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On Mercury and Selenium Contained in Tuna Fish Tissues— 1I.
Total Mercury Level in Muscles and Viscera of Yellowfin Tuna
By
Michio TAKEDA, Yuji INAMASU, Torakichi KOSHIKAWA, Tadashi UEDA,
Michinori NAKANO, Teruo ToMiDa, and Moritsugu HAMADA

Total mercury level (T—Hg) and lipid content of 39 yellowfin tunas, Thunnus albacares,
from the Middle Pacific, the West Pacific, and the East Indian Ocean were determined.
The results obtained are summarized as follows.

1. The correlations of T—Hg in dark and abdominal muscles to that in dorsal muscle
were significant at 0.01 level and the averages T—Hg in these muscles were almost the
same each other (0.21 to 0.25 ug/g).

5. If some determinations in which T—Hg were relatively high for a given length are
excluded from the statistical evaluation as outliers, the T—Hg in muscles, liver, stomach,
and intestine contents increased almost exponentially with a given length, respectively,
and the correlations between these T—Hg and fork length were significant at 0.01 or
0.05 level.

3. It is worth noting that all the outliers mentioned in (2) belonged to the samples
caught off Brisbane (Australia) or Lombok (Indonesia).

4. The correlations of T—Hg in liver, stomach, and intestine contents to that in dorsal
muscle were significant at 0.01 level. The average T-Hg in liver and stomach were
about half and the average T—Hg in intestine contents was about 1/4 of that in dorsal
muscle, respectively. The T—Hg in liver and stomach, however, were almost the same
as that in dorsal muscle of the largest specimen (body weight 65.4 kg, fork length 157 cm)
in the samples.

5. The major kinds of food species found in the stomach and their quantitative order
were as follows: squid, sardine, horse mackerel, and shrimp. All the T-Hg of food
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species were below 0.1 ug/g, except that a sardine and an octopus of which T—Hg exceed
0.1 ug/g were found in the predaiory fish caught off Lombok Island.

6. The correlations of total, polar, and nonpolar lipid contents to the T—Hg in dorsal
and dark muscles were not significant.
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Fig. 1.  Fishing area of sample (vellowfin tuns, Thunnus albacares).
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Table 1 . The date and location of fishing and size on yellowfin tuna, Thunnus albacares.
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Body Fork Body Body

Designation Fishing date Fishing location weight length height width
(kg) {cm cm (cm)

Chocho -1 18,Jul., ’73  04°50’S 166°55'W 4.2 56.2 14.4 10.6
(&) 2 v 04°45'S " 18.4  102.6 92. 4 19.0
3 8 Jul., ‘73 03°20'S 170°25'W 26.6  112.6  27.2 21.6

4 13,Jul., ‘73 04°45'S 167°00°'W 11.6 36.8 19.6 14.8

5 29, Jun., ‘73 02°10'S 170°03' W 47.7  137.8 32,6 26.4

6 1LJul., ‘73 04°10'S 169°50°W 25.2  114.8 25.2 21.2

7 26,Jun., ‘73 02°40°S 168°30' W 65.4  157.0  38.2 28.8

8 30,Jun., ‘73 02°30°S 170°10'W 47.4  130.8  30.6 25.8

9 26, Jun., ‘73 02°40°S 168°30'W 60.3  144.4  37.0 29.0

Sagami - 1 7,Aug., ‘73 02°53'S 164°12°W 30.7  115.4 27.8 23.4
(B) 2 9,Aug., ‘73 00°49’S 169°14'W 5.9  142.0 33.6 28.2
3 A » ” 49.4  144.2 34.0 26.0

4 10, Sept., '73  01°46'S 169°41" W 46.6  139.8 30.6 26.6

5 10, Aug., ‘73 01°46'S 169°41'W 3.2 119.6  29.0 23.4

6 17, Aug., ‘73 00°52’S 175°29' W 33.6  124.0  29.0 23.4

Kashima - 1 12, 8ept., '73  17°26'S 176°02'E 25.6  117.5  27.9 22.1
(€ 2 . ’ ” 28.8  123.0  28.1 21.6
3 v ” " 30,9 119.0 28.6 25.1

