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INTRODUCTION

Fisheries Research Division* (FRD) of the Ministry of Agriculture and
Fisheries (MAF) started analysing heavy metals in aquatic animal tissues in the
early 1970s; papers have been published on the levels in New Zealand molluscs
(Nielsen 1974, 1975; Nielsen and Nathan 1975) and snapper, Chrysophrys auratus
(Robertson et al. 1975). A programme was then set up in 1979 to determine
concentrations of mercury, cadmium, lead, copper, zinc, and organochlorine
pesticides in commercially important fish. Publications have treated mercury
levels in orange roughy, Hoplostethus atlanticus, (van den Broek and Tracey
1981) and 27 other deepwater fish species (van den Broek et al. 1981), as well
as the possible effects of mining on mercury, cadmium, copper, zinc, and
arsenic levels in Coromandel shellfish and finfish (Tracey and van den Broek
1987).

The Meat Divisiont of MAF has used the mercury analyses for export
certification of fish and shellfish; the New Zealand Health Department is
responsible for monitoring heavy metal levels in aquatic organisms to ensure
that they are safe for human consumption within New Zealand. The domestic
maximum permissible 1levels are contained in the Food Regulations 1984
(Statutory Regulations 1984/262) and replicated in Appendix 1.

Mercury is the heavy metal of most concern to human health. It is
particularly toxic as methyl mercury because of its ability to bond covalently
to enzyme sulphydryl functions and its 1ipid solubility (Hancock et al. 1977).
Lead and cadmium are also highly toxic to humans (Anon. 1972, D'Itri 1972,
Kurland et al. 1960, Settle and Patterson 1980).

This report summarises the heavy metal data held at FRC, excluding that
given by Tracey and van den Broek (1987), but including that by van den Broek
and Tracey (1981) and van den Broek et al. (1981) and including some
unpublished data collected by FRD.

METHODS

Tissue samples have been collected for heavy metal analysis from
78 aquatic species of fish, crustaceans, and molluscs by MAF since 1972. Most
marine fish and squid samples were collected at sea, but some were supplied by
New Zealand processing factories, and striped marlin (Tetrapturus audax) were
sampled at a Bay of Islands billfish tournament in 1980. Shelifish and
crustaceans were collected by dredging, diving, and shore wading; freshwater
fish and eels were collected by electric fishing. A1l specimens were
identified to the species level except for some skates which are difficult to
distinguish and are often not separated commercially.

Muscle tissue was taken from the 1left dorsal side of fish specimens,
directly posterior to the operculum, except with mixed skate (Raja spp.) and
rough skate (Raja nasuta), where flesh was taken from the wings, stargazer

* Now Fisheries Research Centre (FRC), MAFFish.
t Now Meat Services, MAFQual.



(Kathetostoma giganteum), where flesh was taken from the posterior body, and
southern bluefin tuna (Thunnus maccoyi), from which both tail and belly flesh
were taken. An additional subcutaneous muscle sample was taken from some
orange roughy (van den Broek and Tracey 1981). Mantle, digestive gland, and
gonad tissues were sampled from the squids; the whole organism was homogenised
for the shellfish analyses.

Heavy metal analysis before 1979 was done either at FRD or at the Meat
Monitoring Division*, Wallaceville Research Centre, MAF. All analyses after
1979 were done at Wallaceville. Both MAF divisions used the following methods:
total mercury was analysed by the method of Robertson et al. (1975), with minor
modifications (van den Broek et al. 1981); the analytical techniques used for
determining cadmium, copper, zinc, and lead concentrations were those of
Gorsuch (1959) and Brooks and Rumsey (1974); selenium levels were analysed by
the method of Watkinson (1966); and organochlorine levels were examined by the
technique of Solly and Harrison (1972).

Detection 1imits were: Cd, 0.01 mg.kg~l; Cu, 0 5 mg.kg~1; Hg, 0.01 mg.kg~1;
Zn, 1.0 mg.kg-1; Pb, 0.2 mg.kg-1; Se, 0.02 mg.kg-1; total DDT (i.e., DDT, DDD.
and DDE), 0.02 mg.kg'l; hexachlorobenzene (HCB), 0.01 mg.kg'l; lindane, 0.01
mg.kg'l; PCBs, 0.3 mg.kg'l. The reliability of values below these was doubtful
and has been recorded as "bd1" (below detection limits).

