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The microbiological processes that take place in f l ooded soils may cause serious trouble 
not only in plant cu l t ivat ion but a l so in fish breeding. The harmful e f f e c t o f gases produced 
in the mud of fish ponds has been k n o w n for a long time. A. L. S T A N Z L D E C R O N F E L S (7) 
writes in his work „Piscinarium oder Teichordnung" published in 1680 that during periods of 
great temperature rise in summer the gases that form in the mud may penetrate into the water 
and cause the destruction of fish. Unt i l quite recently the study of the format ion of gases 
in the mud and its e f f ec t s was a rather neglected f ie ld o f l imnology despite the fact that 
even from a practical point of v i e w detai led analys is o f this problem complex was considered 
important. Unt i l recently it was rather the o x y g e n supply o f the fish ponds that was studied 
and the destruct ion o f fish was most ly ascribed to s u f f o c a t i o n through lack o f o x y g e n . (6, 8). 
So it is understandable that a lgae were held to be responsible to a great extent for the 
destruction. In connect ion with this theory w e h a v e more than once observed in the ponds 
of F e h e r t o near S z e g e d that before sunrise thousands o f carp gasped for breath, o w i n g 
to want o f o x y g e n . This phenomenon lasted on ly till sunrise because after this, when the 
algae started t o produce oxygen , the animals soon recovered and disappeared. H o w e v e r , the 
algae may, under certain circumstances, become o x y g e n - c o n s u m i n g or even cause o x y g e n 
def ic iency . O n examinat ion of the circumstances o f such damages it was found that the 
oxygen def ic iency is really a serious danger on ly w h e n poisonous gases are also present. The 
gases ( N H j , H j S ) are the products of microbiological act iv i ty , or rather of the reactions o f 
the compounds (SOj ) , that form and accumulate depending on the qualit ies of the water 
and soil and especial ly the p H value and mechanical compos i t ion o f the soil and also the 
temperature. The toxic e f fec t s o f these gases are w e l l - k n o w n . T h e t w o main factors o f their 
format ion and toxic e f fec t s are the soil and the weather . 

H y d r o g e n sulphide causes damage ch ie f ly in fish ponds o n acidic, peat soils and 
degraded forest soils, wh i l e ammonia poisoning is more l ikely t o occur in p o n d s with a lkal ine 
water. 

There is a d i f f erence also in the point o f t ime when the damaging in f luence of the 
hydrogen sulphide and the ammonia takes e f f ec t . T o wi t , the mass poisoning o f fish through 
ammonia occurs ch ie f ly in the early period of summer, especial ly when the d o g - d a y s heat 
sets in as early as the end o f June or the beg inning of Ju ly , whereas hydrogen sulphide 
poisoning is more apt to occur in the second half o f summer, but it is not infrequent even in 
winter in the f rozen ponds. Such damage occurred in the pond of G r e b i c s near T a t a in 
the winter of 1961—62. 

The poisoning e f f e c t of ammonia on the fauna of the water o f rice f ie lds has been 
studied by M E G Y E R I ( 2 ) . H e demonstrated that by us ing a m m o n i u m sulphate the animal pests 
of the rice plant, crustaceans o f lower order, mosqui to and midget larvae can be destroyed. 

In the course of our invest igat ions we h a v e repeatedly demonstrated the ammonia , 
hydrogen sulphide, phosphorous hydrogen, ferrous and manganese ions formed as products 
of connected microbiological processes, especial ly bacterial act iv i ty , but we had no data at 
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o u r d i s p o s a l t h a t c o u l d h a v e i n f o r m e d us as to t h e p o i s o n i n g e f f e c t s o f t h e d i f f e r e n t c o m p o u n d s 
sa id t o b e p o i s o n o u s . Bes ides , t h e q u e s t i o n r e m a i n e d o p e n as t o w h a t m i c r o b i o l o g i c a l p r o c e s s e s 
c a u s e t h e a c c u m u l a t i o n o f t h e v a r i o u s p o i s o n o u s c o m p o u n d s in t h e w a t e r . 

S i n c e a m m o n i a c a u s e s f r e q u e n t l y recurr ing a n d c o n s i d e r a b l e d a m a g e s in f i s h - p o n d s o n 
a l k a l i so i l s , w e h a v e m a d e i n v e s t i g a t i o n s in order t o d e t e r m i n e its p o i s o n i n g p o w e r , i c . i ts 
t o x i c l i m i t v a l u e t h e resul ts o f w h i c h are g i v e n b e l o w . 

Material and Method 

The experiments were carried out in a concrete basin of 10 m ' capaci ty 
tha t could be filled u p to a desired depth and a quan t i t y of 2500—3000 1 f r o m 
a nearby artesian well and could also be easily dra ined. For the exper iments 
the water was brought t o an adequate p H va lue by the help of sodium hydrox ide 
and sodium carbonate . T h e ammonia-conta in ing compound used was chemi-
cally pure ammonium sulphate . The determinat ion of the ammonia was carr ied 
out photometr ica l ly by means of N E S S L E R ' S reagent and the s tandard curve . 
C a r p weighing 60—80 dg were used in the exper iments . 

