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Stellingen 

1 . Een adequate beoordel ing van de tox ico log ische r i s ico 's van chroom in 

het Neder landse oppe rv lak tewa te r w o r d t bemoei l i jk t door het o n t b r e k e n van 

re levante in fo rmat ie ove r de chemische vorm waar in het metaal voo rkomt . 

Dit proefschrift. 

2 . De inv loed van de z u u r g r a a d op de acute t ox i c i t e i t van zeswaardig chroom 

voor de regenboogfore l is voorspe lbaar op basis van een s t r i k t add i t ieve 

t o x i c i t e i t van hyd roch romaa t - en ch romaat - ionen . 

Dit proefschrift. 

3. De door Payan en Mat ty on tw i kke lde k ieuwper fus ie techn iek b ied t een goe

de mogel i jkhe id om na te gaan welke in oppe rv lak tewa te r aanwezige metaal-

ionen-species besch ikbaar z i jn voor opname door v i s sen . 

P. Payan and A .J . Matty, J. comp. Physiol. 96 (1975) 167-184. 

Dit proefschrift. 

4 . De conclusie van Schube r t e . a . dat de mutagen i te i t van zeswaardig 

chroom is t e r u g te voeren op het i n t race l l u l a i r gevormde d r i ewaard ig chroom 

is v o o r b a r i g gezien de bev ind ingen van Polnaszek. 

J. Schubert, F.J. Teslik, S.K. Wiederhold and J.M. Gentile, 

Environ, mutagenesis 1 (1979) 164. 

C.F. Polnaszek, Fed. Proc. 40 (1981) 715. 

5. De c lass i f icat ie van sommige k ieuwepi theelce l len op basis van hun c y t o -

plasmatische d i ch the id in " d a r k ce l ls" en "dense ce l ls" w i j s t op de noodzaak 

van voo r tgaand onderzoek naar ce ld i f f e ren t ia t i e processen in d i t weefse l . 

C.M. Morrison, J. Fish Biol. 15 (1979) 601-605. 

M. Morgan and P.W.A. Tovell, Z. Zellforsch. 142 (1973) 147-167. 

6. Bi j de bes tude r i ng van het r esp i ra t i eged rag van v issen in con t inu door 

stroomde systemen d ien t het s t romingspa t roon te worden g e k a r a k t e r i s e e r d . 

:..;-!.*.**-* 



7. De door Marking beschreven discrepantie tussen de toxiciteits- en disso

ciatiecurve van antimycine dient primair te worden toegeschreven aan de 

chemische degradatie van antimycine in alkalisch milieu en houdt in mindere 

mate verband met een foutieve bepaling van de dissociatieconstante. 

L.L. Mark ing , J . F ish. Res. Board Can. 32 (1975) 769-773. 

8. De voorschriften die op het ogenblik tot stand komen op het gebied van 

toxiciteitsonderzoek zijn teveel gericht op een routinematige screening waar

door het gevaar ontstaat dat onvoldoende inzicht wordt verkregen in wer

kingsmechanismen, welke noodzakelijk is voor een goede risico-evaluatie. 

Commissie Toelating Bestr i jd ingsmiddelen. Aanvraag tot toelat ing 

bestr i jd ingsmiddelen, onderdeel E. Jan. 1981. 

OECD-guidel ine for test ing chemicals. Feb. 1981. 

9. Het ware wenselijk de mogelijkheid te hebben evenals bij straling het ge

val is, de toegevoegde risico's van mutagenen en carcinogenen te relateren 

aan de "natuurl i jke" achtergrond. 

10. Gezien het toenemende multiculturele karakter van de Nederlandse sa

menleving en de geringe kans op terugkeer van etnische minderheden naar 

hun land van herkomst, verdient intercultureel onderwijs de pr ior i tei t boven 

bicultureel onderwijs. 

11. In het kader van interlandelijke adoptie heeft de overheid van ontvan

gende landen de plicht op effectieve wijze te voorkomen dat aspirant adop

tiefouders een kind dat op illegale wijze is verworven, gaan verzorgen en 

adopteren. 

12. Deeltijdarbeid is niet altijd gedeelde arbeid. 

I ksan van der Putte 

An assessment of the environmental t ox ic i t y of hexavalent chromium 

in f ish 

Wageningen, 21 oktober 1981 



There are a number of levels of 

biological integration and each 

level finds its explanation of 

mechanisms in the levels below, 

and its significance in the 

levels above. 

G. A. Bartholomew 

Aan Gerja en Pepijn 
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General introduction 

Occurrence of chromium in the aquatic environment 

At present chromium is a common contaminant in surface waters in many 

countries. Various sources contribute to the contamination. These include 

atmospheric emissions from industry and households and runoff from agr icul

ture. However, the most important source is the waste water from industrial 

and domestic origin fed directly into the aquatic system (Förstner and Witt

mann, 1979; NRCC, 1976). In the Netherlands the amounts of chromium i n 

troduced by the r ivers Rhine and Meuse constitute the major sources of 

chromium pollution of surface waters. An additional amount is discharged by 

industries (Table I ) . 

TABLE I 

Estimated amounts of chromium ( tons/year) discharged in the Netherlands. 

Source: IMP (1975; 1981). 

Year Total Industrial Released into Introduced by 

discharge discharge surface waters Rhine and Meuse 

2000 - 3000 

2600 

1973 

1975 

1978 

1980 

1985 

— 

400 
... 

150 

120a 

... 

390 
... 

140 

110a 

— 

350 
... 

110 

100a 

Prognosis 

Since its discovery by the French chemist Vauquelin in 1797, world's us

age of chromium has increased up to 17.10s tons/year (Förstner and Witt

mann, 1979) and the element is now the most ubiquitous of all metals used 

in industrial activities (Dean et a l . , 1972). Chromium salts are used exten

sively in the metal f inishing industry (electroplat ing), the leather industry 

( tanning) , the texti le industry (mordants) and in catalytic manufacture. 
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They are also present in cooling waters, pigments and primer paints, and 

in fungicides and wood preservatives. A survey of various industries d is

charging chromium waste water in the Netherlands is given in Table I I . I t 

is obvious that the total industrial discharge has been reduced markedly in 

the period between 1975 and 1980. In the next period of f ive years (1980-

1985) the reduction in chromium discharge is predicted to be much smaller, 

although continuing progress is being made in reducing or recycling the 

waste water in certain industries e .g . the leather (IMP, 1981) and metal f i n 

ishing industry (Eversteijn and Van Deursen, 1979). 

TABLE II 

Estimated amounts of chromium ( tons/year) discharged by various industries 

in the Netherlands. Source: IMP (1981). 

