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Important Notice
Although SARDI has taken all reasonable care in preparing this advice, neither SARDI nor its
officers accept any liability resulting from the interpretation or use of the information set out in
this document. Information contained in this document is subject to change without notice.
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Executive Summary
Arsenic is a toxic metalloid widely distributed in the environment. While it is acutely toxic in certain
occupational exposures, the primary concerns for public health are from chronic, low-dose,
cumulative exposures, principally via ingestion of inorganic arsenic in food and water. Arsenic is a
known human carcinogen and a developmental neurotoxin; chronic arsenic poisoning is associated
with increased incidences of diabetes and cardiovascular disease. Inorganic arsenic is more toxic
than organoarsenic forms, thus inorganic arsenic is the primary focus for public health risk
management.
From the understanding that seafood may contribute significantly to dietary exposure of arsenic, the
Food Standards Code in Australia contains a maximum limit for inorganic arsenic in seafood.
However, food safety authorities in several other countries and trans-national agencies have
withdrawn provisional tolerable intake levels and reference doses for inorganic arsenic, because of
epidemiological evidence of harmful effects at concentrations below recommended intakes. Neither
the Codex Alimentarius Commission nor the European Union currently has a standard for arsenic in
seafood.
This project provides an updated review of total and inorganic arsenic levels in Australian seafood in
order to inform future policy and risk management strategies. We sought to:
1

2
3
4

examine the ratios of inorganic to total arsenic in various types of seafood and determine if
total arsenic levels can be used as a management tool for screening of inorganic arsenic
concentrations
ascertain the levels of inorganic arsenic in seafood in relation to current Australian
maximum levels (MLs)
from the limited available data, make provisional estimates of the proportional contribution
of seafood to total dietary intake of inorganic arsenic in Australian consumers
determine if recommendations that FSANZ review the current MLs for arsenic in seafood
are warranted.

Australian State and Commonwealth agencies were invited to participate in a survey and analysis of
routine monitoring results of arsenic in seafood. State agencies from New South Wales, South
Australia, Tasmania and Victoria provided data, as did the National Residue Survey (Commonwealth
Department of Agriculture) and Food Standards Australia New Zealand (FSANZ). With the exception
of saucer scallops, arsenic levels from Australian monitoring programs since 2000 were broadly in
line with those seen in reports from the peer-reviewed literature on arsenic concentrations in
Australian marine food items.
All Australian monitoring programs showed – again excluding saucer scallops – that fish, shellfish
and crustaceans complied with current Australian Food Standard Code maximum levels for inorganic
arsenic, i.e. all molluscs (except saucer scallops) had inorganic arsenic concentrations below 1 mg kg1
wet weight, and inorganic arsenic levels in fish and crustaceans were all lower than 2 mg kg-1 wet
weight.
Saucer scallops represented the only incidence of non-compliance with Australian food safety
guidelines for inorganic arsenic, with high levels detected through the National Residue Survey
4

monitoring program. 31of 56 saucer scallop samples (i.e. 55%) were found to have inorganic arsenic
concentrations in excess of the ML. Of those 31 samples, 27 came from Queensland and four were
collected from Western Australia.
The proportion of total arsenic present as inorganic arsenic varied considerably across the various
seafood products tested. Average proportions of inorganic arsenic were very low in cartilaginous fish
and crustaceans (all <1.2% of total arsenic as inorganic arsenic). Maximum proportions of inorganic
arsenic were all less than 10%, again with the exception of saucer scallops, where the proportion of
arsenic as inorganic species showed high variability.
Recommendations consequent to this review are for fishery and laboratory-based studies to
investigate arsenic in scallops, including research into the differential influences of scallop species
and geographic location on arsenic bioaccumulation.
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Introduction & Background
Arsenic is a metalloid widely distributed in the environment; both natural and anthropogenic
sources contribute to environmental arsenic loads. Some 60% of atmospheric arsenic is estimated
to originate from mining operations as point source emissions which are transported and dispersed
as airborne particulates [1].
The bioavailability – and therefore toxicity – of arsenic depends on its chemical speciation.
Organoarsenic forms such as arsenobetaine and arsenocholine are weakly bioavailable in humans,
and are considered essentially non-toxic. Inorganic arsenic forms are much more toxic. Long-term,
sub-clinical exposures to inorganic arsenic are associated in humans with adverse health effects such
as cancer, skin lesions, diabetes, cardiovascular disease and developmental neurotoxicity [2, 3].
Arsenic and inorganic arsenic compounds are classified by the World Health Organization’s
International Agency for Research on Cancer as carcinogenic to humans (Group 1 carcinogen) [4].
Much of the epidemiological knowledge base on adverse impacts of chronic arsenic exposure and
subsequent risk assessment considerations are informed by the issue of inorganic arsenic species in
drinking water, with particular problems of endemic arsenicosis seen in some regions of the world,
in particular in the Indian sub-continent and some parts of China [5].
Because arsenic is so widely distributed in the environment, most foods contain this element. Foods
of marine origin, i.e. fish, shellfish, crustaceans and seaweeds, carry high arsenic concentrations
relative to foods from terrestrial sources. Some 90% of dietary arsenic in the USA has been
estimated to arise through consumption of seafood [6]. However, the chemical speciation of arsenic
in seafood is principally found as non-toxic organo-arsenic forms [6-8].
Some agencies and research workers have adopted a “rule-of-thumb” for seafood safety risk
assessment considerations, whereby 10 percent of total arsenic is considered to be present as
inorganic arsenic species, e.g. [9-13]. Previous assessments of Australian data indicate that the
average proportion of inorganic arsenic in oysters was 1.5% of total arsenic [14] and the 1987/88
New Zealand Total Diet Survey reported an average proportion of 6% of total arsenic as the
inorganic form in finfish and oysters [15].
The Australia New Zealand Food Standards Code (Standard 1.4.1: Contaminants and Natural
Toxicants) [16] contains a maximum limit (ML) for inorganic arsenic in seafood of 1 mg kg-1 for
molluscs and 2 mg kg-1 for fish and crustaceans. However, food safety authorities in several other
countries and trans-national agencies have recently withdrawn provisional tolerable intake levels
and reference doses for inorganic arsenic, because of epidemiological evidence of harmful effects at
concentrations below recommended intakes. Neither Codex nor the European Union has a standard
for arsenic in seafood.
A 2011 SafeFish report by Sumner on hazards arising from pathogenic microbes, toxic metals and
algal biotoxins in Australian seafood [17] recommended that a re-appraisal of the ML for arsenic in
seafood be made, asserting that the ML for arsenic in molluscan shellfish is too low. SafeFish
prioritised the issue of arsenic in seafood in response to the Sumner report, therefore initiating this
review. However, some aspects of the rationale presented by Sumner for predicating that the ML is
too low deserve closer scrutiny (see Appendix 1).
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Aims
The aims of this project were to conduct an updated review of total and inorganic arsenic levels in
Australian seafood in order to inform future policy and risk management strategies. We sought to:
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examine the ratios of inorganic to total arsenic in various types of seafood and determine if
total arsenic levels can be used as a management tool for screening of inorganic arsenic
concentrations
ascertain the levels of inorganic arsenic in seafood in relation to current Australian
maximum levels (MLs)
from the limited available data, make provisional estimates of the proportion of inorganic
arsenic that seafood may contribute to total dietary arsenic intake in Australian consumers
(noting that some national and trans-national agencies have withdrawn provisional
tolerable intake levels and reference doses for inorganic arsenic, thus precluding routine
exposure and risk assessments)
determine if recommendations that FSANZ review the current MLs for arsenic in seafood
are warranted.