The analytical data were accumulated for each species and the mean,
standard error, and range were calculated for the concentrations of mercury,
cadmium, copper, zinc, lead, selenium, and organochlorines. Levels recorded in
the raw data as "tr" (trace) or bdl were treated as zero for statistical
purposes. The mean, standard error, and range were also calculated for the
corresponding lengths and weights of each species. The data were tabulated by
tissue type, geographic area, and total sample for each species (Tables 1-8).
Marine samples were grouped by the fisheries management areas current in 1979;
these are shown in Figure 1 with the collection sites for freshwater species.
Samples supplied by fishing companies were grouped into a "factory" category.
Where the area was not recorded, samples were put in the "unknown" category.

Lengths and weights were not recorded for all samples, so the number of
fish in the length or weight column of the tables may be less than the number
of fish in the corresponding heavy metal column. In some instances only
partial lengths and weights (i.e., of trunked and gutted fish) were recorded,
particularly with factory samples. Lengths were measured by the appropriate
FRC convention (Appendix 2).

DISCUSSION

The molluscan, crustacean, and most finfish samp]es had tota] mercury
levels below the domestic maximum permissible level of 0.5 mg. KP Those fish
species that had concentrations equal to or above 0.5 mg.kg™! were predatory
and long-lived species. Carnivorous fish ingest the accumulated mercury of
their prey items, and the higher a species is in the food chain, the higher its

* Now Chemical Residues, MAFTech.



mercury concentrations tend to be (Working Group on Mercury in Fish 1980).
Mercury has a long biological half-life in organisms, which leads to 1its
concentration over time (Brooks and Rumsey 1974), and longer-lived fish species
generally have higher mean mercury concentrations than shorter-lived species.
Older fish of the same species have higher mercury levels, and levels in
individuals tend to increase with fish length (van den Broek et al. 1981). The
variability of mercury levels at any length may thus reflect the error
associated with determining mercury levels, differences in individual growth
rates, and the variability of mercury levels encountered in the environment,
particularly if the uptake of mercury is rapid (Walker 1976).

Nineteen fish species had mean area mercury levels above the New Zealand
maximum permissible level (Table 2). Consideration should be given to the
small sample sizes of some of these species, particutarly mako shark (Isurus
oxyrinchus), seal shark (Dalatias licha), and Owston's spiny dogfish
(Centroscymnus owstonii), where only one sample was analysed.

A1l the finfish and crustacean species had concentrations of cadmium,
copper, lead, and zinc below the New Zealand maximum permissible levels. High
zinc and cadmium levels were found in the Bluff oyster (Tiostrea lutaria);
however, there is no maximum permissible level set for cadmium and zinc
concentrations in shellfish. Cadmium, copper, and zinc levels in arrow squid
(Nototodarus sloanii) and giant squid (Architeuthis sp.) digestive gland and
gonad tissue exceeded the maximum permissible levels. Very high levels of
these heavy metals 1in the digestive gland have also been observed in
Nototodarus gouldi (Finger and Smith 1987). The maximum permissible level for
selenium was exceeded in giant squid digestive gland tissue. The most commonly
consumed part of squid, the mantle, had lower than permissible levels of
cadmium, copper, and zinc in all regions except the west coast of the South
Island, where permissible cadmium levels were exceeded in arrow squid.

Fish accumulate heavy metals other than mercury less than molluscs, and in
New Zealand several studies have shown that mean levels are below the statutory
permissible levels (Brooks and Rumsey 1973, Tracey and van den Broek 1987).
Shellfish, particularly filter feeders, accumulate certain heavy metals,
e.g., cadmium levels above 3 mg.kg‘1 (Nielsen 1975) and zinc levels above
1000 mg.kg'1 (Thrower and Eustace 1973) have been found in oysters. Lead
concentrations were below the limits set in the Food Regulations 1984 in all
species.

