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1. " INTRODUCTION

The oceans have always beén an important part of
Australian environment but in recent years, particularly
following the declaration of a 200 mile Ausfralian Fishing Zone
in November 1979, they are receiving even greater attention
because of their potential as a high quality protein food
source, Heavy metals are notable pollutants which can enter the
marine food chain, accumilate in biota and be subsequently
consumed as food by man or used to feed animals. Whilst it was
once thought that heavy metals of terrestrial and anthropogenic
orgin remained fixed in estuarine sediments it is now clear that
they may be released by various processes of remobilisation and
move up the marine food chain.l These processes of biological
up-take also occur through soluble; collodial and particulate
forms of heavy metal compounds existing throughout the aqueous

media.

Fundamental to the establishment of data on heavy
metals in marine biota is the need for laboratories to be able to
measure heavy metal concentrations accurately and precisely.
Heavy metals are often present at trace levels in environmental
materials. It is generally recognised that many problems exist
with the application of different methods for heavy metal
determinations at lower concentrations and the only sure way to
obtain reliable and comparative results is by carefully adopting

2

appropriate procedures of standardisation. Egan“ has discussed

the role of the collaborative analytical study as the means of
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standafdising analytical methods. It is important to establish
correct analytical data nét only to ensure -that edible marine
biota do not contain excessive levels of toxic heavy métals but
also to establish whether there is an increasing trend in levels
of lané-sourced heavy metal concentrations being introduced into
coastal zones as a result of man's activities. Thus it is also a
matter of urgent importance to establish present-day baseline
levels in seawater, sediments and marine biota such a pelagic

fish, crustacea and molluscs.

In recent years an increasing number of environmental
test samples of have been circulated to Australian laboratories
to examine their capability to undertake trace heavy metal
analysis. These have included the determination of lead in
blood, acid digest, saline and water3 and a range of metals in a

4

bovine liver sample. Other published Australian studies have

compared the performance of laboratories in ‘the determination of

5

trace metals in river water” and mercury in fish6'7. The latter

§
is an area where significant improvements in analytical results

have been achieved, and reference to this will be made later.

Most of the inter-laboratory surveys described above
have shown disagreement in results between laboratories. 1In part
this has arisen because many laboratories have not fully
understood the pitfalls of trace analysis and because
standardised methods for application of newer instrumental
techniques have not been adequately discussed among
laboratoriesi In this respect methods for analysis of Australian

"marine environmental samples have not been exempt.
‘ .
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The Department of Science and the Environment has been
conducting a series of Wofkshops on Methods of Analysis of Marine
Pollutants to assist in the development of accurate, reiiable and
practicable techniques for measuring various trace substances in
the marine environment. Although one objective of this workshop
series has been to prepare reference techniques for measuring
selected types of marine environmental pollutants at trace
levels, it has first been necessary to identify where problem
areas exist and if possible, to rectify them. This approach has
been recently introduced overseas by groups such as ICESB. Once
problem areas are clearly delineated, it should then be possible
~to document more appropriate techniques for use as reference
methods which can be used to validate those at present applied in

different forms around Australia.

This study deals with an evaluation of the performance
of Australian laboratories in the determination of the heavy
metals copper, zinc, lead and cadmium in various marine
tissues. Arsenic, selenium!and mercury were also included but to
a lesser extent. The feature of this study which differs from
most other Australian inter-laboratory surveys is that this
series of studies has included workshops and method discussions
between small groups of participating analytical chemists as an
ihtegral part of the overall survey of laboratories. Basic to
biological and other studies essential to the process of
development of regulation and qontrol measures to limit heavy

metal concentrations in marine tissue is the need to employ
!

analytical ﬁéchniques with appropriate reliability, accuracy znd
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detection limits., It is also essential that regulatory
authorities be aware of the scope of application and confidence

limits of these technigues in framing future regulations.

2. Inter-laboratory survey

Homogenized samples of various freeze-dried marine
tissue (shark, flathead, mussel and crayfish) were prepared by
the Victorian Ministry for Conservation Fisheries and Wildlife
Laboratories at the Arthur Rylah Institute for Environmental
Research, Melbourne. Sets of five marine tissue samples were

sent to some thirty Commonwealth, State, Research and Industrial

-laboratories undertaking measurement of heavy metals in marine

environmental materials. A further sample ("low" mussel) was
sent to twelve of the laboratories known to be routinely engaged

in determining heavy metals in marine tissue.