Methods
A call for data was made in November 2013. The following agencies were invited to participate by
providing results of their routine and/or irregular monitoring programs to detect and measure
arsenic in fish, shellfish and crustaceans since the year 2000:





State shellfish quality assurance programs in New South Wales, Northern Territory,
Queensland, South Australia, Tasmania, Victoria and Western Australia
Commonwealth Department of Agriculture (National Residue Survey)
Commonwealth Department of Agriculture (Imported Food Program)
Food Standards Australia New Zealand

Data were provided by the shellfish monitoring programs from NSW, South Australia, Tasmania and
Victoria. The National Residue Survey presented a large dataset; the Department of Agriculture’s
Imported Food Program (IFP) contributed results for edible seaweed, which is the only imported
food product tested by IFP for arsenic. We did not incorporate results of analyses conducted on
seaweed for this review of arsenic in seafood. FSANZ provided results from the 20th and 23rd
Australian Total Diet Studies as well as spot surveys sampled from NSW retail outlets in 2005 and
2010.
Agencies that responded to our call for data were then asked to provide details of analytical
methods (analytical instrument, authoritative method, QA program, accreditation status of
contracted laboratory). For total arsenic, all analyses were conducted by either ICP-MS or ICP-OES
following acid digestion using ultrapure nitric acid. One laboratory adopted aqua regia (3:1 v/v
HCl:HNO3) digestion in 2009, supplanting nitric acid digestion. Laboratories that undertook analyses
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for inorganic arsenic described appropriate methods, such as perchloric acid digestion followed by
hydride generation. One agency declined to identify the specific laboratory that conducted their
arsenic analysis of seafood samples, citing commercial-in-confidence considerations; however that
agency stated that samples were tested using an acid digestion method, with analyte quantification
by either ICP-MS or ICP-OES, and that the agency had confirmed that the accreditation status of the
contracted laboratory was satisfactory. Another agency was unable to identify the specific analytical
provider from their records for n = 14 finfish samples collected and tested in 2005, but could confirm
that those samples were analysed by microwave digestion using nitric acid and quantified by either
ICP-MS or ICP-OES. Named laboratories conducting arsenic testing were all located in Australia, and
were either government or commercial NATA-accredited analytical service providers. Therefore,
from the information provided, arsenic data in seafood samples provided to us for this report would
appear to have been generated by reputable analytical laboratories using modern methods and
instruments, and would therefore appear to be sufficiently robust for our purposes of statistical
comparison and graphical presentation.
Data were compiled, collated and summarised in tables and graphs. Inorganic to total arsenic ratios
were determined for each seafood type from samples analysed for both total and inorganic arsenic.
In this way, summary statistics (median, range, mean, standard deviation) of inorganic to total As
ratios could be calculated.
Data are presented both as combined datasets, using results from all providers, and then by
individual agencies. Results of arsenic testing in various fish species were pooled and collated into
two groups and presented as either “Bony fish” (all Osteichthyes) or “Shark” (all Chondrichthyes).
Results that were below analytical reporting limits (LOR) were allocated values of 0.5 x LOR for
calculation of summary statistics and graphical presentation.
Due to high levels of arsenic in scallops, this category of seafood was further examined. Two groups
of scallops were identified, saucer scallops (Western Australia and Queensland), and
commercial/doughboy scallops (Tasmania and Victoria). Of the 129 scallop samples analysed for
total and inorganic arsenic, 53 either did not list scallop species or were identified by a generic name
such as “southern scallops”. Attribution of samples to identifying groups was made on the basis of
known commercial fisheries in these cases.
Recent epidemiological studies reporting the carcinogenicity potential of inorganic arsenic have cast
doubt on earlier risk assessment calculations, such that some national and international public
health agencies have rescinded health-based guideline values for arsenic such as reference dose
(RfD) and tolerable daily intake (TDI) estimates. Because these values are necessary quantitative
inputs for risk assessment considerations, we therefore conducted a provisional exposure
assessment from available data, including that generated by this review. Our approach combines
estimates of European inorganic arsenic daily intake with estimates of daily Australian seafood
consumption to place the monitoring data on inorganic arsenic measured in Australian seafoods into
context. The rationale, methods and results of this exposure assessment are presented as a discrete
exercise later in this report (see Provisional exposure assessment to inorganic arsenic in Australian
seafood, p.28), with further consideration of the exposure assessment in the Discussion section
(p.34).
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Results
Table 1 presents a non-exhaustive summary from the peer-reviewed literature of arsenic measured in Australian marine animals that are human food
items, either through commercial, recreational or traditional harvesting. Reported concentrations presented in Table 1 are all from analyses conducted on
muscle tissue or edible parts; some cited publications also present results of tests on other tissues (e.g. decapod hepatopancreas) but those are not
tabulated here.
Table 1. Arsenic concentrations in Australian marine fauna that comprise human food items: published literature
Common name
Stout Longtom
Dusky Flathead

Bony Fish

Southern Sand
Flathead

Tiger Flathead
Yellowfin Bream

Common
Silverbiddy
Fanbelly
Leatherjacket
Bluestriped
Goatfish
Sea Mullet

Location

n

Total arsenic
mean [SD]
(range)

10
7
12
14

1.7 [1.7]
1.2 [0.2]
0.2 (0.1 – 0.4)
2.4 (0.5 – 9.0)

≤30

11 [5.3]

34

4.9 (<0.25 – 10)

≤60

1.4 [1.3]

Gerres subfasciatus

Lake Macquarie, NSW
Lake Macquarie, NSW
NSW fishing ports
Port Lincoln &
Kangaroo Is, SA
Port Phillip Bay &
coastal Victoria
Spencer Gulf & Coffin
Bay, SA
Victorian coastal
waters
Lake Macquarie, NSW
NSW fishing ports
Jervis Bay, NSW
Lake Macquarie, NSW

10
12
29
10

Monacanthus chinensis

Lake Macquarie, NSW

Upeneichthys lineatus

Species
Tylosurus gavialoides
Platycephalus fuscus

P. bassensis

Neoplatycephalus
richardsoni
Acanthopagrus
australis

Mugil cephalus

Inorganic arsenic
mean [SD]
(range)

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

wet

AAS
AAS
colorimetric
colorimetric

[18]
[18]
[19]
[20]

wet

AAS

[21]

wet

colorimetric

[20]

wet

AAS

[21]

6.2 [0.4]
1.1 (0.1 – 2.4)
2.8 [0.8]
6 [1]

dry
wet
dry
dry

AAS
colorimetric
AAS or ICP-MS
AAS

[18]
[19]
[22]
[18]

9

11 [2]

dry

AAS

[18]

Spencer Gulf, SA

7

14 (7 – 25)

wet

colorimetric

[20]

Lake Macquarie, NSW
NSW fishing ports
Port Curtis, QLD

10
12
5

3.0 [0.3]
0.8 (0.1 – 3.8)
0.92 – 1.6

dry
wet
wet

AAS
colorimetric
ICP-MS

[18]
[19]
[23]

9

dry
dry

0.01

0.009

Common name
Luderick
Snapper

Tailor
Mulloway
Yellowtail Kingfish
Eastern Australian
Salmon
Yellowfin Tuna
Australian Sardine
Eastern Sea Garfish
Southern Garfish
King George
Whiting

Cartilaginous fish

Australian Herring
Sculptured Goby
Australian
Angelshark
Southern Eagle Ray
Bronze Whaler
Shark
Black Stingray
Dusky Whaler
Shark
Sandbar Shark
White Shark

Inorganic arsenic
mean [SD]
(range)

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

0.02

dry
wet
wet

AAS
colorimetric
AAS

[18]
[19]
[21]

0.4 (0.2 – 1.4)
0.6 (<LOR – 2.3)
0.6 (0.4 – 1.0)
0.3 (0.1 – 0.5)

wet
wet
wet
wet

colorimetric
colorimetric
colorimetric
colorimetric

[19]
[19]
[19]
[19]

8
10
5

1.0 (0.2 – 2.2)
6.2
6.6 (0.82 – 8.4)

0.03 (ND – 0.04)

wet
wet
dry

colorimetric
colorimetric
AAS

[19]
[20]
[24]

8.6

0.7

dry

AAS

[25]

11 (8.6 – 14)
22 (10 – 44)
9.8

0.04 (0.02 – 0.05)
1.2

dry
wet
dry

AAS
colorimetric
AAS

[24]
[20]
[25]

Gulf St. Vincent, SA
Gulf St. Vincent, SA

1 (pooled
from n =5)
5
98
1 (pooled
from n =5)
4
3

5.6 (3.0 – 7.2)
2.7 (1.0 – 3.6)

