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SIM for MeO-PeCBs
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Fig.9 Selected ion chromatogram for monomethoxy-pentachloro-biphenyls and mass spectra of major peaks from river sediment
All peaks from no.1 to 11 were not MeO-pentaCBs
Spectra of no.1, 2, 5 and 6 are estimated as some halogenated compounds
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Summary

We investigated a method for calculating polychlorinated biphenyl (PCB) concentrations in indoor air from the
amounts trapped in passive air samplers (PASs) by yarns as trapping materials in order to establish a practical and simple
monitoring method. To determine the coefficients required for the calculations, indoor air sampling by yarn PASs and
low-volume air samplers was conducted in laboratories over 2 months. The uptake coefficient was determined by divid-
ing the rate of increase in the concentrations of the compounds in the yarn SAS by those atmospheric concentrations
measured by a low-volume air sampler. The elimination coefficient was calculated as the ratio of the concentration in the
PAS to the atmospheric concentration under equilibrium conditions over 2 weeks. An advantage of this method is that if
environmental conditions (air temperature, humidity, wind speed, etc.) do not vary greatly then the atmospheric concen-
tration can be calculated by using a single equation at any place and any time, even when adsorption by the yarn SAS has
not reached equilibrium. The calculated atmospheric concentrations of PCBs were within the range of two to three times
the concentrations measured by active air samplers (AASs) at 23 to 28 TC.

Key words: passive sampling, PCBs, POPs, isomer specific, semi volatile compounds
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Photograph 1 A passive sampler made of yarn
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Fig.3 PCB blank levels per specimen of yarn passive samplers and XAD-2 resin active samplers

I line of each bar shows the range of PCB congener amount detected.
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Fig.4 Results of a reproducibility test of yarn passive air samplers
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Fig.5 Uptake coefficients of PCB congeners by yarn passive
samplers determined from measured values

The uptake coefficient (k%)) was determined by calculating

the hourly increment in adsorption by passive air samplers

from the amount adsorbed by the samplers during 6 h and

dividing by the mean atmospheric concentration during the

same period.
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Fig.8 Elimination coefficients of PCB congeners from yarn
passive samplers
The elimination coefficient (ke) was calculated from
ku’(Cu/Ns), where ku’ is the uptake coefficient of the PCB
congener by yarn PASs, Cv is the atmospheric concentration,
and Ns is the amount adsorbed by the PASs.
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symbol show the measured concentrations.
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Levels of mercury {Hg) and organochlorine compounds

(0Cs), such as PCBs and p,p’-DDE, as well as the stable
isotope ratios of carbon (6 *C} and nitrogen (6 ®N) were
compared in Pacific bluefin, yellowfin, and albacore tuna taken
from the southern, central, and northern regions of Japan
according to tuna species and the region of origin. Levels of
Hg and OCs as well as the & ™N value were the highest in the
bluefin tuna, reflecting their higher trophic position and

longer life span. The average Hg concentrations tended to be
higher in specimens taken in the southern region than in

the central and northern regions for bluefin tuna and in the
southern region than in the central region for yellowfin and
albacore tuna, while the levels of OCs tended to be lower in the
southern region except for yellowfin tuna. The spatial
differences in Hg and OCs levels found in the three species
may reflect geographical differences in the contamination of
marine environment around Japan. Negative correlations between
6 ¥C and & N were found in the yellowfin and albacore
tuna, probably reflecting the latitudinal effect, whereas a positive
correlation was found in the bluefin tuna, probably reflecting
a diet shift during wide-range migration.

1. Introduction

Tuna represent one of our most important marine resource
among predatory fish caught in terms of human consump-
tion, and the contamination levels of mercury (Hg) and the
associated health risk (1, 2) is of great interest to consumers.
Beside Hg, tuna accumulate several lipophilic compounds,
such as polychlorinated biphenyls (PCBs), DDT and its
metabolites (DDTs; p,p’-DDT, p,p’-DDD, and p,p’-DDE), and
chlordane-related compounds (CHLs; trans-chlordane, cis-
chlordane, trans-nonachlor, cis-nonachlor, and oxychlor-
dane) (3). The most commercially important tuna species
caught off the coast of Japan are the yellowfin tuna (Thunnus
albacares), albacore tuna (7. alalunga), Pacific bluefin tuna
(T. orientalis), and bigeye tuna (T. obesus). To our knowledge,
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however, there have been only limited comparative studies
concerning the levels of Hg, PCBs, DDTs, and CHLs in these
tuna species.

