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INTRODUCTIOli

In recent yeEre the develof~er.t of reciculetory s~ete~s hes teen

discussed ss e rossible ll'eens of usir:g limited wshr rf'eources for

ir:tEr.sive.ll~u"..cu,ltu!:e p~o~.\l.c.tj.o~ .~n_ir:dustriPlized cour.tries. (LIAO
snd MJYO 1972, 19741 M~ADE 197" SCHERB end BRleN 1970, 1971, N~CEL

et sI. 1976; ROSESTF.AL er:d OrTE 1980; orTE end RcrE~ThJ.L 1979).
Jlttoueh the quesi-cloeed s~stems slreedy eveileble rroved r.ot to te

cor:tir.uously relieble (ROSENTHAL 1981), P few ur:its pre elreedy in the

rosition to mprket e smell emount of fish rroduced. Trece conteminent

eccu~ulf'tion by orgsnisme erovn in e veste vater equeculture system

using seconderly treeted sewege effluente es nutrient souree hss

reeent1y been reported by MANN end RYTEER (1979), These suthors did

not fir.d any significsnt difference betveen orgsnisms cultured ir:

eontaminsr:t-free end effluent enriehed regimes. tsts on trece contemi­

r:ents of equeculturel rroducts fed on diets conteinir.g fieh rrotein

concentretes were rerorted ty SIMON (1979).

Alttough thp.re is still ~uch to leern ebout ~ffe orer-tion snd vater

quellt. control In intensive culture syste~s. it seens rPDsoreble to

study tte upteke of environ~entelly h'zsrdous elemente under ttose

culture conditions. Accu~ulption rates ~Pö not on1y cerend cn the trace

.1e~e~ts contpined in feeds tut elso on syste~ rerforner.ce (wpter

quplity) end Essocipted stress or cu1tureo s,ecies. 1he rrppe~t stu1y

ie & first ?tter.rt to ;rovide eorr. b ,r~linir.Dry resulte on (ody t~rdpr.
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o~ fishes cultured Pt experimental end cor.merciql fitee.

r.~TERJßL ßND r.E'l'HODS

Fiehee were.co11ected from two fiah cu1ture recirculaticn systems in

northern Cermeny,' ons being an experimentAl werlll-weter unH (~50C)"

end t~e other e cor.merciel cold-wster ferm (17oC). ~i1erie mosEe~bice

srecireens of different see were teken from the warm-wAter" system w~ile

rr-intow trout"(~ eeirdneri) were obtninert from the cOIll~ercll1l r1pnt.

In both systems ~ake-up weter wea ecded 8t rerulsr intervAls from nearty

wells. ~esides thir well-weter, commercially aveilable relleted feeds sre

the only other source throueh wt:1ch trace conhminant cln-heve entered

the system. Since wAter quslity vsries considerably in recycling s~steE.

s~d trsce contsm1nsnts edded to it will rrobetly be eval1sble for uftske

much loneer thsn in flow-thro~gh systems, body turdens of contem1nents

in cu1tured fish were detereined in both liver snd lIluscle tiesue. Tre

fo11~wing conteminents were enslysedl corper, cedmium, end chlorinated

hydrocerbone includir.g rCB, HCE, -EEC, -BHC, DDE, XDD, He;tectlor­

e!oxide snd Dieldr1n.

The method used for semrle rreparetion end determination of hellvy meteIs

is descr1bed 1n details by KRISp.HJa~URTY (1976) and TeLe and KOTZ (1972).

The method used to extract the PCEe, HCB, Heptechlorepoxide, tDE,~-BHC,

(-EHe. Die1drin snd DDD from the tiseues wes desribed by ERNST et sI.

(1974), the frozen liver tissuee were homogenized with quertz ssnd snd

ca1c1ned Ne 2S0
4

p.s. (2h et 6500C) using s emaIl ~rinding mille The

oresnoch1orines were extracted from thie tiesue powder bl a solvent

mixture coneisting of n-hexsne/acetone (211) in e 81e•• co1umn. Tha

mUBcle tissuee were extrscted diractly by the solvent mixture snd rurified

by the cs1cined Ne 2S0
4

and fina11y filtered over s leyer of N. 2S04•

To separete the fat from the extrecte two c1e~n up processee vere done,

first with an A1 20}-column snd aecond1y ueing a F10rieil-co1umn vitb

0.6-1.01 wster content. Two extrects were obteined from the Florisil­

col~an, one consisting of PCBe, tLE, HCE, Eeptechloreroxide snd the other

ofl(. -BHC, (-EHC, Die1drin end DDD. The recovery rste of ECE wes eO-'lo1
end" 92~ for the other cocpounds.

