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INTRODUCTION

The purpose of any intercalibration exercise in
marine chemical studies is to assess the ability of the
laboratories and personnel to determine accurately coacea-
trations of different constituents in various segments of
- the marine environment, The need for such an exercise
gathers momentum because of the complexity of the behaviour
of these coastitueats and their environmental significance
in the marine enviromment, Further, since the levels to be
determined range from oannograms to milligrams i.e,, ppt
to ppm the alteration in their concentrations could be
caused by the apalyst at any or all of the follaowing steps.

1. Sampling techbniques and gears employed.

4. 8torage so as o ensure tbe stability of the insitu
level of the constituent, . .

3. Processing - To ensure nefther.1oss nor addition or
& particular cnnatitugqt under study.

4. Analytical technloue - employment of an accurate,
sensitive and reproducible taechaique.

The intarcalibration exercise is therefore designed
to permit a check on both precision and accuracy in re-
covering sptkes from R given semple using the varicus
techniques routinely followed by the analysing laboratories.
Thig givea tho varistions and errora systematic or other-
wise, prevalent in the final results supplied by the analyst
‘hus one can foresee the role of intercalibration exercise
in a coordinated programme where a number of laboratories
are independently respoansible for collection, interpretation
and comparison of data from differeat areas of study. Even
a coordinated effort to put together the concepts, arlsing
from the wealth of data available needa consistency and
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reliagbility., If one has a look at the tremendous volume

of data coacerning marine chemical constituents one would
find a wide variation, which mekes the task of a marine
actentist even more difficult for a conclusive interpre-
tation. This variation howeveyr, need not always arise from
othe shortcomings of the analysis but could also be a natural
phenomenon as well. :

Keeping this in view, the International Council for
the Exploration of the Seas (ICES) had initiated a series
of intercalibration exercises in the early seventies. .
This was later on taken over by the Intergovernmental
Oceanographic Commission (10C) with the help of United
Nations Environment Programmes (UNEP), These exercises
were conducted for the various UN action programmes for
example in the Baltie and in the Mediterranean and were
later extended to other oceanic areas of the world.

Successful international intercomparisons include
a work on lead in sea water by Pattersonl, mercury and
cadmium by Bugawaraé the Baltic trace metals by Kremlings,
the ICES sea water iantercomparison reported by Jones snd
Topping“ the 10C intercalibration reported by Bewers
et.al.2+® 7the ICES/IOC 1gt9rcomp:rison on the daterminaticns
of petroleun hydrocarbons ST o

To cite a few examples of intercalibration exercises
related to various kinds of environmental chemical consti-
tueats, the results gubmitted by various participating
laboratories have been given in Tables 1-7.

DISCUSSICN

Tables 1A and 1B give the results of the determina-
tions of petroleum hydrocarbons of different origin in
biological tissues. For this exercise the authors mentiocn
a 57% response by the i1sboratories., This can be considered
fairly good taking into account the usually occurring
unexpected complications (UOUC), these laboratories develop
after their initial commitment to participation. These :
UOUCs are an integral part of .any inptercalibration exercise
even though such exercises are always voluntary and open
to participation, without any stringent strictures on the
methodologles to be adopted. One 6% the conclusions drawn
from the above exarcise on petroleum hydrocarbons was that
publisbed datz on bydrocarbons {Bn tissue samples should be
cautiously compared. A8 rightly observed by .the authors
differences in hydrocarbon between different regions or .
changes in concentrations over time based or comparisons
among data from different lgboratories cannot be accepted
as real differences unless they are greater than approxi-
mately 80-120%. This is evident from the results produced
from Tables 1A and 1B.