Stable isotope analysis has been used as a tool to obtain
information on the feeding ecology of marine species. The
6 BCvalue is used to indicate the relative contribution to the
diet of potential primary sources and can demonstrate
differences between coastal and offshore areas or between
pelagic and benthic prey species (4. On the other hand, the
& 15N value shows a stepwise increase in the trophic level of
afood chain. A significant increase in the § *N value (3—4%o)
has been shown to occur between consumer and prey,
whereas only a small enrichment is found in the  '*C value
(4). Furthermore, the ¢ *C value in marine predators tends
to decrease with an increase in latitude, whereas the ¢ *N
value tends to increase. The latitudinal effects on ¢ '*C and
& BN values have been reported for yellowfin tuna and
swordfish taken from the western Indian Ocean (5). The
Japanese archipelago stretches for more than 3000 km from
north to south (see Figure 1), and Pacific bluefin tuna annually
migrate between the southern (spring and summer) and the
northern (autumn and winter) regions of Japan (6). Eggs are
laid in the southern region in early summer, and the immature
tuna are thought to migrate between the southern and central
regions (6). The bluefin tuna tend to accumulate fat in their
ventral muscle (belly meat), and tuna taken from the Tsugaru
Strait (see Figure 1) in late autumn have much fat, leading
to high market prices. Leaner meat from the tuna species is
given the generic name “Akami”, and the fatty part of the
bluefin tuna found in the belly portion is sold under the
generic term “Toro”.

In our latest study (7), we analyzed the 6 '*C and 6 5N
in red meat (muscle) samples from 13 species of toothed
whales, dolphins, and porpoises hunted for consumption or
stranded on the coast of Japan and investigated the relation-
ship between the Hg concentration and hunting area and
among the Hg concentration and the 6 '3C and 6 "N values.
The 6 N values found in the samples from southern Japan
tended to be lower than those from northern Japan, while
the ¢ 13C values and the total mercury (T-Hg) concentrations
in the samples from southern Japan tended to be higher
than those from the north. Negative correlations between
the 6 3C and 6 '°N values and the 6 '°N value and T-Hg
concentration were found in the combined samples from
the northern, central, and southern regions, probably
reflecting spatial variations in the T-Hg concentration in
seawater and the § '®C and 6 *°N values in primary producers
at the base of the food web around Japan. However, little is
known about the correlation among T-Hg concentration and
6 13C and 6 '*N values in the tuna species around Japan.

The aim of the present study was to analyze Hg concen-
trations as well as the ¢ '3C and 6 "N values in bluefin,
yellowfin, and albacore tuna caught off different regions of
Japan and to investigate the relationship among the Hg
concentration, the region of origin (latitude), and the 6 '*C
and 6 15N values. We also investigated contamination trends
for organochlorines. We selected 13 PCB congeners, p,p'-
DDE (a major metabolite of DDT) and trans-nonachlor (a
major chemical among CHLs) as representative pollutants.
Furthermore, we analyzed 2,3,3,4,4',5,5"-heptachloro-1'-
methyl-1—2"-bipyrrole (referred to as Q1), which is a naturally
produced organochlorine compound that was first detected
in fish and mammals from Australia and is known to be
distributed throughout the world’s oceans (8). This study
also compared the levels of organochlorines from anthro-
pogenic and natural origins found in tuna species.

VOL. 44, NO. 15, 2010 / ENVIRONMENTAL SCIENCE & TECHNOLOGY ® 5971



120° E

i
China (PRC)

Oyashio
Current

Tushima & ¥ 1
Current

Central

Kuroshio

Pacific Ocean

1
2
1Y

South

FIGURE 1. Map of Japan showing the tuna sampling regions and the currents.D Okinawa, @ Miyazaki,® Wakayama, @ Shizuoka,

® Chiba, ® Miyagi, @ Aomori, ® Hokkaido, @ Fukui, ® Tottori.