The I'es-chrc"~to!,rar,hs used were a Packerd-GC r.odel 428 snd p S1nens

1 ~~O, bott fitted witt e (}N1 eJectrcn cert.re dptector. Thp FeekArd -CC

WAS e~uirrpd ~ith a fIeSE co1u"0 6 ft Jong pn~ with Pr. interior diA~pter

..

•
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of ;:rrm. !t w~s ,eCked wUh 31- CY-1C1 Of. Cr.rolLoeort ....HF H-C:'1,,:; lI"esh. tor

tr.e Sle~ens-CC e co~pact elasp colu~n 1.5 m lene sn~ vlth ~n interior

dismeter of 2 mm vas used, packed vlth 1oi- LC 2CO or. Cas-Chro~ ~ 100/120

~esh. The operating eonditions were , col~xn temperoture, ~3CoCI detector,

~600CI injector, ~40oCI N
2
-flov rate, approximately 60 ml/~in. The volurre

injected WBI 4-8 ~l. The recorder v~s opera ted with a 1 mY r~ll-scale

defleetion.Bnd the chart speed vas 1 em/min. For the.c~lculatl~n of the

PCB-content the t:eight of , peak8 on the chrom8tO(ram were used. The ees

chrom8to~rephic meesurement tolerence emounted to 2.~•

RES~LTS

Heovy mehls

The heAvy metal eontent of liver end mueele tiesue in-tbe spee!es

investigeted ls 8hown in Teble 1. There seem8 to be no reletionehip

betveen the size of the flsh 8nd their heevy metal content. In mueele

tissue copper eoncentretion8 rer.ged betveen 1.5 to 3.3 ,pe in the werm­

vAter fieh end 0.9 to 1.7 ppm in reintov trout from the cold vater system.

Cedmium levele in muecle8 vere relatively lov in both 8peciee, renging

from 0.01 to 0.C6 ppm in Ti1erie end sttaining 0.02 ,pm in trout. In

contrAst, coprer eeeumuleted to very hi~h eoneentretions in the 1iver of

--". -... ··-both-spschs· (rangea-353-98e pr:m ('l'lhpieh 340-614 ppm (rsintov trout».­

Cadmium values determined in the liver vers sliehtly hieher then in the

muecle of both 8peeiee (range, 0.28-2.90 ppm in Tileplel 0.04-0.,5 ppm

in rainbov trout).

Chlorinsted hydrocerbone

Trece eontemin8nte vere determined in both, mueele end liver tieeue. A.

observed ror heavy meta18, data obt8ined 80 rsr ehov s con8iderlble veri­

ation. vhich cannot 8imply be 8ttributed to the differenees in eultivetion

procedurea. Hovever,· average PC!-leve18 determind in musele Ire *lightly

higher in reinbolo' trout. Bt'eause of the high variebil1ty of the d,ta. He

nu~ber of specimens examint'd ia too low to demon8trete whether eny rela­

tionship exi8ta betveen the aize range of the rish end the concentration

of traee contaminente in either musele or liver (~ableB 2 end ~).

PCE conct'ntretion8 in ~u8cle ranged tetween 9.9 end 22.3 rrb (wet vt'ip'ht

besie) in vorm-veter fieh and 3C.8 to 193 prb in the cold-vater arecies.

Ti1erie livprs eonteined mueh hipher FeE eoncentrations then did trout

liver.
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",-H;( Arid t -;:1::: "ere unusuelly t.i"h in lPrge Ti lef'ie sJ'eeilrens; J:tL end

L~~ were ~reeent in fish from toth sJstems.

Lindene eoneentretions were obviously higher in muscle end liver tissue

of TlleplA then in eom~ereble eemrles from reinbow trout.

It ia importsnt to note thst the three highest PCP-vslues were found in

stressed fish (trout with sk~letel deformstions, !1l!ti! under otvious

sociel etress- derk colored fish, elvsys ~ushed into the tsnk corner ty

other speeluens end exhibiting reduced setivity). These fish were speci­

fieelly selected for trsee element enalysis (mprked with ftsteriea in

Tsble 2). •

D I ~ C U S S ION

~hen coups ring the body burdens of eontsminents fish grown in intensive

eulture syoteme vith those from vild fish grovn in nstursl weters , it

is obvious thst there sre no differences in csdmium coneentratiens, but

thst co.per concentrstions are higher in eultured fieh. Cadmium levels in

uncontemlneted fresh vater fish renge from 0.0005 to 0.e035 ppm (n- '~9)

Y.ÄFERSTEIN 19BO. Y.tLLER and PROSI (197B) determined csdmium in fish

from the hi~hly poIlu ted Necksr-river-srstem (Germsny) snd found v8lues

bstveen 0.002 snd O.OBB ppm (muscle) snd .0.02 end 2.2B'~pm (liver).

