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Abstract

Thers are zbundant data and advisories for mercury levels in wild fish, but far fewer for commercial fish that compose a large
majority of the fish most people zat. Uniil recently, relatively little attention has been deveted {0 gxamining mercury in canned luna,
despite its great fmporiance in human diets. There is substantial media coverage of the benefits and risk from fish consumption, but
few pesr~reviewed data on canned tuna, the most commaonly consumed fish in the United States, In this paper. we examine the levels
of total mercury in canned na obiained from a New Jersey grocery store from 1998 to 2003, looking for temporal consistency
within this data set and particularly for comparison with the Food and Drug Administration's 1591 study, We analyzed 168 caus
individually for total mercury, All vahies are reported as parts per million (=ug/g) an a wet weight basis. In a subset of samples
analyzed for total and inorganic mercury, the inoreanic mercury was below detection levels: hence at least 899 of the mercury can
bz considersd methylmercury. We found that white-style tuna had significantly more toial mercury (mean .407 ppm) than light-
style tuna (mean 0.118 ppm), presumably reflecting that “white” funa is albacore, a species relatively larger than the skipjack tuna,
whizh is commonly available as “light” or “chunk light.” The maximum mercary in a can was 0,997 ppm, but 25% of white tuna
samptles exceeded 0.5 ppm. Dara suggest & slight increase in levels since 1991, and mercury levels were significantly higher in 2007
than in other years. The mean jevel of mercury in white tuna {mean 0407 ppim) was significantly higher than the mean value of
0.17 ppm currently used by the 1.8, Food and Drug Administration (FDA) In its risk assessment and public information. There
wese no significant differsnces in mercury levels in mna sacked 1 oil compared to water, Draining confents had no affect on
mercury levels, and the fluid, both ofl and water, contained Hetle mercury. These daia indicate that people wha sat catned una
frequently can choose light tuna and reduce their mercury intake. Canned mackerel had much lower levals of mercury than tuna.
Simce cans of white mina frequently exceed the FDA's original action fevel of 0.5ppm, it would be prudent to continue some
systematic tnonitoring of the nation’s canned fish supply, particularly as the targets of commercial fisheries inevitably change as
certain stocks become depleted.

@ 2003 Elsevier Inc. All rights reserved.
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1. Introduction which have been reported in many fish species from
many localities (Environmental Protection Agency

Fish provide a healthful source of distary protein, and [EPA), 1998). Over more than three decades studies

are relatively low in cholesterol and high in omega-3
fn-3) fatty acids (National Research Council, 2000},
Qeveral studies have documented the long-term cardio-
protective benefits for adults as well as the reproductive
benefits of sating fish. However, benefits may be offser
by the presence of contaminants, particuiarly methyl-
mercury (MeHg) and polychlormated binhenyls (PCBs),
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have shown positive correlations between mercury levels
in huwmans and fsh consumption (Bjoraberg =t al,
2003). A recent review of data from the National Health
and Nutrition Examination Survey (NHANES) found
that women who ate thyee or more servings of fish a
menth had 2 mercury level four-fold higher than thatin
the reference population (Schober et al., 2003).
Contaminants in fish are particularly detrimental for
developing fetuses and young children (Jacobson et al.,
1989, 1990; Institute of Medicine TOM], 1591; Sparks
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and Shepherd, 1994; Jacobson and Jacobson, 1996;
Schantz, 1996, National Research Council, 2600
Methylmercury interferes with the architeciures of the
developing brain, disrupting microtubule assembly
{Graff et al, 1993) and mterfering with the temporal
sequencing of cell adbhesion moleculss that guide
neuronal migration and connections {Dey et al., 1599},
Some studies have shown an association betwesn
contaminant levels in fish, fish consumption by pregnant
women, and deficits in neurobehavioral development in
children (Weihe et al., 1994; Jacobson and Jacobson,
1996; Grandjean et al., 1998).

L1 Advisories

{n many states contaminant levels in some recrea-
tionally canght freshwater fish are sufficiently high to
cause adverse health effects (IOM, 1591, which has led
to managing risk by issuing conswmption advisories for
many watsr bodies and fish species. Fish advisories
stimulated our studies of anglers to deizrmine consump-
tion patterns, perceptions of risk by anglers, and their
complience with advisories {(Burger et al, 1893,
13992, by, Despite the abundance of advisories aimed
at fishermen, there ig a paucity of advice for consumers
of commercial fish, although this makes up about 93%
of 2l consumption in the United States (Stern ef al,
1596).

In 2001, the U.S. Food and Drug Administration
(FDA) issued a2 consumption advisory, based on
mercury, that pregnant women and women of chiid-
bearing age who may become pregnasnt sheuld avoid
eating four species {or species groups) of saltwater fish:
shark, swordfish, king mackerel, and ulefish (FDA,
2001a) In 2002 the FDA's advisory comumiftes recoms
mended expanding the advice to specifically mention
funa, but thar has not been done to date. The FDA is
currently (November and December 2003) reviewing its
advisory.

Methvimercury is among the best known of environ-
mental contaminants, engendering an extensive litera-
ture {Mahaffey, 1999; National Research Counci,
2000%, The risks from mercury in fsh gained widespread
media coverage in 2003 {e.g, Ralnes, 2003 Gorman,
2003), calling attention to canned tuna as a source of
BXCESSIVE MErcury.

The present study was begun to assist New Jersey's
Mercury Task Force in cdeveloping reconunendations
about advisories and monitoring (NJ Task Force, 2002),
It also compiementad our studies of wild-caught fish in
New York (Burger et al, 1993), New Jersey {Burger
et al., 19692}, Puerto Rico {Burzer and Gochfeid, 19913,
and South Carolina (Burger et al., 1999b). In this paper,
we examine the levels of mercury in national brands of
canned tuna purchased from a New Jersey grocery store
chain frem 1998 to 2003. This paper addresses the levels

of mercury in different styles (3olid white, chunk whiie,
and chunl light tuna) and examines interyear variation,
including comparison with the FDA’s 1991 study (Yess,
1893}, We alse tested differences between oil- and water-

packed tuna and between drained and undrained
contents.