2. Materials and Methods

2.1. Sampling of Fresh Meat of Bluefin Yellowfin, and
Albacore Tuna. Fresh meat samples (akami and toro) from
bluefin tuna caught off the southern (Okinawa Prefecture),
central (Miyazaki, Wakayama, Miyagi, Fukui, and Tottori
Prefectures), and northern (Aomori and Hokkaido Prefec-
tures) regions of Japan were purchased from retail outlets in
Japanbetween 2003 and 2007 (see Figure 1). As Pacific bluefin
tuna annually migrate between the southern and northern
regions ofJapan (6), the fresh samples were purchased during
the appropriate season for each region. Fresh akami samples
from immature bluefin tuna (normally less than 5 kg),
generically labeled as “Mejimaguro,” were purchased from
retail outlets in Okinawa, Shizuoka, and Chiba Prefectures.
Fresh meat samples (akami and toro) from bluefin tuna
caught in Taiwan (southern region) were purchased from
the retail outlets mainly in the Taipei area in May and June
of 2006.

Fresh akami samples from yellowfin and albacore tuna
caught off the southern (Okinawa Prefecture) and central
(Wakayama and Shizuoka Prefectures) regions of Japan were
mainly purchased from retail outlets of each region between
early summer and autumn from 2003 to 2007.

‘We identified the species of purchased tuna samples not
only by labeling and verbal explanation but also by appear-
ances and taste.

2.2. Chemical Analyses. The total mercury (T-Hg) con-
centrations in the tuna samples were determined using a
flameless atomic absorption spectrophotometer (Hiranuma
Sangyo Co. Ltd., HG-1) after digestion by a mixture of HNO;,
HCO,, and H3S04 (9). Methyl mercury (M-Hg) concentrations
in the samples were determined using a gas chromatograph
(Shimazu Co. Ltd., GC-14A) with a ®Ni electron capture
detector (ECD) (10). Asreported previously, DOLT-2 (National
Research Council of Canada) was used as an analytical quality
control of T-Hg and M-Hg concentrations (9, 11, 12).

The concentrations of PCBs and organochlorine com-
pounds (OCs) in the tuna samples were determined as
reported previously (10). Briefly, 10—20 g subsamples were
homogenized and extracted with hexane. Extracts were dried
over anhydrous sodium sulfate, spiked with an internal
standard, CB205, and subsequently concentrated to dryness.
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The lipid content of samples (hexane extractable lipid: HEL)
was determined gravimetrically. Lipid cleanup of extracts
was achieved using gel permeation chromatography, and
the eluate was concentrated and purified by silica column.
Thirteen congeners (CB99, CB101, CB118, CB138, CB146,
CB149, CB153, CB170, CB183, CB187, CB194, CB199, and
CB208), p,p’-DDE, trans-nonachlor, and 2,3,3',4,4",5,5"-hep-
tachloro-1’-methyl-1—2’-bipyrrole (Q1) were analyzed using
a gas chromatograph (Shimazu GC-2014) equipped with an
ECD as reported previously (10). Quality assurance for the
measurement of anthropogenic OCs was confirmed by
analyzing Standard Reference Materials (1588b) provided
from the National Institute of Standards & Technology (USA).
Our analytical data of OCs were 92—124% of the certified
values. Recoveries of spiked Q1 (44 ng) and CB205 (30 ng)
from akami samples were 88 and 92%, respectively, and the
detection limits for all OCs were 0.1 or 0.2 ng/g lipid.

The stable isotope ratios (6 *C and 6 *N) in the dried
tuna samples after the removal of lipids were analyzed using
a mass spectrometer (Delta S, Finnigan Co., Germany)
coupled with an elemental analyzer (EA1108, Fisons Co.,
Italy), as reported previously (13).

The concentrations of T-Hg and M-Hg in the tuna samples
were expressed as Hg concentration on a wet weight basis,
and the concentrations of OCs were expressed on wet weight
basis and lipid weight basis.

2.3. Statistical Analyses. The data were analyzed using
the Statcell 12 program (Peason’s correlation coefficient test,
Student’s #-test, Scheffe’s F test, Bonferroni/Dunn, etc.), and
the level of significance was set at P < 0.05. All data were
expressed as means =+ SD.

3. Resuits

3.1. Levels of Total Mercury and Methyl Mercury. The T-Hg
and M-Hg concentrations in the akami and toro samples
from bluefin tuna caught off the southern region (Taipei and
Okinawa Prefecture) were significantly higher than those
caught off central and northern regions (Table 1 and Figure
2). The T-Hg and M-Hg concentrations in the toro samples
from eachregion were lower than those in the akami samples,
although the number of toro samples except for those from

Taipei was limited. The T-Hg and M-Hg concentrations in
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TABLE 1. Analytical Resuits for Bluefin Tuna Caught off the Southern, Central, and Northern Regions of Japan®

Akami (n = 16)

Toro (n=14)
Akami (7 = 15)
Toro (n = 4)

Akami (n = 12)

Toro (n = 3)

Akami (7= 19)

Toro {(n = 5)

Akami (n = 62)
Toro {n = 26)

2 Significantly different from Taipei by Scheffe’s F test. b significantly different from Taipei and Okinawa by Scheffe’s F test. © The data are shown as the mean + SD with range (parentheses).