Exper imenta l 

T h e ammonium-ion ( N H , ) is no immediate danger to the fish. (3, 4, 5.) 
Its damaging toxic e f fec t appears only when wi th the rising of the p H value 
of the water the a m m o n i u m ion is t rans formed into undissociated ammonia . 

N H : + O H - ~ N H 3 - H , O 
T h e intensity of the fo rmat ion of so-called free ammonia ( N H ) depends 

on the quan t i ty of a m m o n i u m ions dissolved in water , the p H value of water , 
and the tempera ture . W O K E R (10) has m a d e studies on this subject and his 
results are shown in Table 1. H igh tempera ture and the increase of the p H 
value promotes the t r ans fo rmat ion of ammonium into ammonia . As can be 
seen f rom the table, in w a t e r with a p H value of 9,3 half of all the a m m o n i u m -
ions were a l ready t r ans fo rmed into ammonia . In fact , this p H value f requent ly 
occurs in the water of our f i sh-ponds on limy o r alkali soils. 

1st exper iment . Before s tudying the e f fec t of ammonia we thought it 
necessary to f ind out through our own experiments, too, how the fish behave 
in alkal ine medium. These experiments bore out the s ta tement of S C H A I - E R -
C L A U S (5) tha t waters wi th p H values of 9 , 0 - 9 , 5 have in themselves no h a r m f u l 
effect . 

2nd experiment . 10 carp , each weighing 6 0 - 8 0 dg, were placed into w a t e r 
conta ining 6 ing of N H , ions per litre. The p H val ue of the water was brought 
to 7,8. I ts t empera tu re was 18° C. T h e behaviour of the animals was cons tant ly 
observed and since no change could be noted within 18 hours we decided tha t the 
above concentrat ion represented no immediate danger to the ca rp under the 
given circumstances. According to the W O K E R ' S curves only 7 % of the am-
monium could have t r ans fo rmed itself into ammonia and therefore there must 
have been 0,24 mg of a m m o n i a per liter of wa te r . So in the case of the ca rp 
this quan t i t y does not reach the lethal dosis. The result of this exper iment then 
bears out D O N A S Z Y ' S ( 1 ) s ta tement tha t the q u a n t i t y of free ammonia is tolerable 
u p to a concentrat ion of 0,2 mg/1 . 
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3rd exper iment . Th i s expe r imen t was also e a r n e d ou t wi th 10 c a r p in a 
wa te r wi th a P H va lue of 8,2. T h e t empera tu re of the wa te r was 25 C. bo 
much a m m o n i u m sulphate was dissolved in the wa te r t h a t it con ta ined 8,43 

%NH 

11 12 pH 

mg of a m m o n i u m ions, or, accord ing to the W O K E R ' S curves 0,67 m g ot a m m o n i a 
per l i tre. In this exper iment w e could observe gasping fo r b rea th at the 
sur face which is a sign of resp i ra to ry insuff ic iency and t h e equi l ibr ium d is turb-
ance which is a sign of d i s tu rbance of the nervous system a f t e r 17 minutes . 
At the 25th minu te of the expe r imen t we observed the f i rs t signs of liveliness 
ind ica t ing the end and which consisted in that the animal which had lost its 
equi l ib r ium jumped out of the w a t e r once o r twice slashing abou t , or swam 
sometimes on its back , sometimes rising ou t of the w a t e r in pe rpend icu la r po-
sition. A f t e r this they sank to the bo t tom. When an hour had passed there 
remained only one an imal sw imming in the water , but when this an imal was 
forced to m o v e more intensely, sp inning set in in this case too, and this an imal 
also sank to the bo t tom of the basin. (Fig. 1., 2., 3.) 

15 minutes a f t e r s inking all the an imals were taken ou t of the basin and 
placed in to fresh wa te r of 14° C t empera tu r e . H e r e all of them revived a n d , 
judging by o u t w a r d appearance , qui te recovered. F rom this fac t the conclusion 
could be d r a w n tha t the toxic e f f ec t of ammonia , the change it causes, is, 
wi th in a cer ta in period, reversible. 
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4th exper iment . The f o r m e r exper iment was repeated wi th a q u a n t i t y of 
0 52 m g NH. , / 1 at 22° C . T h e result d i f f e r ed f r o m the a b o v e only in tha t t h e 
e f f ec t became ev ident a f t e r 45 minutes a n d wi th in 30 minutes a f t e r this all the 
an imals sank to the b o t t o m . A f t e r being placed in fresh wa te r these an imals 
too, rev ived . By means of these exper iments we f o u n d tha t 0,5 mg N H / l i t r e 
has a l r eady a toxic e f fec t on ca rp . 

Fig. 1. 