0.06 (0.03 – 0.07)
0.02 (ND – 0.03)

dry
dry

AAS
AAS

[24]
[24]

Spencer Gulf, SA

2

(25 – 100)

wet

colorimetric

[20]

Myliobatis australis
Carcharhinus
brachyurus
Dasyatis thetidis
Carcharhinus obscurus

Spencer Gulf, SA
Althorpe Is, SA
Streaky Bay, SA
Cockburn Sound, WA
NSW coastal waters

1
3
1
NS
12

94
38 (31 – 50)
13
20
(30-100)#

wet
wet
wet
NS
dry

colorimetric
colorimetric
colorimetric
AAS
ICP-MS

[20]
[20]
[20]
[26]
[27]

Carcharhinus plumbeus
Carcharodon
carcharias

NSW coastal waters
NSW coastal waters

12
6

(82-150)#
(55-75)#

dry
dry

ICP-MS
ICP-MS

[27]
[27]

Species
Girella tricuspidata
Pagrus auratus

Pomatomus saltatrix
Argyrosomus japonicus
Seriola lalandi
Arripis trutta
Thunnus albacores
Sardinops sagax
Hyporhamphus
australis
Hyporhamphus
melanochir
Sillaginodes punctata

Arripis georgianus
Callogobius mucosus
Squatina australis

Location

n

Total arsenic
mean [SD]
(range)

Lake Macquarie, NSW
NSW fishing ports
Port Phillip Bay &
coastal Victoria
NSW fishing ports
NSW fishing ports
NSW fishing ports
NSW fishing ports

10
12
≤75

2.3 [0.6]
2.2 (0.4 – 4.4)
4.7 [4.3]

11
12
8
8

NSW fishing ports
Spencer Gulf, SA
Gulf St. Vincent, SA
South Australia
Gulf St. Vincent, SA
Various SA fisheries
South Australia
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Common name
Blue Swimmer Crab

Mud Crab

Decapod crustaceans

Southern
Rocklobster

Species
Portunus pelagicus

Scylla serrata

Jasus edwardsii

Eastern
Rocklobster

J. verreauxii

Western
Rocklobster
Bay Prawn

Panulirus cygnus

School Prawn

Eastern King Prawn
Western King
Prawn

Metapenaeus
bennettae
M. macleayi

Penaeus plebejus
Penaeus latisulcatus

Location

n

Total arsenic
mean [SD]
(range)

Lake Macquarie, NSW
Botany Bay, NSW

9
6

27 [4]
3.1* [1.2 – 5.9]*

Spencer Gulf, SA
South Australia

6
1 (pooled
from n =5)
8

(25 – 39)
48

Coffs Harbour, NSW
Queensland estuaries
(Cairns to Brisbane)
Victorian coastal
waters
Gulf St. Vincent, SA
Discovery Bay, SA
Bucks Bay, SA
Avoid Bay, SA
Kangaroo Is, SA
South Australia
Wallis Lake, Coffs
Harbour + Sydney
Fish Market
Western Australia
Garden Is, WA
Lake Macquarie, NSW
Various NSW
estuaries and
harbours
NSW estuaries +
Sydney Fish Market
Gulf St. Vincent, SA
Gulf St. Vincent, SA
Spencer Gulf, SA

Inorganic arsenic
mean [SD]
(range)

0.07 (<LOR –
0.18)
0.4

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

dry
wet

AAS
AAS

[18]
[28]

wet
dry

colorimetric
AAS

[20]
[25]

wet

AAS

[28]

dry

ICP-MS or ICP-OES

[29]

0.05 (<LOR –
0.13)

87

1.9* [<LOR –
4.0]*
18

≤60

51 [19]

0.06

wet

AAS

[21]

3
1
2
5
2
1 (pooled
from n =5)
45

62 (46 – 91)
30
(11 – 14)
36 (20 – 52)
(48 – 49)
67

0.46 (0.32 – 0.87)

0.7

dry
wet
wet
wet
wet
dry

AAS
colorimetric
AAS
AAS
AAS
AAS

[24]
[20]
[20]
[20]
[20]
[25]

25* [12 – 54*]

0.25 (0.12 – 0.41)

wet

AAS

[28]

NS
NS
10

26
20
8 [1]

NS
NS
dry

AAS
AAS
AAS

[30]
[26]
[18]

6

3.1* [<LOR –
5.1]*

0.07 (<LOR –
0.15)

wet

AAS

[28]

18

6.5* [2.8 – 15]*

0.05 (<LOR – 0.3)

wet

AAS

[28]

10
39
8

18 (11 – 23)
35
50

0.11 (0.06 – 0.18)

dry
wet
wet

AAS
colorimetric
colorimetric

[24]
[20]
[20]
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Common name

Royal Red Prawn
New Zealand
Snapping Shrimp
Unidentified
Penaeid prawn
Estuarine
Periwinkle
Hercules Club Mud
Whelk
Mud Whelk
Mangrove Snail

Blue Mussel

Milky Oyster
Blacklip Oyster
Sydney Rock Oyster
Sydney Rock Oyster
Sydney Rock Oyster

Total arsenic
mean [SD]
(range)

Inorganic arsenic
mean [SD]
(range)

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

21

0.5

dry

AAS

[25]

4.2* [3.5 – 5.1]*
9.7 (7.1 – 13)
8.4

0.04 (0.03 – 0.05)
0.14 (0.07 – 0.15)
1.0

wet
dry
dry

AAS
AAS
AAS

[28]
[24]
[25]

3.6 [0.2]

dry

AAS or ICP-MS

[22]

10
56
52

8.4 [0.6]
9 [2]
14 [2]

dry
dry
dry

AAS
AAS or ICP-MS
AAS or ICP-MS

[18]
[22]
[22]

5

1.5 – 2.4

wet

ICP-MS

[23]

5 (pooled
from n = 3)
≤75

2.0 – 4.1
7.7 [4.5]

0.03

wet

AAS

[21]

5
5
1 (pooled
from n =5)
10
NS
1 (pooled
from n =5)
23
11

4.8 (3.4 – 6.2)
2.9 (1.2 – 5.6)
22

0.07 (0.03 – 0.17)
0.03 (0.01 – 0.06)
0.8

wet
wet
dry

AAS
AAS
AAS

[20]
[20]
[25]

15 (13 – 22)
1
20

0.22 (0.11 – 0.36)

dry
NS
dry

AAS
AAS
AAS

[24]
[26]
[25]

15
(3.3 – 16)

dry
wet

ICP-MS
AAS

[31]
[32]

16
5 (pooled
from n =9)

8.6 [0.5]
2.7 – 13

dry
wet

AAS or ICP-MS
ICP-MS

[22]
[23]

Location

n

South Australia

Jervis Bay, NSW

1 (pooled
from n =5)
3
3
1 (pooled
from n =5)
12

Lake Macquarie, NSW
Jervis Bay, NSW
Jervis Bay, NSW

Telescopium
telescopium
Nerita balteata

Port Curtis, QLD

Haliotis rubra

Port Phillip Bay &
coastal Victoria
Kangaroo Is, SA
Anxious Bay, SA
South Australia

Haliporoides sibogae
Alpheus
novaezealandiae
Penaeus spp.

Bembicium auratum
Pyrazus ebeninius

Molluscs

Blacklip Abalone

Species

Mytilus sp.