1.2, Benefits of fish consumpiion

The questien of risk from eating fish is complicated,
hewever, by the positive health and social benefits of
consuming fish {Toth and Brown, 1997), Fish provide
omega-3 (n-3) fatty acids, which reduce cholesterol
levels (Hunter et al., 1988, Kimbrough, 1591; Hern,
1992; Anderson and Wiener, 1995}, For some people
fish may be their main source of protein. while for
others, it may be the haalthiest source. IFish consump-
tion has been associated with improved pregnancy
outcomes, including fewer preterm and low-birth-weight
deliveries (Olsen and Secher, 2002), attributable in part,
at least, to n-3 fatty acids (Allen and Harrig, 2001). On
the other hand Guallar et al. (2002} indicated that
mercury might offset the cardioprotective benefits for
adults. Thus, assessing the levels of mercury in
commercial fish is important from a public health
perspeciive,

2. Methods
2.1. Source and types of canned tuna somples

Canned tuna was purchased from one central New
Jersey chain grocery stors, Qur samnpling regime varied
over time, and invelved purchasing three to five cans
each of several different national brands of tuna {in
water) each vyear from 1998 to 2003. After initial
analyses revealed higher mercury levels in white than
in light tuna, in later vears we oversampled chunk whits
and solid white. Sample sizes and styles are given in
Table |, Mescury was analyzed in the Environmental
and Occupational Health Sciences Institute Elemental
mercury Jevels in tuna packed in oil and compared levels
in drained and undrained samples. In 2001 we also
compared mercury levels in drained and undramned
canned mackerel (n = 9).

We analvzed tuna from 163 cans including 36 solic
white, 37 chunk white, and 45 chunk lght. These
designations are standardized by the Food and Drug
Adrinistration (FDA, 1977) with reference to a Mungell
gradient of darkness, White “is limited {o the spscies
Thunnus  germo {albacore), and iz not darker than
Munsell value 6.37. Light tuna ranges from Munsell
6.3 to not darker than 5.3, Sclid consists of "loins cut in
rransverse segments to which no free fragmentis ars
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Tabie 1
Total mercury in canned tuna (1998-2003)
N Median Mean 5D SE cv Mux
Eatire sample 168 034 0,33 0189 0.015 603 0.997
All white funa 123 0.368 0.407 5.167 0.013 41.0 (.997
Chunk whire 37 315 0.3335 0.i66 0.027 46,8 0.997
Solid white 26 0.4 0.429 0.164 0.018 38.2 0,783
All light tupa® 45 0.087 0.118 0099 0.013 83.9 0,447
Comparing all white with all light o= 7850 P <3.0001
Comparing all chunk with el solid white 7 = 6.39 P=0.010
All tuna in water 136 0,346 0.1%8 0.017 50.7 0.997
All tuna in oil 32 0.259 0197 0.035 76.0 0.71%
Comparing all water with sl ofl =554 P =0.0l5
All light In water® 26 0.072 0.0%6 0.082 0.012 64.7 0.244
All white in water 110G 0,368 0.405 0.1a8 0.016 41.5 0.997
Chunk white in water 37 0.315 0.353 0.166 0.027 46.5 0.497
Solid wiitte in water 73 0.461 0.431 0163 0.012 33 0.783
Comparing light with white in water @t = 58.3 P <0000
Comparing chunk versus solid white in water =63 F=0012
O
Chunk light* 19 011z (.149 0,120 0.030 87.3 0447
Solid white i3 0,369 0,415 0.164 0.048 3% 0.719
Comparing Hght with whits I oil =152 £ =0.0001

Ail valaes are in ppm (ug/y) on wel weight basis,

* Al of the light tuna was desigsated “‘chunk ilght.”

B ruskal-Wallis non parametric cae-way analysis of variance compuied wsiag ibe Wilcoxon Option in Proc NPARIWAY of 3AS, vielding a ;°
value.

Table 2
Interlaboratory comparisons on spiit samples of canned funa (MNew Jersey}
Year N ECGHSI iaboratory  Lancaster laboratory® Ouebec laboratory”  Correiations with Percent difference of meass®
Mazan+5E Nean + SE Mean+SE I.ancaster Dugbee l.ancaster Quebec
2001 g pI0110.03 0.691 +0.06 0.93 g2 4.1% 5.4%
2002 260 0.235x0.03 Ne longer proviging service G.93 9.8%
003 18 03014006 No longer providing service (193 6.6%
he sampies sent out in 2001 were all high in meveury (> 0.3 ppm). The 2002 aod 2003 were randomly chosen split samples.
81 ancaster's Food Service Laboratory ceased providing this service after 2031,
B Institut national de santé publigue du Québes,
€ parcent difference between the mean vaiues in the outside veference laborsiery and the EOBS] mean vaiue.
% Bight samples all over §.50 ppm were submitted for confirmation in 2001,
added” while chunk consists of “& mixture of pieces in contamination. All analyses were performed in the
which the criginal muscle structure is retained” (FDA, Fiemental Analysis Laboratory of the Environmental
1277). Light tuna comprises mainly skipjack (Katsuwo- and Occupational Health Sciences Instinute, which is a
nus pelamis), which is generally a smaller species than nartnership of Rutgers University and Robert Wood
albacore (which is now generally considered Tluimaus Johnson Meadical School. A subsst of samples were
alahinga). analyzed at outside reference laboratorizs for guality
assurance {see Tabhle 2). All analyses were done on
2.2, Analysis individual cans; compesiiing was not perl’ormed
Contents were drained and samples were weighed to
Sample preparation, digestion, and analysis were 0.1 mg. All anaiyses and calculations wers carried out 1o

done in three separate rooms 1O minimize Cross four significant fgures. All laboratery equipment and
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containers were washed in 10% HING; solution prior to
each use and rinsed with dionized water. Fish was
digested in Ultrex ulirapure nitric acid in a microwave
(MD 2000 CEMDY, using a digestion nrotocol of three
stages of [0min each under 50, 160, and 150 pounds per
square inch (3.3, 7, and 10.6kg/em™ at 70 % power.
Dhgested samples were subsequently diluted in {00ml
defonized water, Mercury was analyzed by cold vaper
atomic sbsorption spectromeiry using the HGS-4
analyzer. In 2002 and 2003 analyses were also performed
uging a Lumex alomic absorption spectrometer with
Zegman background correction, which provided better
precision near the detection level. Correlations between
the HGA-4 and Lumex exceeded 0.92 and mean values
af replicates were within 3%.

