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Differences of heavy metal toxicities for freshwater fish and marine fish

Jiro Koyama*

Differences in the susceptibilities to pollutant toxicities among fish species
are well known. Especially,the LCxs of cadmium of some marine fish are
higher than those of some freshwater fish. In the present study,the heavy
metal (Cu, Zn and Cd) LCxs of freshwater fish are compared to those of
marine fish and we discuss the causes of these differences.

In freshwater fish, the LCys observed under 20°C water temperature (WT)
and observed under 50 water hardness (WHD) exhibited higher values than
above 20°C WT and above 50 WHD. Toxicity tests using freshwater fish are
mostly performed in warm water (WT 20-20C) and soft water. Therefore,
the LCss of freshwater fish observed above 20°C WT and under 50 WHD
were compared with those of marine fish. The LCxs of Cu,Zn and Cd for
freshwater fish exhibited significantly lower values than those of marine
fish. The differences between them seem to be due to the respective calcium
and/or magnesium concentrations.

19964 7 A1 ARE i KERFRFERA 502
* ok B B FE AT BB (R 4 58 (Environment Conservation Division, National Research Institute of Fisheries
Science, Nagai, Yokosuka, 238—03, Japan)
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B, brEoAEY B BEARE ((RENFRIELIZIS K0102 THHKRE I,
1993) Tid, EIZeA5H, oM FOWKAVPHEBRAE L Thb, LA L, BEHIZNTLE
BERMEOBMIL, MKALBERL TIRRLZLEBHY, AIXEHMORE FIZEK
Elzxof FERA) T, BEACHTAEEEHEIRKALIVEN 2 BR (19D
WELTD, Tz, BMAQ9T2IIHRAKE X CHARBIB e X 7 H 08T HEE T KE, me
WHEOEMEBHELSRKIIBE A 55T, PVFNXR VP XNV R BOEMBEE K
BB X ¥ HTHhEIDZEERE LTS, —F, Voyerb(1979)i%, # FI v oa0a®EHE
AR K Bl Bk silversidei L U T K BlIBksilverside CEW I EZWME L TWH, ZD LS it
WAL BEARINT IARESFMIBOHEOEV Y b, BEAZHW -SSR
ZRELEZ UNMUS, 1992700, 1996) & Z5ThH 5,

AHETIE, ELBORKABIVBERIINT 2B OENFEED 55 F U RHNIC KRS
INTHENZI LIS, EL DAL RICESIWMEOETFMICRI L, XBICF0OM
HOFERIZOWTEEERAD LI K - T, BHERBRETHKAL L URERE T TTH>EE
AR L,

iy

1 EEBOEMT—¥

XEREDRBR, BRASLUVRERADESEREBHECB L THENEL DT -7 4H5
=g (LAFCu) | ##h (BUFZn) LW FI 74 BATFCA) oW T, 9ok B
BE (LAFLCx) OHEET -7, #AE LR CIIEBKEEKRAD 2 WIdB KR kAL H
Wy BRKHDZNEEKIZE - TERBET 5%, ERFHFLR -8B O, i,
AnRERAOREERE., AL RK, BIEKDD0NITIEKRE) &, FREEH LW
FHENZNENR L > Tz, FRE T, BB T5E010, KEBSITRRKOBEEL TS
BOBRIIELH BETILOLELBTED, £ TOMORBREL OEEIIE
FIhNEnWEEZ, RBRIIT2ZN00EBIZ >W TR fThid -7z ThEZNOES
BOLCy%Z., K BEHLViZETEDERFHFOEICHFRIL F&H 2 ETable LIZRT
EBDNER T, T RELBONIHRAKBRCHT HCu, ZnB & FCADLC®D EE AT
(k) oML T, ZheDF— 9 BERFIHTH20E0HMTE L -7l 7—F
DGR LW YT X Y v FREED—D2THDL 7 1+ VA ry YONEMEE (B
T, ABEEIZX D) 124D, BREP)<0.050 LINTESEOHE T - 1. FORR,
Cu. Znk XU CADEAKMICH T ALCold. BMEACEE L TERIZENI A 5T, —
J#+ Table LiZ/R LBERICHTHLCT — 7 DEBFRK(CVYiZ, WThoeBETHI2iX10
WL FTh =Dz L, MKADZFNHZ1TAL LEBWEERLTEY, WKEDT —¥F
WARERELDEDDHDZEFXIVD R Tz, T, AEDEREHOEIZKESERALTY
5H0EEZDND, DEVHREARATIIIEALOERKES X UESH20~25CH L U8B0~
35% THBH—E L T Dizw L, AR TIIERKIEAI~30C. ABRAKDBEREAH 5 ~37
SEREEDENEFIIAE N ol EEZ N, LS > TUTFTRINODRABRERHED
S BEII T AEEERT LoD, MAREBEARCINTIESESHOEELX S IZFHM
R L7
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Table 1 Ninety six hours LCos(mg/1) of copper, zinc and cadmium for
freshwater fish and marine fish {(mean+SD)

