Measurement of Mercury Levels in Concentrated
Over-the-Counter Fish Oil Preparations

Is Fish Oil Healthier Than Fish?
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® Context.—Fish consumption has been associated with a
decreased risk of coronary artery disease. Recent studies
have illustrated that the high mercury content in cold-wa-
ter fish may negate the cardiovascular benefits of fish
meals. Fish oils have similar antiatherogenic properties to
fish, and similar studies should be performed to determine
the level of mercury in fish oils.

Objective.—To determine the concentration of mercury
in 5 over-the-counter brands of fish oil.

Results.—The levels of mercury in the 5 different brands
of fish oil ranged from nondetectable (<6 pg/L) to negli-

pidemiologic studies have demonstrated that the
Greenland Eskimos have a comparatively low inci-
dence of coronary artery disease (CAD). This low inci-
dence of heart disease is attributed to the consumption of
greater than 400 g of fish per day. Presumably, this pro-
tection results from the high level of omega-3 polyunsat-
urated fatty acids (1-3 PUFAs) in oils derived from deep
cold-water fish.!? This discovery underscores the impor-
tant role of diet in the development of CAD and has
prompted research on the potential benefits of fish con-
sumption in the general population. For example, the Diet
and Reinfarction Trial showed a 29% reduction in overall
mortality rates in survivors of a first acute myocardial in-
farction who consumed fish rich in omega-3 fatty acids at
least twice weekly for 2 years.? Similar studies corroborate
these results.2*> Consequently, fish intake has been rec-
ommended to decrease the incidence of CAD.® Although
many studies have found that regular fish intake benefits
cardiovascular function, some reports have not confirmed
these conclusions and question the recommendations on
fish intake.”

A potential issue arises from the fact that some fish may
also contain relatively high levels of toxic heavy metals.
For example, fish intake is a major source of exposure to
mercury, primarily methylmercury. Large carnivorous fish
that are high in the food chain, such as swordfish and
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gible (10-12 pg/L). The mercury content of fish oil was
similar to the basal concentration normally found in hu-
man blood.

Conclusions.—Fish are rich in omega-3 fatty acids, and
their consumption is recommended to decrease the risk of
coronary artery disease. However, fish such as swordfish
and shark are also a source of exposure to the heavy metal
toxin, mercury. The fish oil brands examined in this man-
uscript have negligible amounts of mercury and may pro-
vide a safer alternative to fish consumption.

(Arch Pathol Lab Med. 2003;127:1603-1605)

shark, have the highest tissue concentration of mercury (1
ng/g), whereas tuna, trout, pike, and bass have interme-
diate concentrations (0.1-0.5 pg/g). In contrast, inverte-
brates, such as shellfish, have low concentrations of mer-
cury.® Mercury may promote atherosclerosis by increas-
ing free radical production or by inactivating several an-
tioxidant mechanisms. Recent studies show that toenail
mercury levels are directly associated with the risk of an
acute myocardial infarction.?¢” One study found no sig-
nificant correlation between toenail mercury and CAD, but
a trend did exist.” The association between the amount of
fish consumed and mercury levels has been documented.
Data regarding the cardiovascular benefits of fish have
been inconsistent. These conflicting results may be ex-
plained by the variable amounts of mercury contained in
different fish, which may negate the beneficial effects of
n-3 PUFAs.*7

Fish oils contain concentrated forms of n-3 PUFAs. Reg-
ular consumption of fish oils also appears to reduce the
risk of CAD. In one study, patients with CAD who in-
gested 1.5 g of omega-3 fatty acids per day for 2 years had
less disease progression than did comparable patients
who ingested placebo.'® The magnitude of effect of fish oil
consumption on CAD is similar to the benefit of low-den-
sity lipoprotein cholesterol-lowering therapy, lifestyle
change, and vigorous exercise.!? Studies also suggest that
the effects of fish oil supplements are comparable to fish
consumption. Fish oil supplements also permit the ad-
ministration of large doses of n-3 PUFAs, which may pro-
duce a decrease in blood pressure in patients with hyper-
tension and a stabilization of mood in bipolar disorder
and depression.’** However, data concerning the level of
mercury in commercial fish oil supplements are sparse.
These data are critical if fish oil supplements are to be
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Mercury Content of 5 Preparations of Fish Oil

Fish Oil Brand Name Mercury Level, ng/L

CVS 10
Kirkland <6
Nordic Ultimate <6
Omega Brite 12
Sundown <6

recommended in patients with CAD, bipolar and affective
disorders, and for cardioprotective benefits in the general
population. In this study, we measured the level of mer-
cury in 5 commercial over-the-counter brands of fish oil
to assess the risk of mercury toxicity from consumption
of these dietary supplements.

