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Physiological Studies on the Effects of
Pulp Mill Wastes to Aquatic Organisms.

Masaru FUJIYA

In the recent years, water pollution troubles concerned with fishery have been increased
with expansion of industries, especially on pulp industry. The hydraulic and chemical
investigations have been carried out to kestima‘te the effects, but only few one. has studied
biologically, especially on physiological investigations, Believing that it is necessary for the
estimation of the effects to determine the physiological effects upon the organisms. Hence, the
effects of the wastes to fish, bivalves and algae as the important aquatic organisms were studied
physiologically.

The estimation of the effects to fish.

It is said that there are some differences among the effects of the wastes to physiological
functions of fish according to the kinds and the concentrations of wastes. The most serious
effect is a étop of the function, that is, death. Many kinds of effect must be given to fish when
they are affected by the waste, even if they still survive. It must be necessary for the reasonable
estimation of the effects to determine the effects to the physiological functions, and following
investigations were done. Although several kinds of fish were used as the test materials, Mylio
macrocephalus, Chrysophrys major and Cyprinus carpio were mainly used.

Hematologic and sevologic investigations.

The respiratory organ of fish, gill, is in contact with water as their living environment.

This is one of important charactaristics of fish, althoﬁgh their circulatory system is approxima-
v tely same in comparisoh with ierrestrial animals.

Therefore it is valuable for the estimation of the effects that hematologic and serologic
investigations are carried out.

As ihe hematologic investigations, the changes of hemoglobin content, resistancity of red
blood corpuscle to osmotic pressure, specific gravity, and red blood corpuscle numbers were
observed. On the other hand, the paper electrophoretic serum separation was applied estimating
the change of serum protein composition as a serological investigation.

According to these, it was determined that the fishes exposed to low concentration of the
waste were under suffocatiﬁg condition, and anaemja and the harmful change of serum protein
composition were remarkable symptoms on fishes exposed to the high concentration waste. It was

Lelieved that the effects 1o circulatory system were very serious and remarkable.
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Histo-pathological and cyto-chemical investigations.

Admittedly, the functions of visceral organs are -quite important for the organisms. The
living activity must be declined if the effects influence to the organs and physiological functions
are obstructed. Histo-pathological and cyto-chemical investigations on gills, liver, Pancreas,
spleen, kidney and intestine were carried out to estimate the effects to the physiological
functions of the visceral organs. .

As the results, following symptoms were observed: accelerative secretion of mucus of the
gills, decrease of glycogen and RNA (Ribose Nucleic Acid) in hepatic cells, decrease of RNA in
pancreatic cells, accelerative secretion of mucus on the epithelium of intestine, as the effects
of the low concentration of the waste. In addition, necrosis of gill filament cells, disappearence
of glycogen and RNA in hepatic cells, of RNA in pancreatic cells, changes of biliary duct and
arterial vessel, hemorrhage of spleen, and necrosis of uriniferous tubules cells were found out
as the symptoms by the high concentraiion waste. And also, necrcsis of epithelium in intestine
was a kind of remarkable symptoms on only marine fish. At the same time, the toxic material
contained in the waste was determined with histo-pathological and -cyto-cliemical methods.

The fish exposed to the waste treated with coagulants such as acidic substance-and ferric
chloride had nothing to be affected. In addition, the symptoms occured by the effect of the
resinous substance separated from the waste were very much similar to be ones Ly the waste

Thus, it was determined that the resinous substance was estimated as one of the strongest
toxic materials to fish.
The effects to the dehydrogenaling reaction of visceral organs.

The remarkable expansion of the studies en the dehydrogénaﬁng reaction has been’ recogni-
zed, particularly the reaction of succinic dehydrogenase has been applied in many research fields.
It is said that dehydrogenase exists in mitochondoria of cells and has the n:ost important function
for the respiration of cells. The pathology in ‘medical science has applied this reaction to
evéluate the harmful effects of many kinds of desease and the contributions are notable. In this
experiment, T.T.C. (2, 8, 5-triphenyl tetrazolium chloride) was used and the reactions on liver,
kfdney, intestine and gill were measured. It was considered that the physiological function of
the liver was affected notably by the waste, for the reaction on the liver was declined. It was
doubtless that the physiological function of fish were alfetced seriously by the waste.

The estimation of the effects to bivalves.

In general, bivalves have only few moving ability and Lhey'cannot avoid the unsuited
condition such as the influence of pollutants.

Therefore, the effects to them would be physiological problems, and physioclogical investig-
ations to estimate the effects are specially valuable on bivalves.

The effects to the metabolism of calcium absorption.

Calcium is one of the most important substance for the growth of bivalves, and the velocity
of calcium absorption into the flesh was obsérved to evaluate the effects of the waste. The radio-
isotope Ca-45 was dissolved into the seawater mixed with the waste in various concentration,
in which the samples were cultured. After certain time, they were resolved with nitric acid by
wet ashing method, and the precipitétion of calcium compound from the solution with ammonium
oxalate was gathered up on a filter paper set in a pranchette.

Absorbed calcium quantities were determined by G-M counter for the radioactivily. It was

observed that the quantities of absorbed calcium in the flesh were on the decrease. As the
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causes of decreasing of calcium absorption, two results were obtained. The bivalves close the
shells to decrease the absorption when they are exposed to the low concentration waste, even if
the effect is not serious harmful for their physiological functions. On the other hand, the
physiological function was affected to decrease the absorption by the high concentration waste.
In either cases, it is sure that the existence of the waste in the environmental condition is a
harmful effect for their growth. .

In addition, it must be noted that the protective action of the shell against toxicants
contained in water is one of the considerable factors when the bioassay  to evaluate the effects
of toxicants will be done on bivalves.

The effects to dehydrogénating reaction of bivalves.