Cu Zn Cd
freshwater fish  0.59+1.27 (84)** 7.48+13.0 (49)* 11.6+26.7 (41)°
(0.0087—3.2, 215%)** (0.066—40.9, 174%) (0.001—73.5, 230%)
marine fish 1.79+1.89 ( 9) 35.1+29.3 ( 9) 17.8+15.5 (45)
(0.113—5.66, 101%) (2.73—83, 83%) (0.65—178, 87%)

« :number of data, ** :range and coefficient of variation
a :significantly different from marine fish (P <0.05)

nH. ARETHWT—7 0% I/MIQDICEEIN-bD0EZICHW . ZNEN
D5 AR, U982 BBI iz,

2. BETF—-YORN

KA T I2ESBOLCI KBRS IUEEFAAXSEETIEEX, WKAIIHTS
HZEESBOLCIZ T A KRB IVEEDHEEFig. 1 ~6 XX VKR Lz, TR, Fig.
1, 3BLVSIZERTELY, KB LRIV LCOMAT 2HANAED SN, -, Fig.
2, 4BLVBIZRTESY, BED LEAICHOLCOEXT 2SR D 6N,

HEDE > fERa 6. Table 1IZR LT — 49 #L T OEEEIZ L7-d - TTable 2R
EEUVHESE L, ThiZX D ENThORBEETE 6N ELCOMIZZEL D D0 E D
AT Lize Tad. KiRICOWTIZI—BIBEHE (APHA, 1989 ; {t¥ @B EHS. 1984) T

Table 2 Ninety six hours LCsxs (mg/l1) of copper, zinc and cadmium for fresh-
water fish and marine fish (mean+SD)

Cu Zn Cd
Marine Fish 1.79+1.89 (9* 35.1 +£29.3 (9 17.8 £15.5 (45)
Freshwater Fish 0.59+1.27 (84)¢ 7.48+13.0 (49)* 11.6 +26.7 (41)¢

Water Temp. =20C 0.86*1.83 (35 10.5 *+15.5 (28 14.8 *=30.4 (30)¢

Water Temp. <20C 0.22+0.26 (46)* 3.56+ 7.11 (20)* 3.52+ 7.60 ( 9)°
Water Hardness <50 0.35+0.76 (29)*° 2.05% 2.02 (31)** 1.46% 0.97 (27)**
Water Hardness >50 0.71+1.46 (55) 17.8 £17.9 (17) 47.6 £40.9 (9
WT=20C, WHD<50 0.59+0.95 (17)¢ 2.58+ 2.20 (20)¢ 1.51+ 0.93 (13)¢
WT<20C, WHD=50 0.32%+0.27 (30) 8.08+11.3 (7)) 14.8 £11.7 (2

‘number of data

:significantly different from WT<20C (P <0.05)
:significantly different from WHD>50 (P <0.05)
:significantly different from seawater fish (P <0.05)

oo o
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Fig.1 Relationship between water temperature and Cu LCs
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Fig.3 Relationship between water temperature and Zn LCs
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EKBESKBET T H20CEERE L, <20CRUTZ20CD2HEICF T, /2 BEIZD
WTidStandard Methods(APHA,1989) THMAK BB ATRBKOBEE 0T HLHZ 062
heEEREL, BE<S50BX0>500 2 BT,