Saccostrea amasa
S. echinata
S. glomerata
S. glomerata
S. glomerata

Wollongong, NSW
Gulf St. Vincent, SA
South Australia

Gulf St. Vincent, SA
Cockburn Sound, WA
South Australia
Eyre Peninsula, SA
Gladstone, QLD

Jervis Bay, NSW
Port Curtis, QLD

12

1.0

Common name

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

58
5
5.5 (1.5 – 8.6)
5
(5-17)

dry
wet
wet
wet
dry

AAS
colorimetric
colorimetric & AAS
colorimetric
AAS

[33]
[20]
[20]
[20]
[33]

11

(1.7 – 4.4)

wet

AAS

[32]

Lizard Is, QLD
Lizard Is, QLD

NS
NS

(12 – 25)
12

dry
dry

AAS
AAS

[33]
[33]

Amusium balloti

Bundaberg &
Gladstone, QLD

(1.5 – 1.9)

wet

ICP-MS

[34]

Pecten maximus

Gulf St. Vincent, SA
South Australia

2 (pooled
from
unstated
number of
specimens)
10
1 (pooled
from n =5)
3
1 (pooled
from n =5)
4
1 (pooled
from n =5)
6
NS
1
1 (pooled
from n =5)

36 (25 – 47)
39

0.22 (ND – 0.55)
0.8

dry
dry

AAS
AAS

[24]
[25]

18
60

0.4

wet
dry

colorimetric
AAS

[20]
[25]

13 (12 – 15)
51

0.6

wet
dry

colorimetric
AAS

[20]
[25]

wet
dry
wet
dry

colorimetric
AAS
colorimetric
AAS

[20]
[24]
[20]
[25]

Species

Rock Oyster
Pacific Oyster

Saccostrea sp.
Crassostrea gigas

Native Oyster
Sydney Rock Oyster
Commercial Scallop
Doughboy scallop

Ostrea angasi
S. glomerata
Pecten fumatus
Mimachlamys
asperrima
Mytilus sp.
Telescopium
telescopium
Tridacna maxima
Tridacna derasa

Mussel
Mud Whelk
Small Giant Clam
Southern Giant
Clam
Saucer Scallop

King Scallop

Queen Scallop

Razor Clam

Cockle
Southern Calamari

Equichlamys bifrons

Pinna bicolor

Katelysia spp.
Sepioteuthis australis

Location

n

Total arsenic
mean [SD]
(range)

Lizard Is, QLD
Coffin Bay, SA
Gulf St. Vincent, SA
Spencer Gulf, SA
Jervis Bay, NSW

NS
>1
>187
>1
NS

Gladstone, QLD

Spencer Gulf, SA
South Australia
Spencer Gulf, SA
South Australia
Gulf St. Vincent, SA
Gulf St. Vincent, SA
Spencer Gulf, SA
South Australia

13

30
6.4 (3.9 – 8.8)
18
6.9

Inorganic arsenic
mean [SD]
(range)

0.05 (0.02 – 0.09)
0.7

Common name
Australian Giant
Cuttlefish

Species
Sepia apama

Location

n

Total arsenic
mean [SD]
(range)

Spencer Gulf, SA

3

(42 – 82)

*: analysed and reported as organic arsenic
#: values interpolated from published histograms, therefore tabulated values are approximations
NS: not stated
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Inorganic arsenic
mean [SD]
(range)

Reported arsenic
concentrations:
wet or dry weight

Analytical method

Reference

wet

colorimetric

[20]

Summary Statistics
Table 2 presents summary statistics for all data received from Australian food safety agencies. Total and inorganic arsenic results are given separately.
These data are also presented graphically, as box-and-whisker plots, in Figures 1-3. Figure 1 shows total arsenic values from Australian seafood monitoring
programs. Figures 2 and 3 present inorganic arsenic measurements; inorganic arsenic data were log10-transformed to allow more detailed interpretation
(Fig. 3). Data on particular seafood types in Figs 1-3 are arranged in left to right order of decreasing mean arsenic concentration. Table 2 and Figures 2 & 3
incorporate the Australian maximum permissible concentrations for inorganic arsenic in seafood, these being 1 mg kg-1 in molluscs and 2 mg kg-1 in fish or
crustaceans [16].

Table 2. Total and inorganic arsenic in Australian seafood: monitoring data from Australian food safety authorities

Total arsenic
-1
mg kg wet weight

n
Minimum
Median
Maximum
Mean

All agencies
data

Oyster

Mussel

Pipi

Cockle

Scallop

1015
<LOR
2.9
150
8.2

462
<LOR
2.7
18
3.0

77
0.8
2.5
8.6
2.9

12
2.4
3.2
5.5
3.7

14
4.4
8.0
23
11

58
1.1
6.1
16
6.2

41
1.4
2.5
14
3.2

71
<LOR
0.75
4.9
1.1
31

45
<LOR
0.04
0.55
0.06
0

Inorganic arsenic
-1
mg kg wet weight

n
354
66
14
Minimum
<LOR
0.02
0.02
Median
0.04
0.04
0.03
Maximum
4.9
0.39
0.11
Mean
0.3
0.11
0.04
-1
n >1 mg kg (molluscs)
31
0
0
-1
n >2 mg kg (fish &
0
crustaceans)
-1
1 mg kg is the Australian maximum allowable concentration of inorganic As in molluscs
-1
2 mg kg is the Australian maximum allowable concentration of inorganic As in fish and crustaceans
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Product
Abalone

Bony
fish
179
<LOR
1.0
29
2.3

Shark

Crab

Lobster

Prawn

10
2.5
12
41
16

55
24
44
82
49

43
5.7
42
150
45

64
0.28
13
26
11

34
<LOR
0.03
0.08
0.03

10
<LOR
<LOR
<LOR
<LOR

7
<LOR
<LOR
0.012
<LOR

42
<LOR
0.03
0.19
0.05

65
<LOR
0.03
0.11
0.03

0

0

0

0

0

Figure 1. Total arsenic measured in Australian seafood by food safety monitoring programs
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Figure 2. Inorganic arsenic measured in Australian seafood by food safety monitoring programs

Figure 3. Inorganic arsenic (log10 transformed data from Fig. 2, linear scale in mg kg-1) measured in
Australian seafood by food safety monitoring programs
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Table 3 presents inorganic arsenic to total arsenic ratios of the various seafood types, calculated
from n =205 samples that were analysed for both total arsenic and inorganic arsenic.
Figures 4 to 21 summarise arsenic monitoring data provided by individual participating food safety
agencies.

Table 3. Proportion of total arsenic present as inorganic arsenic: samples analysed for both total
and inorganic arsenic

Proportion
of arsenic
as
inorganic
As (%)

n
Minimum
Median
Maximum
Mean
SD

Oyster

Mussel

35
0.23
1.8
8.7
2.6
1.96

14
0.8
1.6
7.3
2.3
1.97

Saucer
Scallop
31
0.05
23
43
20
12.3

Abalone
17
0.04
0.53
3.5
1.0
1.10

Product
Bony
fish
27
0.10
2.7
5.9
2.3
1.66

Shark

Crab

Lobster

Prawn

10
0.06
0.21
1.0
0.3
0.289

7
0.008
0.02
0.03
0.02
0.0073

14
0.008
0.04
0.11
0.05
0.036

50
0.02
0.37
8.9
1.2
1.84

Arsenic monitoring by participating agencies
1. Food Standards Australia New Zealand
FSANZ provided data from two spot surveys conducted on seafood purchased from NSW retail
outlets. The 2005 survey comprised samples (n = 14) of various finfish types, mostly aquaculture
products (tilapia, basa, salmon, barramundi etc). The 2010 study involved only cartilaginous fish (n =
10), i.e. shark and ray. Analysis of a single specimen of Pacific Salmon sourced from New Zealand
was also conducted under the auspices of FSANZ. This latter sample is the only analysis of arsenic in
seafood known to be imported product that was made available to the authors of this review,
however, it is entirely possible that the provenance of some products sampled from retail outlets
may lie outside of Australia. Figure 4 shows results of total arsenic measurements in fish sampled by
FSANZ.
The ten shark and ray specimens sampled in 2010 were subjected to analysis of both total and
inorganic arsenic. Figure 5 shows results of these measurements; all ten shark samples had inorganic
arsenic levels below reporting limits.
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Figure 4. FSANZ arsenic in seafood monitoring surveys

Figure 5. FSANZ arsenic monitoring in shark & ray (log10 transformed from data in mg kg-1 linear
scale)
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FSANZ also contributed results of arsenic testing on seafood conducted for the Australian Total Diet
Study (ATDS) program. Data from the 20th ATDS (sampled in 2000, n = 72) and the 23rd ATDS
(sampled in 2008, n = 26) were included in this review and analysis of arsenic in seafood. The ATDS
program measured total and inorganic arsenic in fish sampled from various retail outlets (e.g.
supermarkets, takeaway food establishments), canned tuna and prawns. Figures 6 (linear scale) and
7 (log10 transformed) present total arsenic data in seafood from the 20th and 23rd ATDS surveys.
These samples were also tested for inorganic arsenic; all samples returned values below reporting
limits.

