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ABSTRACT. 

Groups of rainbow trout eggs were incubated in duplicate in 

trays with PVC screens and original aluminium screens. During 

incubation aluminium bound to sediments was deposited on eggs 

and hatching systems. 

By adding acid the pH of the inlet water to a PVC hatching sy­
stem with sediments from the hatchery water in it, was experi­

mentaly lowered. Buffering of the outlet water was observed 

from pH 5.0 and lower, and at pH 4.5 and lower an increase of 

aluminium concentration in outlet water was measured. 

If a variable pH of the hatchery water is to be expected, the 

aluminiumrich sediments deposited on eggs and hatching system 

during incubation may represent a threat to the survival of eggs 

and fry. 
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INTRODUCTION. 

Acid precipitation is a serous environmental problem for Atlan­
tic salmon (Salmo salar) and rainbow trout (Salmo gairdneri) 
hatcheries in southern and south western Norway. Several hat­
cheries have reported· both acute and long term mortal it ies of 
eggs and fry exceeding 50 %. It is suspected that in many 
events low pH and high concentrations of aluminium in the inlet 

I 

water are the main reasons for this situation ( Ulgenes, unpu-
blished ). 

Rainbow trout and Atlantic salmon are ranked as the most sensi­
tive species towards acidification (Overrein et al., 1981). The 
youngest stages ( eggs, .fry and fingerlings ) seem to be the 
most sensitive to several environmental pollution factors( NAS, 
1972 ) • This is also true for low pH (Mount, 1973, NAS, 1972) 
and most probably also for high concentrations of aluminium. 
Combined with low pH the high aluminium concentrations occuring 
in many river systems have aggravated the recruitment problems 
for salmon id fish, and several populations are extinct in sou­
thern Norway (Muniz and Leivestad, 1980). 
At pH 6.0 there probably is very little effect on fish of 'the 
aluminium concentrations occuring in natural waters (Muniz· and 
Leivestad, 1980). Concequently adjustment of pH in the intake 
water of hatcheries is neccesary for most fish farmers in sou­
thern Norway. Nevertheless, depending· on adjustment method used, 
pH in the hatchery water does fluctuate to some degree ( Hansen 
et al., 1984 ). 

Apart from aluminium dissolved in the intake water some fishfar­
mers have claimed that use of aluminium screens in the hatching 
trays are detrimental to eggs and fry (Solberg,l982). Based on 
this theory many Norwegian fish farmers have replaced the origi­
nal aluminium screens with PVC plastic screens in the hatching 
trays. 

The aim of this work was to investigate if any acriumulation 
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of aluminium on eggs and hatching trays could be registered, 

and whether there was a difference in the accumulation using 

aluminium screens or PVC plastic screens in the hatching trays 

during incubation. 

Further it was investigated if any elution of aluminium could 

be measured as a function of pH in the inlet water to the hat­

ching system. 

MATERIAL AND .. METHODS~ 

Hatching system.and eggs. 

Two parallel hatching troughs A and B, each with seven trays 

( Ewos no. 2001 and 2003 ) were used. In trough A the trays 

were modified by replacing the original aluminium screens with 

PVC plastic screens. In trough B all the original aluminium 

screens were used. 

Water from the Matre river (total hardness 1.5 - 2.5 ppm as CaO, 

conductivity 10 - 15 umbo , pH adjusted to 5.9 - 6.2 with NaOH) 

was supplied at a flow rate of ea. 10 1/~in.· through each trough. 

The same water quality was used in both troughs,· and the water 

depth was adjusted to 10 cm. 

Seven newly fertilized groups of rainbow trout eggs from separa­

te brood fish were incubated. Each egg group was divided, one 

half was put in trough A, while the other half was put in trough 

B. The parallels were incubated in tays the same distance from 

the inlet. The eggs were treated three times a week with mala­

chite green to reduce fungal growth. 
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· Water sampling 

Several times during the incubation period water was collected 
from the inlet and outlet of each trough in acid washed polye­
thylene bottles. 

At the eyed stage the eggs in each tray were washed in 2 litres 
of water and trays were washed in 10 litres. Aliquots of this 
water were taken for chemical analysis. 

Aliquots of the water samples were passed trough a cation 
exchanger ( Dowex 50, 50-100 mesh, Fluka AG) prepared with Na+. 
The fraction passing through the column is believed to be non­
labile mainly organic bound aluminium. The inorganic monomeric 
forms are estimated from the difference between this fraction 
and the total acid reactive aluminium Skogheim & Rosseland, 
1984, Driscoll et al., 1980 ). 