5 15N (%)

143 £ 0.9
(10.8—15.9)
N.D.

13.9 + 0.7
(12.4-15.2)
N.D.

12.4 + 1.0°
(11.4-14.1)
N.D.

12.7 £ 0.7°
(11.9-16.4)
N.D.
133+ 1.1
N.D.

8 3¢ (%)

-16.7 £ 0.5
(—17.8 to —15.1)

N.D.

-16.7 £ 0.4
(—17.7 to —16.3)

N.D.

—17.2 + 0.4°
(~17.9 to ~16.5)

N.D.

~17.2 + 0.4°
(~18.8 to —16.0)

N.D.

-16.9 £ 0.5
N.D.

T-Hg (ug/wet g)

1.71 £ 0.34
(0.66—3.23)
1.54 + 0.65
(0.22—-2.94)

1.85 £ 0.54
(0.99—2.83)
1.16  0.83
(1.04-1.99)

1.01 + 0.42°
(0.45—1.77)
0.73 £ 0.11°
(0.61-0.83)

1.10 + 0.86°
(0.55—3.87)
0.85 + 0.34
(0.50—1.49)

1.45 £0.73
1.25 + 0.66

p.p-DDE trans-nonachlor o
M-Hg (ug/wet o) PCBs (ngfwet g) (ng/wet g) (ng/wet g) (ng/wet g)
South Region (Taipei)
1.43 £ 0.39 63+ 116 6.5+ 84 10-18 6.1+ 7.1
(0.50—2.61) (1.1-46.1) (1.0-32.2) (0.1=-7.1) (0.7-28.5)
1.21 £ 0.49 56.6 & 36.6 739 + 39.3 50+ 44 129 + 165
(0.88~2.33) (13.0-122) (16.5~153) (1.3-18.6) (19-667)
South Region (Okinawa Prefecture)
1.36 + 0.50 6.2 £59 11.2 £ 10.8 25-25 6.3+ 4.4
(0.80—2.45) (0.5—23.0) (1.1-44.3) (1.1—10.4) (1.1-17.2)
1.14 £ 0.26 63+ 24 110 % 53 85+94 163 + 151
(1.04~1.50) {34-88) (72-172) (2.56—22.4) (45—382)
Central Region (Miyazaki, Wakayama, Miyagi, Fukui, and Tottori Prefectures)
0.77 £ 0.27° 220 + 174 283 +265° 7.7 +£9.6° 21.9 + 16.4°
(0.46—1.26) (6.0—36.0) (4.0—104) {1.0—36.0} (7.0~64.0)
0.59 + 0.18 736 4 646 1384 £ 1169 289 + 206 259 + 157
(0.40-0.75) (50—1332) (187—2523) (67—-473) (80-371)
North Region (Aomori and Hokkaido Prefectures)
0.88 + 0.69° 20.3 £22.2 16.5 + 17.2 356+ 27 11.3 + 12.8
(0.38~2.78} (3.4—-14.2) (3.7-92.8) (0.6—11.4) (1.8—47.5)
0.58 + 0.19 1184 + 724 1034 + 510 347 + 313 422 + 229
(0.32-0.91) (407-1981) (462~1843) (53—843) (135—677)
Total
1.13 + 0.58 13.6 £ 17.2 14.6 £17.2 3.0+50 10.8 + 12.2
0.96 + 0.51 341 +£ 572 401 + 640 101 4 201 199 + 200

HEL (%)

0.84 + 0.90
(0.08-3.12)
174 £ 5.9
(4.4-28.3)

1.06 £ 0.74
(0.34~3.40)
25.0 + 9.4

(12.8-35.2)

1.83 4+ 0.93
(0.92-4.20)
31.0 & 10.0
(20.0—-39.2)

1.39 + 1.18
(0.34-5.75)
27.0 £ 143
(15.3—48.9)

1.28 + 1.00
19.8 + 8.8

PCBs (xo/g lipid)