4 15, Sept., ‘73 23°59°S 169°11°E 43.7  142.0 33.0 25.5

5 18, Sept., 773 24°47'S 168°22'E 47.0  142.0 2.8 27.2

8 19, Sept., ‘73 25°13'S 169°13'E 433 135.0  30.2 25.8

7 18,0ct., ‘73 28238 153°57'E 6.9 71.0 18.0 13.8

8 19,0ct., ‘73  29°05'S 153°57'E 12.2 87.4 22.0 17.2

9 20,0ct., ‘73  28°53'S 153°54'E 6.7 73.4 18.0 14.4
Kuroshio- 1 17,Nov., 73 06°50'N 136°10'E 27.8  115.8 26.6 23.8
(D) 2 21,Nov., ‘73 05°5I'N 136°20°E 49.1 139.4 32.0 26.6
3 24, Nov., ‘73 05°34'N 136°10'E 24,3  111.8  25.0 22.6

4 P 05°32'N 136°03'E 37.4 1283  30.4 25.8

5 25,Nov., 73 05°25N 135°3%E 40.8  131.2 30.0 25.0

6 v 05°25'N 136°33' E 58.4  146.2 36. 4 28.8

Shonan -1 8 Nov., ‘73  16°20'S 116°30'E 52.4  136.5 36.0 28.2
(E) 2 v " ” 53.3  141.4 35.2 28.4
3 v 16°10°S 116°35E 4.8 129.4 31.4 26.6

4 10,Nov., ‘73 15°40°S 116°30'E 3.6 121.6 29.0 24.4

5 s 16°00°S 116°25'E 42.3 127.6 31,0 25.8

6 14, Nov., ‘73  14°30’S 116°20'E 3.1 119.0 29.0 22.4

7 16,Nov., ‘73 09°20'S 116°16'E 13.7 86.8  23.0 17.0

3 s s 2 " 12.4 86.0 21.6 16.1

9 P 2 " 15.1 91.4 24.8 19.2

Mean 35.0  130.9 28.5 25.6
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Fig. 2. Effect of digestion time on determinations
of T-Hg in tissues of yellowfin.

Table 2. Statistical evaluation of collaborative results for total mercury determination in

fish muscle.

Albacore Swordfish
muscle muscle

No. of analyst 5 5
No. of determination 16 17
Mean Hg found (pg/g) 0.52 0.96
Range of Hg found (xg/g) 0. 49~0. 56 0.80~1.09
Repetitious std dev. (4z/g) 0.04 0.06
Reproductive std dev. (#g/g) 0.05 0.13
Relative std dev. (reproductive)( %) 9.6 13.5
Confidence interval at the 95 % 0.50= #=0.54 0.93= ¢#<0.99

probability level( #g/g)
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Table 3. Total mercury (T-Hg) level (#g/g) and moisture content (%) in muscle and viscera

of yellowfin tuna, Thunnus albacares.

Dorsal muscle Dark muscle Abdominal muscle Stomach
Designation mois- mois- . mois- P mois-
i ture T-Hg ture T-He ture I'-Hg ture T-Hg
Choho - 1 32.5 0.11 722 0.08 0.06 | 73.6 0.05
A _ 7.4 0.12 736 0.12 0.09 73.8  0.05
-3 76.9 0.15 73.3 0.12 76.2 0.10
-4 78.3  0.08 | 629 0.09 0.12 73.1 0.05
-5 76.5  0.48 | 745  0.59 74.5 0.27
-6 78.3 0.13 72.1 0.12 0.11 73.1 0. 04
-7 77.5 0.44 73.2 0.41 74.3  0.45
-8 75.0 0.18 78.9 0.14 0.17 76.0 0.08
-9 73.6 0.22 72.5 0.23 73.0 0.11
Sagami - 1 75.0 0.13 71.8 0.12 73.8 0.06
(B) 2 75.7  0.33 73.7  0.29 730 0.21
-3 76.5 0.38 72.0 0.30 0.40 | 73.6 0.27
_ 4 75.2 0.24 72.9 0.23 0.22 75.0 0.11
-5 75.6 0.10 72.0 0.12 739 0.04
-6 75.7 0.13 70.7 0.14 73.0 0.05
Kashima - 1 74.6 0.24 69. 2 0.36 76.5 0.14
(@ 2 7.1 0.16 70.1 0.38 75.6 011
-3 75.3 0.18 73.3 0.23 0.33 76.0 0.12
) 80.0 0.22 77.4 0.17 0.14 78.0 0.10
-5 78.6 0.33 72.8 0.36 0.27
-6 77.4 0.19 74.2 0.37 0.28 78.0 0.11
-7 73.6 0.34 67.4 0.37 75.6 0.13
-8 73.8 0.20 69. 4 0.16 76.4 0. 08
-9 76.9 0.35 73.2 0.33 75.8 0.12
Kuroshio- 1 75.0 0.14 70.7 0.11 74,2 0.05
(D) 2 77.0  0.31 60.0  0.17 76.4  0.13
-3 76.0 0.14 71.6 0.10
_ 4 75.0 0.12 72.4 0.14 74.2 0.06
-5 74.4 0.24 80.3 0.21 77.5 0.07
-6 77.9 0.26 75.6 0.26 77.6 0.23
Shonan - 1 74.4 0.23 70. 4 0.18 67.4 0.18
E -2 7.3 0.16 66.8  0.17 0.21 75.8  0.07
-3 73.6 0.29 68.3 0.32 0.28
-4 74.7 0.12 71.9 0.17 76.4 0.08
-5 74.6 0.24 72.4 0.25 0.26 72.0 0. 09
-6 74.9 0.22 74.6 0.19 0.18 75.6 0.17
-7 75.6 0.46 71.2 0.52 77.0 0.24
-8 76.5 0.31 67.2 0.25 76.0 0.21
-9 73.3 0.36 59.3 0. 40 78.0 0.15
No. of determination 29 39 39 39 2 17 34 34
Mean 75.9  0.25 71.9 0.24 0.21 75.1 0.12