The method detection limit (MDL} ranged {rom
0.05 ppm with the HGA-4 to 0.03 with the Lumex and
the few nondstectable valwes were set at half the
MDL. For water drained from cans, the MDIL was
0.001 ppm. We used Kruskal-Wallis nonparametric
one-way analysis of variance (SAS-NPARIWAY with
Wilcoxon option) te examine for differences among
independent  varlables {Stettstical Analysis System
[SA3Z], 1993} and nonparametric Kendall tau procedure
for testing correlations. The level for significance was

esignated as <« 0.05. All resulis are reported as parts

per million (ppm), equivalent to micrograms per gram
on a wst weight basis, rounded to three significant
figures.

Quality comrol analyses

All specimens were run in batches that includad
bianks, a standard calibration curve, and spiked speci-
tiens. The accepted recoveries for spikes ranged from
5% to 115%; batches outside thess limits were rerun.
The coefficient of variation (C.¥ ) on replicate samples
ranged from 2% to 12%. Further gquality control
inchuded periodic blind analysis of an aliguot from a
farge sampie of known ¢oncentrations and blind runs of
replicate samples. Analyses from earlier years were
rerun and confirmed with batches m later years.
Replicates were run for half of the cans, and all digests
were analyzed in duplicate with mean values used. We
also measured the moisture content.

We used two external laboratories to analyze split
samples. In 2001 samples were submitted (o the
Lancaster Laboratories, Inc., Food Service Division
{which closed in 2002} and to the Instiut National de
Santé Publigue du Québec {Quebec) for guality control
(Tabie 2), In 2002 and 2003 samples were also sent to the
Quebsc laboratory, which runs the international profi-
clency testing program for mercury. High results
{=0.50ppmy) from early vears were confirmed in the
outside labaratories.

[

3. Results
3.1, Ouality conmrol

Qualiity control is an essential part of any laboratory
quality assurance program, The quality conirol samples
(blanks, standards) were within specifications, and the
replicate data used were all within 15%. Howaever, we
were surprised by the number of replicates that excesded

%. This prompted us to test several cans repeatediy,
demonswatmg that the ratio of maximum 1o minimum
in different parts of a single can vary by more than 10%.
The average difference between duplicatzs (on the same
extract} was 0.2%. The average difference berween
replicates (separate digests of same sample) was 0.78%.

The comparison between the ECHST and the outside
laboratories shows generally very close agreement acro"‘
lahoratories, despite differences in method (Table
The Lancaster results were obtained on dried spemmens
corrected for moisture content. The Quebes results were
reported to the nearest 0.05 ppm with an MDL of 0.05,
Correlations were generally high and means were in
close agreement.

3.2, Toral mercury

The mair findings of our study were the consistently
higher levels in white tuna {overall mean 0.407 ppm;
median 0,288 ppm) than in light tuna (mean 0.118 ppm;
median BOST}“nm; Table 1), We [ound a somewhat
higher mean (0,425 ppm) for solid white than for chunk
white (0,335 ppm), but this varied across years. The level

of 0.3 ppm was exceeded by 67% of the white and 7% of
the light tuna samples; 25% of the white, but none of the
light exceeded 0.5ppm. The maximum vaiue for {otal
mercury in our sample was 0.997ppm. We found
tgmﬂcant variation among vears; samples purchased
in 2001 were higher than in earlier or later vears of the
study (Table 3). There were no differences in the
concentrations of mercury for tuna packed i oil or in

Tuble 3
Mercury in canned tuna: comparison among vears for white nuna in
wamsy

Year N Mean
1998 5 0,319
1599 21 0304
2000 18 0212
2001 27 0.517
2002 12 0,332
2003 256 (.473
Totat & 110 Crand mean =0.361
Among veay 1“9%—"6 3

Ko 1<.1;-Wm§.> e 336

Probability 00001

All valzes are lor tofal merclry i ppm (Rg/5) on wet weight basis,

Lal-HA
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water, and no differences for whether it was drained or
undrained (Table 43, Similarly, there wers no differences
in the mercury concentrations of dramned versus
undrained mackerzl, another readily available canned
fish {Table 4), which had levels almost an order of
magnitude lower than in white tuna,

Because we cversampled white tuna (both solid and
chunk) in water, we do not emphasize a single nean value
for all canned tuna. Multiple regression analysis for total
metcury in water-packed tina was tested with the general
tinsar models procedure (PROC GLM) of SAS, using
brand, style (white versus light), and year as independent
class variables. The overall model was significant
{(F =132, P<0001; Table 5). Both style {Ff =84,
P<0.0001) and year (F =702, P<0.0001} wsre sig-
nificant contributors to the overall #* of 0.6, while brand
did not enter significantly (F = 1.7, 2> 0.20), The sample
size for ofl-packed was too small fer this analysis.