0.51 &+ 0.36
(0.07-1.48)
0.36 & 0.21
(0.10-0.64)

0.54 % 0.31
(0.11-1.31)
0.26 + 0.08
(0.19~0.37)

1.20 + 0.64°
(0.25-2.53)
2.09 + 1.83
(0.25-3.91)

1.42 + 0.45°
(0.21-4.37)
4.37 + 1.48
(1.96-5.71)

0.93 + 0.60
1.28 £1.78

p.i/-DDE
(ng/g lipid)

0.66 + 0.32
(0.14—1.24)
0.47 £ 0.23
(0.18—0.76)

1.03 £ 0.62
(0.25—2.54)
0.46 + 0.20
(0.25-0.73)

1.39 + 0.617
(0.43—2.47)
2.82 +3.13
(0.93—6.44)

1.14 + 0.537
(0.48—2.86)
4.01 £+ 1.40
(3.04-6.42)

1.04 £ 0.57
1.37 £ 1.81

trans-nonachlor
{ug/g lipid)

0.08 + 0.07
(0.01—-0.23)
0.03 £ 0.03
(0.01-0.09)

0.22 + 0.13
(0.05—-0.48)
0.04 + 0.04
(0.01-0.10)

0.37 + 0.257
(0.11-0.87)
0.50 £ 0.29
(0.33-0.83)

0.29 + 0.222
(0.06—-0.91)
1.12 £ 0.57
(0.34-1.72)

0.24 £ 0.20
0.29 £ 0.49

01 (1g/g lipid)

0.70 & 0.47
(0.19—-1.53)
0.76 £+ 0.82
(0.21-3.32)

0.66 & 0.47
(0.15—1.96)
0.68 + 0.64
(0.24-1.62)

1.19 £ 0.63°
(0.71-2.67)
1.08 + 0.51
(0.78-1.67)

0.76 + 0.32
(0.21-1.68)
1.87 +£ 0.87
(0.88—3.01)

0.80 £ 0.50
0.97 + 0.86
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FIGURE 2. Contamination levels of mercury and organochlorine compeunds in akami sample from bluefin tuna. See Table 1. Each bar
represents the mean + SD. The number of akami samples purchased from southern (Taipei), southern (Okinawa), central, and
northern regions were 16, 15, 12, and 19, respectively. Significantly different from Taipei (a) and from Taipei and Okinawa (b).

the akami samples from immature bluefin tuna (0.24 4 0.19
ug/wet gand 0.18 + 0.17 ug/wet g, respectively, n = 8) (data
not shown in table) were significantly lower than those from
bluefin tuna shown in Table 1, respectively. In agreement
with those data, the average T-Hg concentration in the
immature samples from the southern region (Okinawa
Prefecture, 0.34 + 0.22 ug/wet g, n = 4) was found to be
higher than that in the samples from the central region
(Shizuoka and Chiba Prefectures, 0.14 £ 0.10 ug/wet g, n=
4).

The T-Hg and M-Hg concentrations in the combined
samples from yellowfin tuna (0.33 + 0.21 ug/wet g and 0.26
+0.17 ug/wet g, respectively, n=>53) were significantly lower
than those from albacore tuna (0.42 + 0.12 ug/wet g and 0.33
+ 0.09 ug/wet g, respectively, n = 61) (Table 2). The T-Hg
and M-Hg concentrations in the yellowfin and albacore tuna
samples shown in Table 2 were significantly lower than those
in the total akami samples from bluefin tuna shown in Table
1 (1.45 &+ 0.73 ug/wet g, 1.13 £ 0.58 ug/wet g, n = 62),
respectively, though the concentrations in the yellowfin and
albacore tuna samples tended to be higher in the southern
region (Okinawa Prefecture) than in the central region
(Wakayama and Shizuoka Prefectures).

Asdatanotshownin Tables 1 and 2, percentages of M-Hg
to T-Hg in the akami and toro samples from bluefin tuna,
in the akami samples from immature bluefin tuna, in the
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yellowfin and albacore tuna samples were 78 £ 9, 79 =+ 10,
76 + 17, 81.0 &+ 12, and 82 + 10%, respectively.

