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Kraft Pulp Mill Effluent Components Cause Liver 
Dysfunction in Trout 
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Wide areas of water in Scandinavia and North America are pol- 
luted by both bleached and unbleached kraft  pulp mil l  eff luent 
(KME). Many kinds of sublethal physiological effects on fish have 
been described, including alterations in l i ver  glycogen and blood 
glucose concentrations (McLEAY 1973, McLEAY & BROWN 1979), de- 
cline in numbers of c irculat ing leucocytes (McLEAY 1975) and in- 
crease in vent i latory water volume and oxygen uptake (DAVIS 1973). 
All these acute effects may be grouped under the concept of "gen- 
eral stress syndrome" (WALDEN & HOWARD 1977) and they do not de- 
scribe specific toxic actions of KME or i ts  components in f ish. 

UDP-glucuronyltransferase (UDP-GT, EC 2.4.1.17) in the ver- 
tebrate l i ver  participates in many types of glucuronic acid conju- 
gations, both of xenobiotics as well as of such endogenous com- 
pounds as b i l i rub in  and steroid hormones (DUTTON 1966). We have 
previously described that the resin acids, which constitute the 
main part of acutely toxic compounds in KME (LEACH & THAKORE 1977), 
inh ib i t  the trout l i ver  UDP-GT in vivo down to 20% of the control 
ac t i v i t y  (CASTREN & OIKARI 1 9 7 9 - , - 0 ~ I  et al. 1982). I t  is not 
known, however, i f  this degree of inhib i t ion could be compensated 
by some other metabolic alternatives. I f  not, many kinds of l i ver -  
or igin disorders, e.g. jaundice (KRUZYNSKI 1979), would result .  

Here we report evidence on impaired l i ver  function in f ish 
exposed to KME components. This study is part of our ef for ts to 
develop more specific bioassays for detecting and monitoring the 
sublethal impact on fish of the pulp and paper industry. 

MATERIALS AND METHODS 

Juvenile rainbow trout (Salmo gairdneri) ,  weighing 24 ~ 5 g 
(x ~ SD) and with length of I-3-T!~0.9 cm, were acclimatized to 
dechlorinated Helsinki City tap water for two weeks before this 
study conducted in March. A 12L : 12D (08:00-20:00) cycle was ap- 
plied in the aquarium room, and the fish were dai ly fed ad l ib  
with pelleted food (Ewos). Water temperature (12.5 with range of 
• 0.3 ~ was the same as during the tests. 

The toxic material studied was a sulphate soap preparation 
used for ta l l  o i l  production (Ahlstr~m Co., Varkaus, Finland). 
I ts chemical composition simulates well the toxic contribution 
of KME (termed KME-Sa; HOLMBOM & LEHTINEN 1980). The ta l l  o i l  
content was 89.8% of dry soap, the rest being residual Na-salts 
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and l ign in  material.  Of the resin acids, which al l  contributed 
25.0% of the total  t a l l  o i l  content, the d i f fe rent  acids occur- 
red as fol lows: 6.85% abiet ic ,  3.91% palust r ic ,  3.41% dehydro- 
ab ie t ic ,  3.32% neoabietic, 2.61% pimaric, 2.50% levopimaric, 
1.62% isopimaric, 0.48% sandaracopimaric and 0.33% secodehydro- 
abiet ic  acid. The fa t t y  acid content was 51.5% and the l i no le i c  
(22.7%), oleic (13.7%) and pinolenic (6.3%) acids consti tuted 
most of i t  (analysed according to HOLMBOM 1977). 

The 96h LC50 of KME-Sa to yearl ing rainbow t rout  was 0.53 mg 
tota l  resin acids/L (95% confidence l imi ts  0.43 - 0.66 mg/L), 
corresponding 1.9 mg dry substance/L, which is very s imi lar  to 
previous determinations (LEACH & THAKORE 1977, HOLMBOM & LEHTINEN 
1980). Exposures, made in 200 L glass aquaria, were of f low- 
through type (3.5 L water/g f i sh /d ) .  The KME-Sa stock was dosed 
by pe r i s ta l t i c  pump so that the f i r s t  group of 9-11 f ish was ex- 
posed at 0.3 x 96h LC50 for  3 days, the second one at 0.15 x 96h 
LC50 for  I I  days, and the th i rd  - without poison - served as 
control .  No morta l i ty  was observed. Test water pH was 7.3-7.4 and 
02 concentration was kept between 8-9 mg/L by aeration. The ani- 
mals were not fed during the four days" period before sampling, 
and each f ish was kept for  the last  24h in a restrain ing cyl inder.  