In this experiment, the body from which removed the adductor muscle and the gills was
used for the evaluation by the same method of the fish invesigation on oyster ~exposed to the
waste of various concentrations.- The proportion of the reaction was decreased with increasing
of waste concentration. It is doubtless that the physiological function is affected by the waste,
because dehydrogenating reaction is one of the most important for the metabolism. It may not
only affect the physiological function. of the organism, bui also may be connected with the
poor development that the waste gives the harmful effects to the organism.

Histo-pathological and cyto-chemical effects to visceral ovgans.

The structures of bivalves .are simpler than fish' and underdeveloped. However, it has same
values for the estimation of ihe effects to observe the changes of the structures histo-patholog-
ically and-cyto-chemically. Oyster, Ostrea gigas, was used in this experiment, for it is one of
important fisheries’ products, at.the same time, a typical Lamellibranchia. As thé symptoms
occured by the waste, the serious changes were observed in the following organs and tissues ;
stomach, intestine, digéstive diverticula; gill and connective tissue surrounding body, particularly
on gills and digestive diverticula.

In addition, RNA in digestive diverticula wes on the decrease, and it is considered that the
ability of protein synthesis is obstructed.

The symptoms were caused by the toxic material contained in the wasie as same as fish case,
and the resinous substance was estimated as a kind of the toxicants. It was observed that the
toxic substance raided into the body by two ways, taken through the .alimentary canal ‘and
penetrated the surface of the body.

The estimation of the effects to algae.

As laver is one of the most important algae in Japanese fisheries’ products, the effects to
this organism were investigated in this experiment.

The ejffects to phosphate assimilation as a basic metabolism of laver.

The phosphorus compound is a kind of the most important nutrients for the growth. Then,
the velocity of the phosphorus assimilation as a physiological function was observed to evaluate
the effects.

The phosphate (KIIoPO4) contained the radio-isotope P-32 (specific activity : 1—2u¢c¢/mg) was
added into culture medium and lavers were grown in it after exposure to the waste of various
concentrations. After .certain hours, P-32 in lavers was measured by G—M counter, resclving
the lavers by wet ashing method, to determine theirtactivity for phosphorus assimilation.

It was observed that velocity of the assimilation was affected by the’ waste, according to the

result it was supposed that the physiological functien concerned with fiutritional assimilaion was
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influenced remarkably.
The effects to dehydrogenating reaction.

The dehydrogenase in algae cells is concerned in the cell respiration as same as animals’
and the reaction indicates the living activity of the cells, and the effects were evaluated with the
reaction. The reaction was affected seriously by the waste. It was considered that the physiolo-
gical function of the cells was influenced by the waste.

Cytological observaticn to estimate the lethal effects.

In general, the structurc of sea algae is simple and underdeveloped, “especially on a laver.
The leaf is a kind of cell group and it is estimated that unsoundness of the cells is of the
organisms, and a cytological effect was determined in this experiment. The lavers exposed to the
waste in various concentrations were operated with Molish reaction.

The affected cells can be distinguished from normal ones microscopically by the reaction.
The lethal effect of the waste was occured with the high concentration but did not be observed

on the samples exposed to the low concentration waste.

According to the results of the experiments mentioned above, the fundamental problems on
the effects of pulp mill waste to the aquatic organisms are estimated as follows;

It is possible to estimate that the physiological functions of the organisms are affected Ly
the waste and these affections exert many kinds of evil influence upon the organisms. In
particular, the decrease of RNA may be estimated that the waste gives the harmful effect on
protein synthesis, and also the decrease of glycogen shows that glycolysis in the organisms is
expedited by what is existed in the waste, influencing the metabolism of glycogen. It may be
considered that the waste has a harmful effect on the development of the reproductive function
as well as growth, which must bring to fishery a decrease in production. In addition, many
- kinds of effect observed in this study show that the effects of the waste upon the organisms
are caused by the action of tcxic material in the waste. It is estimated that it is the most
proper way for the treatment to eliminate the resinous substance as a toxicant,

It is certain from these results that the toxic substance in the waste produces deterioration
in each organ through the circulatory system and the alimentary canal on fish, and through the
surface of the body and the alimentary canal on bivalves. These results are interesting and
significant for the estimation of the effects upon the organisms.

In regard to the relation between the concentration of the waste and the effects on the
organisms, the effects of the waste can be estimated as follows; The most serious effect, the
histo- pathological changes of tissues in visceral organs such as necrosis and desquamation and so
on, were caused by the contaminated water of more than 50 mg/L in COD value, and more slight
symptoms, cyto-chemical changes such as the decrease of RNA in pancreas and the accelerative
secretion of mucous gland and so on, were caused by the water with more than 10 mg/L in COD value.

For the foregoing reasonms, the physiologically effective dose of pulp mill waste to the
organisms is estimated to be the concentration of 10 to 50 mg/L in COD value. It is notable for
the estimation of the effects that the effective dose is very low. It may bLe better way for the
determination of safe concentration to apply the results in the future, although the results
of evaluation for TLm value are used estimating the concentration at present. It must be
necessary for the reasonable estimation of the effects to the organisms that the research of

physiological effects are carried out as same as ecological ones to advancement of this study field.
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It is found that the symptoms observed on marine fish affected by the waste have different
charactaristics on the symptoms observed in the intestine as compared with fresh water fish.

These are not only brought with the differences of their biological charactor but also with
that of their environmental conditions. Therefore, they cannot be put in same category on the
estimation of the effects.

It is also necessary that fisheries’ technique must be studied to protect the organisms

against the influence of wastes in the future, especially on aquicultures.
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LOBYEIFEL T Enl L2 RTI0 LHEREIN
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K E FIBRICKEESE L OEREREF L FREER D 555, BB
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