2.1 Cu
WAKBIZH T BCuDLCu% ., KR<20CHELVZ20CTH 2 EIZDIT-ER%EFig. TIoRL
720 KiRZ20CTHOHENZLCHH0.3mg/IANTHE I Img/ UL EERTTF—4 %<, 6
EDOKREVWZERGD 5Tz, —H KB<20CTHEHENLCE, ZDT7655%0.3me/1LLF &
HEWHENMEZ R L, Table 2R TEEY., KB <20CHLUP=20C TORKAIZHT
HCudLCuidy FF10.2220.2635 £ 000.86+1.83me/1TH YV, HEDFHMEICFEEN
ROoNIZEhb, CuDBRELSKBOEEEZZTHAZLMAEXBNL, ZRHITHL. #
BHENTWABEROERKEDIIEALBZ0CTHEZErD, WKAEBEROTLEIT,
KEZ20CHT— ¥ TITH I EHRFYEEL BN,

Fig. BIZ R ¢ BVERKBDABRKOBEE % <505 LU >5000 2 BHIZ TR, BE=
50T 65N LCu®76%4%0. 1mg/ 1LV FTH » 7z, Table 212" EEY, HESOLUTH &
U>50TEONTLCoE, FHF10.35+0.765 X 000.71+1.46mg/1TH V) . HiZ DO FH{E
WHBESRDONILZE0 6, CunBEHIIEENBET L ZLAEL bR, bAEOH
KBOBENIZEAES0THEZ Ep b, BES0THOLNEEHEKADLCE L, Zh
HEBEROLCo: T2 & & L,

L EDREEL HKIRZ20C, #E <50TH SN BKADCuUDLCsds & DHEE AR DCudLCs
0.59+0.953% & Uf1.79+1.89mg/ 1D B % 1T - 720 ZORER. MEBICIREEEZNREDOHN
T2o —Hs KPIZIIEER S THACab I UM ESREICFELTEY, Lzd - THE
B DEEEEZDEEESSOTELNBKADLC, 0.71+1.46mg/1 - BT 52 Lin &
D, BERSOEBENILTHIELTEZILDEEX I, ZOHKR, MEMICEREDE
WZ ERBE SR 5T,

30 = {T=20°C Wi<20°C

Frequency
N
(=]

pry
o

=0.1 0.1-0.3 0.3-0.5 0.5-1.0 =1.0
96hrs Cu LG50 (mg/1)

Fig.7 Cu LCy frequency distribution of freshwater fish related
with water temperature
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m WH=50 =2 WH>50

Frequency

=<0.1 0.1-0.3 0.3-0.5 0.5-1.0 1.0
96hrs Gu LG50 (mg/I)

Fig.8 Cu LCs frequency distribution of freshwater fish related
with water hardness

BEpz Ero@Eoatimtaiiet (KE=20C, BEES50) TOHBZT - 254,
RAKBEBERIZHT DCuDLCOMICBARLREDH D Eh bbb -7z, /oy BWE>H0
DBKBEBERICNTSCUDLCDEICHEERIRD SN -7,

2.2 In
Table 2ILRT LB, KR<20CTHITF=Z20C CORKAIZHN T 2InDLCHZENEN

3.66+7.1138 X Ur10.5+15.5mg/1TH Y, MFHEDOBICHFEEN R OoNah o7, Ly
L, Fig 9lomd &89, KRzZ20CTHLNIZInDLCDT5%0 Img /1L ETH Y, CulFH
BRI 2ZnDLCD %< B0 TCHETROENTNEZ Eh 6, BEADZnDOLCs,
EDOHENT, KEZ20CTRD GNIRKBDInDOLCTIT D ZEHEYEEX -,

m NT<20°C @ WT=20°C

—t o
o =

Frequency
>

<0.25 0.25-0.5 0.5-0.75 0.75-1 1-3 3-5 =5
96hrs Zn LG50 (mg/1)

Fig.9 Zn LCsx frequency distribution of freshwater fish related
with water temperature
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20 ¢ m WH=50 =3 WH>50

