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On Mercury and Selenium in Tuna Fish Tissues — V.
A mathematical Approach to the Mechanism of Mercury Accumulation

By
Moritsugu HAMADA and Yuji INAMASU

The present paper aimd at clarifying the mechanism of mercury uptake by fish examining
the relation between growth and mercury content. For the purpose of applying to the case
like the present one which dealt with also the possibility of mercury uptake through gill, the
Yamamura’s equation ¥ showing the mechanism of consumption and accumulation of vitamin
A only through alimentary canal was improved as follows:

H = FHG
3
where G = énl_iﬁ'/l ——%2 ~%

This equation is identical with the Yamamura’s, and shows that a linear relation with the
slope of 1.0 should exist between growth index ( G ) and mercury content ( /A ) when they are
transformed into logarithmic value. And the examination on the data for three species of
Tuna ( Thunnus albacares, Thunnus obesus and Thunnus thynnus ) and vellowtail ( Seliola
quingueradiata ) shown in the annual reports %% on mercury and selenium of tuna revealed
the following results:

1) Linear relation with the slope of 1.0 was found to be present statistically between log G
and log H in most of fishing areas and culture farms, suggesting that the matheratical ap-
proach be applicable to the present case.

2)  Mercury accumulation coefficient ( #') was the lowest in yellowfin tuna caught from the
Central Pacific, being 1/3 to 1/4 of that in the same species from coastal waters.

3) The % value of bigeye tuna was higher than that of vellowfin tuna, though it showed
some between-area variation in either of the species.
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4) In the cultured fish, the % value of bluefin tuna and yellowtail differed according to the
culture farms.

5) Large between-area or between-farm difference made it difficult to find a clear ternd of
between-species difference of %',
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Fig. 1.  Location of sampling stations of yellowfin tuna and bigeye tuna.
Yellowfin tuna ( Fishing area A,B,C,D,E,F,G,H and 1), Bigeye tuna ( Fishing area
Fand G")
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Table 1. Tatal mercury contents in viscera { A ) and those in muscle tissue ( B ), and the (A )/ (B)
ratios on 4 yellowfin tuna, an albacore and a sailfish.

~ Yellowfin tuna
[tem \Sample Albacore Sailfish
No.l No.2 No.3 No.4
Body weight (kg) 47.0 40.8 42.3 43.3 16.0 35.0
Sex ® i3} ® (] ()] )

Total mercury content (ug)
(1} Viscera

Stomach 36.8 24.5 31.5 47.0 4.0 36.6
Gastric contents 7.0 2.1 3.6 2.2 0.3 7.6
Intestine 1.9 5.1 5.2 5.3 1.0 8.6
Intestinal contents 1.0 1.6 1.1 2.6 0 1.1
Pyloric caeca 19.8 61.8 26.9 63.5 3.7 79.6

Liver 27.6 18.5 30.6 38.5 4.4 61.0
Spleen 3.0 19.0 65.9 43.2 2.2 4.6
Heart 7.4 11.5 12.5 16.7 2.6 5.9

Gall bladder 0.4 0.3 0.5 1.0 0.3 1.2
Gonad 3.7 22.1 23.4 14.4 0.6 18.3
Blood* 21.2 49.0 19.1 26.0 9.6 21.0

Sum of mercury in viscera (A) 149.8  215.5 220.3 260.4 28.7 245.5

(2} Muscle* (B) 5414.4 7637.8 7309.4 7482.2 1497.6 7056.0
(A)/(B)x100 (%) 2.8 2.8 3.0 3.5 1.9 3.5

*.....Weight of blood and muscle tissue were estimated as 1.5 % and 72.0 % of body
weight, respectively.
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Fig. 2. Total mercury contents ( H ) in yellowfin tuna, plotted logarithmically against
growth index( G ).
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Table 2. The slope ( a, ) of the estimated linear regression equation of the lograrithmic mercury con-
tens in fish ( log # ) on the logarithmic growth index( log G ), and ¢-test for @, = 1.0

Fishing

Specimen area @ | o]
Yellowfin tuna A 1.383 2.410
B 0.907 0.895
C(1&2) 1.375 2.281
D(1&2) 0.579 1.750
D(3) —0.104 -16.964*
E 0.739 1.462
F 1.084 0.779
G 1.198 1.280
H(1) 0.647 0.768
H(2) 1.012 0.006
I 0.493 4.827%*
Bigeye tuna F 0.881 0.598
c G’ 1.405 4.,039**
utured A 1.339 0.950
B 1.094 0.448
Cu}}g‘f{;‘f] ail A 0.898 3.054
B 1.116 0.441
C 0.849 1.140
Noie : Mercury contents were experssed in mg.
Growth index was defined as follows :
. 1 A
G=lni A" 7%

where A is the ratio of the fork length to the maximum fork length of the species.

t,... STUDENT’S ¢ for iesting whether 4; = 1.0 or not
* .. significant at 0.05 level
**... significant at 0.01 level
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Table 3. ¥ value of yellowfin tuna.
Specimen Fis?ing ¥ Mean
area of ¥
Yellowfin tuna
A 6.99 9.52 9.11 7.22 5.03 5.74 7.27
B 19.28 6.84 7.36 7.04 18.00 5.89 9.21 6.95 7.47 9.78
C(1&2) 7.05 9.28 8.41 2.12 2.94 5.19 4.16 3.09 3.64 5.10
D(1&2) 12.3¢ 9.8 9.75 5.17 9.73 9.47 9.38
D(3) 41.24 14.35 32.65 29.41
E 3.34 3.54 10.53 5.00 4.42 7.66 10.81 6.47
F 6.04 11.90 10.40 11.40 16.60 11.23 7.16 5.35 8.01 9.79
G 6.22 7.73 5.97 4.97 8.53 7.50 6.82
H(1) 8.10 5.49 13.58 6.39 11.13 9.81 9.08
H(2) 45.27 24.43 30.53 33.41
I 9.52 5.44 7.77 8.97 9.38 9.20 10.48 10.66 18.31 24.96 11.47
Table 4. % value of bigeye tuna, cultured bluefin tuna and cultured yellowtail.
v Moz

Bigeye tuna
F’ 10.86 22.32 22.72 14.76 24.58 22.72 21.19 7.36 26.59 20.23
G’ 23.58 31.63 22.28 67.07 25.67 24.85 21.66 21.16 64.33 33.58
Cultured bluefin tuna
A 15.16 16.93 15.16 16.80 11.02 14.51 11.22 17.29 18.95 15.23

B 27.88 20.39 26.91 25.06
Cultured yellowtail
A 7.07 16.45 7.67 8.89 10.91 4.69 4.74 6.55 5.52 7.39
4.20  6.22 5.75
B 16.99 10.99 8.50 25.15 20.75 16.48
C 3.80  4.00 4.72 3.49 6.28 5.17 5.41
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