Industry 1975 1980 1985a 

Textile 

Leather tanning 

Photography and pr int ing 

Fertilizers 

Chemical raw material 

Chemical products 

Basic steel works 

Basic non-ferrous metal works 

Metal products 

Others 

Total 

3.6 

36 

2.0 

20 

70 

110 

20 

80 

48 

1.2 

1.4 

36 

1.4 

15 

56 

7.6 

6.0 

--

18 

1.1 

1.4 

11 

1.2 

12 

55 

6.2 

6.0 

--

12 

1.1 

390 140 110 

Prognosis 

In Dutch surface waters total chromium concentrations have been reported 

to range from 9 to 88 pg/l (Str ik et a l . , 1975). Sometimes local values of 240 

Hg/I (RIZA, 1978, in correspondence) to 1000 pg/l (St r ik et a l . , 1975) are 

found. 
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Values f o r to ta l and d isso lved chromium concent ra t ions at some sampl ing loca

t ions in 1980 are g i ven in Table I I I . 

Kopp and K roner (1969) f ound d isso lved chromium in 24.5% of t he water sam

ples taken f rom r i v e r s and lakes in t he Un i ted S ta tes ; t he mean concent ra t ion 

was 9.7 p g / l , and the range was 1 to 121 p g / l . Natura l b ackg round levels 

ace est imated to be <1 pg / l ( N R C C , 1976; Fö rs tner and Wi t tmann, 1979). 

TABLE I I I 

Tota l and d isso lved chromium concent ra t ions in Du tch sur face waters at some 

sampl ing locat ions in 1980. A f t e r R i j kswaters taa t (1980) . 

Tota l chromium concn . 

p g / l C r 

D issolved chromium concn . 

p g / l C r 

Location mean range mean range 

Rhine - ( L o b i t h ) 

Ussel - (Kampen) 

Meuse - (Eysden ) 

West Sche ld t -

(Schaar Van Ouden 

Doel) 

20 

15 

10 

20 

7 

9 

5 

8 

• 36 

- 26 

- 38 

• 28 

0 - 13 

0 - 6 

0 - 6 

0 - 5 

Aqua t i c chemis t ry of chromium 

The most impor tan t ox ida t ion s ta tes , in wh ich chromium is used b y i n d u s 

t r i es and in wh ich i t is p resen t in su r face waters are t he t r i v a l e n t and 

hexava lent s ta tes . These two ox ida t ion states a re t he most s table fo rms of 

t he e lement, t ha t may have ox ida t ion states r ang ing f rom -2 to +6 (Co t ton 

and W i l k inson , 1972). 

T r i v a l e n t ch romium, C r ( l l l ) , is a pos i t i ve l y charged ion w i t h a s t r ong 

t endency to fo rm s table complexes w i t h nega t i ve ly charged o rgan ic o r i n o r 

ganic species. Hence i t is u n l i k e l y t h a t apprec iab le quan t i t i es of uncomplexed 

C r ( l l l ) w i l l be f ound in water con ta in ing any anionic d isso lved o r pa r t i cu la te 

mat ter ( e . g . decay ing p lant o r s i l t o r c lay p a r t i c l e s ) . Even i f no anionic spe-



14 

cies are present, C r ( l l l ) can react with water itself to form colloidal hy

drous oxides (U.S. EPA, 1978; Cotton and Wilkinson, 1972; NRCC, 1976). 

Hexavalent chromium, C r ( V I ) , in aqueous solution almost exclusively 

exists in the form of the oxo-anions Chromate ( C r 0 4
2 ) , hydrochromate 

(HCr0 4 ) and dichromate ( C r 2 0 7
2 ) . The proportion of C r (V I ) present in 

each of these forms depends on pH. In strongly basic and neutral solutions 

the Chromate form predominates. As pH is lowered, the hydrochromate con

centration increases. At very low pH the dichromate species predominates. 

In the pH ranges encountered in natural waters the proportion of dichroma

te ions is relatively low. In the acid portion of the environmental range, 

the predominant form is hydrochromate ion (65% at pH 6.0 to 6 .2) ; in the 

alkaline portion of the range, the predominant form is Chromate ion (96% at 

pH 8.5 to 7.8) (Trama and Benoit, 1960). As C r (V I ) species are negatively 

charged, they do not complex with anionic particulate matter. Hence Cr (V I ) 

is more mobile than C r ( l l l ) which is largely associated with particulate mat

ter and is subject to sedimentation or f i l t rat ion (NRCC, 1976). C r (V I ) is a 

powerful oxidizing agent especially in acidic solutions. The tendency is 

strong to react with reducing agents to form C r ( l l l ) . Nevertheless, when 

the concentration of reducing agents is low hexavalent chromium is stable 

in natural waters and will persist for a long period of time. 

Aspects of chromium toxicity in f ish and other aquatic organisms 

Mean acute toxicity values of C r (V I ) for various species of aquatic orga

nisms are given in Table IV. The species mean acute values for f ive of the 

six invertebrate species are less than that of any f ish species, showing that 

invertebrate species are generally more sensitive for C r (V I ) than f ish spe

cies. For C r ( l l l ) both the most sensitive and the least sensitive species are 

invertebrates (U.S. EPA, 1980). 

When f ish are i rr i tated by toxic levels of C r ( l l l ) , they secrete large a-

mounts of mucus which complexes with the metal ion and thus reduces the 

ionic diffusion through the skin (Carpenter, 1927). The main toxic action of 

C r ( l l l ) is presumed to arise from the coagulation or cross-l inking of the 

mucus secreted by the g i l ls , or from direct damage to the gill tissue which 

in t u rn interferes with respiratory funct ion, resulting in death by suffoca

tion (Doudoroff and Katz, 1953). Olson (1958) exposed a large number of 

Chinook salmon f ingerl ings to low levels of C r ( l l l ) and Cr (VI ) for 12 weeks. 

Under the test conditions (water hardness 70 mg/ l , pH 7.7 - 8.0, tempera-
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ture 8 - 1 6 °C) 0.2 mg/l C r ( l l l ) d id not increase the mortality over con

trols (0.8% mortal i ty), whereas 0.2 mg/l C r (V I ) caused a 53% mortality. 

TABLE IV 

Mean acute toxicity values for hexavalent chromium in various species. Figu

res represent mean 96-h LC50 values (a ) ; mean 48-h EC50 values ( b ) , and 

mean 48-h - 96-h LC50 values ( c ) . Sources: U.S. EPA (1980) and Federal 

Register (1980). 

