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INTRODUCTION

In recent yeers the develorrent of reciculetory systems has teen
discussed as a rossible peens of usirg limited water resources for
xrtcrsxve aqunculture productzon zn 1rdustr1911zed courtries (LIAO
and PAYO 1972, 1974; MEADE 19733 SCEERB end BRIUN 1970, 1971; NIGEL
et al. 1976; ROSENTEAL srnd OTTE 1980; OTTE snd RCSENTEAL 1979).
Althouéh the quesi-closed systems glreedy sveiletle proved rot to te
cortirvously relieble (ROSENTEAL 1981), e few urits sre alreedy in the
rosition to merket e smell smount of fish produced. Trece contaminent

accuruletion by orgsnisms grown in a weste water agueculture system
using secondarly trested sewege effluents es nutrient source hes
recently been reported by MANN end RYTEER (1979), Trese suthors did

‘ not fird eny significent difference between orgenisms cultured irn
contazinant-free snd effluent enriched regimes. Iate on trace contenmi-
rents of squacultural rroducts fed on diets contsining fieh rrotein
concentretes were rerorted ty SIMON (1979).

Although there is still ruch to lezrn ebout s:fe orer-tion end weter
quality control in intensive culture systers, it seers resgorsble to
study tre upteke of environmentally h-zerdous elements under those
culture conditions. Accuruletion rates msy not only derend cn the trace
elerents conteined in feedis tut elso on system perfornerce (weter
qu»lity) end essocisted etress or culturez srecies. The rresert study

is & first attenyt to jrovide some trrelirirery resulte on tody turder
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of fishes cultured et experimental and cormercial eites.

MATERIJMIL AND METHODS

Fishes were collected frpm two fish culture recirculaticn systeme in
northern Germany.‘one being an experimontél warnm-wveter unit (25°C);

ernd tke other e cocmercial cold-water ferm (17°C). Tilsries moegerbice
srecimens of different age were teken from the warm-water system wh:ile
reirtow trout (Sslmo geirdreri) were obtained from the cormercial plsrt.

Ir both systems meke-up weter wes ecded et regulsr intervels from reerty
wvells, Pesides thir well-water, commercially aveiletle pelleted feeds are
the only other source through which trsce contsfinent cen hesve entered
the system. Since water guslity varies corsiderably in recycling systems
erd trece contemirents added to it will probibly be evailsble for uptske
zuch longer than in flowethrough systems, body turdens of contacirants

in cultured fish were detercined in both liver ard ruscle tissuve. The
follnwing conteminents were snelyseds copper, cedmium, end chlorinated
hydrocartons includirg FCB, HCE, ~BEC, -BHC, DDIE, IDD, Heprtecklor-
eroxide snd Dieldrin, .

The method used for srmple preparation and detercination of hesvy metsls
is described in deteils by KRISEHARYURTY (1976) and TYIC end KOTZ (1972),
The zethrod uced to extrect the PCPs, HCB, Heptachlorepoxide, IDE,#-BEC,
y-EHC, Dieldrin and IDD from the tissues wes desribed by ERNST et al.
(1974); the frozen liver tissues were homogenized with quartz sand srd
calcined N92504 p.a. (2h at 650°C) vsing a smrall grinding will. The
orgsnochlorines were extracted from this tissue powder bty s solvent
rixture consisting of n-hexane/acetone (211) in e gless column, The

ruscle tissues were extracted diractly ty the solvent mixture ard rurified
by the cslcined N52$04 and finelly filtered over a layer of N-2504.

