The Journal of the Shimonoseki University of Fisheries 26 (3) 251 — 266 (1978)

2 alONKEE L
vV EaBICET 5 E—VIT
WA FEe7o s A XED
FFIR & Mg o0 KSR B

®HER - FHOIE

On Mercury and Selenium in Tuna Fish Tissues - VL
Mercury Level in Liver and Spleen of Tuna and Marlin
from the East Indian Ocean
By
Michio TAKEDA and Tadashi UEDA

Total and methyl mercury levels have been determined on liver and spleen from each of
10 albacore, Thunnus alalunga, 14 yellowfin tuna, Thunnus albacares, 16 bigeye tuna,
Thunnus obesus, 5 blue marlin, Makaira mazara, 2 black marlin, Makaira indica, 2 sailfish,
Istiophorus platyterus, and 3 striped marlin, Tetrapturus audax, caught in the East Indian Ocean
(Java and Sumatra coast).

In liver and spleen of bigeye tuna and marlins, significant correlations were found in the
following relations, i.e., total or methyl mercury level to body weight, methyl mercury
level to total mercury level, and mercury level between liver and spleen.

Total mercury level in spleen of albacore and yellowfin tuna, however, was markedly
higher than methyl mercury level in these tissues and remarkably greater than total mercury
level in respective livers., Therefore, significant correlations were scarcely found in the same
relations as in the case of bigeye tuna and marlins.

An effect of fishing area on the following values was investigated, i.e., total mercury level
ratio between spleen and liver, mercury level gradient [log(total or methyl mercury)/ log
{(fork length) ], and the scatiering of mercury level to body weight. Then, it seems to be that
Java coast has a higher environmental potential which is responsible for mercury level in fish
than Sumatra coast.
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Fig. 1.  Fishing area of sample.
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Tabie 1. Samples for mercury analysis

Number of samples Body weight (kg)
Species

Java SumatLra Total Range Mean

coast coast
Albacore 10 — 10 19 — 27 22.7
Yellowfin tuna 10 4 14 19.5 — 57 41.1
Bigeye tuna 9 7 16 22 — 34 45.8
Blue marlin 4 1 5 44  — 179 127.8
Black marlin 2 — 2 78 — 162 120.0
Striped marlin 1 2 3 45 — 65 55.3
Sailfish 2 — 2 21 — 36 23.5
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Fig. 2. Relation of T-Hg in liver to body weight of tuna and marlin.

Solid lines are the regression line at 0.01 level of significance and
broken lines are the regression line at 0.01 level of insignificance.



Table 2. Mercury level in liver of tuna and marlin from the East Indian Ocean

i T-Hg MeHg
Species
Number Mean Range Number Mean Range
determined (peglg) (ug/g) determined ( pg/g) (ng/g)
Bigeye tuna 15 0.63 0.20— 1.21 15 0.44 0.14—0.94
Yellowfin tuna 11 0.15 0.09— 0.21 12 0.10 0.06—0.13
Albacore 10 0.32 0.18— 0.61 8 0.13 0.08—0.19
Marlins 12 3.01 0.07—14.%24 10 0.36 0.10—0.95
Table 3. Mercury level in spleen of tuna and marlin from the East Indian Ocean
) T-Hg MeHg
Species
Number Mean Range Number Mean Range
determined  (xg/g) (1g/g) determined  (pg/g) (ng/g)
Bigeye tuna 15 0.72 0.17— 1.41 13 0.47 0.14—1.19
Yellowfin tuna 11 0.97 0.32— 2.10 10 0.07 0.04—0.09
Albacore 6 0.78 0.28— 1.35 6 0.14 0.06—0.17
Marlins 12 2.48 0.06—11.10 11 0.17 0.03—0.49
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Table 4. Correlations of T-Hg (», ug/g) in liver and spleen to body weight (x, kg) of tuna
and marlin
Regression equation : logy = alogx +b