5th exper iment . In o r d e r to f ind out h o w a higher t e m p e r a t u r e and a 
higher p H value inf luence the per iod of man i f e s t a t i on , we carr ied ou t the 
f o l l o w i n g exper iment . We b r o u g h t the p H value of wa te r of 2 6 ° C to 8,8 
and s t rewed so much a m m o n i u m sulphate in to the wa te r tha t it con ta ined 8 '5 
mg of N H , i. e. 2,3 mg a m m o n i a per litre. Wi th in 4 minutes f r o m the in t ro -
duc t ion of a m m o n i a all the fishes rose to the sur face so tha t the i r backs were 
s t icking ou t of the w a t e r a n d a t the same t i m e they began to gasp fo r b rea th 
at the su r face intensely. By the 13th minu te of the exper iment all the an imals 
sank to the bo t tom a f t e r circl ing fas t several t imes at the surface, s lashing abou t 
and j umping ou t . 

6 th exper iment . In this exper iment we c o m p a r e d the behav iour of c a r p 
wi th abdomina l d ropsy and t h a t of heal thy c a r p in wa te r t h a t con ta ined 0,6 mg 

a m m ° n > a Per litre. We f o u n d that the a m m o n i a e f fec t mani fes ted istself 
sooner in the specimens su f f e r i ng f r o m abdomina l d ropsy than in hea l thy c a r p 
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W e could obse rve t h a t t he t ime of man i f e s t a t i on is p r o p o r t i o n a l t o the hea l th 
condi t ion of the f i sh . _ , . , 

7 th e x p e r i m e n t . W i t h the specimens revived in f resh w a t e r w e m a d e t u r t h e r 
exper imen t s . 12 hours a f t e r t he shock these f ish were aga in p laced i n t o w a t e r 
wi th 0,7 m g of a m m o n i a per l i t re, i. e. w i t h a va lue a b o v e t he toxic l imit . 
At t he same t ime f r e sh ly c a u g h t con t ro l specimens were also pu t i n t o t he w a t e r . 
We f o u n d t h a t the a m m o n i a e f f ec t man i f e s t ed itself a l r e a d y w i th in 20 minu te s 

Fig. 2. 

in the cont ro l an ima l s , whi le the an imals , which had a l r e a d y u n d e r g o n e the 
toxic e f f ec t , deve loped the s y m p t o m s only 6 0 to 85 minu te s la te r . P r e s u m a b l y , 
in the case of t he s p e c i m e n s ' t h a t h a d f o r m e r l y u n d e r g o n e t he a m m o n i a shock 
the o v e r - c o m p e n s a t i o n of t he o rgan i sm m a y p r o v e p ro t ec t i ve agains t f u r t h e r 
po isoning e f fec t s . 

8th e x p e r i m e n t . In o r d e r to examine h o w the a m m o n i a e f f ec t is m o d i f i e d 
when the pe rmeab i l i t v of the cell m e m b r a n e is i n f luenced , i. e. changed , the 
f o l l o w i n g e x p e r i m e n t 'was ca r r i ed ou t . 8 m a r k e d c a r p were each pe ro ra l ly given 
half a pill of Suprastin which reduces t he p e r m e a b i l i t y of t he cell m e m b r a n e 
a n d w h i c h c o n t a i n e d 12,5 m g of N - d i m e t h y l - a m i n o a e t h y l - N - p - c h l o r b e n z y l - x -
a m i n o p y r i d i n h y d r o c h l o r . A f t e r 30 minu tes these f ish w e r e pu t , t oge the r w i th 8 
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untreated control specimens, in to water conta ining 0,72 mg of ammonia pe r 
litre. In the course of this exper iment of or ien ta t ive na ture it could be observed , 
tha t the control specimens sank to the bo t tom between the 17th and the 30th 
minute of the exper iment a f t e r having developed the characterist ic symptoms , 
while the t reated and marked specimens d id not sink to the bot tom a l though 
they showed serious dis turbances of equil ibrium. 

Fig- 3 . 

As to the origin of the ammonia we established tha t the destruct ion of 
algae and water p lants fo l lowing the bloom of the water are the biological 
factors tha t increase the ammonia content of the water . We think tha t one of 
the direct reasons f o r the perishing of water p lants and algae is the hydrogen 
sulphide tha t becomes l iberated f rom the mud V A M O S (9). 

S u m m a r y 

The au tho r carried out experiments in o rde r to examine the toxic limit, the 
poisoning power of f ree ammonia and the symptoms of ammonia poisoning. 

It has been s tated tha t the toxic limit of ammonia is 0,5 mg/1. A f t e r 
the shock e f fec t the sunken specimens can be revived in fresh water In these 
specimens repeated poisoning with the same degree of ammonia concent ra t ion 
produces symptoms only a f t e r a longer t ime of manifes ta t ion. It was also 
observed tha t drugs (Suprast in) reducing the permeabi l i ty of the cell membrane 
reduce the poisoning effect to a certain extent. 
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