r  is d i r e c t l y  exposed i n  t h e  s u r f a c e  mining e x c a v a t i o n  
a t  Z a l a s .  

The a q u i f e r s  i n  t h e  r e g i o n  o f  Z a l a s  a r e  h y d r a u l i c a l y  connec ted  w i t h  one 
a n o t h e r  i n  v a r i o u s  c o n t a c t s  zones  ( F i g u r e  2) .  The n a t u r a l  pr imary 
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s e d i m e n t a r y - t r a n s g r e s s i v e  and s e c o n d a r y ,  t e c t o n i c  t y p e  c o n t a c t s  have  t h e  
most  i m p o r t a n t  r o l e  o f  a l l .  The c o n d i t i o n s  o f  underground w a t e r  c i r c u l a t i o n  
i n  t h e  r e g i o n  o f  Z a l a s  a r e  v e r y  complex. When t h e  po rphy ry  was n o t  
e x p l o i t e d  o r  when i t  was b a i l e d  o u t  above t h e  l e v e l  o f  ground w a t e r  i n  
i n t r u s i o n ,  t h e r e  were  p r ima ry  c o n d i t i o n s  o f  c i r c u l a t i o n ,  i e  f rom t h e  
n a t u r a l  r e g i o n s  of recha . re ;e  t o t h e  n a t u r a l  z o n e s  o f  d r a i n a g e .  

S t r e a m s  a s  w e l l  a s  a  few s p r i n g s  o f  l i t t l e  y i e l d  were  n a t u r a l  l o c a l  
s o u r c e s  o f  t h e  d r a i n a g e  ( F i g u r e  2). Under t h e s e  c o n d i t i o n s ,  t h e  Permian 
w a t e r - b e a r i n g  f l o o r  was s u p p l i e d  by a t  l e a s t  two s o u r c e s :  

- t h e  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  on o u t c r o p  o f  p o r p h y r i e s ,  

- by t h e  f l o w  o f  underground w a t e r ,  i n  t h e  z o n e s  o f  h y d r a u l i c  
c o n t a c t s ,  f rom t h e  J u r a s s i c  a q u i f e r  t o  p o r p h y r i e s  o r  t h rough  
a q u i f e r  i n f i l t r a t i o n  o f  w a t e r s  f rom t h e  Upper J u r a s s i c  t h rough  
C o r d a t a  m a r l s  and t h rough  t h e  Midd l e  J u r a s s i c  h o r i z o n .  

P r o b a b l y  t h e  Permian porphyry  was a l s o  rechargeciby a  magma i n t r u s i o n  f rom 
t h e  C a r b o n i f e r o u s  a q u i f e r  ( F i g u r e  2). A f t e r  t h e  e x p l o i t a t i o n  o f  porphyry  
be low t h e  w a t e r  l e v e l  had s t a r t e d ,  t h e  d i r e c t i o n s  o f  t h e  f l o w  changed.  The 
d i r e c t i o n  o f  t h e  w a t e r  f l o w  f rom t h e J u r a s s i c a q u i f e r  t o  po rphy ry  l a c c ~ l i t h  
t h r o u g h  t h e  s p h e r e s  o f  h y d r a u l i c  c o n t a c t s  and C o r d a t a  m a r l s  was p r e s e r v e d .  
However, t h e  d i r e c t i o n s  o f  t h e  underground w a t e r  f l o w  i n  t h e  v i c i n i t y  o f  
s t r e a m  v a l l e y s  underwent  i n v e r s i o n  ( F i g u r e  2 ) .  