23, Yearly variation

No zttempt was made to achieve a balanced design of
style over vears. Data broken down by vears is presented

Table 4
Comparison of mercury levels in canned tuna and mackersl bafore and
after dralning

Mumber MeanzSE Kruskal- (P value)
Wallis ¢~
Canned wna
Uindrained il ; 0.8 NS
Drained i1 0464013
Canned meckers!
Undrained b 0.033+£0.003 L1 NS
Drramed g 00264 0.004

Al vajues are for total mercury in ppm {pg/g) on wei weight basts,

Tabiz 3

Comparison of current results with the FDA'S 1991 study (Vess, 1993)

(1
Y
[

in Table 3. The highest single category for any year was
the mean value of 0.540 for chunk white in water n
2003, The lowest was for chunk light in oil of 0.074 in
2000. Our mean values for light and chunk white wers
similar to the 1991 data, but our mean for solid whitz
was significantly higher (P <0.05). We also compared
our methvimercury results, both calculated and ana-
lvzed, with the FDDA’s 1991 data (Table 3), finding that
our vesults for solid white tuna (1998-2003) were
significantly higher than the 1991 results (Yess, 1993),
Our results for chunk light and chunk white were
slightly, but not significantly higher.

3.4, O versus water

Many brands of tuna are packed in both oil and
water. 01l is usually vegetable oil (sometimes olive oil).
We compared each of the three siyles packed in ail
versus water (Table 1). None of the comparisons were
sigrificant (P> 0.10), although oil-packed tuna averaged
shightly lower levels for white and higher levels for light
(P>0.10%.

3.5, Drained versus undramed

We drained all cans prior to removing tissue for
analysis, In a subset of cans we compared drained and
undrained results. Draining had no consistent effect on
mercury content (Table 4). Likewise, the quid compo-
nent, when analyzed, had very low levels of mercury,
usually below the MDL for liquid of 0.001 ppm with a
maximum of 0.07 pprm

3.8, Methylmercury content

Forty samples were analyzed by the Quebec labora-
tary for total and imorganic mercury, calcuiating

Chunk light

Chuak white Solid white Al whiie Water® il

1991 FIDA study (Yess, [953)
Iethylmercary (analyzed} Mean 0,100
sD 0.110

Current study

Mathyimercury {calculated based on 894 Mean 03.132
Methylmercury {calculated) excluding year 2001 Mean 6,132
Analvzed methylmercury for 2003 oniy? Mean 0,040

3.310 0.260 0.271 o.1et 0.079
0,170 0,160 (.:80 0160 0.160
0.353 0.430° 0.412 0.354 (.245
0,373 (.447%° G418 0332 0,242
0.450 3.329 0.353 .243 0.233

All values are in ppm (pg/g) on wer weight basis.

*05il and water results shouid not be compared because of differential sampling of whits and light in diffsrent years. Our sample was oaly 27% tight

compared io 4% for Yess {1993)

2yur results estimalte 89% of mercury a8 methyvimercury, agresing closely wilh other estimaies, Analyred resuits were divided by !

the MeHg.

¢ indicates that results from this study are more than | 8D greater than 1991 results (Yess, 1993}

Y analyzed by the Institus national de sunte publique due Quebec,
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methvlmercury by subtraction. The inorganic compo-
nent was below the detection level of 0.05ppm for all
sampies. Using the convention of half the detection level
{i.e., 0.023) for the inorganic component yields an
estimate of the orzanic mercury content of 39% for
samples, where iotal mercury was (.10 ppm or greater,
We show the calculated MeaHg values for 6 years and 3
years {excluding 2001}, as well as the actual analyzed
values for 2003 (see Table 3).

3.7, Provenance

Commercial tuna sold in the United States is caught
mainly in the Pacific. Most cans of white tuna specified
“albacore.” Only about { of the cans indicate a country
of origin—usually Thailand, although a few mentioned
New Guinea or the Philippines. Other companies obtain
tuna from American Samoa and Ecuador. The fish may
have besn caught pear these countries or may simply
have been landed or canned there. There were similar
batch numbers on cans from Thailand representing
moere than one brand, indicating that canneries servics
mere than one company. In most cases, howevar, we
have no idea where the fish were caught other than in
the Pacific, or whether the source of tuna shifted from
vear to vear, which might partly explain annual
variation.

4, Drscussion

Canned tuna amounts to about 20-23% of all seafood
consumed in the United States, with average per capita
conswmption in 2000-2001 of abour L5kg (National
Marine Fisheries Service [NMFS], 1989, National
Oceanic Atmospheric Administration [NOAAJY, 2002),
Although moest Americans have relatively low exposure,
a small percentage, accounting ultimately for several
nullion people, have excessive mercury levels due in part
to fish consumption including canned tuna {Stemn et al,,
2001; Hightower and Moore, 2002), Cur results are
consistent with previousiy pmhsh»d results regarding
differences among tuna styles, and although the average
size of tuna may have declined, the mercury levels in
canned tuna have not, and may have increased.
Although our sample size is miniscule compared to the
number of cans of tuna sold in the United States, it is
relarively large compared with most published studies.

1.1, Mercury in runa

Many studies have shown that mercury is bioampli-
fied in the food chain with high-trophic-level predatory
species {such as shark, swordfish, and tuna) having
higher mercury (and or gaqoahlonws) than herbivorous
species {Braune, 1987, Lacerda et al, 1994 Park and

Curtis, 1997; Burger et al., 2001). Within a species, older
and larger ﬁsh also have higher levels, as Boush and
Thieleke {1983) showed for tuna.

Although there are several published reporis of
mercury In canned iuna, most studies have not
distinguished between differsnt styles of tuna; hence
comparisons with the literature are difficult. It is often
assumed (even in fish adviscries) that fresh tuna or tuna
steaks have higher mercury levels than canned funa, but
the literaturs does not provide clear evidence for this,
The FDA Web dite (FDA, 2001b) reports a value for
methylmercury of 0.32ppm for fresh or frozen tuna
compared with its valve of 0,17 ppm for canned tuma,
Hewever, mean values for white style canned tuna
gxcead 0.3 (Yess, 1993; this paper).