Aliquots of the water samples from the washed eggs and trays 
were filtered through a Watman GF-C filter to remove particles 
from the solution, leaving the total acid reactive aluminium not 
bound to solids. The nonlabile forms of aluminium in the filte­
red water was measured after passing the sample through the 
cation exchanger as described above. Unfiltered samples and 
blank were homogenized with an Ultra Torax Omnimixer and cooked 
at 120~ C with sulphuric acid to dissolve aluminium bound to 
solids. Cooked samples were diluted 1:10 before analysis. 

Elution experiment. 

A hatching system made exclusively of PVC plastic in which sedi­
mentation of particles and humus had been going on for two 
months was used. The system was supplied with water from the 
Matre river at a constant temperature of ll.S~C and flowrate 
2.6 1/min. 

The pH of the inlet water was adjusted from 6.2 down to 3.5 
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by adding 0.1 M sulphuric acid through a tubing pump. The diffe­

rence between pH levels was 0.5 pH-units and each level was kept 

for 1/2 hour. , 

The pH of supply water and outlet water was measured three times 

at each pH level. Simultaneously wa tersamples from the inlet 

and outlet were taken for analysis of total acid reactive and 

nonlabile aluminium. 

Aluminium was analysed with the pyrocatecol violet method (NS 

4747, 1980) by a slightly modified automated technique described 

by Henriksen (1975). Absorbance at 582 nm was measured in a 

Spectronic 2000 spectrophotometer equipped with a 10 mm thermoe­

lectric flowcell.. Standards from 20 to 280 ug Al/1 were used. 

Statistical analysise 

The results were analysed statistically by using students t-test 

at a 5% significance level (p = 0.05) 

RESULTS. 

During the incubation period the concentration of aluminium 

in inlet water to trough A was 79 +- 4 ug/1 and in outlet water 

77 +- 4 ug/1. In trough B the values were 74 +-. 2 ug/1 and 73 

+~ 1 ug/1 respectively.. In the inlet water to trough A a mean 

of 53 % of the total acid reactive aluminium was in nonlabile 

forms. The nonlabile forms of aluminium in outlet water from 

trough A were on average 58 % of the total. In trough B the same 

comparisions showed average values of 48 % in the inlet water 

and 52 % in the outlet water. The differences in aluminium con­

centrations in inlet and outlet water were not significant. 
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Table 1 shows the aluminium concentration of the filtered water 
used for washing eyed eggs and hatching trays. There was no 
significant difference in either total acid reactive or nonlabi­
le aluminium after washing eggs wich had been incubated on PVC 
screens (trough A) compared to those incubated on aluminium 
screens (trough B). The same was true when comparing the alumi­
nium concentrations after washing trays with aluminium screens 
and PVC screens. 

Table 2 shows the total amount (in mg) of aluminium bound to the 
particles and humus sedimented on eggs and trays. There was a 
somewhat higher deposition of aluminium on the hatching trays 
than on the eggs in both troughs A and B. Accumulation of par­
ticle bound aluminium was not significantly higher on eggs incu­
bated on aluminium screens than on eggs incubated on PVC screens. 
The same result was obtained by comparing the amount of alumi­
nium deposited on trays with aluminium screens with that deposi­
ted on trays with PVC screens. 

Table 3 shows the estimated concentrations of aluminium in the 
water volume of one hatching tray (16 litres) if all the parti­
cle bound aluminium was dissolved simultaneously. Comparing the 
values in system A and B there would have been no significant 
differences in concentration. 

Figure 1 shows the data from pH-adjustment of the inlet water 
to the PVC hatching system. The pH of the inlet water started 
at pH 6~2 with no addition of sulphuric acid. At this pH-level 
no buffering in the system was observed. Adjusting the pH down 
to 5.5 and lower at intervals of 0.5 pH-units, the system buffe­
red the water from pH 5.0 and below. This is shown by the upper 
curve in Figure lA. The difference in pH was from 0.4 to 0.1 
units, with the greatest difference between pH 5.0 to 4.0. 
At pH 3.5 the buffering had decreased. 

Given in Figure 1 are also the differences in aluminium concen­
trations ( total and nonlabile ) between inlet and outlet water. 
The data showed that from pH 4.5 and below there was a large 
increase in the labile forms of aluminium while there were only 
small differences in the nonlabile forms. The amount of dissol-
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ved labile aluminium also seemed to reflect the pH level, as 

indicated by the stepwise increase in aluminium concentrations 

with decreasing pHs 

DISCUSSION. 