Species Mean acute toxici ty 

value (pg/ l CrVI) 

Largemouth bass (Micropterus salmoides) 195,000 (a) 

Bluegill (Lepomis macrochirus) 134,000 (a) 

Goldfish (Carassius auratus) 120,000 (a) 

Rainbow t rout (Salmo gairdneri) 69,000 (a) 

Midge (Tanytarsus dissimilis) 59,900 (a) 

Brook t rout (Salvelinus fontinalis) 59,000 (a) 

Fathead minnow (Pimephales promelas) 43,100 (a) 

Striped bass (Morone saxatilis) 30,400 (a) 

Guppy (Poecilia reticulata) 30,000 (a) 

Snail (Physa heterostropha) 25,000 (a) 

Rotifer (Philodina roseola) 6,800 (b) 

Cladoceran (Daphnia magna) 6,400 ( b ) 

Rotifer (Philodina acuticornis) 3,100 (b) 

Scud (Gammarus pseudolimneus) 67 (c) 

General symptoms of Cr (VI ) poisoning in f ish are decreased food intake, 

lack of act ivi ty and severe alterations in internal organs. It is somewhat un

certain whether C r (V I ) also causes damage to the gil t issue; This was found 

by Str ik et a l . (1975) in rainbow t rout but not by Fromm and Schiffman 

(1958) in largemouth bass acutely exposed to the metal. 

Knoll and Fromm (1960) studied the accumulation and elimination of C r (V I ) 

by rainbow t rout . They showed that the gil ls function as the major route of 

uptake of the metal and that Cr levels in the blood were always lower than 
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those in the surrounding water. They concluded that Cr (VI ) probably ente

red through the gills by passive di f fusion. Kidney, l iver and intestinal t ract 

accumulated the metal in considerable amounts. After exposure stopped, 

chromium was eliminated rapidly from the various tissues except from spleen 

and kidney. 

Various environmental factors may influence the toxicity of metal ions to 

aquatic organisms and especially water characteristics such as hardness and 

pH have been considered of primary importance. Trama and Benoit (1960) 

suggested that a change in pH alters the distr ibution of Cr(VI )-species in 

water and therefore influences the availability and toxicity of C r (VI ) to f ish. 

However, no studies have been made to test this hypothesis. A review of 

the toxic effects of chromium (U.S. EPA, 1980) indicates that hardness has 

an insignificant influence on the toxicity of C r (V I ) in fresh water in con

trast with the toxici ty of C r ( l l l ) . Furthermore the data indicate that Cr (VI ) 

is far more toxic than C r ( l l l ) to aquatic organisms. Finally it can be men

tioned that C r ( l l l ) is an essential trace element (Mertz, 1969), and therefo

re should not be considered as a xenobiotic compound. These f indings are 

also reflected in the water quality cr i teria given by U.S. EPA (1980): 

1) For total recoverable C r (V I ) the cr i terion to protect freshwater aquatic 

life is 0.29 pg/l as a 24-h average and the concentration should not exceed 

21 | jg/l at any time; 2) For freshwater aquatic life the concentration ( in 

( jg/ l) of total recoverable C r ( l l l ) should not exceed the numerical value g i -
. (1.08 (In hardness) + 3.48) , c + , . 

ven by e at any time. For example at hardnesses 

of 50, 100, and 200 mg/l as CaC03 , the concentration of total recoverable 

C r ( l l l ) should not exceed 2,200, 4,700 and 9,900 g/ l respectively. 

In the Netherlands no specific water quality criteria for chromium and aqua

tic organisms are given yet. A preliminary quality objective of 50 pg/l based 

on total chromium as a maximum permissible concentration has been recom

mended (IMP, 1975; 1981). 

Objectives of the present study 

The aim of the investigations presented in this thesis was to make an in -

depth study of the toxicology of C r (VI ) in f i sh . Experiments were carried 

out at di f ferent pH values because a change in pH may alter the distr ibution 

of Cr(VI)-species in water and therefore at the same time its availability 

and toxici ty to f i sh . Another reason was that hexavalent chromium is also a 

strong oxidizing agent and its oxidizing action is dependent on pH. As hard-
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ness has l i tt le effect on Cr (VI ) tox ic i ty , this parameter was not considered 

in detail in the present s tudy. 

Rainbow t rout (Salmo gairdneri) was used as the test-species. Appropriate 

radio-tracer techniques, including autoradiography, were employed to ascer

tain how and where the metal is concentrated within the animal. The ox id i 

zing action was studied by electron spin resonance (ESR) and the d is t r ibu

tion of Cr(VI )-species in water was assessed by equilibrium calculations. 

Hematological, histological and biochemical techniques were used to obtain 

qualitative data on the toxic action of C r (V I ) . 

Chapter 1 reports on the effect of pH on uptake, tissue distr ibut ion and 

retention of C r (VI ) in t rout . The effect of pH on the acute toxicity of 

C r (VI ) and the role of different Cr(VI)-species are dealt with in chapter 2. 

Besides their respiratory funct ion, the gills play an important role in osmo

regulation. They are the main "porte d'entrée" for dissolved chemical com

pounds, including C r ( V I ) . Experiments were conducted to study the t rans

fer of oxygen and chromium in isolated perfused gills of t rout exposed to 

Cr(VI) at di f ferent pH values. Results of these experiments are presented 

in chapter 3. Chapter 4 describes the effects of C r (V I ) on respiration and 

osmoregulation at di f ferent pH values. The last chapter deals with the toxic 

effects of C r (V I ) after prolonged exposure to the metal. 
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Chapter 1 

EFFECT OF pH ON UPTAKE, TISSUE DISTRIBUTION AND RETENTION OF 

HEXAVALENT CHROMIUM IN RAINBOW TROUT (SALMO GAIRDNERI)8 

I. VAN DER PUTTE1, J . LUBBERS1 AND Z. KOLAR2 

1 
Department of Toxicology, Agricultural University, Biotechnion, De Drei j -

and 
2 

en 12, 6703 BC Wageningen, The Netherlands 

I 

Interuniversity Reactor Inst i tute, Delft, The Netherlands 

SUMMARY 

Uptake, distr ibution and retention of chromium in rainbow t rout (Salmo 

gairdneri) was studied after short-term (2-4 days) exposure to 5 1Cr04 

-containing Na2Cr04 solutions of di f ferent concentrations (2-50 mg/l Cr) and 

pH (7.8 and 6.5) . At pH 7.8, highest contents of chromium were found in 

g i l l , l iver, kidney, and digestive tract of the t rout . Chromium was not d is

tr ibuted evenly among the different subcellular fractions of the t issues, but 

was concentrated in the nuclear fraction of the gill tissue and in the soluble 

fraction of the kidney and l iver t issue. Upon transfer of exposed f ish to 

tap-water, chromium was rapidly eliminated from blood, gill and digestive 

t ract . However, chromium contents tended to remain high in kidney and l i 

ver. When the pH was decreased from 7.8 to 6.5, the lethal action of hexa-

valent chromium increased and a dif ferent pattern of accumulation and elimi

nation of chromium was observed. The major differences were found in the 

g i l ls, which concentrated significantly more chromium at pH 6.5 than at pH 

7.8, irrespective of the exposure time and concentration. As an electron-

spin-resonance signal characteristic for t r ivalent or pentavalent chromium 

was detected in the g i l ls, the differences must have been at least part ly due 

to the higher oxidizing action of hexavalent chromium at the lower pH. 