Underlined figures are maximum or minimum value in the column.
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Stomach

Intestine

Designation m(:.ontent* .content .Liver Spleen F(idney
hoeT THg | e T-Hg |00 THg | (00T THg | (307 T-He
Choho - 1 76.4 82.5 0.01 | 7.4 0.04
o2 94.9  0.00, | 73.9 0.04
-3 77.0 0.07 | 86.0 0.01 | 74.5 0.06
- 4 76.0 88.2 0.2 | 73.1 0.05
-5 822 0.06 | 8.0 0.11 | 73.4 0.31
-6 8.6 0.05 | 90.4 0.06 | 741 0.05
-7 79.6 004 | 821 0.20 | 724 0.50
-8 | 9.0 005 | 8.1 003 | 7.4 007 | 72.6 010 | 75.1 0.05
-9 76.6  0.06 | 82.5 0.15 | 72.0 0.15
Sagami - 1 80.8 0.05 | 80.4 0.01 | 72.9 0.07
(B) 2 723 0.04 | 789 0.12 | 73.2 0.22
-3 80.4 0.08 | 7.0 0.14 | 73.6 0.36
-4 7.0 0.07 | 8.4 010 | 728 0.08 | 8.9 010 | 79.2 0.12
-5 82.6 0.05 | 83.0 0.0z | 70.3 0.06
-6 79.2 0.0l | 83.0 001 | 727 0.07
Kashima - 1 80.9 0.01 | 72.0 0.07
€ o 75.9  0.00, | 72.6 0.07
-3 73.0  0.08 72,2 0.15
-4 8.9 0.02 | 73.0 0.18 0.28
-5 88.2 007 | 73.2 0.28
-6 76.0 0.04 | 86.4 005 | 72.0 0.18 | 748 092 | 79.9 0.53
-7 69.0 0.05
-8 750 0.04 | 75.0 0.0l | 7.5 0.12
-9 74.0  0.18
Kuroshio- 1 82.3 0.0l | 68.0 0.05
(D) 2 740 0.02 | 83.7 0.01 | 720 0.10
-3 759 ND | 73.2 0.04
-4 75.6  0.12
-5 0.07 | 830 003 | 732 008 | 75.5 0.19
- 6 0.15 0.66 0.50
Shonan - 1 83.0 0.03 | 7.8 0.06 082 0.30
(E) 2 72.0 0.03 71.8  0.06
-3 0.82
-4 80.1  tr 7.0 0.06
-5 79.0 0.04 | 8.5 0.03 | 7.2 009 | 75.3 206 | 73.8 0.48
-6 77,6 0.17 | 80.7 0.03 | 73.8 0.09 0.43
-7 75,0 0.04 | 77.2 0.10 | 724 0.32
-8 0.13 | 75.8 0.03 | 73.0 0.15
-9 0.04 | 77.8 0.04 | 70.6 0.14
No. of determination 24 25 32 32 3 36 5 10 4 6
Mean w14 0.06 | 82.4 0.05 | 725 013 | 77.8 064 | 77.0  0.33

#: The details are

indicated in Table 6.
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Fig. 5. Relation of T-Hg in dark muscle to fork
fength.
Legend is identical to that in Fig.4.