Participating laboratories were requested to analyse
each sample by their own routine methods for zinc, copper,
cadmium, lead, arsenic, selenium, mercury and any‘other metals as
convenient. It was anticipated that not all labofatories taking
part in the survey would be equipped to analyse all the metals
listed and if this were the case, results of a limited selection

of metals would be acceptable.‘

Laboratories having supplies of known standardized
sample reference materials such as USNBS Orchard Leaves 9SRM 1571
or "Bovine L;ver" 9SRM 1577 were also requested to include

analysis of {(such materials for subsequent statistical

, interpretation of the general result.
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Participants were asked to report results in note form
on the Methods Report pro—fbrma subplied and include operational
details of the analytical methods used. They were also asked to
include other information on aspects of technique which they may
have found from experience to influence accuracy and
reproducibility such as sample loss, contamination and solution
stabilities. Participating laboratories were identified
according to a given laboratory code number and advised that

other participants would not be informed of their identities.

Specific instructions for sample preparation were
provided to participants. The powdered samples had 80% of their
original weight removed as moisture and had to be re-constituted
strictly as indicated in order to provide wet macerated tissue
equivalent to normal field samples. This step was intended to
avoid any undue severity in the early stages of the reaction
caused by contact of finely divided dry organic material with
strong digestion reagents. For every 1.00 g of wet tissue
required for each analysis, 0.80 mL distilled water was added to
0.20 g freeze-dried tissue weighed accurately into the required
digestion vessel. This was allowed to stand for at least sixty

minutes (preferably overnight) with occasional agitation,

3. - Inter-operator study

The inter-operator study was undertaken to examine
sources of variation in some methods used for the determination

of heavy metals in marine tissue under controlled conditions and
- ,
i
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to undertake a comparison with the inter-laboratory survey

results.

Sixteen pérticipants from various Australian
laboratories'(selectéd as experienced) attehded the inter-
operator workshop in Hobart, March 1979. The facilities of the
Chemistry Department, University of Tasmania and the Tasmanian

Department of the Environment were used for the 3-day workshop.

Certain limitations were imposed on the experimental

work attempted during the interéoperator study. These were:

. the number of participants;
. the available time; and
. the available apparatus and facilities.

As a result it was; necessary to design the experiments

with restrictions placed on:

. the number of methods employed;
. the number of samples analysed;
. the number of heavy metals determined; and

. thqjextent of apparatus preparation by the participants.

{
A
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The inter-operator study was restricted to the
determination of copper aﬁd zinc by flame atomic absorption
spectrometry (AAS) in two of the marine tissue samples (shark
(No. 1) and high mussel (No. 5)) using fwo different acid
digestion procedures. Choice of acid digestion procedures was

made as follows:

digestion with concentrated nitric acid was a procedure
used routinely by the host laboratories. Apparatus,
particularly pre-cleaned glassware (racks of test tubes

with 10 ml calibration marks) was readily available.

digestion with tri-acid mixture
(nitric/perchloric/sulphuric acids) as an example of a
digestion method giving total oxidation of organic

matter.

It was recognised, that digestion with di-acid mixture
(nitric/perchloric acids) is more widely applied in Australian
laboratories than tri-acid mixtures. However at an earlier
workshop in Perth November 1978, which considered arsenic and
selenium, it was pointed out that better recovery of As

(organically bound) was achieved with a tri-acid mixture.?

*

Methods involving ashing and fusing oxidation
procedures, Teflon lined bombs and closed refluxing digestion
apparatus were not applicable because of the limited availability

'l

of apparatu’L Flame AAS was the only feasible instrumental
5 ‘ .
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details were also filed for later use. The full data set
comprised aggregations of subsets based on the particular sémple
and metal combinations. Each sub-set was further sub-divided
into those observatiqné falling either within or outside two

standard deviations (o (x)) from the mean (x) where:

g =21 Xi (1)
n i=l

(x - %)2 (2)
1 i

and . 2 o(X)

n(n-1l) i

Subsegquently data treatment was undertaken acéording to whether
sub-sets referred to (i) "all results" or (ii) "results within
two standard deviations of the mean". This approach was adopted
so that the influence of outliers on the mean of any particular

sub-set could be compared.