Key words: chromium; pH; rainbow t rout ; uptake; d is t r ibut ion; retention 

a Aquat. Toxicol. 1(1981), 3-18 
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INTRODUCTION 

When f ish are exposed to hexavalent chromium, C r ( V I ) , or other heavy 

metals dissolved in the water, the gil ls function as the major route for upta

ke of these compounds (Knoll and Fromm, 1960; Olson et a l . , 1973). The 

gill tissue rapidly accumulates most heavy metals in such a manner that its 

content, at least in i t ial ly, far exceeds that in other tissues. This has been 

shown for copper (Sellers et a l . , 1975), zinc (Matthiesen and Braf ield, 1973, 

1977), cadmium (Sangalang and Freeman, 1979) and mercury (Olson et a l . , 

1973; Lock, 1979). The rapid accumulation in gill tissue is usually accompa

nied by deleterious effects to gill s tructure and may therefore interfere with 

its respiratory and osmoregulatory funct ion. Indeed, many workers have at

t r ibuted acute heavy-metal toxicity in f ish to the impairment of one of these 

main functions of the gills (Skidmore, 1970; Lewis and Lewis, 1971; Burton 

et a l . , 1972). 

However, i t has been indicated that C r (V I ) behaves toxicologically in a 

manner quite dif ferent from most heavy metals (Doudoroff and Katz, 1953). 

In aqueous solution, C r (V I ) almost exclusively exists in the form of oxo-

anions (C rO | , HCr0 4 , Cr20? ) , which have been observed to pass readily 

through the gill membrane and to accumulate in various tissues and organs 

(Knoll and Fromm, 1960). Thus the hexavalent metal could elicit its toxic 

effect at some internal site. Direct evidence of an internal site for C r (V I ) 

toxicity has been reported by Fromm and Schiffman (1958), who observed 

severe pathological changes in the intestines immediately behind the pyloric 

caeca in largemouth bass exposed to C r (V I ) at 96 mg/ l . Also Kuhnert et a l . 

(1976) showed that the Na , K -ATPase activity of kidney and intestine, 

but not of g i l l , significantly decreased in rainbow t rout exposed to 2.5 mg/l. 

However in most of the studies in which the effects of C r (V I ) on f ish have 

been investigated, the pH of the exposure solutions was not carefully con

tro l led. 

Trama and Benoit (1960) suggested that a change in pH alters the d is t r i 

bution of the Cr(VI )-species and therefore influences the availability of 

Cr (V I ) to f i sh . Hexavalent chromium is also a strong oxidizing agent and 

its oxidizing action is dependent on pH (Cotton and Wilkinson, 1972). Thus 

the pH of water probably plays a major role in the toxicity of C r (V I ) in f i sh . 

In this study an attempt was made to obtain additional information on the 

mode of action of C r (V I ) . The aim was to learn more about the sites of chro

mium accumulation and retention in rainbow trout dur ing and after exposure 



- 21 

to C r ( V I ) at d i f f e r e n t pH va lues . Th ree ser ies of exper iments were conduc

t e d , concerned w i th t he t i ssue and subce l lu la r d i s t r i b u t i o n o f chromium and 

the o x i d i z i ng act ion of C r ( V I ) , assessed w i t h e lec t ron sp in resonance ( E S R ) ; 

t he re la t ion between l e tha l i t y and up take of C r ( V I ) ; and the dynamics of 

up take and e l iminat ion of ch romium, r espec t i ve l y . 

MATERIALS AND METHODS 

Fish and water cha rac te r i s t i cs 

Year l i ng and f i n g e r l i n g ra inbow t r o u t (Salmo g a i r d n e r i ) , c u l t u r e d in t he 

l abora to ry f rom a s tock o r i g i na l l y obta ined f rom a commercial h a t c h e r y , were 

reared in 300-1 f i b reg lass t anks rece iv ing a cont inuous s u p p l y of t a p - w a t e r . 

The chemical cha rac te r i s t i cs of t he t ap -wa te r a re p resented in Table I . 

TABLE I 

Chemical cha rac te r i s t i cs of the t ap -wa te r used as d i l u t i on water f o r al l e x 

per imenta l w o r k . 

Charac te r i s t i c Un i t Mean Range 

Ammonia 

Nitr i te 

Nitrate 

Sodium 

Potassium 

Chloride 

Dissolved oxygen 

Free carbon dioxide 

pH 

Alkalinity 

Total hardness 

Calcium 

Magnesium 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

-
mg/l 

mg/l 

mg/l 

NH4 

NO2 

N O ; 

Na+ 

K+ 

ci~ 
o2 

co2 

HCO^ 

CaC03 

Ca2+ 

mg/l Mg2 

< 0.01 

< 0.01 

0.2 

5.0 

0.6 

6.1 

8.5 

1.5 

7.80 

92.0 

80.0 

28.4 

2.2 

0.1 

4.5 

0.5 

6.0 

7.6 

1.0 

7.75 

88.0 

77.5 

28.0 

2.1 

-
- 0.4 

- 5.2 

- 0.6 

- 6.5 

- 10.5 

- 3.0 

- 7.90 

- 98.0 

- 82.5 

- 28.5 

- 2.4 
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Chemical analysis was by methods of APHA et al . (1975). Tap-water was 

used in the experiments at its original pH of 7.8 and at a decreased pH of 

6.5, maintained within 0.1 of the required pH with an automatic pH-stat, 

which added dilute NaOH or HCl to the tap-water in reservoirs of 300 I. 

Vigorous aeration mixed the water thoroughly and removed excess C02 re

leased by lowering of pH. Acidification and subsequent aeration increased 

the mean concentration of CI in tap-water from its original value of 6.1 to 

62.0 mg/ l ; the mean alkalinity value decreased from 92.0 to 4.0 mg/l HC03 . 