Table 4. Correlation of T-Hg (y, #g/g) in some tissues to fork length (x, cm).
Regression equation . log ¥y =a - log x+b

Inapplicable sample

Tissue a b T n to .
statistical analysis

Dorsal muscle —1.299 2.999 0.15 39
z 7 —3.992 1. 565 0. 65%* 33 C-7,8,9, E.7,8,9
Dark muscle —1.510 0. 402 0.18 39
z v —4, 365 1.735 0.68%* 31 C-1,2,7,8,9,E7,8,9
Abdominal muscle —4.000 1.569 0. 76%* 17 %
Liver —1. 980 4, 665 0.16 36
v —b. 789 2.274 0. 63%* 31 C-8,9,E-7,8,9
Stomach —2. 009 C. 494 0.20 34
7 —4.285 1. 563 0.52%* 29 C-7,9,E7,8,9
Intestine content —5.831 2.021 0.32 32
» a —8.222 3.144 0.46* 29 E-7,8,9
Note

7 : Correlation coefficient ; n, number of determination.
*: Significant at 0.05 level; ** significant at 0.01 level.
% : The data of C-7, 8, 9, E-7, 8, and 9 are lacking.
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Table 5 . Correlation of T-Hg (y,¢g/g) in some tissues to those (x,xg/g) in dorsal muscle.
Regression equation : y = a.x+b

Tissue Regions a b r n ta iy F,
Dark muscle AB,D 0.985 —0.013 0.86%% 21 — 0.160 — 1.555 1.222
o ” A~E 0.976 0.009 0.84** 39 — {.137 0.572 0.173
Abdominal muscle AB,D  1.049 —0.022 0.93** 8 0.418 — 1.139 0.736

v ” A~E 0.874 0.025 0.86** 17 — 0.673 — 0.122 0.234
Liver AB,D 0.942 —0.075 0.78%* 20 — 0.488 — 6. 439k 20. 85 #*
7 A~E 0.832 —0.060 0.84%*% 36 — 1.782 — 9.952%* 51,171 %%
Stomach AB,D 0.803 —0.052 0.81** 19 — 2.075 — 8. 369%* 37.09 %%
7 A~E 0.658 —0.026 0.84%% 32 — 4.354%% —1]1.85%* 79. 65 #*
Intestine content  A,B,D  0.391 —0.028 0.59%% 19 — 7.663%% —16,98** 173. 4%*
4 ” A~E 0.316 —0.026 0.68%* 30 —10.52%* —26. 53 %% 407, 3x*
Note : 7 : Correlation coefficient; n, number of determination; t,, Student # for testing

whether ¢ =1 or not; #,, Student ¢ for testing whether b =0 or not, F,, F-value to
see if estimsted equation is within the variation of the equation y = x.
*%: Significant at 0.01 level.
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Fig. 7. Relation between T-Hg in abdominal
muscle and those in dorsal muscle.
Averages of T-Hg in abdominal and
dorsal muscle are equal, being 0.21 ug/g.
Legend is identical to that in Fig. 6.
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Fig. 8.  Relation of T-Hg in liver to fork length.
Legend is identical to that in Fig 4.
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Fig. 9.  Relation between T-Hg in liver and those in
dorsal muscle.

Averages of T-Hg in liver and dorsal muscie
are 0.13 and 0.23 ug/g, respectively. — : Re-
gression line for the samples in A-, B-, D-regions;
--, rejection zomne at 0.01 level of significance.;
---, regression line for all samples.
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Fig. 10. Relation of T-Hg in stomach to fork  pjg 11. Relation between T-Hg in stomach and
length. o o those in dorsal muscle.
Legend is identical to that in Fig. 4. Averages of T-Hg in stomach and dorsal