One-way analysis of variance (ANOVA) was conducted on
each sub-set of all heavy métals. These sub-sets were further
classified according to (i) and (ii). The source of variation

was broken into two components. These were:

. within laboratory (or residual variation) (intra-

laboratory)

. between laboratory variation (inter-laboratory).

R N
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The variance ratio (F-test) tested the significance of the

between laboratory component.

Further dne-Way ANOVA were .conducted on sub-sets for
copper, zinc, cadmium and lead. The sub—séts were also
classified according to (i) and (ii). Practically all
laboratories used an acid digestion procedure and an AAS method
of measurement for these four metals. Only one laboratory
employed anodic stripping voltammetry (ASV) and only a few

laboratories used ashing procedures.

Therefore it was possible to examine sources of

variation as follows:

. acid digesticn procedure - nitric only
- nitric/perchloric
- nitric/perchloric/
sulphuric
§
. AAS method of measurement - direct flame AAS
- solvent extraction/
flame AAS

- graphite furnace AAS

and undertake to establish real areas for laboratory improvement.

With all ANOVA the level of significance was taken as
5% (i.e. P< 0.05). The assumptions made in the analysis of

variance weée that treatment and environmental effects were

¢
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additive and that experimental errors were independently
distributed in the normal distribufion with a common

variancelo.

At worst, failure of this assumption would affect
the significant level and sensitivity of the F-tests, hence the

true significance probability would be larger than the apparent

one (i.e. too many significant results obtained). However in the

majority of experiments these disturbances were not sufficiently
great to invalidate the technique. Consequently significant

levels must be considered as approximate rather than exactl0,

4.2 Inter-Operator Study

. The various groups of zinc and copper results as well
as calibrated data were also examined by ANOVA to establish if

any significant relationships existed.

The experimental désigh was a 2 X 2 x 2 random effects
model with some missing values (zinc in high mussel) and two
replications in each cell. ! The random effect in this treatment
due to operator variation was taken into account to avoid -
individual differences contributing to observation for that

particular cell.

An alternative semi-guantitative treatment of
calibration data was also undertaken to examine the degree of
scatter of each‘participant's calibration lines. The line of
best fit for each calibration data set was computer calculated
using linear;regression. The degree of scatter of each
calibration<line was expressed as the.percent relative standard

<
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The examples of low muss;; (sample 4) and mercury (all
examples) (Table 1 and sectlon 5. l) indicated that experience and
the use of uniform’techniques contributed significantly towards
reporting comparable results. Nevertheless it was the use of
common digestion procedures and methods of measurement which
ultimately yielded the most acceptable results (lead in low
mussel compound with lead in low flathead). It would be
important also to understand the extent of the sources for, and

ways to eliminate, laboratory contaminationl4,

Lack of appreciation of these factors can lead to
erroneous conclusions, an example of which has been recently
described.ls More recent examples of intercomparison studies of

heavy metals in tissue were reported by Stoeppler and Nurnberg.16

Very few laboratories reported the routine use of
certified standard reference materials (SRM's). This may reflect
the lack of suitable marine tissue SRM's. Some of these,
however, have recently become available from the NBS in
Washingtonl7 (SRM 1566 Oyster Tissue) and the 1AEAL® in Monaco

(MA-A-1 Dried Copepoda and MA-A-2 Homogenized Fish Flesh).

More thorough examination of factors influencing sample
stability should be undertaken to develop specifications for
future supplies of Australian marine tissue reference
materials. The need for such materials was endorsed by several
participants in the workshop discussions who had experienced
calibration problems due to dlfferences in the effectiveness of

digestion technlques applied to marine tissue compared with non-

< ' ‘ .
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marine.tissue standard materials, in which the metals are likely

to be present as different chemical species.

A more tHorodgh examination of standardization
procedures is warranﬁed and a future exercise is proposed which
will involve circulation of a series of "standard solutions" as
‘inter-calibration samples. A similar exercise conducted by 1cES®
revealed that certain laboratories were deficient even in applied

calibration techniques.

The inter-operator study demonstrated ways to examine
factors influencing methods of determination of heavy metals and
interactions between the methods. The purpose of the study was
not to decide preferences for methods but rather to indicate
where problem areas were likely to exist. Both digestion methods

examined revealed deficiencies.