METHODS

Five commercial over-the-counter brands of fish oil supple-
ments were purchased from retail or Internet sources. The brands
included Nordic Ultimate (San Dimas, Calif), Omega Brite (Wal-
tham, Mass), Sundown (Boca Raton, Fla), Kirkland (Houston,
Tex), and CVS (Woonsocker, RI). The capsules were punctured
using a trace metal—free device, and the liquid contents were sent
in trace metal-free containers to National Medical Services (Wil-
low Grove, Pa) for mercury analysis. The mercury level was mea-
sured by cold vapor atomic absorption spectroscopy. The lower
limit of detection of mercury for this assay is 6 pg/L.

RESULTS

The results of the mercury analysis are shown in the
Table. None of the 5 brands contained significant amounts
of mercury. No mercury was detected in the Nordic Ul-
timate, Sundown, and Kirkland brands. The Omega Brite
brand had 12 pg/L of mercury, and the CVS brand con-
tained 10 pg/L.

COMMENT

Humans are normally exposed to very low levels of
mercury in the environment. Healthy patients have an av-
erage of 3 to 6 pg/L of mercury in their blood, while cold-
water fish typically contain 0.5 to 1.0 wg of mercury per
gram of fish.'* The mean daily mercury intake of a 70-kg
adult in the United States is 3.5 pg. In other areas of the
world, such as Finland, more fish is consumed, which in-
creases the daily intake of mercury to 7.6 ug.” Typical
blood mercury levels in nonoccupationally-at-risk humans
are approximately 2.0 wg/L in subjects who do not con-
sume fish and 8.4 pg/L in those consuming greater than
2 to 4 fish meals per week.’> A limited amount of research
has been done on the levels of mercury in fish oils. A few
studies were performed in the 1970s and 1980s, but they
used less standardized methods for the determination of
heavy metals.'*'® The levels of heavy metals in cod liver
oil and fish oils were examined. In 1978, Van de Ven re-
ported that the “normal use” of cod liver oil produced a
weekly intake of 8 pg of mercury, compared to weekly
fish meals, which contained 125 pg of mercury.’® The 2
other articles found negligible levels of heavy metals in
fish oil preparations.''” A letter reported that selected fish
oil supplements were without detectable mercury.”

This study examined 5 popular brands of over-the-
counter fish oil whose mercury content has not been re-
ported previously. The mercury levels in fish oils obtained
in this study are similar to those normally found in the
serum of human subjects who consume regular amounts

1604 Arch Pathol Lab Med—Vol 127, December 2003

of fish. The 5 fish oil supplements tested have negligible
amounts of mercury, suggesting either that mercury is re-
moved during the manufacturing of purified fish oil or
that the fish sources used in these commercial prepara-
tions are relatively mercury free. Our study results also
suggest that even large doses of concentrated fish oil
should not cause mercury toxicity. For example, 6 Omega
Brite capsules contain 0.072 wg of mercury. This is equiv-
alent to 2.1% of the mean daily mercury intake in the typ-
ical American population.

The consumption of fish rich in the essential 7-3 PUFAs
has been linked to a decreased risk of CAD. Omega-3
PUFAs are considered essential because humans cannot
synthesize omega-3 fatty acids and must consume them
in their diet. Omega-3 PUFAs are richest in cold-water
fish, such as salmon, swordfish, shark, sardines, mackerel,
and herring. Docosahexaenoic acid, docosapentaenoic
acid, and eicosapentaenoic acid are the n-3 end-product
fatty acids found in fish and have been associated with a
decreased risk of acute coronary events? and a reduced
risk of sudden death among men without evidence of pri-
or CAD.45% In addition, adipose tissue levels of docosa-
hexaenoic acid are inversely associated with the risk of
acute myocardial infarction.® The n-3 PUFAs may help
clear cholesterol and triglycerides from the blood and pre-
vent cholesterol deposition in the arteries.