During the period of incubation the concentration of aluminium 

in the water supplied to the hatching system can not be conside~ 

red as very high ( 70 - 80 ug/1 ) as there was little runoff and 

relatively high pH in the river water. During periods of heavy 

rainfall the pH of the river decreases and total concentrations 

of aluminium may exceed 300 ug/1 (Ulgenes , unpubl.) This trend 

is also found in other river systems ( Henriksen et al. 1984). 

Since there were no significant differences in the aluminium 

concentrations as measured from inlet and outlet water during 

incubation it is not possible to calculate any acumulation from 

these data. 

During the incubation of eggs there was a conciderable sedimen­

tation of particles and fungal growth in the systeme 

As shown in Tables 2 and 3 there was a conciderable accumulation 

of aluminium boumd to sediments. The data showed no significant 

difference between trough A (with PVC screens in the trays) and 

trough B (with aluminium screens in the trays) concerning total 

amount of aluminium sedimented in the systems. It therefore 

seems to be no difference in waterborne or sedimented aluminium 

using either aluminium screens or PVC screens. A suggestion 

derived from this conclusion is that the type of material used 

in the hatching trays - aluminium or plastic -does not have any 

influence on the concentration of sedimented or free aluminium. 

This suggestion is based on very few data and further investiga­

tion is needed to finally confirm this. However the finding was 

expected because aluminium is pacified with the formation of an 

oxide on the surface which can withstand most chemical attacks 

from the environment ( Mahan ,1975). 
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During incubation of salmon and trout eggs the usual practice 
is to minimalize disturbance of the eggs from fertilizing to 
the eyed egg stage. This means that with water temperature 
around 6 C there is a period of approximately one month with 
sedimentation of particles and humus on the eggs and hatching 
systems. The amount of particles in hatchery water is dependent 
upon runoff in the river and filter techniques used for intake 
water. Further, despite using malachite gereen as anti fungus, 
there is also some fungal growth on dead eggs and this may act 
as an effective filter for particles in the water. It is well 
known that aluminium and other metals are catched up by organic 
substrates such as humus Gj essing, 198 2), which is also sug­
gested by these data. It was somewhat surprising, however, to 
registrate the massive amount of aluminium deposited concidering 
the low concentrations of aluminium in the hatchery water during 
incubation • 

Figure 1 shows the tremendous increase in the concentration of 
aluminium in outlet water after adjusting pH with acid. The 
concentration increase was most visible from pH 4. 5 and lower 
while the buffering of water started at pH 5.5. 
The reason for the marked buffering from pH 5.0, the strong 
elution below pH 4,5 and no conciderable increase in the alumi-

.. -nium concentration in the outlet water above pH 4. 5, may be so­
mewhat difficult to explain. A theory may be that the sediments 
mainly contain organic detritus and humic substances. This ma­
terial consists of partly degraded polymers ( carbohydrates an 
proteins) and consequently a lot of more or less free carboxyl­
groups are formed which effectively bind cations in the water. 
Thus aluminium in form of a mixture of hydroxides may be bound 
to the negative groups. When lowering the pH, the increase in 
the concentration of H+ ions may be followed by an exchange of H+ 
ions with metal ions at the negative sites making the correspon­
ding carboxyl acids. In this way the sediments may act as a 
"cation exchanger" (Gjessing, 1982). Further the observed buffe­
ring from pH 5.0 may be caused by the eqilibrium 
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Al(OH)2+ + H+ Al(OH)++ + H20 ( I ) 

Al(OH)++ + H+ = Al+++ + H20 ( II ) 

The formation of water in this buffering process will remove H+ 

ions. The formation of two or three positive charges on the 

aluminium ion may result in a stronger binding to the sedimentsG 

The net result from this can be a buffering effect in the upper 

investigated pH area. In the lower pH area it may be a replace-

ment of aluminium ions with hydrogen ions, resulting in the 

observed increase of labile aluminium concentration in the out­

let water. Recalling that the pH of hatchery water may fluctuate 

to some degree, despite of pH adjustment, it may be speculated 

that the aluminium bound to sediments represent a threat to the 

survival of eggs and fry during incubation. 

As a conclusion the data showed no difference between PVC and 

aluminium screens in the trays as measured by waterborne or 

sedimented aluminium, indicating that the aluminium screens have 

no effect on waterborne aluminium. There was a conciderable 

accumulation of aluminium bound to the sediments on the eggs and 

hatching facilities but the accumulation process was not detec­

table by measurements of inlet an outlet water during incubatione 

At low pH of the intake water, aluminium bound to sediments on 

eggs and trays may be dissolved. This may under certain rearing 

conditions represent a threat to eggs and fry in the incubation 

system and therefore contribute to the variable hatching success 

as seen in commercial hatcheries. 