3.2. Levels of Organochlorine Compounds. Toro samples
from bluefin tuna had an average lipid (HEL) content 0f 19.8
+ 8.8%, whereas that of akami samples was 1.28 + 1.00%
(Table 1). The concentrations of OCs on wet weight basis in
the toro samples were markedly higher than those in the
akami samples, although the numbers of toro samples from
the central and northern regions were limited. On a fat basis,
the levels of OCs in the toro samples were similar or slightly
higher than those in the akami samples. Mean concentrations
of PCBs, p,p-DDE, and trans-nonachlor in the combined
akami samples were 0.93, 1.04, and 0.24 ug/g lipid, respec-
tively, all of which were higher in the northern region than
in the southern region (Figure 2). Although mean concentra-
tion of naturally produced Q1 (0.80 ug/g lipid) was similar
to that of PCBs and p,p’-DDE, the O1 concentration in the
red meat sample was the highest in the central region.

Levels of PCBs and p,p’-DDE in albacore tuna sample
(0.40 ug/g lipid for PCBs and 0.29 ug/g lipid for p,p’-DDE, n
= 61) were significantly higher than the respective levels in
yellowfin tuna sample (0.23 ug/g lipid for PCBs and 0.20 ug/g
lipid for p,p’-DDE, n = 53). However, Q1 concentration in
the yellowfin tuna sample (0.64 ug/g lipid) was significantly
higher than that in albacore tuna sample (0.38 ug/g lipid),
and trans-nonachlor concentrations in those tuna species
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Okinawa
Wakayama
(n=16)
Shizuoka
(n=12)
total
(n=153)
Okinawa
(n=23)
Wakayama
{n=23)
Shizuoka
(n = 15)
total
(n=61)

(n

TABLE 2. Analytical Results for Yellowfin and Albacore Tuna Caught off the Southern (Okinawa Prefecture) and Central (Wakayama and Shizuoka Prefectures) Regions in Japan?

were similar (0.06 #g/glipid versus 0.05 ug/glipid). The levels
of each OC found in yellowfin and albacore tuna (Table 2)
were markedly lower than those in bluefin tuna (Table 1).

Lipid (HEL) contents in yellowfin and albacore tuna
samples from the central region (Shizuoka Prefecture) were
significantly higher than those from the southern region
(Okinawa Prefecture). As with bluefin tuna (Table 1), the
lipid normalized concentrations of contaminants in yellowfin
and albacore tuna samples had a tendency to be higher in
the central region than in the southern region (Table 2).

3.3. Stable Isotope Ratios (6 *C and § 15N). The 6 3C
and ¢ !N values (%o) in the total akami samples from bluefin
tuna (n = 62) were —16.9 £ 0.5 and 13.3 £ 1.1, respectively
(Table 1). The 6 3C and ¢ "N in the sample tended to be
lower in the northern region than in the southern region. A
significant positive correlation was found between the 6 1*C
and 4 15N values in the combined akami samples from bluefin
tuna (Figure 3).

The 6 3C and 6 "N values (%o) in the combined samples
of yellowfin tuna (—16.5 + 0.5 and 10.3 + 1.2, respectively,
n = 53) were almost the same as those in the albacore tuna
samples (—17.0 + 0.8 and 10.5 =+ 1.1, respectively, n = 61).
The values of § N in the combined samples of yellowfin
tuna and albacore tuna were significantly lower than that in
the combined akami sample of bluefin tuna (Table 1), while
the 6 3C values were similar. The § *C value in the yellowfin
tuna sample tended to be lower in the central region than
in the southern region, whereas the é '°N values tended to
be higher in that region. The same tendency was found in
the 6 13C and 6 '°N values of albacore tuna sample. Figure
4 shows the correlation between the 6 *C and J *N in the
yellowfin and albacore tuna samples. Significant negative
correlations were found between the § '3C and & '*N values
ofboth combined samples of the yellowfin tuna (y = —0.407,
n=53) and albacore tuna (y = —0.722, n=61) samples. The
regression line for the yellowfin tuna samples (Y= —0.903X
— 4.78) was almost the same as that for the albacore tuna
samples (Y= —0.953X — 5.48).

Positive correlations were found between ¢ N value and
T-Hg concentration in the combined samples of akami from
bluefin tuna (y = 0.629, n = 62, P < 0.05) and of yellowfin
tuna (y = 0.172, n=>53, P> 0.05), while negative correlation
was found in the combined samples of albacore tuna (y =
—0.367, n = 61, P < 0.05).