Figure 6. FSANZ total arsenic monitoring, 20th & 23rd Australian Total Diet Study program
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Figure 7. FSANZ total arsenic monitoring, 20th & 23rd Australian Total Diet Study program (log10
transformed from data in Fig.6, linear scale in mg kg-1)

2. National Residue Survey
NRS provided a large dataset of arsenic analyses in seafood samples. After excluding analyses
conducted prior to 2000, n = 334 samples were measured for total arsenic. A total of n = 203
samples were measured for inorganic arsenic, of which n = 103 were analysed only for inorganic
arsenic, and n = 100 samples had both total and inorganic arsenic measured. Figure 8 presents total
arsenic results; Figure 9 shows inorganic arsenic.
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Figure 8. NRS seafood monitoring: total arsenic

Figure 9. NRS seafood monitoring: inorganic arsenic (log10 transformed from data in mg kg-1 linear
scale).
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3. NSW Food Authority Shellfish Program
NSWFA shellfish monitoring is principally focused on oyster fisheries; limited monitoring of mussel
and cockle beds is also conducted. Arsenic monitoring commenced in 2002, with testing for
inorganic As. Total arsenic was measured in subsequent surveys, which are conducted triennially; a
sub-set of samples collected in 2008 was also tested for inorganic arsenic. Figures 10 and 11 present
results of NSW shellfish testing for arsenic.

Figure 10. NSWFA shellfish monitoring: total arsenic. Cockles n = 2; mussels n =3; oysters n = 137.

Figure 11. NSWFA shellfish monitoring: inorganic arsenic. Oysters n = 53; mussels n = 2.
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4. South Australian Shellfish Quality Assurance Program
The South Australian Government monitors oyster, mussel, pipi and cockle fisheries for total arsenic
on an annual basis. Figure 12 presents results of SASQAP monitoring conducted since 2000.

Figure 12. South Australia shellfish monitoring: total arsenic. Cockles n = 11; mussels n = 39;
oysters n = 197; pipis n = 12.

5. Tasmanian Shellfish Quality Assurance Program
The Tasmanian Government monitors oyster and mussel fisheries for arsenic, with limited sampling
by industry operators from scallop and cockle beds. Total arsenic is the principal focus of TSQAP,
however some inorganic arsenic testing is conducted. Ten samples of Bass Strait scallops were
purchased from retail outlets in 2003 and analysed for inorganic As only; only one sample was found
to have levels above the laboratory reporting limit (see Fig. 16). Oysters and mussels tested for
inorganic arsenic in 2003 prior to July appeared to be subject to batch-related laboratory failures
and are not reported; results of testing for inorganic arsenic in July and August are presented here.
Figures 13-16 present results of Tasmania’s shellfish monitoring program. Fig. 15 shows the same
data as presented in Fig. 14, after logarithmic transformation for ease of visual interpretation.
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Figure 13. Tasmanian shellfish monitoring: total arsenic. Cockles n = 1; scallop n = 4; oysters n =
118; mussels n = 24.

Figure 14. Tasmanian shellfish monitoring: total & inorganic As in oyster (n = 7) + mussel (n =1)
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Figure 15. Tasmanian shellfish monitoring: log10 total & inorganic As in oyster (n = 7) + mussel (n =1)
(log10 transformed from data in Fig.14, linear scale in mg kg-1)

Figure 16. Tasmanian shellfish monitoring: inorganic arsenic in Bass Strait scallop
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6. Victorian shellfish monitoring
Fisheries Victoria monitors mussel beds in Port Phillip Bay and Westernport for arsenic. Results of
testing, which commenced in 2006, are shown in Figures 20 and 21. Fig. 21 shows the same data as
presented in Fig. 20, after logarithmic transformation for ease of visual interpretation.

Figure 20. Victorian shellfish monitoring: total arsenic (n = 19) & inorganic arsenic (n = 11) in
mussels

Figure 21. Victorian shellfish monitoring: log10 total arsenic & inorganic arsenic in mussels (log10
transformed from data in Fig.20, linear scale in mg kg-1)
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Arsenic in Australian Scallops
Table 4 presents summary statistics for all scallop data received from all Australian food safety
authorities. Total and inorganic arsenic results are given separately.
Table 4. Total and inorganic arsenic in Australian scallops: monitoring data from Australian food
safety authorities
Product
Saucer Scallop
Total arsenic
-1
mg kg wet weight

n
Minimum
Median
Maximum
Mean

Inorganic arsenic
-1
mg kg wet weight

n
Minimum
Median
Maximum
Mean
-1
n >1 mg kg (molluscs)

45
3
7.7
16
7.5

Commercial/Doughboy
Scallop
13
1.1
1.3
2.1
1.4

56
<LOR
1.25
4.9
1.3
31

15
<LOR
0.05
0.76
0.2
0

Provisional Exposure Assessment to Inorganic Arsenic in Australian Seafood
Food safety authorities in several countries and trans-national agencies have withdrawn healthbased guideline values such as provisional tolerable intake levels and reference doses for inorganic
arsenic, because of epidemiological evidence of harmful effects at concentrations below
recommended intakes [3, 35, 36]. Until more reliable toxicological and epidemiological evidence can
inform updated quantitative risk assessment considerations, some agencies make generic advisories
and recommendations such as: “Dietary exposure to inorganic arsenic should be reduced” [35] and
“...it is ...preferable to minimise exposure by trying to adhere to the ALARA (as low as reasonably
achievable) principle” [36].
In order to place the results of Australian seafood monitoring for arsenic into a broader context, we
examined estimates of inorganic arsenic daily dietary intake (including drinking water). The World
Health Organization (WHO) lists population-based estimates of daily intake of inorganic arsenic from
several regions and countries, including Europe, North America, Asia and Chile [3] (Table 7, p.33). In
the absence of published estimates for the Australian population, we chose the recently-updated
European estimates – both for average and 95th-percentile consumers – of daily inorganic arsenic
intake from food and water [37] as the most appropriate substitute to apply to the Australian
situation. Of the countries for which FAO/WHO presents daily inorganic arsenic estimates [3], we
selected the European dataset as proxy data to apply to exposure assessment calculations for
Australia as it was a large dataset (n >30,000), and Europe, with its majority Caucasian population,
stable political structures and trading arrangements, was considered broadly comparable to
Australia in terms of socio-economic and demographic profiles (more so than Asian countries
examined by FAO/WHO [3] Table 7).
We applied the current mean body weight of Australian adult males (85.9kg) to the European daily
inorganic arsenic intake estimates for these comparisons. We then allocated median and mean
28

estimates of seafood consumption by Australians, using data from the 2011-12 National Nutrition
and Physical Health Survey, published by the Australian Bureau of Statistics (ABS). Median seafood
consumption values are likely to be more representative of seafood consumers; median values
tabulated by ABS are derived from only surveyed individuals that consumed the particular food item.
For example, median daily consumption of crustaceans and molluscs in adults was 74.4g, whereas
mean daily consumption was 1.7g. Only 1.8% of adult Australians reportedly consumed crustaceans
and molluscs in the previous 24 hours [38].
Table 5 presents inorganic arsenic daily intake estimates for Australian seafoods as a proportion of
evaluated daily intake levels. A range of assumptions are used to calculate the European daily intake
estimates, from general principles relating to ambiguities and qualifications through use of the EFSA
food consumption database for exposure assessment [39] to specific uncertainties pertaining to
determination of dietary exposures to inorganic arsenic [37]. Therefore applying these estimates –
as well as our use of European daily inorganic arsenic intakes in the absence of published and
accessible Australian data – to various scenarios of Australian seafood should be viewed as
preliminary and provisional undertakings to contextualise the local data generated from this review.
Inorganic arsenic daily intake estimates for Australian seafoods as a proportion of daily intake levels
are plotted in Figure 22, and on a log10 transformed scale in Figure 23. Plotted values of European
daily inorganic arsenic intakes are median and range estimates for average and high (95th percentile)
adult consumers, from [37] (Appendix A4, p.66), applied to an 85.9kg adult male (average Australian
male body weight, 2011-12).
Plotted values of Australian seafoods are median and range inorganic arsenic concentrations in
Australian seafoods (from Table 2) multiplied by estimated median daily seafood portion sizes for
adults (74.4g per day for molluscs and crustaceans; 110g for fish), from ABS (2014) National
Nutrition Survey [38].
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Table 5. Estimated proportion of inorganic arsenic daily intake from Australian seafood.
Inorganic arsenic; daily intake from food & water
1
2
(µg) by an 85.9kg adult
th
Average consumers
95 percentile consumers
9.4
33
15.4
55
Seafood
type