REFERENCES. 

Driscoll, C.T.Jr., Baker, J.P., Bisogni,J.J.Jr. and Schofield, C.L. 

1980. Effect of aluminium speciation on fish in dilute acidi­

fied waters. Nature, 234: 161-164. 

- 10 -



Gjessing, E.T. 1982. Humus i vann- hva vet vi og hva b0r vi vite?· 
(Humus in water - what do we know and what should we know?) 
Vanndagene 1982, NTH, 26- 27 aug. pp 5- 11 (in Norwegian). 

Hansen, T., Torrissen, 0. and Ulgenes, Y. 1984. pH adjustment 
of acid fresh water at Matre Aquaculture station: 
Experience with previous and existing methods. ICES, Coun. 
Meet. 1984 (F:28). 

Henriksen, A. 1975. An automated method for determining aluminium 
in natural waters. Vatten, 4: 339 - 342. 

Henriksen, A., Skogheim, O.K. and Rosseland, B.O. 1984. ·Episodic 
changes in pH and aluminium speciation kill fish in a 
Norwegian salmon river. Vatten, 40: 255 - 260. 

Mahan, B.H. 1975. University chemistry. 3rd edition. Addison -
Wesley publishing company. 894p. 

Mourit, D.I. 1973. Chronic effect of low pH on fathead minnow survival 
, growth and reproduction. Water res.~ 7: 987- 993. 

Muniz, I.P. and Leivestad, H. 1980. Acidification - effects on 
freshwater fish. Proc. Int. Con£. Ecol. Impact Acid 
Precip. Sandefjord, Norway, March 11 - 14, 1980. SNSF 
- project. 

NAS, 1972. Water quality criteria, 1972. National Academy of 
Sciences, National Academy of Engineering. u.s Government 
Printing Office. Washington D.C. 

NS 4747, 1980. Utvalg av Norsk Standard - Vannunders0kelser. 
(Selects from Norwegian Standard- Investigations of water.) 
Norges Standardiseringsforbund, p 193, september 1980, 
pp 176- 179. (in Norwegian) 

Overrein, L.N., Seip, H.M. and Tollan, A. 1981. Acid 

- 11 -



precipitation - effects on forest and fish. Final report 

on the SNSF - project 1972 - 1980, FR 19/80, 2nd edo 

Skogheim, O.K. and Rosseland, B.O. 1984. A comparative study on 

four salmonid fish species in acid aluminium rich water. 

I - Mortality of eggs and alevins. Rep. Inst. Freshw. Res. 

Drottningholm, no 61 (in press). 

Solberg, T. 1982. Aluminiumsforgiftning hja Jakta fiskeoppdrett 

(Aluminium poisoning at Jakta fish farm). Resirkulasjonssystemer 

til fiskeoppdrett. Konferanse avholdt ved 

Akvakulturstasjonen Matre 23. - 24. mars 1982 (in 

Norwegian). 

- 12 -



Table 1. Acid soluble and nonlabile aluminium (ug/1) in 
filtered water from washing eyed eggs and trays. 
Averages +/- 95% confidence interval. 

Material 

washed 

Eggs, trough A 

Eggs, trough B 

Trays in trough 

(PVC - screens) 

Trays in trough 

(AL - screens) 

A 

B 

total acid 

reactive A1 

143 +/- 49 

137 +/- 54 

107 +/- 2 

111 +/- 8 
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non1abi1e 

A1 

99 +/- 36 

86 +/- 29 

55 +/- 2 

57 +/- 3 



Table 2. Total amount of aluminium {mg) bound to sediments deposited 
on eggs and trays during the incubation from fertilzation 
to the eyed egg stage. Averages +/~ 95 % confidence intervalQ 

Eggs, trough A 3,74 +/- 1,54 

Eggs, trough B 3,08 +/- 1,54 

Trays from trough A 5,42 +/- 2,26 

Trays from trough B 5,00 +/- 0,46 

Table 3. Estimated aluminium concentrations {ug/1) if all 
aluminium bound to sediments on eggs and trays was 
simultaneously dissolved in the water volume of the 
trays {16 litres). Averages +/- 95% confidence interval. 

Water in trough A 

(PVC screens) 

Water in trough B 

(A1 - screens) 

592 +/- 251 

549 +/- 74 
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Figure 1. The eluation experiment in a PVC hatching 
system. 

A: The pH of inlet water 6.---6. 

and outlet water 
,. ___ ,. 

5 
Time(hrs.) 

B: The difference in aluminium concentration 
from inlet to outlet water. 

0·--0 

• • 
= nonlabile aluminium 

= total acid reactive aluminium 
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