The National Marine Fisheries Service (1978) mea-
sured total mercury in 250 individuals of several species
of tuna, vielding a median of 0.12ppm and a maximum
of 0.87ppm. However, Plessi et al. (2001} reported an
average of 0.249 in bluefin tuna {Thwoms thynnus)
purchased from a hch wholesaler inn Ttaly. Nakagawa
et al. (1997) reported levels of mercury in fresh muna
from Japan of L.1lppm. Storelli et al. (2002) found
levels of 0.85-1.45ppm {wet weight) in albacore from
the Mediterranean {average 1.17ppm) with 78% ex-
ceeding 1ppm. Censumer Reports (2001) recently
published an average value of 0.25 ppm methylmercury
in 74 samples of fresh tuna. Moreover, thers is evidence
of variation among oceans and countries, probably
related to the source of the fishery, species, and fish size,

4.2, Mercury in canned iuna

The FDA reporis that methylmercury levels in canned
tuna fish are normally in the range 0. I—O.prm
(Carrington et al., 1997), and the value of 0.17 is given
on 13 Web site as the average for canned tuna (FDn,
2001b). This i based on the study of Yess (1993), whic
bears closer examination (next section).

Most studies report anly total mercury, Yallouz et al.
(2001) analyzed data from 39 cans of tuna representing
fve brands from Brazil, withowt details on style. The
grand mean was 0.65 ppm, with 31% of cans excesding
0.5 ppm and 13% greater than [ ppm. VYosgborio et al,
{1999} analyzed 30 cans of chunk tuna from the
Mediterranean and reperted a mean of 0.2%ppm
(SD=10.12), based only on the 20 samples that sxceeded
the MDL of 0.2, Hence the true mean for their sample
woutld have been substantially lower; we caleulated it a8
(.12 ppm setting the 30 nondstected values to half the
MIDL. Thiq is in close agreement with both our data and
those of Yass (1953} for light runa. Acra et al. (1981)
reported a mean of 0.30ug/g (range 0.25-0.49) for
canned tuna from Lebanon. Other results from this
period include mean values of 0.3ppm {(Kamps et al.,
1972: Parvaneh, [975), but the style was not specified.



White tuna is albacore, a species somewhat larger
than those that are canned as light tuna. Albacore
generally weigh 10-20kg, but can reach 40 kg. Skipjack,
the main componant of light tuna, accounts for abour
haif of ali tuna harvested worldwide. Tt averages about
s—10kg in weight, cceasionally reaching 30 kg (Interna-
tional Foundation for Conservation of Natural Re-
sources [IFCUNR], 2003). Albacore tends to have high
mercury levels {(Storelli et al,, 20020,

4.3 FDAs 199] study

Between 1578 and 1990, FDA determined methyl-
mercury in 42 samples of canned tuna {ranging from
<0.10 to 0.67ppm, with an average of 0.ldppm
reported in Yess, 19233 The FDA’s 1991 study (Yess,
1993) is the single largest and best study of mercury in
canned tuna. Yess (1993) analyzed 220 samples, each a
composite of 12 cans (12 additional cans were archived).
The cans were purchased in 19591 from around the
United States. The sampling was nonrandom and
emphasized water-packed tuna and popular brands.
She found that samples ranged fram the detaction level
of Glppm up to 0.75 pom of methylmercury; 3.6% of
her composite samplies exceeded 0.5ppm methylmer-
cury. The overall mean was reported as C.17ppm
{median of 0.13 and a maximum of 0.90 ppm; Yess,
1893). Yess (1993) also reported that chunk white tuna
averaged 0.31 (SD=0.17) and solid white averaged 0.26
(85 0.16), while chunk light tuna and chunk averaged
040 (5D=0.11}. The light styles made up 2/3 of her
sample, resuliing in an unweighted mean of 0.17. She
arbirarily set all nondetectable values to O rather than
o the more comumonly used convention of one-half the
MDL or 0.05 ppm; heace her results are biased down-
ward. None ol the samples exceeded the current I ppm
FDA action level {Yess, 1993},

Based on the Yess (1993) paper, the FDA posts
0.17 ppm on its Web site as the value for canned tuna
(FDA, 20010) and uses this value 1n its exposure and
risk assessments (Carrington et al, 1997, Carringion
and Bolger, 2002; Bolger and Schwetz, 2002, No
mention 18 made of the white versus light discrepancy,

even though 1t was recognized by Yess (1993},
4.4, Ol versus warer packing

We did not find a difference in the mercury
concentration of oil-packed versus water-packed tuna
within each of the three stvles {Table 1), Yess (1993)
reported a mean of 0.06ppm for 26 oil-packed
composites versus 0.1lppm  for 106 water-packed
composites of chunl lght tuna. However, the FDA
study blended the oii into the fsh sample, whereas water
was drained. Hence this would serve io dilute the
mereury semewhat.
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4.5 Drained versus undrained

Advice to consumers sometimes mentions draining to
reduce confaminants. In 2001 we analyzad 11 cans of
tuna undrained and again after draining. The results
{Table 4} show no appreciable change (P>0.25). All
cther analyses were performed after the conients were
mannally drained, but not squeezed. Liquid volume
varied among cans,

4.6, Interyear variation

We found a statistically significant peak in the 2001
samples of white tuna (¥* = 33; F<0.001). This may be
a statistical artifact of sample size, but more likely
reflects exploitation of a different population of tuna
due to the vagaries of the fish movements and fshery
targets.

For several reasons, when we began the study, we
expected 2 decline in mercury levels over time. We
anticipated that & decline in mercury contaminaiion
through the pgradual reduction in mercury use and
industrial effluents would be reflected in a decling in the
mercury content of tuna. We suspected also  that
mercury levels might have declined as a result of
overfishing large tuna and the nesd o target smaller
fish (Safina, 1998). Moreover, in New Jersey common
terns (Sterna hirunde), o fish-cating seabird, we found
that mercury levels in eggs had declined since the early
1970s (Burger and Gochfeld, in press).

in recent vears, however, mercury emissions, mainty
from coal-fired power plants have actually increased
(NIDEP, 2001), resulting in short- and long-rangs
atmospheric transport, which may offset declines in
use and effluent. To the extent our data show a temporal
trend, it has been upward since 1991 (Burger and
Gochfeld, in press). Yess {1993) suggested that FDA
data might have shown a decline from a calculated mean
of 0.21 for methylmercury in 1973 w0 017 in 1991,
Heowever, the composition of the 1973 sample with
respect 1o white and light was not given.