Participants in the inter-operator workshop discussions
expressed a general preference for nitric/perchloric di-acid
digestion mix rather than the tri-acid digestion mix, althcugh
some metals (e.g. arsenic) required the increased severity of
tri-acid mix to ensure adequate recoveries from marine tissue
samples. Concentrated nitric acid is the preferred acid for
graphite furnace AAS whereas ASV requires destruction of all

organic matter. Thus choice of acid digestion system will most

likely be determined by the instrumental technique employed.

The workshop provided a unigque opportunity for informal

discussion and exchange of experience between analytical chemists

§
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engaged in routine determination of heavy metals in marine
tissue. Many other valuabie commeﬁfs and observations on
technigues for sampling and analysis were made during the course
of the workshop, which will be taken into account in a later more
detailed report of these surveys and experimenté. The department
of Science and the Environment intends to publish this in the

series of Marine Environment Reports in due course.

7. Acknowledgements

The assistance of the following in connection with
various aspects of the workshop is gratefully acknowledged: Mr
Jim Bacher and colleagues, Fisheries and Wildlife Laboratory
Victorian Ministry for Conservation Arthur Rylah Institute for
Environmental Research Melbourne. Vic, for sample preparations;
Messrs J. ‘Pottinger, G. Ayling, E. Brown, R. Dineen, Department
of the Environment Hobart, Tas., and Professor Bloom Department
of Chemistry, University of Tasmania, Hobart. Tas., for host'

laboratory facilities.

The participants in the Experiment (not listed in
operator number sequence) were Dr N. Clark, EZ Industries,
Hobart, Tas., Mr K. James, AGAL, Hobart, Tas., Mr. P. Simmonds,
AGAL, Sydney, N.S.W., Mr R. Chvojka, N.S.W. State Fisheries,
Sydney, N.S.W. Mr R. Lutze, N.S.W. SPCC, Sydney, N.S.W. Miss M.
Noble, AGAL, Melbourne, Vic., Mr. J. Glover, Fisheries and
wildlife, Me}bourne, Vic., Mr B. Townsend, EPA Victoria,

Melbourne, Yic., Mr. G. Fabis, Marine Studies Group, Melbourne,

<



- 28 -

vie., ﬁr. D. Grantham, Qld Govt Chem. Lab., Brisbane, Qld., Dr M;
Mular, AGAL, Adelaide, S.A; Mr C. farouchais, S.A; Chem. Services
Division, Adelaide, S.A. Mr B. Stumpers, AGAL, Perth, W.A. Mr K.
Francesconi, W.A. Marine Research Lab., Perth W.A. Mr P. Wilson,

W.A. Govt Chem. Labs, Perth, W.A. Mr D. Flamming, W.A. Govt Chem.

Labs, Perth, W.A.

Mr F.C. Brown, Department of the Environment of
Tasmania was the independent participant with responsibility for

preparations used as the standard components of the experiment.

Helpful comments from Mr G. Ayling and the assistance
of Mr J. Armstead, Marine Programs Section of the Department of

Science and the Environment are also acknowledged.

Principal funding for the inter-laboratory and inter-
operator experiments was from a grant approved by the Minister
for Primary Industry through the Fishing Industry Research Trust
Account. Additionaleunding was provided through the Marine
Quality Assessment Program of the Department of Science and the

Environment, Canberra.




- 29 -

References

Forstner, U. and Wittmann, G.T.W., "Metal Pollution in
the Aquatic Environment", Springer-Verlag, Berlin

Heidelberg, 1979.

Egan, H., Chem. Aust., 46, 253 (1979).
Garnys, V.P., Freeman, R. and Smythe, L.E., "Lead burden
of Sydney school children", Report published by

University of N.S.W., Kensington, January 1979.

' Koh, T.S., Benson, T.H. and Judson, G.J., Proc. 2nd New

Zealand Seminar on "Trace Elements and Health", Ed., J.
Aggett, T. Kjellstrom and D. Crowe, University of

Auckland, New Zealand, pp. 238-242, June 1979,

Phillip, A./T., Pettis, R.W. Harris, J.E., Fabris, G.J.,

Boar, P.L. and Bone, K.W., Chemn. Aust., 42, 209 (1975),

Walker, T.I. Intern, J. Environ. Anal. Chem., 5, 25

(1977).

Ratkowsky, D.A., Dix, T.G. and Wilson, K.C., Aust. J.

Mar. Fresh Wat. Res., 26, 223 (1975).

N



10.

11.

12.

13.