Inorganic arsenic
(mg kg-1)3

Daily seafood
intake (g)4

Inorganic
arsenic (µg)

Scallop

0.75

74.4
1.7

56
1.3

590
14

170
3.9

360
8.3

100
2.3

Abalone

0.04

74.4
1.7

3.0
0.07

32
0.7

9.0
0.2

19
0.4

5.4
0.1

Oyster

0.04

74.4
1.7

3.0
0.07

32
0.7

9.0
0.2

19
0.4

5.4
0.1

Mussel

0.03

74.4
1.7

2.2
0.05

24
0.5

6.8
0.2

14
0.3

4.1
0.1

Bony fish

0.03

110.0
8.4

3.3
0.3

35
2.7

10
0.8

21
1.6

6
0.5

Lobster

0.03

74.4
1.7

2.2
0.05

24
0.5

6.8
0.2

14
0.3

4.1
0.1

Prawn

0.03

74.4
1.7

2.2
0.05

24
0.5

6.8
0.2

14
0.3

4.1
0.1

1

Inorganic arsenic; proportion of daily intake (%)

th

: European range estimates of daily inorganic arsenic intake for average and 95 percentile adult consumers, from EFSA
(2014), Appendix A4, p.66
2
: mean weight of adult males in Australia, 2011-12
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features212011-13
3
: median inorganic arsenic concentrations in Australian seafood, from Table 2
4
: from ABS (2014) 2011-12 National Nutrition and Physical Health Survey, median daily intake (values in this column
highlighted bold) and mean daily intake, 19+ yrs [38]
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Figure 22. Estimated inorganic arsenic levels in Australian seafoods, as a component of estimated
median adult daily seafood intake – linear scale

Figure 23. Estimated inorganic arsenic levels in Australian seafoods, as a component of estimated
median adult daily seafood intake: log10 scale
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Discussion
A broad range of Australian edible marine fauna have been subject to research investigation to
identify and quantify tissue arsenic concentrations. Most reports (see Table 1) present
measurements of total arsenic, presumably because of the additional technical requirements –
which translate to costs – of analysing inorganic arsenic. Reported total arsenic concentrations are
seen to be higher in some cartilaginous fish: 25-100 mg kg-1 in muscle of Australian angelshark; 94
mg kg-1 in southern eagle ray. Some molluscs and crustaceans are also seen to have higher total
arsenic levels: up to 91 mg kg-1 in South Australian southern rocklobster; 58 mg kg-1 in Great Barrier
Reef rock oyster; 18-60 mg kg-1 in South Australian queen scallop, and 42-82 mg kg-1 in Australian
giant cuttlefish. Total arsenic in muscle tissues of bony fish tended to be found in low concentration;
within this group, King George whiting and bluestriped goatfish had the highest levels (Table 1).
Measurements of inorganic arsenic in Australian seafoods reported in the peer-reviewed literature
(see Table 1) are low, with the exception of two saucer scallop samples from Bundaberg and
Gladstone in Queensland (1.5 & 1.9 mg kg-1).
The monitoring and surveillance data provided to us by various agencies for this review showed
broadly similar patterns with regard to total arsenic concentrations to those reported in the peerreviewed literature. Table 2 and Figure 1 show that decapod crustaceans and cartilaginous fish had
the highest levels, followed by molluscs. Bony fish had the lowest mean and median total arsenic
concentrations.
Inorganic arsenic concentrations measured in Australian monitoring programs since 2000 were also
similar to those found in the peer-reviewed literature insofar as most products – except saucer
scallops – had low levels. Table 2 and Figures 2 & 3 show that Australian seafood items (again, with
the exception of saucer scallops) complied with the maximum permitted level for inorganic arsenic,
as established in Food Standard 1.4.1.

Inorganic arsenic in Australian scallops
Of the n = 71 scallop samples analysed for inorganic As, n = 61 samples were from the
Commonwealth Department of Agriculture’s National Residue Survey. Ten Bass Strait scallop
samples were tested for inorganic arsenic by the Tasmanian Shellfish Quality Assurance Program;
nine of these returned results below detection limits, and the sole positive sample was compliant
with the Australian ML in molluscs of 1 mg kg-1 (see Figure 16).
Further interrogation of the analyses for inorganic As in scallops conducted by NRS revels that 56 of
the scallop samples were roe-off saucer scallops (Amusium balloti and A. japonicum balloti) from
Queensland and Western Australia. The NRS dataset provided to us for this analysis and review did
not identify sampling locations within State boundaries. Non-compliant results (>1 mg kg-1) were
returned for 4 of 26 samples (15%) from Western Australia and 27 of 30 samples (90%) from
Queensland.
Western Australian saucer scallops were sampled in May (n=11), June (n=5) and September (n=3) of
2005, and again in May 2011 (n=7). The four non-compliant results came from the May 2005 and
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September 2005 sampling events. Scallops collected in 2011 contained low to undetectable levels of
inorganic arsenic, compliant with the ML.
Queensland saucer scallop samples were collected during May 2005 (n=5), May 2012 (n=20) and
April 2013 (n=5). All sampling events returned non-compliant results; compliant samples (n=3) were
only collected during April 2013, indicating that the elevated levels were not related to a single
event.
As the NRS database only identifies sample location by State, it is not possible to ascertain if noncompliant Queensland or Western Australian samples were from single geographical locations or
from multiple sites. As such, we cannot at this stage determine whether the risk is widespread
across those fisheries, or confined to specific locations. Saucer scallop fisheries and
commercial/doughboy scallop fisheries in Australia are geographically discrete, i.e. there is no
overlap. From the available data it is not possible to determine whether the variability in levels of
inorganic arsenic found in scallops is related to geographical range or species.