The w a t e r  f rom t h e  s u r f a c e  w a t e r - c o u r s e s  t o g e t h e r  w i t h  t h e  d o m e s t i c  sewage 
r e l e a s e d  f rom t h e  s u r r o u n d i n g  v i l l a g e s  s t a r t e d  t o  i n f i l t r a t e  t h e  porphyry  
f o u n d a t i o n .  They p r e s e r v e d  t h e i r  d r a i n a g e  c h a r a c t e r  o n l y  on  t h e s e  s e c t i o n s  
where  t h e  w a t e r s  f l o w  on  J u r a s s i c  s e d i m e n t s .  Nowadays a  comp le t e  d i s a p p e a r -  
a n c e  o f  s t r e a m s  and d o m e s t i c  sewage,  c a r r i e d  away f rom f a r m s t e a d s  by 
d i t c h e s ,  is o b s e r v a b l e  i n  some s e c t i o n s  ( F i g u r e  1 ) .  T h e r e  a r e  a l s o  
o b s e r v a b l e  s h o r t f a l l  o f  w a t e r  i n  s p r i n g s  and domes t i c  w e l l s  sunk  i n  
t h e  po rphy ry  a q u i f e r s .  I n  t h e  zones  o f  h y d r a u l i c  c o n t a c t s  between Permian 
and C a r b o n i f e r o u s  a q u i f e r s ,  t h e  ground w a t e r  regime is d i s t u r b e d  c a u s i n g  
a  f l o w  f rom t h e  C a r b o n i f e r o u s  f o r m a t i o n s  t o  t h e  po rphy ry .  

I n  summary, w a t e r  f rom t h e  f o l l o w i n g  s o u r c e s  emanate  i n  t h e  q u a r r y  i n  
Z a l a s :  

- w a t e r  o f  t h e  p r e c i p i t a t i o n  f a l l i n g  d i r e c t l y  i n t o  t h e  q u a r r y ,  

- p r e c i p i t a t i o n  w a t e r s  f l o w i n g  i n t o  t h e  p i t  f rom t h e  s l o p e s  o f  
t h e  J u r a s s i c  h i l l s  s u r r o u n d i n g  t h e  open p i t  e x c a v a t i o n  f rom t h e  
Nor th  and t h e  South-West,  

- p r e c i p i t a t i o n  w a t e r  p e r c o l a t i n g  t h r o u g h  t h e  zone  o f  a e r a t i o n  on 
t h e  po rphy ry  - o u t c r o p  r e g i o n ,  

- s t r e a m  w a t e r s  and d o m e s t i c  sewage i n f i l t r a t i n g  t h e  po rphy ry ,  

- w a t e r  f r om s t a t i c  r e s o u r c e s  i n c o r p o r a t e d  i n  t h e  p o r p h y r i e s ,  

- w a t e r  f l o w i n g  f rom t h e  J u r a s s i c  a q u i f e r  t h r o u g h  t h e  zones  o f  
h y d r a u l i c  c o n t a c t s  and p e r c o l a t i n g  t h rough  C a r d a t a  m a r l s ,  

- w a t e r s  f l o w i n g  i n t o  t h e  q u a r r y  a l o n g  a  c o m p l i c a t e d  way, e g  f rom 
J u r a s s i c  a q u i f e r  t o  t h e  C a r b o n i f e r o u s  s e d i m e n t s  and t h e n  t o  
P O ~ P ~ Y  r y .  



ORIGIN OF NITROGEN COMPOUNDS IN SURFACE AND UNDERGROUND WATERS 

There may be a number of sources of nitrogen compounds in underground and 
surface water in the region of Zalas as follows:- 

(i) fertilization by mineral and natural fertilizers containing 
nitrogen compounds, 

(ii) natural biochemical processes taking place during the decay of the 
soil organic matter, 0- fecal and domestic sewage, and 

(iii) chemical processes connected with the use of ammonium nitrate for 
blasting in the Zalas quarry. 

The possibility of washing out of the soil the ingredients of the fertilizer 
and accordingly resulting pollution of the ground and surface water is one 
of the short comings of both natural and mineral fertilization. The loss 
of nitrogen from the soil by rains depends strongly on the dosage of the 
nitrogen fertilizer, amount of precipitation, kind of soil, and first of all 
on its nitrogen abundance and the plant types (Gerlach, 1979). The 
greatest washing of nitrogen on cultivable soils takes place in winter, 
ie between the periods of plant vegetation. 

Most of the area under investigation lies within the range of cone of 
depression caused by the porphyry quarry in Zalas on arable land. Only the 
surrounding valleys of some streams are used as meadows. This fact allows 
for a presumption that fertilization of arable lands by nitrogen fertilizers 
contributes to the pollution of ground and surface waters by ammonium 
nitrogen. 