We thank MAFFish staff and industry personnel who assisted with the
collection of tissue samples, and we gratefully acknowledge S. R. B. Solly,
M. Avrahami, and C. K. Fraser (Wallaceville Animal Research Centre, MAF) for
sample analysis and Jack Fenaughty (MAFFish) for computing assistance.
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Figure 1: Areas by which marine samples were grouped and freshwater sampling sites.
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Table 2: Fish with mean mercury levels (mg.kg‘l) above the domestic
permissible level of 0.5 mg.kg'1

Mercury
Species Area n level
Seal shark (Dalatias licha) ECNI 1 4.99
School shark (Galeorhinus galeus) ECNI 10 3.04
Mako shark (Isurus oxyrinchus) Campbell 1 2.37
Shovelnose spiny dogfish (Deania calcea) ECNI 6 2.19
Owston's spiny dogfish (Centroscymnus owstonii) ECNI 1 2.14
Northern spiny dogfish (Squalus blainvillei) WCSI 4 1.96
Southern bluefin tuna (Thunnus maccoyt) WCNI 6 1.60*
Mixed skate (Raja spp.) ECNI 1 1.59
Southern biluefin tuna (Thunnus maccoyi) WCNI 6 1.3871
Mixed skate (Raja spp.) WCSI 7 1.26
Striped marlin (Tetrapturus audax) ECNI 34 0.98
Ling (Genypterus blacodes) Auckland 31 0.94
Alfonsino (Beryx splendens) Factory 12 0.93
School shark (Galeorhinus galeus) WCNI 64 0.90
Ling (Genypterus blacodes) Factory 20 0.80
Bluenose (Hyperoglyphe antarctica) Campbell 4 0.79
Ling (Genypterus blacodes) WCSI 34 0.73
Rig (Mustelus lenticulatus) Unknown 7 0.66
Ling (Genypterus blacodes) Southland 29 0.64
Ribaldo (Mora moro) WCSI 21 0.58
Spiny dogfish (Squalus acanthias) WCSI 25 0.55
Hake (Merluccius australis) Campbell 3 0.52
Hapuku (Polyprion oxygeneios) WCNI 34 0.52
Ling (Genypterus blacodes) Campbell 178 0.52
Orange roughy (Hoplostethus atlanticus) Factory 151 0.52
Ghost shark (Hydrolagus novaezelandiae) Campbell 21 0.50

Tall flesh.
T Belly flesh.
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APPENDIX 1:

APPENDIX 2:

Fork length

Total length

New Zealand heavy metal maximum permissible levels for
"fish and fish products", including crustaceans and
molluscs (New Zealand Statutory Regulations 1984/262)

Heavy Concentration
metal (ppm)
Mercury 0.5
Cadmium 1.0*
Copper 30.0
Zinc 40.0
Lead 2.0
Selenium 2.0%

* Except shellfish.

Fisheries Research Centre conventions for length
measurement

Barracouta, bluenose, brown trout, alfonsino, blue
mackerel, jack mackerel, kahawai, kingfish, orange
perch, parore, ribaldo, rainbow trout, quinnat
salmon, southern blue whiting, gemfish, skipjack,
snapper, silverside, southern bluefin tuna, silver
warehou, tarakihi, trevally, common warehou, white
warehou

bass groper, blue cod, black flounder, black oreo,
brill, conger eel, gurnard, hake, hapuku, hoki,
javelin fish, John dory, lookdown dory,
leatherjacket, long-finned eel, 1ing, red cod,
short-finned eel, sea perch, smooth oreo, stargazer,
seal shark, Owston's spiny dogfish, elephant fish,
Lucifer dogfish, ghost shark, pale ghost shark, mako
shark, northern spiny dogfish, school shark,
shovelnose spiny dogfish, spiny dogfish, rig, witch

Standard length orange roughy

Rear of eye to fork striped marlin

Wing width skate

Mantle length arrow squid, giant squid
Carapace length rock lobster

Carapace width paddle crab

Longest dimension of shell Bluff oyster

from hinge to shell margin
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