Tabla IA - U.V.-Fluorsscencs Dln;-chrylin. Equivalents
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u 1 6.0 g
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Source : ICES/IOC Intotaompa_rtsén onrcisgs'on the determi
nation of patroleum hyd:ocatbons' in biological

tissues (muasel homogenate) - ICES (2/HC/BT) .
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48 s. - 130 ¥ o1 15%
20 T = 235 + 23 983
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. .
The results of the exercise conducted by 1CES/SCOR
on another important environmental parameter namely chlori-
nated hydrocarbons, are presented 1n Table 2. In spite of
various problems that arise in reporting data tor residual
chlorinated hydrocarbons most” bf the laboratories have
reported values close to the true ones. However, variations
in results of the individual compquents do occur. The range
of standard deviations and the percentage deviations from )
the true value are given in Table 2. Signiticant conclusions
have been drawn from this exercise, namely,

a) Chromatograms should be asked from the various parti-
cipante in order a critical evaluation be made.

b) Two spiked samples should be distributed so that the
reproducibility of the results can be determined.

c) Emphasis on a sinple analysis as is normally the
case in biological material.
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d) A realiatic samples should be included so that the
extraction and fat deterwmination steps could be
checked.

In response to a general awareness of the impact
of metal contaminants, as well as a growing concern for
accurate measurements of trace elements in establishing
true baseline levels in seawater and biological tissues,
the ICES, TAEA and IOC have conducted several intercom-
parison exercises during the last decade.

Table 3 summarizes the findings of five intercom- -
parison exercises conducted from 1971-8C by the ICES ia
biological tissues, ]n the Table the data submitted by
each participating laboratory is clearly identified and
congists of ranges of mean values, grand mean values and
interlaboratory standard deviations (SD) and coefficients
of variation(CV), Although no standard analytical techaique
was imposed, most of the participants used flame atomic
absorption spectrometry (AAG) for the various analysis,
However,with the subsequent introduction of heated graphite
furnace a number of the analysts switched over to this mode.
The cold vapour technique was adopted for mercury.

The overall results of this study as evident from
the table showed a progressive improvement in the asalysis
of Cu, .Zn and Hg by the participating laboratories espe-
cially those who took part in all the five intercomparison
exercises, thereby suggesting that analytical data produced
by these laboratories for the . above mentiocned metals in
figh and shellfish tiassues are comparable. The Pb and Cd
data reported by most of the analysts were poor in terms
of comparability and accuracy especially at low concentra-
tions, where the range of values covered more than one
order of magnitude.

In 1982 the IOC/GEMSI conducted an Intercomparison
Exercise for trace metals im biological tissues and stan~
dard solutions in which the NIO was the oaly participant
from India. The rezults of the analysos as submitted in a
report to the participantad are presented in fubles dA-K.
For each metal the mean values, standard deviation,
coefficient of variation together with the true metnl
concentrations in the aqueous -—-solutions and the concensus
values in the ICES reference muterials have been iancluded,
and discussed individually,

-Copper.(TnbloA4A)

All the results of the copper analysis show that the
concentrations reported, 720-960ug/m:}, are in excess of the
true concentration 700 ug/ml. Small deviations in the
range + 30 ug/ml were attributed to errors in dilutionm,

26 wolY s preparation of the standard solution by the
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9
authors™. Deviations in exceas of 750 ug/ml w
due to the inaccuracy of the working snﬁclifrds"g‘ogrgz:bly
ICES reference materials DP/UT and DP/TW the mean values
and the stundard deviations excluding the ocutliers are -
4.1; 1.6 ug/g dry wt, (CV 39%) aod 1.8; 0,09 ug/g dry wt.
(CV 50%) which compare well with the ICES analytical results
of these samples i.e. 3.8+0,7 dry wt. (CV 18%) and 1.8:0,7
dry wt. (CV 39%) except for the coefficieant of variation -
reported for UT which 1is twice that raeported by the ICES.