Inorganic to total arsenic ratios
The proportion of total arsenic present as inorganic arsenic in Australian seafoods was found to be
remarkably variable across the range of products. This reasonably large dataset of n = 205 samples
analysed for both total arsenic and inorganic arsenic facilitated compilation of summary statistics
examining the range and variability of inorganic to total arsenic ratios in various seafood types.
These data are presented in Table 3. Interestingly, the lowest proportion of arsenic present as
inorganic arsenic was seen in crab, lobster and cartilaginous fish (all <1%). This suggests that
ostensibly worrying concentrations of total arsenic seen in these products, both in the peerreviewed literature (Table 1) and from the monitoring data reviewed here (Table 2 & Fig. 1), may not
represent particular public health hazards, as large proportions of the high total arsenic
concentrations seen in these animals would seem to be present as weakly bioavailable
organoarsenic forms. The proportion of total arsenic present as inorganic arsenic in other seafood
products (excepting saucer scallops – see below) was relatively low: oysters had mean and maximum
proportions of 2.6% and 8.7% respectively, and the highest proportion was seen in prawns, with a
maximum of 8.9% as inorganic arsenic (see Table 3). The obvious exception to this discussion centres
again on saucer scallops, which showed the highest mean, median and maximum proportion of
arsenic as the inorganic form. Saucer scallops also revealed the highest within-product variability for
inorganic to total arsenic ratios, with a standard deviation of 12.3.
Apart from scallops, mean inorganic to total arsenic proportions were below 3%. The maximum
inorganic arsenic proportion of 8.9% seen in prawns – again, excluding scallops from this particular
discussion – suggests that a “rule-of-thumb” estimate of safety adopted by some food safety
agencies, whereby 10% of total arsenic is assumed to be present as the inorganic form, may be an
appropriate and justifiable approach. Using total arsenic as a screening tool, combined with further
inorganic arsenic analysis for samples in which total arsenic levels are 20 mg/kg or greater (in fish
and crustaceans) or ≥10 mg/kg (molluscs), would seem to be a reasonable strategy by seafood
monitoring agencies seeking to deliver cost-effective analytical laboratory services.
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Provisional exposure assessment to inorganic arsenic in seafood
The epidemiological knowledge base on the adverse health effects of chronic, low-dose oral
exposure to inorganic arsenic is predominantly informed by studies of arsenic in drinking water;
considerations of dietary exposure are relatively recent endeavours [40, 41]. We initially planned a
conventional approach to assessing dietary intake to inorganic arsenic levels in Australian seafood,
which would be to consider measured concentrations in various seafood items with regard to an
established reference dose. However, because of the current uncertainties surrounding arsenic RfDs,
and the rescission of provisional tolerable intake levels by some expert bodies [3, 35, 36, 40], we
conducted the procedure presented in Table 5 and in Figures 22 & 23. Therefore the calculations
presented in Table 5 should be considered as provisional; data in Table 5 may serve as both our
attempt to place exposures to arsenic from Australian seafood into context using the available data,
and to highlight the information gaps that need to be addressed in order to better understand this
topic.
The US Environmental Protection Agency, in close consultation with the National Academy of
Sciences, is conducting integrated cancer and non-cancer risk assessments for inorganic arsenic
exposure [41]. The current EPA non-cancer chronic exposure TDI is 0.3 μg kg-1 day-1, for a skin lesion
endpoint; a recent systematic review has proposed an inorganic As RfD of 3-9 μg kg-1 day-1 for
cardiovascular disease endpoints [41]. The conventional health risk assessment processes needed to
calculate health-based guideline values – as currently in train by USEPA and in the case of guideline
values subsequently rescinded, as discussed above – are complex and time-consuming, involving
considerations such as the relative strengths and limitations of available toxicological and
epidemiological evidence, derivation of NOAELs from LOAELs, and application of associated
uncertainty factors. Note that the data presented in Table 5 of this report are not estimates of risk,
only estimates of exposure. In order to calculate the exposure estimates in Table 5, we adopted and
adapted European estimates of daily inorganic arsenic exposure as being the most relevant for the
Australian context. The World Health Organization, in its 2011 report on food contaminants [3], lists
estimates of dietary inorganic arsenic exposure from various countries and regions (Table 7, p.33).
Some estimates are derived from individual epidemiological studies, but several national dietary
inorganic arsenic exposure estimates are informed by Total Diet Studies – specifically those of
France, UK, Canada, USA, China and Japan. The Australian Total Diet Studies have not incorporated
arsenic intake estimates; this would seem to be a data gap that might be addressed in future surveys
in order to assist in comparing and contrasting our situation to that of other developed countries.
While this assessment is not an estimate of risk, any sound food safety risk assessment will utilise
and incorporate the best available assessments of exposure. However, several caveats apply to this
provisional exposure assessment:



Proportional estimation of seafood’s contribution to daily dietary intake is a zero-sum
consideration; the portion of seafood eaten in any given meal can be assumed to displace
other foods that would otherwise be consumed. These “other foods” may contain inorganic
arsenic at higher or lower amounts than the seafood under question
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Intermittent or infrequent consumption of seafoods containing inorganic arsenic may
represent a lower risk behaviour than regular, more frequent consumption, even if the
overall ingested doses are similar over the medium to long term. However, this hypothesis
would need to be tested by toxicological and epidemiological research before food safety
regulators could determine differential risks of irregular vs frequent consumption. Until such
research enquiries can be undertaken, risk assessment considerations will be obliged to
adopt more cautious exposure estimates (i.e. averaging of intermittent inorganic arsenic
exposures to dose estimates from daily seafood consumption), which for many seafood
consumers may represent unrealistic consumption patterns that translate to risk
overestimation.



ABS data estimating daily seafood consumption is likely under-represented for calculations
in Table 5 and Figures 22 & 23, as ABS tabulates other seafood categories (e.g. “fish and
seafood products (homemade and takeaway)”, “Mixed dishes with fish or seafood as the
major component”) that we have not considered here.



The ABS category of “Seafood” used to estimate dietary intake is not a particularly useful
concept when determining exposure to inorganic arsenic, as this review and published
literature shows that there is considerable variability across seafood types, even within more
precise categories such as “molluscs”.

The data in Table 5 and Figures 22 & 23 indicate that eating most kinds of Australian seafood should
not result in unacceptably high dietary exposures to inorganic arsenic. However, this provisional
exposure assessment highlights a potential problem with regard to arsenic levels in scallops, which
we recommend merits further investigation.
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Recommendations
Regarding statements in the report by Sumner on hazards in Australian seafood that: “…the ML is
too low for molluscan shellfish” and: “It is recommended that a re-appraisal of the ML for arsenic in
seafood be made”, we suggest that there is not at present sufficient evidence to warrant revision of
Maximum Levels to higher concentrations. Given that some authoritative international food safety
agencies have annulled tolerable intake levels and reference doses for arsenic in light of new
epidemiological evidence on cancer and non-cancer outcomes, we see no evidence to suggest that
FSANZ should change the status quo for allowable concentrations of inorganic arsenic in seafood,
until such time as risk assessment considerations warrant revision and refinement of current
practice. Furthermore, as current maximum levels are achievable by most Australian seafood, raising
the current maximum levels would be at odds with the ALARA principle (as low as reasonably
achievable), often utilised in risk management.
Some important information gaps have been identified as a result of conducting this review and data
analysis of arsenic in Australian seafood. Recommendations for field and laboratory-based research
endeavours that can address some priority information gaps are listed below.
1. Field investigations to explore inorganic arsenic concentrations in various commercial
scallop species and various geographical locations. The differential influences of scallop
species and geographic location on arsenic bioaccumulation – which we have identified in
this report – should be investigated and could inform appropriate scallop industry
responses.
2. Laboratory-based uptake and elimination studies to explore inorganic arsenic
concentrations in various commercial scallop species. Such endeavours could address the
question of differential uptake by scallop species, as well as examining tissue and organ
partitioning of arsenic, and investigating depuration potential.
3. Toxicological studies to investigate exposures to arsenosugars and arsenolipids. Such
investigations, utilising appropriate in vitro and in vivo models, could examine the metabolic
pathways of these compounds and determine the fate of toxicologically-relevant arsenic
metabolites.
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Appendix 1. Appraisal of the Sumner report on Hazards in Seafood
(2011), with respect to Arsenic.
A 2011 SafeFish report by Sumner on hazards arising from pathogenic microbes, toxic metals and
algal biotoxins in Australian seafood [17] recommended that a re-appraisal of the ML for arsenic in
seafood be made, asserting that the ML for arsenic in molluscan shellfish is too low. However, some
aspects of the rationale presented by the 2011 report’s author for predicating that the ML is too low
can be challenged. We agree with Sumner’s [17] observation that FSANZ’s assumption for the 20th
Australian Total Diet Survey that all measured arsenic (i.e. total arsenic) was present as the inorganic
form was an overestimation of the hazard represented by arsenic in seafood. But other topics
presented by Sumner to prosecute his contention that the ML for arsenic in seafood is too low
arguably deserve closer scrutiny. Sumner [17] cites work that suggests “Inorganic arsenic ….
generally comprises 0.1% and almost always <3% of total arsenic in seafood…” Our study has shown
that mean and median proportions of total arsenic present as inorganic arsenic in all seafood types
except scallops were indeed less than 3 percent, but maximum proportions in several types –
oysters, mussels, bony fish, prawns – were ≥6%. Scallops were a significant outlier in this regard,
with mean, median and maximum proportions of arsenic as the inorganic form at 20, 23 and 43%
respectively (Table 3). We were also able, with a brief, non-exhaustive review of the literature, to
find reported proportions of inorganic As in seafood that exceeded 3 percent of total arsenic. For
example:








The 1987/88 New Zealand total diet survey reported a mean inorganic arsenic proportion of
6 percent in fish products; all seafood types analysed (finfish x4, “fish and chips” and
oysters) had inorganic arsenic concentrations greater than 3%, ranging from 3.3% for red
cod, 7.5% in oysters, 8.0% in salmon and 11% in fish and chips [15].
Brooke & Evans (1981) measured inorganic arsenic ranging from 0.1% in plaice to 3.6% in
herring, 4.5% in dried tuna and 5.3% in tinned crab [42].
A 2008 study of various seafoods sampled from the Gulf of Thailand found proportions of
inorganic arsenic ranging from 1.2% in banana prawns to 7.3% in blood cockles [43].
A recent survey of seven freshwater fish species and one freshwater prawn species from
Thai rivers (reportedly uncontaminated) found high inorganic As concentrations as a
proportion of total As, ranging from 9.3% in giant river prawn to 26% in climbing perch [44].
A survey of seafoods purchased from retail outlets in the Basque region of Spain found
inorganic arsenic proportions ranging from below 1% in several types to 6.9% in Atlantic
mackerel [45].