Frequency

£0.25 0.25-0.5 0.5-0.75 0.75-1 1-3 3-5 25
96hrs Zn LC50(mg/1)

Fig.10 Zn LCs frequency distribution of freshwater fish related
with water hardness

KIZBKBORBRKOEE % <505X U >500 2 Bz 2 - iR % Fig. 1005w Lz, B
=Z50THR ONLCT £EBNC M LTz hy, BE>S50THE b= ik lmg/1 LiIZid & A
E#p LTz, Table 2IZRTEEBD . BES0ELU>50THEGNELCIE. ZNEN
2.05+2.0265 L U17.8+17.9mg/1TH Y, BMEMICETELRD OGN Z & CEERInD
BECEETIZIEAEL BN

EDHERY»HCuk FRIZKIE=Z20C, BWE <S0THEOLNIZHRKROINDL o L UYEE
BOCUDLCx 2.58+2.2035 & 1835.129 . 3me/ 1D % 1T - 7= FOKE, BEMICIIEE
ERBOH N, EHICCUEAKICEER G OBEL/NEL T5-0, BE>OTH LGN
WAKEDLCx 17.8+17.9mg/I1E BEADINERE Uiz, TOHER. HEBIZEEEZED
Y GG/

DEDZ & b@EDAEERABRAG TCOREST - -84, KA EERINT S
InDLCDRNZ I HBEREZEDHD ZEbd Ttz Tz BE>OWKALEBERIZANTS
CudDLCxDRIIZ BFBEZED SN d 5 T2,

2.3 ¢Cd
HAKAIZA T HCADLCx% . KIR<20CH L UP=20C Lo 2 B H T 45 R % Fig. 11LIC R
Lo KE<20CTHE SN LCxD56%4%0. 1mg/ILATF TH A DD, 1—28 & '5—30mg/10)
WHIC DV 2 6T 5 LTz, —F, KiRZ20CT T S/ LCold X T0.1mg/1Lh £ T
otz Table 2T EBY, KBE<20CHLUP=Z20CTOHRAKEIZHT 2CAdOL L,
3.52+7.60F6 £ Tf14.8+30.4mg/1THYV ., BMEBICEBEZIR DOl -7, LA L,
Fig. 1lizRT & B0, KE<0CTHE SNLCWM56%50. Img/INFThHADIz5 L, Kk
Z20CTHRLNLLCDTNTH0. 1mg/ Il ETCh -2 & I HiZCub KV Zn& Ak, #EeE
BICHT BCAdOLCD & < BKIB0CTHETRDOENTNWH I b, BEMRIZHTHCID
LCs& D H#IE, KIBZ20CTRDOENEKADCAOLCHTIT Y ZEHEMEE X b,
WIZIRAKBOT — ¥ ZEES0BXU>500 2 BEZ T -85 R % Fig 1212 Lz, BES
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15 = W71<20°C WT=20°C
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o

Frequency

(2,

0.1 0.1 1-2 2-5 5-30 230
96hrs Cd LG50 (mg/1)

Fig.11 Cd LCx frequency distribution of freshwater fish related
with water temperature

S0LATF 7 — #1d5mg/ILAFTHY, —7F7, BE>007 —#135mg/IA ETHY, LT
HENEL 5 ECADOLCH A E < e B1HA2 58D bz, Table 2iICRT & B VBEE=<50
BIU>500CAdDLCxiZ . ZNF11.4620.9735 L Uf47.6+40.9mg/1TH Y, WEMIZEE
ZOFHONI=Z &b, BENCIOLCLIZHET HZ LAE L BN,

Cub & UZnk FIFEE 0D KRBT — ¥ LBERD T — 7 LBV EHLE X 5N, Cu
BEUIn& ERRIZ KB Z20C  HE <50TH N KRDCIOLCE L THERDCADLCs,
1.51+0.93B X TUf17.8+15.5mg/lO B * T - 7=, ZORHE., BEMICIIEEEINFEDHON
foo —H BERTOREEZNI T 50, BESOORKAT—5 LBEREDHEZTT-
R, mERCHEEZEIED N, 5.