4.7 Methylmercury 1 runa

This study was not primarily designed to evaluate
methylmercury per se, since we [nitlally followed the
conventional wisdom that about 90% of the mercury in
fish i methylmercury. However, we did measure the
methylmercury content in & subset of cans and found
that merthylmercury composed 83-8%%, Considering
only cans with total mercury > 0,10, the value was about
29%. Storsli et al. (2002) reported a range of 75-100%
MeHg {average 91%) and Hall (1974) reported a mean
of 89%. Using 89% results in a correction factor of 1,12,
and the methylmercury content of owr samples can be
estunated by dividing total mercury by 1.12. Tt is not
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clear how much of the methylmercury in tuna (or other
marine fish} is anthropogenic 1 oigin,

4.8 Aciion levels and muna as an e

The regulatory control of tuna, as well as shark and
swordfish, is problemaiic. For example, in Japan,
Canada, and Europe, tuna are exempted from the
0.4 ppm or 0.5ppm regulations {Nakagawa et al., 1997,
Canadian Food Inspection Agency, 2002; Plessi et al.
20010, In the U.S., the FDA (1987) level of lppm is
nermaily high encugh so that tuna falls below this leval,
although this was not always the case. In 1969 FDA
developed administrative guidance of 03ppm for
commercial fish, and in the early 1970's millions of cans
of fish exceeding this level were seized. In 1974 this was
converied to an Action Level, but in 1979 FDA rased
its Action Level to 1.0ppm.

Many couniries have set the maximum permitted level
of mercury in fieh at G5ppm, including Australia
(Denton and Burden-Jones, 1996), Canada {Instimte
of Medicine [IOM], 1991), Sweden (Hylander et all,
1994), and the United Kingdom {Collings et al., 1994},
Many states in the U.S, have also set 0.5ppm or lower
Limits, including Florida (Lange et al, 1394), Maine
(DiFranco and Mower, 1994), Minnesota (Minnesota
Department of Health IMDH], 1597), and Wisconsin
{Gerstenberger et al., 1993}, Of the cang of una we
examined, 30% exceaded 0.3 ppm and 23% of white
style exceeded 0.5 ppm. In 2001, half of the samples were
above (.30 ppm, the limit many states and countries sat
for safe consumption,

Peopie must balance potential mercwry exposure with
the nesd for a healthy diet. Our study provides
additional data that the levels of mercury in funa can
he both variakle and high, lessening the predicrability of
the meroury a pregnant women consumes when eating
cannad tuna,

The variability in mercury levels in canned tuna is
particuarly worrisome because there are sensitive
periods for neurobehavioral development when the
developing fetus i3 more susceptible to the disruptive
effects of mercury, and when a single pulsed dose may
have maore of an effect than the same amount over a
longer timeframe (Dey et al., 1999),

4.9 Risk and risk reduction

Recenily, the Agency for Toxic Subsiances and
Disease Registry [ATSDR] {1999} has proposed a
Minimal Risk Level of 0.3ug/kg/day mercury based
on the Sevchelles neurodevelopmental study (Davidson
etal., 199%), without incorporating an uncertainty factor
for interindividual variation. That study has not found
neurobehavioral deficits m a fsh-eating population
(Myvers =t al, 2003% The Farce Isiand smudy (Weihe

et al,, 1996; Grandjean st al., 1998) supports a lower
Reference Dose (RD), which the EPA has calculated at
0.1 ugikg/day, and Stern (1993) computed an RID of

(.07 based on data from Irag. The Nations

I ilad]. L

Council (2000} concluded that 0.1 ug/kg/day was scien-
tifically sound.

There 18 often a gap between how the fish-consuming
public and the agencies responsible [or advisories
perceive risk (Reinert et al, 1991; Ebert, 1996; Burger,
2000). The public views eating fish as a less serious
hazard than does the sclentist or environmental man-
ager, but more seriously than some regulators. People
coatinue to conswme the fish even though they know
about the consumpiion advisories or bans (Reinert et al,,
1991; Burger and Gochfeld, [991; Burger et ai, 1992,
19994, Velicer and Kauth, 1994; May and Burger, [996:
Burger et al, 2001). Until 2003, howsver, almost no
atieniion was devoted in the media to the risks from
runa fish,

Reducing risk from the consumption of fish is
obvicusly a parnership between risk assessors and
resource managers (Ebert, 1996), as well as the public
{Burger, 1999), and involves balancing the risks versus
the advantages (fgeland and Middaugh, 1997, Bolger
and Schwetz, 2002). We suggest that the problem of risk
perception concerning tuna will be particularly difficult
because it ig such a common and accepted food and has
always been considered safe and healthy. Over the vears
the tuna industry has provided a significant reduction n
risk by reducing the amount of tuna in cans by about
[5%, to the current industry standard of 6oz (170g).