Not all of the scientists concerned with environment pollution caused by 
nitrogen are ready to link this phenomenon solely with the fertilization 
with nitrogen rich fertilizers. 

Some of them maintain that density of population and housing of animals 
have the greatest influence on the amount of nitrogen in the water. 
Analogically, Bernhard, et a1 (1969) during their investigation found the 
greatest amount of nitrogen on an area of great population, through arable 
lands represented a considerably small part of the region when compared 
with grassland. 

There are three villages in the vicinity of the quarry in Zalas, which 
surround it by an almost compact settlement along the roads. Most of the 
inhabitants have farms and run stock and swine farming. The villages 
mentioned above are not sewered. In spite of the fact that most of the 
domestic and fecal sewage is carried away to fecal tanks a significant 
load of pollution penetrates into the ground water through the tanks. 
This has been found on the basis of previous experiments carried out by 
the authors as well as on the basis of examining the great concrete tanks. 
The contamination gets through the leaky tanks and also directly from 
uncased containers of liquid manure and after being washed by precipitation 
waters from the surface of the ground may supply a significant load of 
nitrogen compounds, especially in case of dense settlement in the region of 
the quarry. The contamination will consist mainly of the ammonium nitrate. 

The fact that ammonium nitrate is delivered by the fecal and domestic 
sewage may be high was proved by Koc (1979) who estimated that the liquid 





manure contains from 247 to 2880 mg/dm3 of N H ~ .  

The quarry in Zalas receives almost all the surface water which flows 
through most of the mentioned villages. It drains the water of the first 
water level in their area as well. Ammonium nitrate used in the quarry in 
the process of blasting may be another source of ammonium nitrate in 
mine water. Using this ingredient of explosives may cause the ammonium 
nitrate to infiltrate into the ground water as the result of the following 
processes. 

(a) Blasting in holes covered with water. Ammonium nitrogen is highly 
hydroscopic and readily soluble. That is why inaccurate blowing 
through of the blast holes and leaving some water in them before 
loading of ammonium nitrate may help getting the N H ~  ions into 
ground waters. 

(b) The same process may take place after loading the blast-hole with the 
explosive. 

(c) Incomplete combustion of ammonium nitrate at the moment of explosion. 

(dl Passing of firing gases, along various ways, into ground water, the 
gases apart from C02, H20, 0 and N consist of: 

2 2 N20, NO, NO2, and NH3. 

RESULTS OF THE INVESTIGATION OF SURFACE AND GROUND WATER 
CHEMICAL CONSTITUTION IN THE REGION OF ZALAS 

Out of the total of 50 samples, 20 were taken directly from the quarry (out- 
flows or stagnating waters in the about 290 m level above the sea level), 
8 samples were taken from bore holes (blast, piezometers and (hydrogeological), 
18 from surface water-sources in the region of the porphyry mine in Zalas 
and finally 4 samples were taken from wells. 

Figure 3 show the synthetic results of the investigation of the chemical 
composition. The water flowing into the quarry are fresh waters. Their 
mineralization equals from 365 to 537 mg/dm3, and average of 417 mg/dm3. 
The concentration of ammonia nitrogen (NH+) was certified to amount from 
0.0 to 3.0 mg/dm3, the average of 1 .51 mg?dm3. The concentration of 
nitrate nitrogen in the mine waters amounted from 2.5 to 12.0 mg/dm3, the 
average of 6.48 mg/dm3. The concentration of the other chemical compounds 
in the waters did not exceed either the Polish standards for drinking water 
or the standards established for the surface water of the first class of 
clarity. 

The mineralization of the surfacewatercourses stays within the limits 
between 372 and 673 mg/dm3, tne average being 451 mg/dm3. They are fresh 
waters of HC03 - Ca chemical type, and sometimes of the type HC03 - So4 - 
Ca. In comparison with water flowing out of the quarry this water has a 
characteristically higher concentration of ammonium nitrogen, ie from 
0.5 to 4.0 mg/dm3 average 1.92 mg/dm3. On the other hand the concentration 
of NO ion are lower. 