4, Discussion

The T-Hg, M-Hg, and OCs levels in the combined akami
samples from bluefin tuna were higher than those from
yellowfin and albacore tuna, and the ¢ N value was also
higher in the bluefin tuna samples than in the yellowfin and
albacore tuna samples (Tables 1 and 2). The order of body
size is bluefin tuna > yellowfin tuna > albacore tuna, and that
of life span is thought to be bluefin tuna > albacore tuna >
yellowfin tuna (6). The higher tropic position and longer life
span of bluefin tuna are likely to be responsible for the higher
levels of Hg, OCs, and 8 **N. The slower growth rate of albacore
tuna compared to yellowfin tuna (6)may be a reason for the
higher Hg, PCBs, and p,p’-DDE levels (Table 2), although the
d BN values were similar. In general, Hgand OC accumulation
in marine animals increases with age and body length
(3, 12—16), and the ¢ >N value may also tend to increase
with age and body length (5, 13). Unfortunately, we have no
information regarding the age and body length (weight) of
tuna from which the analyzed samples were taken. However,
the contamination levels of both T-Hg and M-Hg in the
immature bluefin tuna samples were significantly lower than
those of the bluefin tuna samples.

Average concentrations of T-Hg and M-Hg in the albacore
tuna samples were higher than those in the yellowfin tuna
samples irrespective of sampling region (Table 1), although
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FIGURE 3. Correlation between  C and § N values in the akami sample from bluefin tuna. See Table 1.

TABLE 3. Comparison between the Data from This Study and Previously Reported Data Regarding Total Mercury and Stahle

Isotope Ratios

total mercury
(ugiwet g)

bluefin tuna

1.45 + 0.73, n = 62
(0.24 £ 0.19, n = 8)
0.728, n= 127
(0.047-6.100)

1.18 = 0.85, n= 18

yellowfin tuna

0.33+0.21, n=53

0.179, n =44
(0.030—1.250)
051+ 0.32, n=20
0.70 + 0.43, n=19
0.30 + 0.18, n =50

0.25 +0.12, n =56

albacore tuna

0.42 £ 012, n= 61

0.237, n=18
(0.120—0.340)

0.50 + 0.24, n= 20
117 £0.23, n=14

0.14 £ 0.05, n= 91

reference
this study around Japan, akami
{immature)

JMHLW (18), in Japan

Kojadinovic et al. (16) two places in western Indian Ocean

Kaneko and Ralston {79} Central North Pacific Ocean
Storelli et al. {74) Mediterranean Sea

Adams (15) Florida Atlantic coast

Morrissey et al. (77) U.S. West coast

~16.9 + 0.5 -16.5 + 0.5 ~17.0 + 0.8
16 1% (s 13c) (6 73¢)
133 £ 1.1 103 £ 1.2 105 + 1.1 this study around Japan, akami
(6 15N) (6 15N) (6 15N)
n=62 n=53 n=61
—18.1 £ 0.8
(6 13(:)
stable isotopes (%) (9571?’:‘\11).9 Saraé and Saré (23)
n=35 Mediterranean Sea
=17.4 10 —-15.2
(6 13¢)
10.2-15.2 .
(6 15N) Ménard et al. (5)
n =245 western india Ocean

their § SN values were similar. There are many reports on
Hg levels in tuna species (14—19). However, comparative
data of Hglevels among the tuna species caught off the same
area have been limited. The Japanese Ministry of Health,
Labour and Welfare JMHLW (18)) summarized the Hg levels
in commercially available fish in Japan, such as bluefin,
yellowfin, and albacore tuna. The present average T-Hg
concentrations in three species, especially bluefin tuna (Table
1), were higher than those summarized by JMHLW (Table 3).
It is probable that the Hg data listed in the summary may
include that in immature bluefin tuna and toro samples and
be mainly comprised of tuna taken from the northern region.
Kaneko and Ralston (19) analyzed the T-Hg concentrations
inyellowfin and albacore tuna caught off Hawaii and reported
that the T-Hg concentrations were 0.30 & 0.18 ug/wet g (n
= 50) and 0.50 + 0.24 ug/wet g (n = 20), respectively. Our
results (Table 2) were in good agreement with their results.
The percentages of M-Hg/T-Hg in the bluefin, yellowfin, and
albacore tuna samples in the present study were about 80%.
Storelli etal. (14) have reported that the percentages of M-Hg/
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T-Hg in bluefin and albacore tuna were 91.4 + 9.8% (n = 18)
and 91.4 £ 9.1% (n = 14), respectively.