To separate the fat from the extracts two clesn up processes were done,
first with an A1203-column end secondly using e Florisil-column with
0.6-1.07 water content. Two extrects were obtained from the Florisil-
colunn, one consisting of FPCBs, LDE, HCE, Eeptachloreroxide and the other
ofi--BHC,)f-EHC. Dieldrin end DDD. The recovery rete of ECE wes £0-907

end? 929 for the other compounds,

The ges-chronstopraphs used were » Packerd-GC Fodel 428 snd & Siemers
L 250, totk fitted witk s (3xi electren certure detector, The Feckard -GC

wes equipred with 8 glase colurrn 6 ft long wnd with ar. interior disreter
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of 7rm. It wos gecked with 3% CV-1(1 or. Chrozosort WEF 1CC/12J resh, lor
tre Siemens-GC & compsct glese column 1.5 m lerg end with an interior
disreter of 2 mm wes ueed, packed with 10% BC 2CO or Gss~Chror & 100/120
mesh, The operating corditione were s columrn tempersture, 2BC°C$ detector,
260°C; injector, z40°C; K,-flow rate, epproximately 60 ml/min. The volure
inj@cted vwes 4-8 ul, The recorder was o#erated with 8 1 mV full-scale
deflection and the chart speed was 1 cm/min, For the_célculatién of the

) PCB-content the height of 3 peaks on the chrozatogram &gre used. The ges
chromatogrerhic cessurement toleresnce smounted to 2.7%.

RESULTS

Heavy metsls
The heavy cetal content of liver snd muscle tissue in the species

irvestigeted is shown in Teble 1. There seezs to be ro reletionship
between the Eize of the fish end their heavy metal content. In muscle
tissue corper concentrations rerged between 1.5 to 3.3 ype ir the varm-
water fish snd 0.9 to 1.7 prm in raintow trout frox the cold water system.
Csdmium levels in muscles were relotiveli lov in both species, ranging
from 0.01 to 0.C6 ppm in Tileris snd atteining 0.02 ppm in trout. In
contrast, coprer eccuruleted to very high concentretions in the liver of

e~ path-spectes (ranges-353-988 prm (Tilepia)s 340674 ppm (reintow trout))e - -

Cedmium values determined in the liver were slightly higher then in the
puscle of toth species (renge:s 0.28-2.90 ppm in Tilepie; 0.04-0.25 ppa
in rainbow trout).

Chlorinated hydrocerbone
Trece contsrinants were determined in both, muscle end liver tissue. is
otserved for heavy metals, data obtained so fsr show a considerable vari-
ation, which cennot simply te attributed to the differences in c¢ultivation
. rrocedures, Hovever, everage PCE-levels determind in muscle sre slightly
higher in rainbow trout. Becesuse of the high variebility of the deta, the
number of specimens examined is too low to demonstrate whether eny rele-
tionship exists between the size range of the fish snd the concentration
of trace contamihents in either muscle or liver (iables 2 end 3).

PCE concentrations in ruscle renged tetween 9.9 end 22,3 rpb (wet weight
besis) in werm-water fish snd 3C.8 to 193 prb in the cold-wster species,
Tileris livers contained much Ligher FCE concentratione thsn did trout

liver.
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4 -E7C and ¥ -EEC were unusuelly high in lerge Tilepis syrecimens. LLL end
Llt were trerert in fish from toth systems,

Lindene concentretions were obviously higher in muscle end liver tissue
of Tilepin than in comvereble samrles from rainbow trout.

It is ibpbrtaﬁt to note that the three highest PCP-velues were found in
streesed fish (trout vith gkéletel deformationss Tileriam under otvious
sociel stress= derk colored fish, elways fushed into the tank corner ty
other specinens‘and exkibiting reduced sctivity). These fish were speci-
ficelly selected for trace element enslysis (merked with asteries in
Teble 2).

.DISCUSSION

When comparing the body burdens of conteminents fieh grown in intensive
culture systers with those from wild fish grown in natural weters , it
is otvious that there sre no differences in csdmium concentrations, but
thet coppef concentrations are Ligher in cultured fish. Cedmium levels in
unconterinated fresh water fish renge from 0.0005 to 0.£035 rem (n= 349)
KEFERSTEIN 1980. MULLER and PROSI (1978) determined cadmium in fish
from the hishly rolluted Neckar-river-system (Germeny) end found values
between 0.002 snd 0.088 ppr (muscle) end 0.02 end 2.28 ppm (liver).
DAVIES (1981) steted that csdmium concentrations in wost of the marine
fin fieh investigated were below the detection limit of the snelytical
technique exployed.