3 

The waters taken from the drill-hole have characteristically lower mineral- 
ization in comparison witk surface water. Similarly to surface waters it 



has chemical type HCO -Ca or HCO -SO -Ca. Its mineralization oscillates 
3 3 4 

within the limits of 272 to 338 mg/dm3, the average of 314 mg/dm3. The 
concentration of .NH+ and NO- ions is also lower in comparison with the water 

4 3 
mentioned above. Their average concentrations equal accordingly 1.19 and 
4.38 mg/dm3. 

On one hand, it is justified by the fact that they contain more precipitat- 
ion water infiltrating directly through fissured rock mass when compared 
with surface water and the water pumped from the mine (Figure 2 ) .  All the 
holes, from which the samples were taken, were situated where precipitation 
waters may infiltrate directly into porphyry. The precipitation water has 
low mineralization: the minerals which compose porphyry, on the other 
hand, are hardly soluble. Also the changes of nitrogen compounds which 
take place in the surface water and the shallow ground water, from the 
reduced forms (HN+I to oxidized forms (NO-) and NO- under conditions of good 

3 oxygenating of th2 water, cause the lower2concentrations of N H ~  and higher 
of NO;. 

The result of the changes may be reduced in fact to the decrease of 
ammonium nitrate and increase of nitrate nitrogen concentrations. This is 
obvious when the concentrations of N H ~  in the surface water and that one, 
certified in drill-holes water is compared. The average concentrations of 
ammonium nitrogen in the mine water certified during the investigation, 
which equal 1.51 mg/dm3, are higher in drill-holes which were placed in the 
direct vicinity of the working of the lower exploitation level. This would 
indicate the fact of enriching the waters flowing into the quarry with the 
ion, probably during the blasting activities. The results of the test of 
mine water taken from the longwall directly before and just after the 
blasting, are ambiguous. In one series of measurements the concentrations 
of NH were higher after blasting than before it. In another series the 
conceAtrations of NH4 before and after the blasting were the same. 

Realizing certain limits of inference on the basis of the arithmetical 
average, the authors were inclined to state that the mining activity of the 
quarry influenced the increases of the amount of NH ion in the quarry 
water. It can be claimed on the basis of the averaie concentrations of NH , 
that the ammonium nitrate content in the mine water discharge is in proporft 
tion to that in the water inflow into the mine. It equals about 0.32 mg/dm3, 
ie 20% of the average contents in mine water. The water which stagnates or 
which has a very slow flow in No 3 level becomes oxygenated and change into 
NH4-NO2-NO3 type compound. 

CONCLUSIONS 

After the exploitation of porphyry below the natural ground water level, 
water of high nitrogen compounds contents started to flow into the quarry. 
During the investigation period the average concentration of NH+ ion in the 

4 
water equalled 1.5 mg/dm3 . Surface water, which infiltrates into the 
porphyry in the region of the cone of depression is the main source of 
nitrogen compounds in the mine water. It contained on average 1.9 mg/dm3 of 
NH+ ion and 4.3 mg/dm3 of NO- ion. About 0.3 mg/dm3 of N H ~  ion, ie about 
4 3 

20% originates from the washing of the unburnt blasting material from the 
blasting holes. 



The p o l l u t i o n  o f  s u r f a c e  w a t e r  by n i t r i c  compounds may be  a t t r i b u t e d  t o  
f e c a l  and  d o m e s t i c  sewage f rom t h e  f a rm  b u i l d i n g s  and f e r t i l i z a t i o n  o f  
c u l t i v a b l e  l a n d s .  N a t u r a l  b iochemica l  and c h e m i c a l  p r o c e s s e s  and changes  i r  
t h e  a e r a t i o n  zone  may a l s o  b e  a s o u r c e  o f  n i t r o g e n  compounds. The p r o c e s s  
o c c u r s  d u r i n g  t h e  i n f i l t r a t i o n  o f  t h e  p r e c i p i t a t i o n  w a t e r  t o  t h e  s a t u r a t i o n  
zone .  
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