Yearling t rout used in the f i rs t series of experiments had weights of 

70 ± 12 g (mean ± SD) and total lengths of 21 ± 1 cm. Fingerling t rout used 

in the second and th i rd series of experiments had weights of 9.5 i 1.4 g 

and 5.0 ± 1.5 g and total lengths of 11.2 ± 1.0 cm and 8.0 ± 0.8 cm, res

pectively. Fish were fed daily with a commercial food (Trouv i t ) during hol

ding and acclimation at a rate of 20 g /kg body weight per day. From 48 h 

before and during exposure to C r ( V I ) , f ish were not fed. After transfer to 

tap-water without chromium, fish were fed at a rate of 10 g /kg body weight 

per day. Fish were acclimated for 2 wk to the pH of the tap-water and for 

48 h to the exposure system. The photoperiod was 12 h l ight/12 h dark. 

Water temperature was maintained at 12 °C. 

Exposure system and radiotracer techniques 

The exposure system consisted of six 25-I glass aquaria housed in a wa

ter bath. The exposure solutions were prepared by dissolving Na2Cr04 in 

tap-water and were aerated with an airstone. The 51CrC>4 used as a tracer 

in the solutions, was obtained from The Radiochemical Centre, Amersham. 

To ensure that a state of equilibrium was obtained between the tracer and 

the dissolved Na 2 Cr0 4 , the solutions were prepared at least 24 h before 

experimental use. The pH was controlled with a pH-stat, which added HCl 

or NaOH, both of concentrations 0.1 mol/ l . The solutions were renewed dai

ly to reduce the bui ld-up of metabolites. 

The total weight of the f ish held in each aquarium never exceeded 100 g . 

In this manner, the NH3 concentration was kept below 0.025 mg/ l , a con

centration safe for f ish (Water Quality Criteria for European Freshwater 

Fish, 1973). 

The 5 1Cr was estimated in a gamma-ray spectrometer equipped with a 

well-type Nal (T l ) scintillation crystal installed in a lead chamber. The data 

were corrected for background and physical decay of the isotope. Tissues 
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and water samples with volumes up to 20 ml were counted in the well of the 

crysta l ; a Perspex container that f i t ted around the crystal allowed activity 

measurements of whole live f i sh . Act iv i ty measurements were made after r i n 

sing the live f ish for 10 min in tap-water. Organs and tissues were dissec

ted after anaesthetization of the f ish with tricaine (MS-222). 

Blood samples were collected from the caudal ar tery. 

Autoradiograms of whole f ish were made by procedures described by UN-

berg (1977). The sections made of radioactive f ish had a thickness of 100 

(jm and were freeze-dried at -20 °C. The sections were pressed against a 

Structur ix D 10 (Agfa-Gevaert) photographic film and exposed for 30 days 

at 4 °C. 

Subcellular fractionation and electron spin resonance (ESR) 

In order to prepare the nuclear, mitochondrial, microsomal and soluble 

f ractions, tissues were removed from individual radioactive f i sh , chilled on 

ice and homogenized in a Potter Elvehjem homogenizer, in cold (0-4 °C) KCl 

solution (cone. 154 mmol/l) at a ratio of 1 volume of tissue to 2 volumes of 

solution. The homogenates were subjected to differential centrifugation at 

600 g_, 10 000 g_ and 105 000 g_ for 10,20 and 60 min, respectively. 

Electron spin resonance was used to assess the valence state of chromium 

in t issues. The reduction of hexavalent chromium to the t r ivalent form, 

C r ( l l l ) , proceeds via the pentavalent form, Cr (V) (Wiberg and Schäfer, 

1969). Due to their paramagnetic properties, C r ( l l l ) and Cr (V) give an ESR 

signal with a g_ factor of 1.98 in contrast to the non-paramagnetic C r (V I ) 

(Gutierrez et a l . , 1976). The ESR studies were performed on an X-band 

(9.5 GHz) Varian E-3 spectrometer. Samples of whole tissue and subcellular 

fractions were studied at about 90 K as frozen cylinders in 3-mm quartz t u 

bes using a Varian variable temperature accessory. 

Routine settings of the spectrometer were: microwave power 2 mW, modula

tion amplitude 1 mT, f ield set 320 mT. The g_ factors were obtained using 

diphenyl p icryl hydrazyl (DPPH) at g_ = 2.0036 as a reference. Tissues and 

subcellular fractions of unexposed f ish and frozen aqueous solutions of 

CrCI3 and Na2Cr04 were used as control samples. 

Experimental procedure 

In the f i rs t series of experiments, yearling rainbow t rout were exposed 
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to C r (V I ) at 40.0 mg/l for 2 and 4 days at pH 6.5 and 7.8 The distr ibution 

of chromium in the fish was assessed by measuring the chromium uptake in 

dif ferent tissues. The subcellular d istr ibution and the presence of an ESR 

signal at g_ = 1.98 was examined in g i l l , l iver and kidney tissue. 

For the' second series of experiments, f ingerl ing trout were exposed for 

4 days at pH 6.5 and 7.8 to Cr (VI ) at concentrations of 2.0, 5.0, 16.5 and 

50.0 mg/ l , the two higher concentrations being lethal to the f i sh . Survival 

and contents of chromium in surviving f ish were determined. 

In the th i rd series of experiments, f ingerl ing t rout were exposed to 

C r (V I ) at 2.0 and 5.0 mg/l for 4 days with pH 6.5 and 7.8. Samples of 5 

f ish were removed at 24-h intervals and uptake in whole fish and tissues of 

the f ish was measured. Whole-body autoradiograms were made as a check. 

The elimination rate of chromium was determined in the f ish exposed to 

Cr (VI ) at 2.0 mg/l for 4 days. After exposure, these fish were placed in 

tap-water of the respective pH and contents in whole f ish and in tissues of 

the f ish were determined at intervals over 11 days with samples of 5 f ish. 

Data were analysed for statistical difference by the Student's t - test . 

RESULTS 

Tissue and subcellular d istr ibution 

In yearling t rout exposed to C r ( V I ) , lowest contents of chromium were 

found in white muscle and skin (Table I I ) . Gi l l , l iver, kidney and digestive 

tract contained most. The most remarkable effect of pH was in the gill t is 

sue, which concentrated significantly more chromium at the lower p h , i r re 

spective of exposure time. The substantially higher content in gills at the 

lower pH was also reflected in the distr ibution of chromium in the whole fish 

(F ig. 1) . The chromium accumulated in gills accounted for 13 and 21% of the 

total after exposure for 2 and 4 days, respectively. By contrast, the chro

mium content of the gills of f ish exposed at the higher pH only accounted 

for 8% of the total after either exposure time. 

Chromium was not distr ibuted evenly among the different subcellular 

fractions but was concentrated in the nuclear fractions of gil l tissue and 

the soluble fractions of the l iver and kidney tissue (Table I I I ) . Significant 

differences in subcellular distr ibution dependent on the exposure pH was 

evident in all tissues examined after 4 days of exposure. At the lower pH, 

a greater proportion of the chromium was found in the nuclear fraction of 
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g i l l , the microsomal fraction of l iver and the soluble fraction of kidney. The 

proportion in the gill mitochondrial, microsomal and soluble fraction was 

significantly lower. 