Corper hes been deterrined in freeh water fish within the renge of 0.14
to 1.09 rpz in muscle tissue end 1.73 to 9.80 ppm in livers {MULLER and
fﬁcSI. 1978). Theee values are lover than rost of those observed in
fillet of cultured fish. Concentrations of corper determined in' livers
of fieh from intensive culture systems ere orders of magnitude higher
then in those from wild fieh, Since it is known that bothk, the warm-
water and the cold-weter recirculetion systems studied here , did not
contain any metsl perts that would heve been responeible for the relesse
of subetantial amounts of copper into the system, we conclude that most
of the copper sccuruleted must have been entered the system via the
meke~up water, which was tesken from the pubtlic weter supply, elthough
these supplies are considered to bte safe with regard to heslth standards,
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Crlerineted ryarscrrtore 2id rot accumulete sutstsntirlly ir eitber
fillet end liver of culture fisr, Dete mveilatle from field stuaies
indicAte that in rarine fish PCR-concentrations raence from {,1%Y to
0.261 ppm in fillet of the sole (Solee soles wet weight baeis; G“RKE
et al, 1979) end 0.026 to 0.046 ppm in muscles of witch flounder
(Clyptocerhslve cynoglossus) EDER et al, 197€. SCHAFER et al (197€)
deterrined PCB-levels in ruscles of deb (Lirends lirsnde’ rergirg

tetween 0,03 end C.06 prm on 8 wet weight basfn, end C.38 to 0.74 rpm
ir livers of the same species. )

In fresh weter fish from Cerzan rivers, EUSCHEXEETH (1977) found elevsted
levele in various species ranging from 0,205 to 9.300 fpm in muscle on

a wet weight besis. Coipared to threce values; our otservations of
cultured fish from both systems indicste substentially higher accurvlation
rates, When compered with fresh vater fish from German rivers, corcen-
tretion factors vary tetween 2.4 to 48 for warm-water fish end 21 to 150
for fieh fror the cold-water system, Comperied to sea water fish, concen-
tretions in muscles are elevated by factors ranging between 144 end 380
(Tileris in wvarm-water system) and 1,180 to 1,250 (trout ir cold-water

syster).

The resson for the differences in PCB-sccumulation in cold end waerm~vater
systexs sre unextleined. Ore would exrect the warm-water species to
accumulate much more then fish meintsined in the cold-water unit, since
exrosure wes much longer (> 6 month in Tilsrie compeared to less than

3 month in trout). Fossible reasént for this difference might be found

in the éifferent background levels of trace cornteminents ir feeds offered
to both srecies. Lipid content in trout pellete is ruch higher then in
the low protein diet offered to Tilspia. On the other hend, accumuletion
retes mey be altered by general stress due to environmental cornditions

in the culture systems (pH, 0,4 Ammonie, BOD, etc.).

Since inteneive aqusculture development is increassingly using high density
culture systems and non-conventionsl protein sources, sttention Las to be
feyed to the asccumulstion of trace contsminants under these culture
conditions, '
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Table 1. Heavy metal residues (ppm) in muscle and liver tissue of fish reared in récirculatlon systems,
Data are calculated on dry weight basis and represent averages from two to three determinatiens;
brackets indicate renge; A = warm water system; B = cold water system; *= below detection limit.

No of System
fish

1 A
2 A
3 A
4 A
5 A
6 A
7 A
8 A
9 B
10 B
1" B
12 B

Species

Tilapia
Tilapia
‘ Tilapia

Tilapia

Tilapia
Tilapia
Tilapia

Tilapia

Rainbow trout

* Rainbow trout

Rainbow trout

Rainbow trout

totall
lenght
(cm)

1.6
12.4
14.2

23.4

28.9
29.3
29.1

29.8

25,0
27.0
29.5

31.0

total

(g)
34.0

400,0
460,0
480,0

580,0

283,0
297.0
358.0

407.0

4.5
1.9

3.5

1.0
1.9

1.4

fat content (%)

weight muscle liver

7.7

5'4

6.3 »