14,

- 30 -
International Council for the Exploration of the Sea
9ICES0, “"Report oﬂ intercalibration analyes in ICES
North Sea ‘and North Atlantic baseline studies" Co-
operative Research Report No. 80, Charlottenlund Slot,

DK-2920 Charlottenlund, Denmark, March 1978.

Francesconi, K., personal communication.

Cochran, W.G. and Cox, G.M., "Experimental designs",
John Wiley and Sons Inc., New York, 2nd Ed., pp 91-92,

1957.

Marine Environment Report No. 2, "Analytical workshop on
mercury in fish (Melbourne July 1977)", Department of
Home Affairs and Environment. Australian Government

Publishing Service, Canberra 198l.

Bower, N.W. and Inble, Jr., D., Anal. Chem., 51, 72

—

(1979).

Dokiya, Y. Kurosawa, S., Toda, S. and Fuwa, K., Bull.

Chem. Soc. Japan, 51, 3649 (1978).

Chow, T.J., Patterson, C.C. and Settle, D.M., Nature,

251, 159 (1974).







- 32 -

Place test tubes in water bath on hotplate. Bring water to

boil as directed over approx three guarters of an hour.
Caution: 1Initial heating may result in frothing and
continual attention is required. Frothing may be

controlled by gently tapping tube.

Continue heating until clear. This may require about 4

_ hours.

On completion of digest, cool test tube and make vp to 10 mL
calibration mark with distilled water. Mix contents briefly

using eccentric mixer.

If applicable prepare a 1:10 dilution of each mussel
digestion solution. Transfer 1.0 mL to another test tube and
make up to the 10 ml cadlibration mark with stock 10% HNO5.

Mix contents briefly using eccentric mixer.

Digestion with tri-acid mixture HNO4

: HC10,4
(Two samples)

Weigh 0.20 to 0.25 g sample into supplied 100 mL Erlenmeyer

flask. Prepare samples in duplicate.

Moisten{with approx. 0.8 mL distilled water.

¢
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Add 5.0 mL tri-acid mixture from stock supplied in burette.

Also prepare two reagent blanks.

Place flasks on hot plate and heat as directed until gently
refluxing. Use watchglass on top of flask to control reflux

at this stage.

Caution: Regulate any undue frothing by gently swirling.
Reaction must be carefully watched to avoid
charring. Proceed for three quafters of an hour
and distill off HNO, carefully until HC10, fumes
observed, taking due precautions to avoid

carbonisation as the last of the HN03 is removed.
Heat further until fumes H,504 observed. (approx 20min.).

Cool, carefully add water (caution - conc. acid!) and

transfer to calibrated test tube.

Allow contents to cool thoroughly. Add distilled water and
boil gently for a few minutes. Re-cool and transfer solution
to test tube making up to 10 mL calibration mark with
additional distilled water. Mix contents briefly using

eccentric mixer.
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If applicable prepare a 1:10 dilution of each mussel
digestion solution. Tgansfer i;O mL to another test tube and
make up to the 10 mL calibration mark with stock 10% H,504.

Mix contents briefly using eccentric mixer.

Standard solutions to be prepared

-1

Use stock solution containing 10 mg L of both zinc and

copper and selecting appropriate acid mixture (10% HNO; or
10% H,SO4).

Prepare 100 mL of each of the following:-

0.25 mg 1 using 2.5 mL of 10ppm stock from burette in 100mL

0.50 mg L"l Lo 5.0 mL u n " " " " lo'omL

0.75 mg L"l " 7.5 mL " n ‘ n 0 ” " 100mL

l . 00 mg L—l n lo . 0 mL n ] n [ " u lo OmL
-1

Retain a portion of the acid as 0.0 mg L standard.

Transfer solutions to alternative storage vessels if advised

(i.e. shortage of volumetric glassware etc).

Flame AAS operating conditions

Instruments Two Pye-Unicam SP1950 atomic absorption

<' spectrophotometers with automatic deuterium lamp

background correction
§




Flame Air/acetylene, lean
Air flow rate - fixed
Acetylene flow rate - slight adjustments allowed by

participants if required during setting-up.

Resonance line Copper 324.7 nm
Zinc 213.7 nm
Hallow Cathode lamp Copper 2 mA
Current Zinc 5 mA
Other aspects (i) Burner alignment and height adjustment

carried out by participant to maximise

response.

(ii) Four absorbance readings per solution.
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