TABLE II 

Effect of pH and exposure time on content of chromium in tissues ( | jg /g, 

wet weight) of yearling rainbow t rout exposed to C r ( V I ) , concentration 

40.0 mg/ l . Values are means ± SE for 5 f ish. 

2 days exposure 4 days exposure 

pH 6.5 pH 7.8 pH 6.5 pH 7.8 

Whole body 

Gill 

Liver 

Kidney 

Stomach 

Caeca 

Intestine 

Red cells 

Plasma 

Heart 

Brain 

Bile 

Opercular bone 

Vertebral bone 

White muscle 

Skin 

Spleen 

Gonad 

4.9 

67.1 

24.7 

37.4 

19.3 

30.8 

29.6 

4.5 

6 .4 

4 .0 

1.0 

7.7 

6.8 

3 .2 

0.5 

0.8 

5.6 

2 .6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.5 

16.9 

5.8 

7.1 

2 .9 

4 .5 

5.3 

0.6 

0.7 

0.5 

0.2 

1.7 

0.6 

0.8 

0 .2 

0.3 

0.7 

1.0 

3.6 

31.9 

21.5 

34.9 

18.5 

28.7 

36.9 

4.4 

7.2 

3.0 

0.8 

4 .7 

4 .5 

2 .5 

0.3 

0.7 

4 .2 

1.9 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.3a 

4.3 b 

2.9 

6.6 

1.8 

3.3 

5.1 

0.3 

1.4 

0.3 

0.2 

1.0 

0.6 

0 .2 

0 .0 

0 .2 

0.7 

0.7 

5.9 

91.3 

23.3 

49.0 

17.6 

35.4 

30.6 

6.7 

11.3 

6.0 

1.3 

15.5 

9.2 

2.8 

0.3 

1.0 

6.9 

3.5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.6 

14.2 

2.8 

7.2 

1.0 

2 .7 

6.7 

1.1 

1.0 

0 .4 

0 .2 

4 .2 

1.2 

0.7 

0 .1 

0.1 

1.8 

0.7 

4 .6 

27.5 

35.5 

39.0 

22.1 

20.8 

23.5 

4.8 

9.1 

5.5 

0.9 

11.3 

7.1 

1.8 

0.3 

0.7 

4 .5 

3.5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.5 

5.8 b 

7.5 

3.3 

3 .5 

1.7b 

1.0 

0 .3 

2 .4 

1.0 

0.1 

3 .9 

0 .3 

0.5 

0 .0 

0 .1 

0.8 

1.1 

Significantly different at P <0.05 relative to pH 6.5. 
b Significantly di f ferent at P <0.01 relative to pH 6.5. 
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Fig. 1. Effect of pH and exposure time on percentage distr ibution of chro
mium in tissues from yearling rainbow t rout after exposure to 40.0 mg/l 
C r ( V I ) . Values represent means ± SE of 5 f ish. 

ESR signals at g_ = 1.98 were observed in whole gill tissue and nuclear f rac

tions of g i l ls, irrespective of exposure pH and exposure time. The intensity 

of the signals in samples from fish exposed at pH 7.8 was somewhat lower 

than in those from fish exposed at pH 6.5 (F ig . 2 ) . The content of C r ( l l l ) 

and C r ( V ) , however, could not be estimated, mainly because of differences 

in ESR line shape. No signals at £ = 1.98 were observed in l iver and kidney 

of exposed f i sh , although the chromium content in those tissues was of the 

same order of magnitude as in g i l l . Control subcellular fractions and tissues 

of unexposed f ish were also free of these signals. 

Uptake and lethality 

Exposure to C r (V I ) at 2.0 and 5.0 mg/l was not lethal to the f ingerl ing 

t rout at the pH and exposure time studied (Table IV) . At the lower pH the 

whole f ish and the gill tissue accumulated significantly more chromium than 

at the higher pH (P <0.05). In addit ion, the contents in gills of f ish expo

sed at the lower pH far exceeded those in kidney, l iver and digestive t ract . 

At exposure concentrations lethal to the f i sh , 16.5 and 50.0 mg/l C r ( V I ) , 

the lethal action was enhanced at the lower pH. The contents in gills of f ish 

surv iv ing the exposure at pH 6.5 sti l l exceeded those in other t issues. 

However, in f ish surviv ing the highest exposure concentration at pH 7.8, 

the content in kidney, l iver and digestive tract was considerably higher 

than that in g i l ls. These differences in fish exposed at different pH are also 

reflected in the distr ibution of chromium in the fish (F ig. 3) . 
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TABLE III 

Effect of pH and exposure time on distr ibution (%) of chromium in subcel

lular fractions of tissues from yearling rainbow t rout exposed to C r ( V I ) , 

concentration 40.0 mg/ l . Values are means ± SE for 5 f i sh . 

2 days exposure 4 days exposure 

pH 6.5 pH 7.8 pH 6.5 pH 7.8 

Gill 

Nuclear 

Mitochondrial 

Microsomal 

Soluble 

Liver 

Nuclear 

Mitochondrial 

Microsomal 

Soluble 

Kidney 

Nuclear 

Mitochondrial 

Microsomal 

Soluble 

69.5 

7.0 

2 .9 

22.7 

12.3 

14.4 

6.9 

66.4 

19.3 

10.9 

5.2 

62.2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6.4 

1.2 

0.4 

5.0 

2 .1 

1.2 

0.8 

3 .4 

5.5 

0.8 

0.3 

4 .3 

62.8 

6.5 

5.3 

25.8 

14.0 

10.7 

8.0 

67.8 

15.8 

9.9 

6.1 

68.1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4.0 

0.2 

1.9 

2 .6 

1.4 

1.1a 

1.2 

2.3 

1.7 

0.5 

1.1 

2 .0 

83.4 

2.1 

1.8 

12.6 

26.3 

6.9 

12.2 

54.6 

25.0 

6.1 

6 .4 

62.3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.9 

0.2 

0.1 

0 .8 

1.2 

0.3 

1.4 

3 .0 

1.1 

1.1 

1.7 

0.7 

62.9 

5.9 

3.9 

27.3 

29.3 

9.4 

5.8 

55.6 

35.7 

8.5 

4 .5 

51.2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

2.5 b 

1.5a 

0.6b 

2.0 b 

2.9 

1.7 

0.8b 

7.6 

3.6a 

2.8 

0 .5 

4.5a 

Significantly dif ferent at JP <0.05 relative to pH 6.5. 