DAVIES (19Bl) eteted thst cedmium eoncentrations in ~ost of the msrine

fin fieh investigated vere belov the deteetion limit of the enalytical

techn1que amployed.

COFper hes been deteruined in freeh veter fiah vithin the renge of 0.14

to 1.09 rpm in muecle tissue end 1.73 to 9.BO ppm in livers (r.CLLER end

PFOSI, 197B). These velues are lover than most of those observed in

fillet of cultured fish. Concentrations of co~per determined in livere

of fieh from intensive culture systems sre orders of magnitude higher •

thsn in those from wild fieh. Since it is knovn thet both, the wsrm-

wster snd the cold-vster reeirculation systems studied here , did not

contain eny metel parts that vould heve been res~onsible for the releeee

of substantJal amounta of copper into the system, we conclude that most

of the copper accumulated must heve been entered the system via the

make-up wster, vhich vss taken from the public vster supply, slthough

these surplies are considered to be ssfe wit~ regsrd to health standsrds.

I
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:t:cri~.tpj r7~r~~.rtoe2 ~id ~ot accumulptp substenti.lly ie ~it~er

rillet .nd liver of culture fist. Date availetle from field stuaies

indicpte th~t in marine fish PCB-concentrations ran~e from ~.1S~ to

0.~61 ~pm in fillet of the sole (~~ wet weight baais; C"RKE
et el. 1979) end 0.0.6 to 0.046 ppm in muscles of witch flounder '

(Glyptocephelu8 cynogloesue) EDER et sl. 1976. ECHÄFER et al (1976)

determined PCB-levela in cuecles of deb (~~~ raneing

betveen 0.0' end C.06 f~m o~ s .wet weifht besis, and 0.'8 to 0.74 Tfm

in livera of the eeme a~ecies.

In freeh vster fiah from Germsn rivers, liUSCHENBETH (1977) found elevated

levels in verious s~eciea ranging from 0.205 to 9.300 ppm in muscle on

a wet veight bssis. Co~pared to these velues, our observetions of

cultured fieh from both systeme indicete substsntielly higher eccurulation

r~tee. ~hen compared with freeh water fish from Germen rivere, concen­

tretion factors vsry betveen 2.4 to 48 for werm-v~ter fish and 21 to 150

for fieh from the cold-weter eystem. Comperied to aee water fish, concen­

trations in muaclea ere elevated by fectora ranging betveen 144 pnd 380

(Tl18Fia in warm-vater eystem) end 1,180 to 1,250 (trout in cold-veter

syatem).

The reeson for the differences in FCB-sccumulation in cold and werm-vater

systems sre unexpleined. One would exrect the varm-weter 'recies to

eccumulete much more then fieh msinteined in the cold-water unit, since

exroeure v~. much longer (~ 6 month in~ compered to lese than

3 month in trout). fossible reeson. for this difference might be foun1

in the ~ifferent background levels of tr.ce conteminents in feeds offered

to both srecie" Lipid content in trout pellets is ~uch higher then in

the low protein diet offered to Til.pie. On the other hsnd, sccumuletion

retes mey be eltered by general strese due to environmental conditions

in the eulture 'systems (pH, °2, Ammonie, BOD, ete.).

Since intensive equsculture development i6 increAsin~ly using hieh density

culture syetems and non-conventionsl protein sourees, sttention hss to be

feyed to the sccumuletion of trsce contsminents under these eulture

conditions.
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Table 1. Heavy metal residues (ppm) in muscle and liv.r tissue of fish reared in recirculation syRtrmR.
Data are ealculated on dry weight basis and represent averages from two to three determinati~ns;

brackets indicate renge; A • warm water system; B • cold water system; *. below deteetion limit.