14.7
12,7

6.6

5.0

3.9

33

muscle

- Cu ca

3.25 - 0,010
(3.2-3.3) -

3.20 0.040
(1.8-4.6) (0,02-0,06)

1,55 0.015
(1.5-1.6) (0,01-0,02)

2.60 0.025
(2.3-2.9) (0.02-0.03)

4.45 0,020
(4.4-4.5) -

1.75 0.020
(1.7-1,8) -

1.55 .
(105'106)

1.65 0.020
(1.6=1.7)

1.35. 0,020
(1.2-1.5)

1.10 0.020
(0.9-1.5)

Heavy metal content (pom)

liver
Cu - cd . .

388 2,70

(353-425) (2.5-2.9)

963 . 0,62
(938-988) (0.57-0.66)
405 0.38
(367~443) (0.28-0.49)
449 0,47
(386-511) (0.42-0.51)

. 629 1.03
(608-645) (0.90-1.20)

668 0.25
(662-674) (0.24-0.25)
371 0,07
(343-399) (0.06-0,03)
370 0.0%
(340-401) (0.04-0,C6)

533 0.045
(502-564) (0.04-0,05)



Table 2. Chlorinated hydrocarbons sccumulated in muscle of fish resred in recirculeting systems.

A= warm-water system, Ba cold-water system, Velues are given in ng/g wet weight. For

corresponding size and weight of fish see Table 1. *= melformed or stressed fish.

Fesidues (ng/g wet weight)

No., of System Species Heptachlor-

fish PCR HCB epoxid DDE o HBC ¥ HBC Dieldrin DDD
1 A Tilapia 16,5  <0.1 - <0,1 13.0 22.4 1.5 4.6
2 A " o | 21,5 <«o0,1 20,1 - 8.2 19,4 0.9 3.1
3 A | 17.3 0.1 <0,1 29.1 1.0 4.1 1.3 2.7
4 A - - - - - - - - -
5 A " 9.9 <0,1 - 041 13.5 31,3 0.7 0.1
6 A " « ! 22,3 21,5 13,4 202.6 5.2 9.4 0.8 1.6
7 A " 18,6  €0.1 20,1 £0.1 0.5 1.9 0.4 0.7
8 A " - - - - - - - .
9 B b 36.5 0.3 0.8 20,1 0.8 1.9 1.6 1.9
10 B om * | 193,1  <£0.1 0.1 20,1 1.5 3.7 3.8 6.4
1 B " 44.9 0.5 1.2 0.1 0.7 1.7 1.4 2.1
12 B " 30.8 0.4 - < 0,1 0.9 1.9 2.5

243




Table 3. Chlorinated hydrocarbons sccumulated in livers of fish reared in qussi-closed recirculation

systems, A= warm-vater eystem, Be cold-vater system. Values given in ng/e wet weight, For

corresponding size and weight of fish see Table 1,

Residues (ng/g wet weight)

No., of System Species Beptachlor-

fish PCB HCB  epoxid DDE & HBC yHBC  Dieldrin  DDD
1 A Tilapia 41.0 <0.1 40,1 “0,1 Se4 12.9 - -
2 A " 133,0 <0,1 3.1 4.0 8.9  14.7 - -
3 A ] 21,7 <041 - 0.3 6.0  10.0 - 5.0
4 A - 31.0 0.3 0.9 1.9 1.8 439 - -
5 A " 29.7 <0.1 - <0.1 12,4 16,9 <0.1 4.8
6 A " 44,7  <0.1 0.5 <0.1 3.6 6.1 4.6 6.3
7 A . 38,8 0,14 - <01 9.0 2.2 1.3 4.0
8 A R 108,0 1.1 2.3 13.4 27.5  63.5 2.9 7.4
9 B Ry4ghev 35.9  <0.1 - 0.t 1.3 2.4 3.6 2.6
10 B LR 34.0 - - 0.7 1.0 2.7 5.8 4.8
" B " 15.8  <0.1 0.3 0.2 0.7 2.2 0.9 2.9
12. B . 8.4 - 0.3 - 0.4 1.2 1.4 1.5

- 0L -