Significantly di f ferent at P <0.01 relative to pH 6.5 
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Fig. 2. ESR spectra of following samples: (a) gill tissue of f ish exposed at 
pH 6.5; (b) gill tissue of f ish exposed at pH 7.8; (c) nuclear fraction of 
gi l l tissue from fish exposed at pH 6.5; (d ) nuclear fraction of gi l l tissue 
from fish exposed at pH 7.8; aqueous solutions: (e) CrCI3 at pH 1.0, ( f ) 
Na2Cr04 at pH 8.0. 
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% of total 0 PH 7 8 
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Fig. 3. Effect of pH on percentage distr ibution of chromium in tissues from 
f ingerl ing rainbow t rout after exposure to various concentrations of C r (V I ) 
for 4 days. Values represent means ± SE of surviv ing f i sh . 
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TABLE IV 

Effect of pH on survival and content of chromium (means ± SE) in tissues of 

f ingerl ing rainbow t rout after 4 days exposure to Cr (VI ) at di f ferent con

centrations. 

Conen. pH Survival Content of Cr ( ( jg /g , wet tissue) 

of 

C r (V I ) 

(mg/ l) Rel. Abs. Whole Gill Digestive Liver Kidney 

(%) body t ract 

2.0 6.5 100 9 2.0 ± 0.2 31.7 ± 6.0 6.2 ± 1 . 0 2 . 0 1 0 . 3 6.7 ± 0.8 

2.0 7.8 100 9 0.9 ± 0.1 5.1 ± 0.3 7.4 1 1.5 3.4 ± 0.4 8.5 ± 1.0 

5.0 6.5 100 10 5.5 ± 0.6 51.8 ± 12.3 9.5 ± 1.5 3.8 1 0.5 10.7 1 1.1 

5.0 7.8 100 8 2.3 1 0.2 10.6 1 2.6 11.2 ± 2.9 5.1 ± 0.7 12.2 1 0.8 

16.5 6.5 25 5 8.7 1 0.6 139.0 1 13.2 23.4 1 1.4 24.8 1 5.6 43.2 ± 4.6 

16.5 7.8 63 5 8 . 9 1 1 . 2 3 5 . 3 1 8.4 2 2 . 6 1 2 . 9 2 5 . 9 1 6 . 9 2 4 . 6 1 2 . 5 

50.0 6.5 0 0 - - a . . . . . _ . 

50.0 7.8 50 5 10.5 ± 0 .5 37.6 1 7.9 45.0 1 2 .5 85.6 1 2 .5 70.3 1 9 .5 

Values not determined because of zero surv ival . 

Dynamics of uptake and elimination 

The uptake rate of chromium in blood and tissues of f ingerl ing t rout was 

rapid at both exposure concentrations and pH levels studied (Figs. 4-6). 

In most t issues, contents tended to reach equilibrium within 2-4 days of 

exposure. Only the gil l tissue of f ish exposed at the lower pH showed a 

markedly different pattern of chromium uptake. In these tissues, there was 

no apparent reduction in accumulation; in fact the rate of uptake increased 

dur ing 4 days of exposure. In contrast to f ish exposed at pH 7.8, contents 

in these gill tissues far exceeded those in other tissues already after 2 days 

of exposure. This was also i l lustrated by autoradiograms (F ig . 7) . 
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Fig. 4. Uptake of chromium in whole f ish and various tissues of f ingerl ing 
rainbow t rout exposed to 5.0 mg/l C r (V I ) at pH 7.8 (a) and pH 6.5 ( b ) . 
Values represent means ± SE of 5 f ish. 
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Fig. 5. Uptake and elimination of chromium in whole f ish and various tissues 
of f ingerl ing rainbow t rout dur ing and after exposure to 2.0 mg/l C r (VI ) 
at pH 7.8. Values represent means ± SE of 5 f ish. 
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Fig. 6. Uptake and elimination of chromium in whole f ish and various tissues 
of f ingerl ing rainbow t rout dur ing and after exposure to 2.0 mg/l C r (V I ) at 
pH 6.5. Values represent means ± SE of 5 f i sh . 

When the f ingerl ing t rout exposed to C r (V I ) were returned to tap-water 

without chromium, the element was rapidly lost from blood and digestive 

tract at both pH levels (Figs. 5 and 6) . Contents tended to remain h igh, 

however, in l iver and sl ightly increased in kidney dur ing an elimination pe

riod of 11 days. The content in whole body and in gill of f ish exposed at 

the lower pH declined rapidly for the f i rs t 3 days. In this period of elimi

nation, 85% of the chromium was eliminated from whole body and 93% from 

gi l ls. The decline of the chromium in whole body and in gills of f ish expo

sed at the higher pH was very slow. In the f i rs t 3 days of elimination, only 

25% of the chromium was eliminated from whole body and 12% from gi l ls. 

DISCUSSION 

The present investigation has shown that the pH of water controls upta

ke, tissue distr ibution and retention of C r (V I ) in rainbow t rout . 

At pH 7.8, considerably more chromium was accumulated in internal or

gans than in gills of f ingerl ing t rout surviv ing the highest exposure con

centration (Table IV) . 
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Fig. 7. Whole body autoradiograms of f ingerl ing rainbow trout exposed to 
5.0 mg/l C r (V I ) containing 5 1 CrO| (specific act iv i ty: 30 |jCi/mg Cr) with 
d i f ferent pH and exposure times: (a) pH 7.8, 2 days; (b) pH 7.8, 4 days-
(c) pH 6.5, 2 days; (d) pH 6.5, 4 days. Black areas show radioactivity lo
calization. 
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This supports the hypothesis that Cr (VI ) elicits its toxic effect at some in 

ternal site and that the gill is not the larget organ in acute Cr (V I ) toxici ty 

(Fromm and Schiffman, 1958; Kuhnert et a l . , 1976). Furthermore at pH 7.8, 

the rate of uptake was very rapid and contents tended to reach equilibrium 

within 2-4 days at low exposure concentrations; similar results have been 

obtained by Buhler et al . (1977). The slow whole-body elimination rate of 

chromium at pH 7.8 is supported by the data of Ten Holder et a l . (1977), 

who found that upon transfer of exposed rainbow t rout to chromium-free 

water, 34% of the total amount of C r (V I ) accumulated was retained with a 

half-period of 1.0 day and 66% with a half-period of 25.6 days. The pH of 

the water in the experiments ranged from 7.8 to 8.0. 