So it was not difficult to find reports that contradict Sumner’s [17] and Borak & Hosgood’s assertions
that inorganic arsenic proportions in seafood are “almost always” below 3% of total arsenic. A
systematic literature review of inorganic to total arsenic ratios in seafood would be required to
address the potential for inadvertent or deliberate reporting bias here. Besides which, the levels of
inorganic arsenic as a proportion of total arsenic in seafood, while interesting, is nevertheless a
somewhat tangential issue when it comes to risk assessment considerations. The important matter
is not so much whether ratios of inorganic arsenic to total arsenic in seafood are low – or not – but
the actual doses (on a weight basis) of inorganic arsenic ingested by individuals consuming seafood,
and the contribution of seafood arsenic – from both inorganic and organic arsenic forms that may be
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converted to toxic metabolites – to the overall exposure burden of arsenic from all dietary sources
and drinking water.
Selective reporting of the published literature (a type of reporting bias) can occur in either direction
when used to support a case for change in a response to – in this case – an environmental
contaminant in the food supply. Selective citation of papers describing low levels of contamination
can be used to downplay exposure and risk considerations; likewise overstating the potential for risk
can be promoted by selectively citing reports presenting high levels of the contaminant. The way to
effectively overcome accusations of reporting bias is to conduct a systematic review of the
literature, where search terms are defined and stated, and can therefore be independently verified.
Our presentation and summary of reports of arsenic measured in Australian seafood in Table 1 is
likely to represent a majority of the published literature on this topic, however we do not claim to
have conducted a systematic review. Systematic literature reviews require more time – and
therefore expense – than a cursory selection of papers that may be used to support a particular
agenda. If controversy continues to attend this topic of arsenic in Australian seafood, we
recommend a systematic review of the literature should be conducted in order to complete the
review presented in Table 1 of this report.
Sumner’s report [17] (p.10) suggests that ANZFA has presented some “…conflicting statements…”
regarding arsenic exposure from seafood, but the ANZFA document cited therein is apparently
unpublished, and not freely available, so we have not considered that matter further. However,
other discussion from the Sumner report is derived from the 2007 paper by Borak & Hosgood [6],
which we analyse below.
“Organic arsenic compounds found in seafood are mainly arsenobetaine and arsenosugars and are
non-toxic.” [17]. In sections pertaining to arsenobetaine and arsenosugars in their review, Borak &
Hosgood [6] do indeed cite studies that suggest that these compounds have low toxicity potentials.
However, Borak & Hosgood devote considerable discussion to the toxicity and carcinogenicity
potential of various arsenic metabolites. With respect to arsenosugars, Borak & Hosgood note that
“…complex metabolism of arsenosugars has been documented after consumption of arsenosugarrich seaweed and mollusks …. and after ingestion of synthetic arsenosugars ….” [6]. The main
metabolite was dimethyl arsenate (DMA), which Borak & Hosgood note “… has been shown to be
carcinogenic and genotoxic, but not mutagenic” [6]. The European Food Safety Agency, in its expert
opinion on arsenic in food suggest that: “There is a need for improved understanding of the human
metabolism of organoarsenicals in foods (arsenosugars, arsenolipids etc.) and the human health
implications.” [35].
“A margin of exposure of 1,000-10,000-times exists between carcinogenic doses used in rodent
studies and those expected after consumption of large quantities of seafood.” [17]. A cursory
inspection of this statement might encourage the reader to conclude that the carcinogenic potential
of arsenic in seafood for humans is trivial and inconsequential. However, the statement can be
unpacked from different angles:
1. Doses of putative carcinogens required to induce cancers in laboratory rodents are often
much higher than concentrations found in environmental compartments for which human
exposures are considered. This would seem to be particularly evident in the case of arsenic,
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for which – as discussed by some of the authors cited by Borak & Hosgood – identifying and
understanding a suitable animal model for arsenic-related carcinogenicity has been an
elusive and difficult challenge [46]. However, tribulations surrounding suitable in vivo
models and attendant dosing regimens are in no way the sole or even the primary concerns
for human health risk assessment through chronic, sub-clinical dietary exposures to arsenic.
The epidemiology of arsenic-related carcinogenicity is unequivocal; inorganic arsenic is a
known human carcinogen. Animal and in vitro models can make valuable contributions to
the understanding of mechanistic toxicology and carcinogenesis; a plausible mechanism for
arsenic-related bladder cancer – cellular necrosis and subsequent endothelial cell
proliferation – has been posited from studies in laboratory rats [47, 48]. But doses and
latency periods derived from laboratory animal studies are secondary considerations when
the human epidemiological knowledge-base is strong, as is the case with arsenic. As
explained somewhat acerbically in a chapter on epidemiology for toxicologists, Paddle notes
that:

“The total evidence about the risk to humans…will consist of the toxicologist’s
precise, experimental data about the wrong species at the wrong exposure, and the
epidemiologist’s imprecise, observational data about the right species at the right
exposure.” [49].
2. Borak & Hosgood do not clearly define the numerical data they used to calculate a “…margin
of exposure of at least 103–104 exists between carcinogenic doses used in … rat studies and
those expected after human consumption of large quantities of seafood.” [6]. Readers of the
Borak & Hosgood paper are unable to independently verify this statement, as it is not clear
what multipliers should be brought to the calculation, and what assumptions have been
made regarding arsenic doses to be considered (whether or not inorganic arsenic only is
considered) and how human and animal doses here were estimated. We perused
publications cited by Borak & Hosgood in the penultimate and final paragraphs of their
paper, which appear to be the paragraphs pertaining to their comparative exposure
discussion. In their paper on mechanisms of bladder cancer caused by dimethyl arsenate,
Cohen et al note that: “…the dose of DMAV …. Is several orders of magnitude greater than
anticipated human exposures.” [50]. It is important to note, however, that Cohen et al in this
and other papers [46, 48] discuss the carcinogenicity of DMA, which appears to be an
important intermediate in the metabolic pathway of inorganic arsenic. Considerations of
acute and sub-acute toxicity of ingested doses of DMA are not directly comparable to
dietary exposures to inorganic arsenic.
In their 2007 paper, Borak and Hosgood state that: “Based on consideration of ingested dose and
anticipated metabolism, it is likely that seafood arsenic does not contribute significantly to arsenicassociated carcinogenicity.” And: “…the quantities of inorganic arsenic …found in seafood are
sufficiently small to mitigate concerns about their possible concerns in seafood eaters.” [6]. Yet
Borak and Hosgood have not framed their arguments from a quantitative risk assessment
perspective. The discussions – and in particular the numerical data – presented in their paper
arguably do not support such a conclusion; indeed, several of the papers cited in their review can be
interpreted quite differently from the rendering presented by Borak & Hosgood. And discussion and
interpretation of acute toxicity and carcinogenicity of arsenic is not always clearly delineated in the
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Borak & Hosgood paper (i.e. it is sometimes unclear to the reader whether acute toxicity or
carcinogenicity is being discussed). We suggest, therefore, that the Borak & Hosgood paper [6]
should not be credited with an equivalent evidentiary significance to that of works published by
authorities that have conducted risk assessment considerations, such as EFSA, WHO and USEPA [3,
35, 41]. Likewise, the Australian report by Sumner [17] that preferentially cites Borak & Hosgood
should also be interpreted with caution as far as conclusions relating to arsenic exposure and
outcomes from seafood are concerned.
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