Species Viscera a b %o n
Bigeye tuna liver 1.38 —2.498 0.89** 15
Yellowfin tuna i —0.132 —0.624 —0.22 11
Albacore i 1.610 —2.668 0.46 10
Marlins " 2.432 —4.592 0.92** 12
Bigeye tuna spleen 1.147 —2.056 0.68%* 15
Yellowfin tuna i 1.207 —2.000 0.75%* i1
Albacore " —2.753 3.547 —0.3% 6
Marlins i 2.230 —4.267 0.87** 12

ro, Correlation coefficient ; », number of determinations.
#%  Significant at 0.01 level.
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Fig. 4.  Relation of MeHg in liver to body weight of tuna and
marlin.
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Table 5. Correlations of MeHg (v, ug/g) in liver and spleen to body weight (x, kg) of tuna and

marlin

Regression equation : logy = alogx+b

Viscera

Species a b 7o n
Bigeve tuna liver 1.169 —2.299 0.73** 15
Yellowfin tuna " —0.115 —0.823 —0.14 15
Albacore " 2.278 —3.954 0.85* 8
Marlins " 0.974 —2.447 0.80** 10
Bigeye tur,” sleen 1.505 —2.800 0.85%* 15
Yellowfin . ia " 0.102 —1.366 0.13 10
Albacore " 2.477 —4.237 0.72 6
Marlin " 0.894 —2.622 0.72** 11

e Correlation coefficient ; n, number of determinations.

**  Significant at 0.01 level ;

*  gignificant at 0.05 level.
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Fig. 5. Relation of MeHg in spleen to body weight of tuna and
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Table 6. Correlation between T-Hg (¥} and MeHg () in liver of tuna and marlin
Regression equation:y = ax+b

‘ Ik
Species — g b o % ta ts F.
Mean Range
Bigeye tuna 0.71  0.35—(1.37) 0.606 0.066 0.82** 15 —3.32%* —4.79** 17.01%*
Yellowfin tuna 0.67 0.38— 0.93  0.534 0.019  0.89%* 10 —1.99 —6.73** 24.66%*
" m*0.80 0.25— 1.00 1.006  —0.017 0.89** 37 0.07 —2.53 3.20%
Albacore 0.45 0.29—0.73  0.26] 0.055 0.63 8 — — —
Marlins 0.38  0.07—(1.25) 0.056 0.158 0.95** 10 —144.51** —120.11*"  17655**

* Included the data for the samples from the Pacific Ocean.!

** Significant at 0.01 level.

ro, Correlation coefficient ; #, number of determinations ; #, ‘¢’ for testing the slope (@ = 1) ;
ty, ““t” for testing the y-intercept (b = 0) ; F,, F-value to see if the estimated equation is within
the variation of the equation y = x.

Figure in parentheses must be less than or equal to 1.00 theoretically.

Table 7. Correltation between T-Hg (x) and MeHg (y) in spleen of tuna and marlin
Regression equation:y = ax+b

) ylx
Species a b Yo n ta ty Fe
Mean Range

Bigeye tuna 0.67 0.30—(1.02) 0.578 0.063 0.75** 13 —2.76 —4.08"* 121.53**
Yellowfin tuna 0.09 0.03—0.21 0.010  0.056 0.13 10 - — —

" n* 0.11  0.03—0.21 0.009 0.062 0.24 14 — - —
Albacore 0.23  0.07—0.47 0.006 0.118 0.05 4 — — -
Marlins 0.16  0.03— 1.00 0.039  0.063 0.90** 11  —153.42*" —125.00** 19581%*

* Included the data for the samples from the Pacific Ocean.!

** Significant at 0.01 level.

ro, Correlation coefficient ; n, number of determinations ; f, ““¢”’ for testing the slope (¢ =1) ;
ty, 17 for testing the y-intercept (b =0) ; F,, F-value to see if the estimated equation is within
the variation of the equation y = x.

Figure in parentheses must be less than or equal to 1.00 theoretically.
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Table 8. Correlation between T-Hg in liver (x) and those in spleen (¥) of tuna and marlin
Regression equation : y = ax+ b

ylx
a b Yo n ta o Fe
Mean Range
Bigeye tuna 1.2 0.62— 2.53 0.880  0.168 0.76%* 15 —{.581 1.422 1.180
Yellowfin tuna 5.95  2.62--16.15 —3.661 1.398 =0.23 9 - — —
Albacore 215 0.77— 3.97 0.044  0.765 0.02 6 — — —
Marlins 113 0.46— 3.9 0.759 0.198 0.95** 12 —3.110 —1.728 6.331%

#* Significant at 0.01 level ; * significant at 0.05 level.

7y, Correlation coefficient ; 7, number of determinations ; f,, “#”’ for testing the slope (a = 1) ;
fp, P for the y-intercepi (b = 0); F,, F-value to see if the estimated equation is within the
variation of the equation y = x.