At pH 6.5, contents of chromium in gills far exceeded those in other t i s 

sues at all exposure concentrations studied. The observed higher percenta

ge mortality of f ingerl ing t rout exposed to lethal concentrations at pH 6.5 

than at pH 7.8 (Table IV) is probably due to this dist inct difference in 

chromium uptake in gill t issue. Trama and Benoit (1960), using K 2 Cr0 4 as 

the basic salt and K 2 Cr 2 0 7 as the acidic salt, found the acute toxici ty of 

C r (V I ) to bluegills to be accentuated at lower pH, while Str ik et a l . (1975) 

have observed histopathological changes in gill tissue of rainbow t rout after 

exposure to acidic K 2 Cr 2 0 7 . We noted that the rate of uptake of C r (V I ) in 

gill tissue at pH 6.5 increased throughout exposure (Figs. 4 and 6) . As a 

rather high proportion of the chromium was accumulated in the g i l ls, rate 

of uptake in the whole body of f ingerl ing t rout did not slow down. These 

results may explain why, in contrast to Buhler et a l . (1977), Fromm and 

Stokes (1962) found that rainbow t rout exposed to concentrations >0.05 mg/l 

accumulated chromium at a constant rate, but failed to achieve equilibrium 

during a 28-day exposure time. According to Buhler et a l . (1977), the dif

ferences in uptake pattern may be due to differences in age of the rainbow 

t rout . No attention was paid, however, to possible differences in pH of the 

exposure solutions. 

During exposure, the chromium content in blood of experimental f ish ne

ver exceeded that of surrounding water and was usually considerably less 

at both pH levels. Thus chromium could enter the f ish by diffusion across 

the gill membrane as postulated by Knoll and Fromm (1960). Upon transfer 

of exposed f ish to tap-water without chromium, blood lost chromium rapidly 

at both pH levels, whereas contents in l iver remained high and contents in 

kidney even tended to increase. This may be due to the redistr ibution of 

the metal from the blood associated with the involvement of kidney and liver 
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in the excretion of the metal from the f ish (Knoll and Fromm, 1960). Whole-

body elimination rate of chromium, however, was considerably higher at pH 

6.5 than at pH 7.8. This was mainly due to the rapid loss from the gills at 

the lower pH (F ig. 6 ) . 

The observed pH effect on uptake, tissue distr ibution and retention of 

C r (V I ) in rainbow t rout may be attr ibuted to the presence of dif ferent 

C r (V I ) species in the exposure solutions. The equation expressing the equi

librium between the different C r (V I ) species can be writ ten in the following 

simplified form: 

2CrOl" + 2 H + ^ 2 H C r 0 4 ^ C r 2 O f ~ + H20 

At the pH and concentrations used, HCr04 and CrOf are the predominant 

species; a relatively small part exists as Cr2Oy (<0.1%). At pH 7.8, the 

molar ratio of CrO\ to HCr0 4 is 1:0.05. At pH 6.5, however, this ratio is 

1 :1 , indicating that the HCr0 4 concentration increased at the same total Cr 

(V I ) concentration (Stumm and Morgan, 1970). The pH-dependent uptake of 

C r (V I ) may, therefore, be related to the different ratio of HCr04 to CrO| , 

in which HCr04 is more readily taken up by the gil l tissue because i t is 

monovalent (Trama and Benoit, 1960). 

A decrease in pH and therefore an increase in HCr04 concentration is 

also associated with an increased oxidizing action of C r (V I ) (Sillén and Mar-

te l l , 1964). That a reduction of C r (VI ) is taking place in the g i l ls, follows 

from the observed ESR signals in yearling t rout (F ig . 2 ) . These signals 

were also found in the nuclear fraction of the gill t issue. However, due to 

the method used, the nuclear fraction also contained large membrane f rag

ments. As the gill epithelial membrane is in direct contact with the exposure 

solution of d i f ferent pH, reduction of C r (V I ) probably took place at this 

site of the gil l t issue. The extent of oxidizing reactions involving Cr (V I ) in 

internal organs could not be ascertained by ESR. No signals were detected 

in l iver and kidney in spite of the fact that chromium contents in these or

gans were of the same order of magnitude as those in the gi l ls. The possi

bi l i ty remains that the reduced forms of C r (VI ) are bound in such a manner 

in these organs that no signal could be detected. It is also possible, how

ever, that C r ( l l l ) or Cr (V) is only present in a low concentration or not 

at all in these tissues. As Cr (VI ) is known to cross biological membranes 

with relative ease in contrast with C r ( l l l ) (Gray and Ster l ing, 1950), the 

chromium preferentially accumulated in the soluble fraction of l iver and k id

ney of yearling t rout exposed to C r (V I ) would thus mainly consist of the 
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soluble Cr (VI ) anion. 

ESR allows direct measurement in tissues without previous digestion or 

extraction. The latter process can alter the chemical form of chromium, and 

so may be the cause of contradictory data on the oxidation state of chro

mium in biological materials (Mertz, 1969). 
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Chapter 2 

EFFECT OF pH ON THE ACUTE TOXICITY OF HEXAVALENT CHROMIUM TO 

RAINBOW TROUT (SALMO GAIRDNERI)3 

I. VAN DER PUTTE, M.A. BRINKHORST AND J.H. KOEMAN 

Department of Toxicology, Agricultural University, De Dreijen 12, 6703 BC 

Wageningen, The Netherlands 

SUMMARY 

The acute toxicity of hexavalent chromium, C r ( V I ) , to rainbow trout 

(Salmo gairdneri) increased with decreasing pH in the range from 7.8 to 

6.5. Morphological changes that could be associated with acute Cr (V I ) poi

soning at pH 7.8 were found in g i l ls, kidney and stomach, whereas those at 

pH 6.5 appeared to be restricted to the gills only. At both pHs, however, 

similar alterations in plasma osmolatily and hematocrit values of blood were 

found in f ish surviv ing an exposure to acute toxic concentrations. 

To explain the observed effects, hydrochromate (HCr0 4 ) and Chromate 

( C r 0 4
2 ) were considered as the toxic species of C r ( V I ) . An attempt was 

made to calculate the relative toxicities of these ionic species from empirical 

toxicity relationships for weak acids in f i sh , as described in the l i terature. 

Key words: Chromium, pH, rainbow t rout , tox ic i ty, ionic species. 

INTRODUCTION 

It is widely accepted that water characteristics may influence the chemi

cal form and therefore the availability and toxicity of heavy metals to aqua

tic organisms (Andrew et a l . , 1976; McCrady and Chapman, 1979). Espe

cially hardness, pH, and alkalinity have been considered of primary impor

tance in this respect (Andrew et a l . , 1977; Alabaster and Lloyd, 1980; 

Pagenkopf et a l . , 1974). However, the basic mechanism by which these 

a Aquat. Toxicol. 1 (1981), 129-142 