The T-Hg concentration in the bluefin tuna samples from
the southern region was markedly higher than those in
samples from the central and northern regions (Table 1).
Similarly, the T-Hg concentrations in the yellowfin and
albacore tuna samples from the southern region tended to
be higher than those in samples from the central region (Table
2). Furthermore, we reported previously that the Hg con-
centrations in red meat from 13 species of odontocetes taken
around Japan varied more by habitat than by the species
and were higher in the southern region than in the northern
region (7). The present results support the previous hypoth-
esis that the Hg concentration in marine environment around
Japan is higher in the southern region (7, 9). Storelli et al.
(14) reported a high level of T-Hg in albacore tuna taken
from the Mediterranean Sea (Table 3), which is known to be
rich in Hg from both natural and anthropogenic sources
(20).
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Average M-Hg concentration in the akami samples taken
from the southern region was higher than 1.0 ug/wet g. The
FDA (21) established an action level for M-Hg in commercial
fish of 1.0 ppm («g/wet g), and fish having M-Hg higher than
this may not be sold in the U.S. More attention must be paid
for the consumption of bluefin tuna taken from the southern
regions of Japan. '

To understand the trends of OC contamination in the
three tuna species, we selected 13 PCB congeners (PCBs),
p,p-DDE (a DDT), and trans-nonachlor (a CHL). Their levels
were found to be in the following order: bluefin tuna >
albacore tuna > yellowfin tuna. The lipid (HEL) percentage
in three species was higher in the northern (central) region
than in the southern region, probably reflecting the lower
temperature of the seawater. The spatial trends in the
distribution of these pollutants (Figure 2) are consistent with
the data from Ueno et al. (3), who had reported the trends
of OC contamination in the livers of bluefin tuna taken from
Japanese coastal waters. The level of PCBs in bluefin tuna
from Japanese coastal waters (Table 1) was similar to that in
bluefin tuna taken from the Mediterranean Sea (Thunnus
thynnus), while the level of p,p’-DDE from the Japanese
coastal waters (Table 1) was slightly higher (22). No data are
available for yellowfin tuna or albacore tuna for comparisons
with other seawater.

As with the bluefin tuna taken from Japanese coastal
waters, the OC concentrations in the albacore tuna samples
were significantly higher in those from the central region
than in those from the southern region. On the other hand,
no such spatial changes were observed in yellowfin tuna
samples. The reason for this remains unclear.

Naturally produced OC, referred to as QI, has been
detected in the Southern Hemisphere (8). In this study we
found that Q1 was accumulated in the three tuna species at

concentrations similar to those of PCBs. In contrast to the
anthropogenic PCBs, p,p’-DDE, and trans-nonachlor, the Q1
concentration in the bluefin tuna samples was higher in the
central region than in the northern region. Different origins
may be a reason for the different spatial patterns.

The 6 N values in the yellowfin and albacore tuna
samples tended to be higher in the central region than in the
southern region, whereas the 6 '*C values in those samples
tended to be lower in the central region (Table 2). Negative
correlations (P < 0.05) were found between the 6 »*C and
6 5N values in the yellowfin and albacore tuna samples, and
the regression lines of both samples were very similar (Figure
4). We previously analyzed the 6 **C and 6 *N values in 13
species of toothed whales, dolphins, and porpoise caught off
or stranded on the coast of Japan and reported a negative
correlation between the § *C and § ®N values, reflecting
geographical differences between 6 *C and ¢ *N (7). To our
knowledge, this is the first report on the latitudinal effects
of 6 3C and 6 ®N in albacore tuna, though Ménard et al. (5)
have previously reported the latitudinal effect in the yellowfin
tuna taken from the western India Ocean.

In contrast to the latitudinal effect found in the yellowfin
and albacore tuna samples (Figure 4), the § *C and § *N
values in the bluefin tuna samples were significantly higher
in the southern region than in the northern region (Table 1),
and a positive correlation (P<0.05) was found between those
values (Figure 3). The bluefin tuna annually migrates between
the southern and northern regions of Japan (6). Several factors
may be offered for the positive correlation, such as trophic
enrichment due to a diet-shift resulting from growth and
habitat during wide-range migration (4, 5, 13). In contrast,
Sara and Sara (23) reported that the ¢ *N value for bluefin
tuna taken from the Mediterranean Sea (Thunnus thynnus)
increased with growth, whereas the § **C value decreased,
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