DEQZErbREOANENARBEG TORKET 254, MKREBERICHT S
CAOLCxOEIZIEBEREDDH D EVDh -T2, LIz - T\ EIZEE 500K THER %

B WH=50 = WH>50

Frequency

0.1 0.1-1 1-2 2-5 5-30 230
96hrs Cd LC50(mg/1)

Fig.12 Cd LCy frequency distribution of freshwater fish related
with water hardness
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Table 3 LCss of heavy metals for medaka and mummichog

fish heavy exposure exposure freshwater(F) LCs  water ref
species metal type period  seawater(S)  (mg/l) temp(TC)
medaka HegCl, ST* 24hr F 0.74 25 M. 1972
Oryzias 24hr  S(35%;) 3.2 25
latipes ZnSO, ST  24hr F 18 25
24hr S(35%0) 95 25
mummichog CdCl;, FT  96hr F 2.7 20 Literature
Fundulus 96hr F >2.9 2 Review, 1977
heteroclitus 96hr F 1.6 20
96hr F 2.3 20
ST  96hr S(20%0) 55 20 Eisler, 1971
ST  96hr S(20%:) 78 17.9 Voyer, 1975
ST  96hr S(32%) 30 19.7

* 1 ST (static), FT(flow throgh)

1o orEOBERBRSIETIHEBERAL OBICCu, InBLUTCIDOHFEEABEROZEIILT D
boEEZLND,

3. RA—RABRITOLLE

AHE TR L2AER TRAKAB I VBEARADESBHEELE Z1T -7 — 5 KIATE
F—AETHRKE L UEKICHR T 2ABDEREROUE T -T2, 7B D Id
Tl DR HBIRE I T A - 724, Table 312779 &HY, K, ZnB XUCAdE L EHRAKEI
BRI EE L CEKIBADOLC W TROED -7z, B ZBRINEmEOEREHFITIZEA
FRILTHZ2Z D OlEDER., FIEE CIERFLZEBVEBRKTOBERS (Cab X TF
Mg) OFZEIZLDLDEELZLND,

4. T

WK fE L OMEERIZAT 3Cu, Ink XU Clo2aMEE O T - /. KA TIIRE 4
DEUETERET->TWAZEND, KB (K20THIUZ20C) RUEE (=505 K U>50)
OEEETRIT Lz, ZORE. Cu. ZnHB L UCADOLCeAKIRZ20TEH 5 W IEBEE >50THE <
BAHZEHHBNERST, DI LD HRKARIIHRT ZEEBOLCT — ¥ ZKiR20C
BRUBWESORERE L THESE L, bABEOBEERBSEICEE 500K THhHbh Tn
Bk, L OWMEABNRBAKEZNCTITONTWAZ 06, KEZ20CHE S UHE
S50TE OGN EERAKBICHT SESBLCE L. ZOEEBEAIINTIESLEBLC.OL
WHT-710 ZOHE, WTNOESE L LHRKADLCHERE RO HE L THEICEN
EE R L. — . BERSOESEFHCHTIEEL NI T50, BESOTHELON
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KRBT 2ESBLCE BEAIKNTALCOEE 2T -4 25, WTFNOESET
LHEBIZBREIRD ONAL 5T, ZHIBEKPDCale COBER S & ESBHIFEHE
FERUEOMBBERICHT 2ZESBOLCAEL B2 DEEZOND .- HE
>50CH OGN RKADLCoE BEADLCOMIZEDEL - - Z 00 b, BEALEKAL
DOENZCu, ZnB L UCAIZHT 2 RRKDESZHOMELN H DL EEL Wb DEEL BN,
HEDZ L6, bAETIThN Th 2BRENSEEERR (KBEZ20CH K UEE <50)
TRALICHRKEEBEAMTESBESELSRZY, BARTIVENLCOELNAZ &
BG otz LI - TRBRRIIEDHET I 26, ESBEHHERBRIIBKAL L U
ERATHNAIZTIRNETHEI EEREIND, 2L, BE>OTKRD bhikkRIZNT S
BERBLCOBERDEINEEERE B -7z 2 0 6. AKX, BESEHHIINT AR KAE
BEARORZHIILT LLESNFETZLEEA B0VIDEEX B,
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