4.10. Recommendarions

Our data indicaie that people who are not in high-risk
categories (most adults and adolescents) may consume
several cans of light style tuna a week and white tuna
occasionally with impunity. Pregnant or scon-to-be
pregnant women, infanis, and small clildren shonid
limit canned tuna intake and select light rather than
white (una. These date (particularly their variabiliry)
indicate the degirability ol instituting a regular momzcr-
ing program for commercial tuna and other species,
Whereas canned fish 18 nutritious, tasty, and convenient,
we found that mercury levels in canned macksrel were
substantially lower than in tuna. FDA and other
agencies should clarify the difference betwesa mercury
levels in white versus light tuna.
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Lotteries  Health-conscious Americans have been told repeatedly ¢ DEBnvanRL i
City Guides  that fish is good for the heart and the waistline. But there

Government Guide s growing concern that some seafood lovers are
consuming high doses of mercury along with their fish

dishes and could be suffering health problems as a result.
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- Women of childbearing age have long been warned to
limit their fish intake to reduce the risk of exposing an
unborn baby to mercury, But in a new study, a San
Francisco physician savs she discovered high levels of
toxic mercury, called methyimercury, in blood and hair
samples taken from dozens of her patients — men,
women and children.
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Many were suffering
symptoms associated with
low-tevel mercury
poisoning, including hair
ioss, fatigue, depression,
difficulty concentrating
and headaches. The
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& The most comman sources of
mercury in air arg coal-burming
powear plants, municipal wasle
cambustors, medical wasle
incinerators and hazardous wasie
combustors.
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# Mercury can contarminale water
or land through the discharge of
industrial wastewatsrs,

¢ Tiny pariicles of mercury travel
through emokestacks inte the air,
They then fall onto soif or waiar.

& Mercury can accumulate in fish
and wildiife, 3mall fish are eaten by
big fish and fish-ealing birds
generally hiave higher levels of
cortarination.
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implication, she says, i3
that anvone who
consumes a 1ot of fish,
especially large steak fish
such as swordfish and
shark, could he at risk

"You have people who
have been told to eat fish
because it's healthful, but
they have not been told it
contains contaminants,”
says physician Jane

Hightower, whose yearlong study of patients in her Bay
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Area practice was published Friday in Znvirommenial
Heglth Perspectives, an online journal of the National
Institute of Environmental Health Services, part of the
National Institutes of Health.

Concern is widespread:

A Food and Drug Administration advisory cormmittee
recommended in July that the agency do research to
assess the risks to women and young children who eat
canned tuna. The amount of methylmercury per can i3
generaily low, about 0.17 parts per million, but it can

vary widely, says Michael Bender of the Mercury Policy
Project, an advocacy group.

"Tuna is the most consumed fish in the country,” Bender
says. "If you're a pregnant woman and you eat over two
cans of tuna per week, you can go over" safe levels of
mercury, The FDA currently recommends that women
who are or could become pregnant limit all fish to 12
ournces a week.,

A survey of Hong Kong high school students found that
as many as 10% eat enough fish to exceed safety limits
for mercury exposure. The report, which prompted a
Chinese government warning about consumption of
shark and other large fish, found that the students’ diets
gave them a mercury exposure of 6,41 micrograms per
I\imgram (2.2 pounds) of body weight a week. The World
Health Organization recommends a S-microgram limit.

In September, the United Nations Environment
Programume hosted a meeting in Geneva about ways to
reduce mercury emissions around the world, A report
from that mesting will be considered by environment ministers at a
meeting of UNEP's governing council in February and couid lsad to
constderation of an international treaty on mercury emissions.

Hightower's study and similar reports from other researchers who attended
arecent meeting in Vermont, sponsored by the EPA, suggest that
consumers who eat expensive nsh are mueasuwly putting thermselves at
risk for mercury poisoning.

How much s safe? "They are switching to fish to improve their
" Lot St | health," says Caroline Smith DeWaal of the
e amount of canned wna®that is ar £y . o, o . e 1
safe to eat sach week should be Center for Science in the Public Interest, but
based on body weight: "they're being exposed to dangerously high

levels of methylmercury.” That's especially
25 ibs. 1 lablespoon. rroubling if the consumers are women who
alibs, 2 oz, = . f
75 Ibs. 30z plan to have children, says DeWaal, author

&
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» 100 1bs. 5 oz. of the recently published Js Owr Food Safe?

2 1o be Leanorbon "t i eritical that women of childbearing age

& 175 lns, § oz, stop eating this fish from six menths to a

® 2001bs. 10 oz. year before becoming pregnant.”

* Choose albasore, chunk or chunk

ﬁg‘::c‘ffi?;jf?SV;EEPTNEE;EDF;@UHK The Centers for Disease Control and

white fyyp;; Prevention estimates about 8% of women in
o . this age group have enough mercury in their

B o for Sood bodies to pose a risk of having babies with

Washington Depariment of Heaith.  mild learning problems.
Mo set standards

Mercury released from power plants, municipal waste facilities and
medical incinerators is the primary source of methylmercury in fish.
Methyimercury is an organic form of mercury that is different from what s
in mercury thermometers or what goes up smokestacks when coal is
burned.

Mercury is converted to methylmercury by bacteria in water. So when
people are talking about mercury in fish, they are really talking about the
toxic methylmercury, What makes it dangerous to health is that it is hard
for the body to eliminate, so it can build up and may affect the nervous
system. Most human exposure to methyimercury is through fish
consumption.

The FDA ceased its large methylmercury sampling program in 1993, and
today federal agencies conduet only limited testing of fish for
methylmercury. The industry does, too, on a veluntary basis, savs Rhona
Applebaum, a scientist with the National Food Processors Association.
"Whether it's mercury or any other defect, chemical or microbial, the
industry does regular testing" to assure that the product mests FDA
standards.

"We do know tuna contains mathylmercury,” she says, but mercury is
"maturally occurring, so on a daily basis people are exposed. It's not at
levels that will result in acute toxicity unless people are not practicing basic
tenets of nutrition: balance, variety and moderation.”

Studies show women ages 13-44 eat canned tuna 1.5 times a month, weall
within the range of safety, but too much of anything can be harmiul, she
says, "If pecple are going to consume one type of food literally ad
nauseaim, there's going to be an impact.”

The FDA and Environmenial Protection Agency differ on what they
consider acceptable levels and measure it differently. The FDA, which
regulates commercially caught fish, sets an “action level” of 1 part per
million. If higher levels are reported, the FDA can remove the fish from the
market, though critics say that rarely occurs, The EPA hasa "reference
dose” that says people can be exposed to .1 microgram per kilogram of
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body weight per day, which is roughly 5 to 7 micrograms per day for
someone who weighs 100 to 134 pounds, says Kate Mahaffey of the EPA.
That's about a fifth of the amount the FDA considers safe.