Zinc (Table 4 B)
The results in the table indicate the significant
‘spread of zinc values 474-818 g/l in CZ} staandard solutioa
Out of twenty three laboratories sixteen reported values
more than +5% outside the true values, two reported values
30% higher than the true value and one reported a value
25% too low. For the ICES reference materials DP/UT and
DP/TW the mean values. and the standard deviations reported
by twenty two laboratories 41.7+6.4 (CV 15%) and 20.8:7.4
(gv 35%) compare well with the TCES reported value, o
Pb data.

Mercury (Table 4C) - B

3

Only three laboratories submitted acceptable data ice ’
5% deviation from the true value in the mercury standard
solution. The meun values and the standard deviations for
the reference materials LP/UT, DP/TW and DP/EP which were
spiked with different concentrations, compare well with
the concensus value except for DP/EP which had & low
concentration of mercury 0.06 + 0.03, and the mean reported
value is twice the 1CES value.” An interesting obgservation
made, that though 50% of the participants produced accept-
able data for one Oor more samples which ranged from 0.04 -
0.8 ug/g only 25% produced acceptable results for all thoree
samples.

Lead (Table 4D)

As seen from the table only six laboratories submitted
acceptable values for the stsndard solution VP2 1.68. (5%
deviation from the true value. Three laboratories produced
30% higher values and one value was 50% the true value.
However for the reference materials disappointing rasults
were observed as seen from the difference between the ICES
concensus value and the reparted value. The poor performunce
of the analysts with the DP/SS sample which was splked with
a very hign concentration of Pb 2.5 + 0.2 pg/g dry wt.
wus viewed with much ogncern by the orgenizers of the inter-
cnlibration exercise. There is little doubt thnt enly &
systematic evaluation of the lead analyais oad the adoption
of a recomrended analytical procedure will lead to & sigai-
ficant improvement in the Acouracy asd comparability.
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Cadnium (Table 4 E)

The results illustrat
only 4 laboratories suhmlttegduige;}tlsb{:bé:{infic“e thatu
deviation from the trye value, However the resp(;:. %
;g;lzsis of the reference material DP/TW which haze “eerne
oncentration of the metal 0,005 Ng/g dry wt tt‘nl Ve
o y2lues were 0.01 - 0.65.  Por DP/UT which had a hoer 2K
p of Cadmium 0.04+0.06, atix laboraterian praduuwdmmr

H ) .o .
TABLE 4A Results of the analysis of copper In marine reference materialy

Ce : L L VP2 standard
Laboratory : o ¢ DP/UT 4, o, DPITW .. solution.
No pgldry wt pg/dry wt . pg/ml
1 ' L AL St I Y P PR
i 12477238 L 6.28/6.18 952/963
3 ¢ 8.16/7.58 - 2.08/1.95 938
Y Y Sl e : -
5 2.5/2.3 7 0 L3 . 8907900
§ . 3.6/4.0 B O 72 % 2244720
7 L 3/3 doee 1 T782/798
3 o 3.6/3.6 - ¢ 1.8/1.5 798/798 -
9 . . - ERa—Y i 'y * .
10 ’ L. 4.42/4.4Q N 2.70/2.65 800/794 .
1n - : L 4.3/3.6 - 1.53/1.50 163/770
12 - - © 8.27/8.42° 4.70/4.65 950/930
13 C11.0/5.7 ‘ 1.63/1.68 270/767
14 R A 77 X TR 1.0/1.2 890/885-
15 . . : [ *
16 D 502494 - 1.67/1.61 850/840 -
17 - o 4.27/4.13 1.88/1.91 830/8130 -
18 . Sl 3.2/3.0 ¢ o 1.4/1.1 820/810
19 N t. 4.13/3.33 . <= 1.67/1.86 180/770¢
20 . o 4.9/5.3 2.5/2.1 734/730
. Vg 49/49% . 30/29 . 720/720
22 . LT 4.3/5.0-- T 2.0/2.2 785(195
23 e . . © 64772
F2 1,73/1.90 . 0.96/1.39 170/766
25 - 2.49/3.52 0.54/0,61 7657780 -
26 o 3.78/3.58 - 2.67/2.13 . 820/825 -
Range of values reported L73-1100 N 0.54~6.28 720-963
Mean value {SD)CV . . | 4.12 (1,64) 0% 1.85 (0.88) 48% 310 (68) 8%
{autliars) o e - §.28, 6.18 nons
i ; .o ‘.
Probable value based B
on gesults of LR e : s ag - .
ICES exercises . - 38207 . 0 1.8£0.7" " True cong =
700 pg/ml

* No results submitted

SD = Standazd Deviation

CV = Cosllicient of Vaslation .