Recent studies suggest that the mercury present in
many types of fish may negate the cardiovascular benefits
of eating fish.26” Mercury is a highly reactive metal with
no known physiologic role. Three forms of mercury exist:
elemental, inorganic, and organic. Exposure to inorganic
mercury occurs through certain dental amalgams and in
at-risk occupations. Fish consumption is the main source
of exposure to organic mercury, predominantly methyl-
mercury.®® Mercury levels of approximately 300 ng/L
may produce acute overt symptoms from mercury toxic-
ity. Symptoms of acute toxicity include fever, chills, dys-
pnea, metallic taste, pleuritic chest pain, lethargy, and con-
fusion.®?'?2 Chronic exposure to mercury after fish con-
sumption may lead to the classic triad of tremors, gingi-
vitis, and erethism (constellation of neuropsychiatric
findings, such as insomnia, shyness, memory loss, emo-
tional instability, depression, anorexia, uncontrolled per-
spiration, and blushing).?*?> Due to the possibility of mer-
cury toxicity, pregnant and breast-feeding women and in-
fants and children have been advised not to consume
large amounts of certain fish.'>?* Pregnant or breast-feed-
ing women are cautioned not to eat more than 2 medium-
sized cans of tuna fish per week due to the risk that mer-
cury might adversely affect the development of the fetal
nervous system. Infants and children younger than 16
years should avoid shark, swordfish, and marlin.>? In ad-
dition to the classic findings of chronic mercury toxicity,
mercury specifically affects the cardiac vasculature. In-
creased toenail mercury levels have been associated with
an increased risk of CAD.® Mercury may enhance free rad-
ical production and inactivate several antioxidant mecha-
nisms, such as glutathione, catalase, and superoxide dis-
mutase, leading to atherosclerosis. Mercury may also pro-
mote platelet aggregability and blood coagulability, and
may induce lipid peroxidation.®

Fish oil is a possible substitute for eating fish and has
been used pharmacologically in subjects at risk for CAD
and in certain psychiatric populations. The effects of fish
oil consumption on the risk of CAD are similar in mag-
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nitude to low-density lipoprotein cholesterol-lowering
therapy, lifestyle change, and vigorous exercise.’* Supple-
ments of omega-3 fatty acids significantly reduced cardio-
vascular mortality in patients who took 1 g daily of do-
cosahexaenoic acid and eicosapentaenoic acid.? Another
study showed that fewer aortocoronary venous bypass
grafts became occluded after ingestion of fish oil concen-
trate, 4 g/day, for 1 year.'?® Omega-3 essential fatty acids
in fish oil may also have dramatic impact on both emo-
tional and physical well-being.!**2¢ Fish oil has been re-
ported to relieve depression,''-'3?*25 improve gastrointes-
tinal function in Crohn disease,® and act as an anti-in-
flammatory agent in cystic fibrosis.?2

Due to the lower measured concentrations of mercury
in commercial fish oil preparations, consumption of fish
oil may be preferable to consuming fish. We have shown
that mercury levels in 5 commercial fish oils are either
below the limit of detection or do not contain a significant
amount of mercury and therefore pose minimal risk of
toxicity. Levels of mercury in fish oil are similar to basal
human levels observed in the population. Some fish, on
the other hand, may contain high levels of mercury that
appear to counteract the positive effects of fish consump-
tion on CAD. The additional benefit of fish oil is that large
doses of n-3 PUFAs can be ingested easily in a capsule
without risk of toxicity.

Finally, it should be cautioned that we tested only 5
preparations of fish oil for mercury content. It is possible
that other brands may have more mercury, depending on
the source of fish. To circumvent this possibility and to
eliminate any risk of mercury toxicity, we recommend that
routine labeling of fish oil preparations should include
mercury analysis to ensure safety and efficacy.
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