Table 9. Correlation between MeHg in liver (x) and those of spleen (¥ in tuna and marlin
Regression equation: y = ax+

) ulx
Species a b 7o n ta o F.
Mean Range
Bigeye tuna 1.09  0.45—-1.51  0.827 0.103 0.71%* 13 —0.692 0.424 0.329
Yellowfin tuna 0.63  0.46—0.75  0.357 0.007 0.82%* 10 —3.246 —0.111 0.668
Albacore 0.91  0.75—1.00 1.044 —=0.016 0.96** 6 0.428 —2.505 3.229
Marlins 0.45  0.27-0.75  0.560 —0.025 0.95%* 10 —6.769*" —11.634** 90,584

#* Significant at 0.01 level.

ry, Correlation cofficient ; », number of determinations ; ¢, “‘#” for testing the slope (g =1} ;
1y, 1 for the y-intercept (b = 0} ; F,, F-value to see if the estimated equation is within the variation
of the equation y = x.
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Table 10. Relative ratio (R, mean) between
T-Hg in spleen to that in liver of
tuna and marlin by fishing area

Java Sumatra Total
Species
R = R =n R =

Yellowfin tuna 7.58 6 2.69 3 5.95 9

Albacore 2.15 6 - - -

Bigeye tuna 1.25 9 1.09 6 1.21 15

Marlins 1.29 9 0.61 3 1.13 12

n : Number of specimen.
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Table 11. Ratio of mercury level slope (a) of

liver and spleen by fishing area

{a of Java coast /o of Sumatra

coast)

a = log(T-Hg or MeHg x 102 /

log (fork length in cm)

Liver Spleen
Species
T-Hg MeHg T-Hg MeHg

Marlins 1.09 1.16 0.90 1.3
Bigeye tuna 1.11  1.09 .11 1
Yellowfin tuna 0.95 0.95 1.23 1.03

Table 12. Correlation of mercury level (v, ug/g) in liver and spleen to body weight (x, kg) of bigeye
tuna
Regression equation : log y= alogx+b
Viscera Area Form of Hg a b 7o 7
Liver J T-Hg 1.015 —1.855 0.74* 9
" S i 1.587 —2.831 0.97** 6
" J+S " 1.388 —2.498 0.89** 15
" ] MeHg 0.299 —0.819 0.23 9
n S " 1.360 —-3.392 0.99** 6
” J+S " 1.169 —2.299 0.73** 15
Spleen J T-Hg 0.231 —4.858 0.17 9
n N " 1.744 —3.025 0.92* 6
i J+S n 1.147 —2.056 0.68** 15
" J MeHg 9.283 —1.828 0.56 7
" S n 1.818 —3.299 0.98** 6
n J+S " 1.505 —2.800 0.85%* 13

J, Java coast ; S, Sumatra coast ; r,, correlation coefficient ; »n, number of determinations.
*  Significant at 0.05 level ; ** significant at 0.01 level.

Table 13. Effect of fishing area on correlation between T-Hg (x) and MeHg (0) in liver and spleen
of bigeye tuna.
Regression equation : y = ax+b
, Standard
Viscera ATea  a 0 ) n equation ta to F.
Liver ] 0.444 0.184 0.54 9 - — — —
" S 0.879  —0.056 0.99** 6 y=4x —2.034 —6.741*% 24.784**
1 S - - — — y=0.75z 2.167 —0.128 3.356
Spleen ] 0.462 0.159  0.60 7 - — — —
" S 0.828 —0.070 1.00%* 6 y=1x —20.265%*  —12.291%*  280.871%*
" S - - — — y=0.52 1.790 2.009 3.619

#*  Significant at 0.01 level.

T,

Correlation coefficient ; n, number of determinations ;f,, *‘#’ for testing the slope {@ = 1) ;

s, ‘17 for testing the y-intercept (b = 0) ; F,, F-value to see if the estimated equation is within the
variation of the standard equation ; J, Java coast ; S, Sumatra coast.



264

2.0
O Ofl&
i o e
1.0 & ¢ e
& P
o) »~ 7 °
o
~ @
ah & B
' O
= 0.6 8,0 ¢
R o 4
2 e ®
& 0.4 8@«’ g
3 ® @
5 PR ®
= Ry ¢
4 ei
0.2# F4
V4
&
&
. Java coast Sumatra coast
0.1 1 1 L | ] - ! ] ] i i |}
20 30 40 50 60 80 20 30 40 50 60 80
Body weight (kg)
Fig. 12. Relationship of mercury level in liver to body weight of bigeye tuna.
Both full and broken lines are the regression lines for samples from the
Sumatra coast,
2.0

Mercury level {(ug/g)

Java coast Sumatra coast
0.1 ! } 1 | O ] ! i H ...t
30 40 50 60 30 20 30 40 50 60 80

Body weight (kg)

Fig. 13.