Source : Report on- YOC/GEMSI Intarcomparison Exercise toc‘
- Matals In Biological Tissue. C . ,



acceptable data. An interesting fact observed was that
two of theae laboratories were unable to report acceptable
datas for DP/IE & mample with relatively high concentra-
tion of cadmium, -, . . e e )

Tabie- 5.

This table depicts a comparison of results of inter-
comparison exercises using refereace materials over a

period of five exercises. It shows that the various parti-
cipants in both IAEA  and the ICES intercomparison exercises
achieved a similar level of performance in the analysis of
tive trace elements and it also highlighted that the pro-
blems assoctated with the analysis of Cd and Pb are experien-
ced on s global basis, S :

TABLE 49 Results of the analysis of sinc in marine relerence materials

L ol CZ1 Standard

orato ’ . oppjur . DPITW aslution
Moo | pgfgdeywr | pggdrywt ' pg/ml
1 L a0 T 22/19 6357615
3 ST TY V11 X B 37.8/38.1 816/818
3 - : 40.6/40.8 _ 54219 :w

N N BN P - . L ]
s Y 7 R * 1 650/670
6 ‘~ 42.6/39.4 .. 21.4/20.7 610/615
7 . so/st 222 670/667
[ N 31.4/32.0- - 15.4/16.3 579/579

. ’ . . .

Zo 45.4/45.3 . . 23.6/23.3 0,025
1n’ 45.5/43.4 - . 22.9/22.9 589/592"
12 A27/430. ., 25.9/26.8 810/780
13 Yl 53.9/40.8 .- 21.0/21.9 644/649
1+ 3836 - . 0.05/0.05 . 175/115

. . e . . . . .
T Ciloe 3902 v, 2147210 700/718
17 . 37.3/31.6 X 21.0/20.8 650/650
18 wEina 43.8/43.57.70 23.6/22.9 - 688/68S
19 L aggar coon 670/680 -
20 a4t .. 24/23 605/625
21 PPY20 R 2272t 610/590
22 v 39.0/39.5 - - 20.5/19.7 6207670
23 ; : .- e o 'l 644/65T -
24 . . 40.2/39.9 . 21.9/22.3° - "618/640
s * . $2.5/36.0 - 5.9/6.0 624/616
26 27.4/25.3 CL15.9/18.7 4TT/AT4
Range of values raportad, 25.3-56.3 0.05-38.1 474-818
Mean (SD) GV : 41.7 (6.4) 15% 20.8 (7.4) 35% - 654 (75) 11%
cutliers R none none €0.025

Probabdle value based
on results of True conc =

ICES exercises 38 + [ 23 ¢4 600 pg/mt
e —— .

= No results snbmlued. 'SD'- Snndud Daviation ‘ GV = Coelficient of Variation
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ANALYSIS OF TRACE METALS INBIOLOGICAL REFERENCEMATEARIALS
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NATIONAL INTEFCALIBRATION EXERCISE

with a growing emphnsis on megnin

marine constituents an intercomparison egzﬁixg:t:agtczﬁf‘°us
ducted in 1984 by the NIO/DOD/SCOR. for National laboratories
in dutrient as well as trace metals. The NIO has made a
concerted effort in coordinating as well as assessing a
wealth of -data arising from several lnstitutions engaged

in marine environmental studies within the country and in
order to have a quality check on the data it was therefore
felt that a National Intercalibration Exercise involving
lthorntories which undertook these analysis be conductad

Aqueous standard solutxons of three dlrferent cancen-
trations for each nutrieat f{.e, phosphate, aitrate and
silicate, and reference mator!ula procured from the JAEA
-MA-M-2T¥ was despatched to 17 purticipanta with suitable:
instructions, Pesults have bWeen received, ‘so far, from .
only 7 lsboratories for the nutrieats und from 3 labo- -
ratories for heavy metals. | beo | .