muscle are 0.12 and 0.22 ug/g, respectively.
Legend is identical to that in Fig. 9.
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Table 6. Stomach content and their T-Hg level.
Size (em) and number* T-Hg level
Designatin . . . horse . . T-Hg
squid sardine |shrimp | - oo miscellanea specimens | . /o
Choho -1 ] 5X7? ?x? —
(A) 2 (empty) — —
3 110to15% ? (metalic staple for carton box) mixture 0.07
4 115%? — —
5 (obscure) mixture 0.06
6 116x 7 (metalic staple) mixture 0. 05
7 | 10to13%x ? [ 10X ? 3x 9 — —
8| 5%x? ?2 %9 octopus {5to 15X2) ig‘;gus 8 8?
9 | 5teldXx ? mackerel (15X 4) mixture 0.06
Sagami -1 | 5X? 2 5 mixture 0.05
(B) 21 8tollx ? | ?7X7? mackerel (5% ?) mixture 0.04
3|8x%x7? ?2X? mixture 0.08
417?%x 1 25X 1 sunfish { ? X2) sunfish 0.07
5 ?x 2 mixture 0.05
6 3% ? mixture 0.01
Kashima -1 (empty) — —
(&) 2 (empty) — —
3172x%x3 295; é 20X 1 | sunfish (7 X1) horse mackerel | 0.08
4§ ?2x ? ’ (plastic film) — —
6 (obscure) mixture 0.04
7 15X ? sardine 0.05
8 13% 2 horse mackerel | 0. 04
9 ?x? crab — -
Kuroshio-1 ? X ? — —
(D) 2 ?2x 2 25% 3 sardine 0.02
4 13 X11 15x 1 filefish sardine 0.12
51 7x1 ?x 1 sardine 0.07
Shonan -2 | ?+ 1 25% 21 7 x 1 1>:<3t(é)120 ;I:rrsii;ackerel 8 8%
(E) 4 35%3 (plastic film) — —
5 22X 1 . sardine 0.04
6 ?2x1 octopus, puffer, purcupine fish :g‘;:ﬂn e 8 (1%
71?%X1 mackerel (25X 1) mackerel 0.04
g1 ?7x? ? X ? X 1| octopus octopus 0.13
9 2% 3] ?7x? filefish mixture 0.04
Rate of
appearance** 58. 8 44.1 17.6 26.5
(%)
#J|lustration on size and number : 5 X2 refer to 2 preys whose size are b cm.

** Ratio of number of predator on each food species to all specimens (34).
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3.4 BABRYOHEKES
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Fig. 12. Relation of T-Hg in intestine content to
fork length.
Legend is identical to that in Fig. 4.
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Fig. 13. Relation between T-Hg in intestine con-
tent and those in dorsal muscle.
Averages. of T-Hg in intestine content and
dorsal muscle are 0.05 and 0.23 ug/g, respec-
tively. Legend is identical that in Fig. 9.
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Table 7. Lipid content of muscles.

Lipid content (g/100 g muscle)

Dorsal muscle

Dark muscle

Designation N N
Total Polar ;)lx;.r Total Polar oo’ll;nr
lipid lipid fipid lipid lipid ?ipid

Choho - 1 0.70 0. 58 0.08 2.96 1.62 0.99

(A 0.56 0.50 0.02 2.81 1.47 0.93
3 0.48 0.41 0.07 2.65 1.58 0.81
4 0.57 0.51 0. 00, 3.00 1.66 0.78
5 0.49 0.37 0.12 3.33 1.91 0.84
6 0.50 0.43 0.04 2.39 1.59 0.59
7 0.70 0.47 0.16 3.78 1.89 1.17
9 0.98 0.41 0.53 2.77 1.25 1.15
Sagami- 1 0.74 0.31 0.11 4.78 1.59 1.88
B 0.51 0.42 0.06 2.36 1.35 0.36
3 0.69 0.49 0.18 3.32 1.63 1.45
5 0.61 0.49 0. 06 2.96 1.88 0.61
6 0.68 0.51 0.17 4.10 1.73 0.93
Mean 0.63 0.45 0.12 3.17 1.63 1.04
5
0.12
oY) 0.14 dark muscle
o 4
=
)
= 0,08
b= 3-~060—8—’— 0.12 0.12
2 0.12
S L 0.12
=]
a2 dorsal muscle
g 1hon
° : 09 0.12
= D\ 0.13 \‘{D\/D\ﬂ
‘ﬂﬂ/&io ]
y | 0.8

70
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Body weight (kg)
Fig. 14. Relation of total lipid content in muscle to

body weight and T-Hg.
Figures on plot are T-Hg (Mg/g) in muscle.
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