The FDA's standard permits about 480 micvograms of methyimercury in
one pound of fish, she says. "If fish is that contaminated, and you're trying
to keep in the 5 to 7 micrograms per day range, you can't eat much of that
fish."

But the EPA does not regulate commercial fish, It works with state
environmental and health departments to test local rivers and other bodies
of water where recreational fishing is done and where mercury levels may
be high because of local pollution, When high levels of mercury are
detected in the water, the states post fish advisories to warn consumers.

"There are fish advisories in most states for mercury,” says Michael
Gochfeld, professor of environmental medicine at the Robert Wood
Johnson Medical School in Piscataway, N.J.

Fven in arcas where industrial poliution has been reduced, the problem
persists because of atmospheric pollution drifting from other arsas, he says.
"Virtually all our mercury-polluting industry in New Jersey is closed," he
savs, but state health officials regularly warn residents not to eat fish {rom
specific lakes and rivers where mercury levels are high, Ten states also
warn pregnant women to limit consumption of canned tuna and other
commercial seafoed.

Yet health experts point out that fish is an important part of a balanced diet.
It's full of vitamins and other nutrients, including omega-3 fatly acids,
which help lower cholesterol and blood pressure and reduce the risk of
cardiac arrest. And it's low in calories.
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How that squares with marcury potsoning Is

. . _ "a very difficult message to convey,” says
Fish that have high levels of

mereury: epidemiologist Tom Sinks of the Naticnal

» Swordfish Center for Environmental Health, part of the
. ?;‘;‘;:h CDC. "Fish is a vehicle by which people are
% King mackerel exposed to mercury. But at the same time,

® Tuna (steak) fish is a good source of protein and

Fish that have generally low nutrients, an important part of the diet, and
EV;!‘S of mercury: one we want people to eat in a healthy

> Founder way."

@ Cod

s Zamsh He says the fish that are high in omega-3,

» Pallock such as salmon and sardines, are low on the
; gﬁﬁp mercury scale, "We want to encourage

» Scallops people not to avoid fish, but to advise them
* Lobster that some fish have higher levels of

Source: Fish Eacts for Goad mereury, and if they're concerned, they
Healih, pubiication of the shouid avold those fish,” he says.

Washington Department of Health.
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The trouble, Hightower says, is that some
people appear to be more sensitive to methylmercury than others, The EPA
and the National Academy of Sciences recommend keeping mercury levels
in hlood at 5 micrograms per liter or less. Tn Hightower's study, patients’
blood levels ranged from 2 to nearly 90 micrograms per liter. Symptoms
varied widely and did not always correlate with the burden of
methyimercury.

“There were some with elevated levels who had no symptoms. There are
some with low levels with symptoms,” she says. "It is unclear whether
these patients are having symptoms due to direct effects of mercury ora
reaction to it," she says. But, she adds, most people can withstand & bee
sting, while others go into shack. "We recognize there are severe reactions
to very minuscule quantities of certain agents.”

Hightower says it's not known how many people might be affected by
methylmercury, and she can't prove that the symptoms her patients suffered
were caused by overconsumption of fish, but "the fumny thing is, people
got better when they stopped eating it."

ol

Not eating fish helped

That's what happened to Wendy Moro, 40, a marketing consultant who
lives with her hushand and son in a suburb of San Francisco. Uniil April
2001, she says, she was the picture of health. A 110-pound bundle of
energy, she ran several miles a day, danced ballet, lifted weights. She also
ate fish two to five times a week, at home and af the Bay Area's befter
restaurants,

"On the West Coast, we eat a lot of fish," she says. "It's an affluent
community, and fish is accessible and popular. You go out for dinner.
People don't go out for T-bone steaks anymore. It's all fish."

She ate tuna for lunch a couple of times a week, and the family would have
seafood for dinner regularly, often choosing steak fish such as ahi tuna or
halibut. "We just looked for what was fresh,” she says. "I thought [ was
being really healthy, not eating meat, eating lots of fish."

The first sign of trouble was severe fatigue — "the kind where it1s
impossible to stay awake for more than a few hours at a time,” she says.
Then pain and weakness in her limbs worsened to the point where she
could barely stand. A series of doctors diagnosed or tested her for multiple
sclerosis, muscular dystrophy, chronic fatigue syndrome, mononucleosis,
diabetes insipidus, One suggested she be evaluated for mental illness.

Finally, she was referred to Hightower, who tested her for mercury
poisoning. Moro's blood leve!l was 17, mere than three times the
recommended level, though still below what some doctors think is enough
to cause such severe symptoms.
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When Moro stopped eating fish, her symptoms began to disappear. Now,
she says, she's "about 85%" back to normal. She keeps a file on mercury
that she gives to friends who are thinking about having a baby.

If'it could happen to her, it could happen tc anyone, she savs. "I'm such an
average Jane. I'live in a suburb; T have 1.5 kids, if you count my dog. I'm
net a super-fanatic, not a triathiete. I'm not super-rich or poor, I'm just an
average Joe-USA TODAY. That's what's scary.”

Alan Stern, chief of the New Jersey Department of Fnvironmental
Protection who served on & National Academy of Sciences committee on
methyimercury two years ago, says it's too soon to draw firm conclusions
from Hightower's study, "I would consider it to be the very early stages of
a clinical case description, and it's not at a point yet where it can be
translated into a public health message," he says.

Such reports, he says, "call our atiention to the potential of health effects at
low levels of exposure {to methylmercury), but they don't make an open-
and-shut case."

Even the relief of symptoms reported by people who stop eating fish is
inconclusive, he says, because it is "hard to distinguish that from a placebo
effect. From an objective standpoint, one cannot say this association goes
to the next step of cause and effect.”

But if nothing else, Stern says, consumers and doctors should he alert to the
possibility that smail exposures to mercury in fish might cause symptoms.
His cautionary conclusion: "Individuals should choose their diets wisely."
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