As seen fyom Table 6 the response to the Natlonnl
trace metal intercomparison exercise was very poor. Only
three laboratories sent in the results with the UOUCs .
(usually occurring unexpected complications) forming the
bulk of the non reporters, Although the UOUCs form an inte~",
gral part of any intercalibration, but such a large per- = -
centage hampers statistical treatmeant of the data, and
therefore no meaningful conclusion could be drawa, thus
defeating the very purpose of the iantercalibration exarclsan
However a slightly better response was received to the .
nutrient exercise with forty one percent of tbe labora-
tories reporting results. !

Table 7 111ustrntes the values reported by seven ot_
the participants, together with the-range of mean values
observed, the mean values as well as the true value for
each of the nutrients. For the purpose of this paper the.
results of each of the nutrients have been.discussed
separately,

Phosphate

The overall mean values reported for the three . i
standard solutions P/A, P/B snd P/C -were in good agreemeat
with the true values ms seen from the table. However a
close look at the range of values reveals the wide spread
of valuas reported i.e, 0.4-3.46 for 1 pgat/L, 0 6-4.35"
for 2 pgat/L and 1-5 83 for 3 Psat/L ) : :

Tte results reported for nitrate aquecus standaras
Nf/A, N/B and N/C are fairly poor, with increasing nitrate
concentrations namely 10 agat/L - 30 pgat/L, For N/A and
N/B none of the.reported values were +5% of the true value
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1.e. equivalent to 0.5 and 1 pgat/L for 10 and 20 ugat/L
raspectively. Two laboratories for N/A values (30% of the
true value and the rest of the valyes .were 75% too bigh.
The rest of.the values reported for N/B were (30% of the
reference value), As obgerved from the table only one of
the reported value was +5% of- the relevant N/C value whlla
all the rest lie 1n the (30% of the true value rangq.

In generel, the silicate values reported deviated
most from the true value with the percentage error ranging
from 16,5 for the 100 pgnt/L standard to 52% for the 300
pgat/l standa;d -

It was however felt that the differences observed
in the nutrieat analysis could. .

a) Reflect the inaccuracy of the individual laboratory's
working standards,

L) Errors arising from faulty instrumentation.

c) Errors in calculations rntber'than faulty standards..

Thus only a concerted effort from all the partici-
pating National leboratories as well as the subse-
quent intercomparison exercises might improve the
-ccurlcy and the comparability ot the data., .

o
V-

CONCLCUS ION

The various Intercalibration Exercises conducted N
both Internatfonally and on the Natiooal front in marine
chemical constituents. highlight the range of differences
that occur in the analysis of these constitueats, due to
simple errors in dilution tao the preparation and storage
of working standards, faulty instrumentation, uasuitable
methodologies and sometimes even miscalculations. This has
brought about a general awareneas about the various pitfalls
encountered at every stape of snalysias, The identlification
of these significant differences will subsequently lead to
the adoption of a common procedure which will ensure an
improved comparability of data, The most significant achieve-
ment of these exercises is that most” of the analysts are
convinced about the importance of regular participation .
and continuation of intercomparison exercises in relation
to the harmoniZation of the methods leading to a general
improvement in the accuracy and comparability of data as
wall as the immense help these exercises have been
to analysts with limited experience. The interpretation of
data from various laboratories into a coherent set requires
an assessment of the data reported and thus there is a
need for more and frequeant intercomperison exercises.
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