Fish were stunned by a blow on the head, weighed, and the 
blood samples aspirated from the caudal vessels into heparinized 
syringes. The b i le  was col lected by puncturing the gall bladder. 
The l i ve r  was then quickly removed, weighed, and divided for 
d i f fe rent  analyses. In each case the same part was used for  a 
given determination. Subsamples for glycogen and UDP-GT were im- 
mediately frozen and stored in l iqu id  nitrogen. Plasma was separ- 
ated without delay by Beckman Microfuge B, and a part from i t  
precipi tated in 0.6 M perchloric acid for glucose determination. 
The rest of the plasma and the b i le  was kept in the dark at 3-4 
oc. Al l  plasma and b i le  analyses were made within 3-4h of 
sampling. 

Glucose, b i l i r ub in  and ammonia analyses were made using com- 
mercial test  k i ts  (Boehringer Mannheim, BRG, Cat.No:s 124028, 12 
3919 and 125857). Glycogen concentration was measured, a f ter  t rea t -  
ment of t issue pieces as described in HARRIS et a l .  (1974), as 
glucose equivalents. UDP-GT was assayed from homogenate at 25 ~ 
according to H~NNINEN (1966) using p-nitrophenol as substrate. 
Liver water was measured gravimetr ical ly by drying the t issue 
pieces at 105 oc for  24h. Liver somatic index (LSI) is the per- 
centage of l i ve r  weight of the total  body weight. The s ta t i s t i ca l  
comparison to the controls was made by Student's t test .  

RESULTS AND DISCUSSION 

The results in Table 1 show that f a i r l y  ef fect ive depletion 
(-67%) of l i ve r  glycogen reserves takes place in three days. This 
observation agrees with ear l ie r  data on salmonid fishes (DAVIS 19 
76, McLEAY & BROWN 1975). Because no difference was seen in plasma 
glucose a f ter  three days (Table I ) ,  i t  is possible that the peak 
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values were already passed at that moment, as in coho salmon 
(McLEAY 1977). After I I  days in 0.15 x 96h LC50 of KME-Sa the 
consequences in l i ver  metabolism were more diverse. In spite 
of the lack of glycogen, the LSI was s ign i f i can t l y  increased. 
Since the length/weight ra t io  of t rout  remained unchanged, the 
main reason for  th is  was the increased l i ve r  water concentra- 
t ion.  Addi t ional ly ,  these f ish displayed moderate hypogly- 
cemia with accompanied increase in plasma ammonia concentra- 
t ion (Table I ) .  Less pronounced hypoglycemia was also observed 
in coho salmon af ter  25 d exposure to 30% (v/v) KME (McLEAY 
1973). Elevation of plasma ammonia due to KME has not been de- 
scribed before, and may re f lec t  the withdrawal of t issue pro- 
teins as a new energy source (PHILLIPS 1969). A probable source 
of blood ammonia is the lateral  muscle which showed a s i g n i f i -  
cant decrease, by 13.5%, of i t s  protein concentration a f ter  
30 d exposure to sublethal KME-Sa (OIKARI et al .  unpublished). 
On the other hand, the actual s i te  of ammonia production may 
be the l i ver  (FORSTER & GOLDSTEIN 1969). As a possible conse- 
quence of higher blood ammonia concentration, the increase of 
Na § uptake from the environment should be mentioned (MAETZ & 
GARCIA-ROMEU 1964). 

Inh ib i t ion  of l i ve r  UDP-GT by KME-Sa was s ign i f i cant  (P < 
0.001) a f ter  only three days but even more pronounced (-40%) 
a f ter  I I  d at the lower exposure concentration (Table 2). The 
resul t  is the same as that produced by pure resin acids (OIKA- 
RI et a l .  1982). Simultaneously with the enzyme inh ib i t ion ,  
decreases in concentration and in proportion of "d i rect"  (pre- 
sumably glucuronic acid conjugated) b i l i r ub in  seem to develop. 
However, for the increase of plasma b i l i r ub in  level a longer 
exposure was necessary. In the course of jaundice development 
the decreased capacity for  conjugations must have been of 
primary importance (SCHMID & LESTER 1966). I t  remains to be 
seen i f  the t ransce l lu la r  transport of b i l i r ub in  glucuronides 
is also inhib i ted.  Since al l  the plasma samples looked nor- 
mal, some drast ic increase in destruction of red blood cel ls  
is not an apparent explanation for the abnormal metabolic 
state. 

In conclusion, our results indicate that the kraf t  mil l  
ef f luent components (presumably resin acids) give r ise to 
impairment of l i ver  function in rainbow t rout .  At a late stage 
of intoxicat ion jaundice is developed. I t  is preceded, how- 
ever, by an inh ib i t ion  of UDP-glucuronyltransferase ac t i v i t y  
and substantial depletion of l i ve r  glycogen. 
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