No of
fish

System Spee1es total
lenght
(em)

total
welght

(g)

fat content (911)
muscle I1ver

Cu

Heavy metal content (pom)
muscle I1ver

Cd Cu Cd

8.2

5.4

7.7

2

3

4

5

6

7

8

A

A

A

A

A

A

A

A

Tilapia

Tilapia

Tilap1a

Tilapia

Tllapia

Tilapia

Tilapia

Tllap1a

11.6

14.2

28.9

29.1

29.8

34.0

54.4

260.0

400.0

460.0

480.0

580.0

1.4

14.7

12.7

3.25 .
(3.2-3.3)

3.20
(1.8-4~6)

1.55
(1.5-1.6)

2.60
(2.3-2.9)

4.45
(4.4-4.5)

1.75
(1.7-1.8)

0.010

0.040
(0.02-0.06)

0.015
(0.01-0.02)

0.025
(0.02-0.03)

0.020

0.020

388 2.70
(353-425) (7.5-7.9).

963 . 0.67 0>

(938-988) (0.57-0.~6)

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)

9

10

11

12

B

B

B

B

Ra1nbow trout

. Rainbow trout

Rainbow trout

Ralnbow trout

25.0

27.0

29.5

31.0

297.0

358.0

407.0

6.6

11.7

4.9

8.2

5.0

4.0

1.55
(1.5-1.6)

1.65
(1.6-1.7)

1.35
(1.2-1.5)

1.10
(0.9-1.5)

*

0.020

0.020

0.020

668 0.25
(662-674) (0.24-0.75)

371 0.1:7
(343-399) (0.C6-0.Cg)

370 0 ('l)

(340-401) (O.04:('~C6)

533 0.045
(507-564) (0.04-0.05)

•
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Table 2. Chlorineted hydrocerbon8 eccumul8ted in muscle of fish reered in recirculeting systems.

A. vllrm-veter syetem, ]3. cold-vater syatem. Vslues lire given in ng/g vet veight. For

corresponding aize snd veight of fiBh eee TBble 1. *. malformed or atressed fish.

Re.iduea (ng/g vet veight)

No. of SysteIl Spec1.. Heptachlor-
fiBh Cll HCll e oxid DDE "-HllC HllC Dieldrin DDD

A '1'1hpia 16.5 40.1 ... 0. 1 1'.0 22.4 1.5 4.6

2 .l * 21.5 40.1 LO.l 8.2 19.4 0.9 '.1, A 17.' ... o. 1 4.0.1 40.1 1.0 4.1 1.' 2.7

4 A

5 A 9.9 4 o. 1 0.1 1'.5 '1.' 0.7 0.1

6 A * 22.' 21.5 11'.4 202.6 5.2 9.4 0.8 1.6
I

7 A .. 14.6 "0.1 .LO.l "0.1 0.5 1.9 0.4 0.7 'D

8 A .. I

9 B R'~9Siv '6.5 0., 0.8 .LO.l 0.8 1.9 1.6 1.9
1O B * 19'.1 LO.l 0.1 "'0.1 1.5 '.7 '.8 6.4
11 B 44.9 0.5 1.2 40.1 0.7 1.7 1.4 2.1
12 B '0.8 0.4 L 0.1 0.9 1.9 2.' 2.5



Teble , • Chlorineted hldrocerbon••ccu.ulated in llvere of fiah reered in queai-clo.ed recirculetion

•1.t•••• A•••ra-.at.r 81.te., B· cold-vet.r aletem. V.luee given in ng/g .et veight. For

corr••pondinl .i•• end veilht of fieh aee Teble 1.

Re8iduea (ng/I vet veilht)

Ilo. of S1·t•• Speoi.. Heptllchlor-
fieh PeB BCB epoxid DDE 6.BBC (BBC Dieldrin DDD

1 A Tilapia 41.0 ~0.1 ~0.1 ~0.1 5.4 12.9

2 A .. 1".0 '" 0.1 '.1 4.0 8.9 14.7 7", A 21.7 400.1 0.' 6.0 10.0 5.0

4 A .. '1.0 0.' 0.9 1.9 17.8 4'.9

5 A .. 29.1 40.1 .. 0.1 12.4 16.9 " 0.1 4.8

6 A .. 44.7 ..0.1 0.5 ~0.1 '.6 6.1 4.6 6.,

1 A '8.8 0.14 4. 0.1 9.0 21.2 1.' 4.0 -0
8 A .. 108.0 1.1 2.' 1'.4 27.5 6'.5 2.9 1.4

9 B RU8~i· '5.9 .:0.1 0.1 1.' 2.4 '.6 2.6

10 Jl .. '4.0 0.7 1.0 2.1 5.8 4.8

11 Jl 15.8 4.0.1 0.' 0.2 0.1 2.2 0.9 2.9

12 B .. 8.4 0.' 0.4 1.2 1.4 1.5

) .