Relationship of mercury level in spleen to body weight of bigeya tuna.

Both full and broken lines are the regression lines for samples from the

Sumalira coast,



265

0.5
0.8 ® Pacific region?
’ ® 4 Java coast
- © 4 Sumatra #
o0
0.4 ®
2 06l © (o T-He
= © MeHg
< o
>
2 .
& 0.4 B 0.3
8 z
33 & o0 ®
E 0.2+ o I{
= 0.2 LIS
,’
0 | ! | ! | 93’4
30 40 50 60 70 80 S e
I ‘wnd ”
Body length (cm) 0.1 %% °
-7 SN
Fig. 14. Relationship of mercury level /’:é«
in muscle to body length of 0 08 [ ] L
sea eel from Kagoshima Bay. 0 0.1 0.2 0.3 0.4
T - Hg (ug/g)

Fig. 15. Correlation between T-Hg and
MeHg in liver of yellowfin tuna.

A solid line is the regression line
and a broken line is the line for
y=x

4, & %

BAY FE (v TiBLURw ] F) CRABINLv 2l (X7 10R, X0 UEB, AT
16R) ¢ (7usyXx5B, vuAl32RB, Nvav P x2R, wAU0*%3R) oFBBLU
B AR EB L~ R LT, Rk ) R R,

1) ASNFBECASXETR, TRIORTHEERICENEE RS sz (e=0.01) T ERELTES
FUTBOBKBE S 7202 A FLKEBE, BARE Y # FIUKRE, 3L UFROKE L~ & QKR
[P VIVN

2) Larl, ErFrBLUX FHETE, SRKEER A FAKREEICIN, FEORKBEICHE
NTELLAE D72, %8, FRCRTMEEE I EOMB RS LNz 7 TRIBROBKIRE &
RE, D 2 F UAKERE SRS, I L F o 2 FLKREE, © o T 7 TRFEO A FUVKERE &K
B, e BB 2 F ki ER,

3) BrFd, EATBLUANTFTE, FEOXFAKEREBEBEOZNIZIZIZFEL TH- 12,

4) BRI LIS, MEBETEOBABERL KV~ Es (log(T-Hg 723 MeHg ><102>/ log (B
LE)L BLUBRELEHT ZKBEL~ V0 1 KERBER S LOFBEEN/ T Y X LiERoBE L RET L
PAER, /OB LU VRBORBERIINTAET v AT ZiRL D U TR TEY (S
7z,

RN ERICH72 Y, RERR LS 22T LN oA REBRERBREA MBS X2 LORBED
FRICEHTZ, 27, BEICOWTHE REC AR ML BBIRICE sLed L BT 2,



X M

RHEEX - fR2Ef - BIiRE - bW IE - PENEAL - B SR - REEK, 19760 AHE, 25, 47,

1

2) URHREE - FSER T - LHOIE, 1976 R#td, 25, 213,

3) bW IE - stHEEFR, 19771 HUKES, 43, 1115,

4) RHERX - S - B OIS - EEEE - 5 3, 1975 R, 23, 145,
Cl

FHihEME - A% By RNEL - REEZ, 19760 Ak, 17, 438,

IMURA, N., Shoe-kung PAN , and T. UKITA, 1972 : Chemosphere, No. 5, 197.

BUrRrowWS, W.D., and P.A. KRENKEL, 1973 : Environ. Sci. Technol., 7,1127.

INTEE— - RPED - /MK 1, 1976 BHARKESES 5] £EKERLHEESE, p 124

10) BN OB - BREAZE - 20k 8, 1964 TEEE B L bFii g o 2o O EI ), p. 220, (b
2E A,

11 /MRAF, 19750 BN s, No.b5, p. 12,

12) KRB RFATHH T ELRERESFIE, 1975 ELEEE L OB ESIE 0K REILIZH 2 IBEHRE

RO EFHM.

4]

)

)

)

)

) SHULTZ, C.D., and D. CREAR, 1976 : Pacific Science, 36, 101,
)

)

)

)



