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The Joint FAQ/WHQ Food Contamination Monitoring Programme

Ta promote the recognition, evaluation and control of envirommental conditions and
hazards that my affect human health, WHO and FAQ are actively participating in the health-
relared monitoring activities of the Global Enviroument Momitoring System (GEMS), a
programme established by the United Nations Enviromnment Programme. GEMS health-related
monitoring activities are directed to providing information on environmental levels of
pollutants in food, air, water, human tissues and fluids, in order to assess the health
risks from exposure to such pollutants and to assist in dererminirmgpriorities for developing
pollution control strategies at the national,regional, or global levels. An additional
practical overall value of a mopitoring programme is to develop, at the national level, the
sclentific and managerial capability to detect and estimate health threats to population
and to develop the basis for making sound emvironmental management and regulatory decisioms.

The Joint FAQ/WHO Food Contamination Monitoring Prograwmme or GEMS/Food initiated in
1976, is one of the major health-related activities of GEMS. The main objectives of the
Joint FAQ/WHO Programme are:

(a) to collect data on levels of certain chemicals in Individual foods and
in total diet samples and to evaluate these data, review trends and produce
and disseminate summaries, thus encouraging appropriate food control and
resource management meadsures.

(b) to obtain estimates of the intake via food of specific chemicals, with
a view to combining these data with those on intake from other sources,
thus enabling the total intake of the contaminant to be estimared,

(¢) to provide technmical cooperation with the governments of countries
wishing to initiate or strengthen food contamination monitoring
programmes; and

(d) to provide the Joint FAO/WHO Codex Alimentarius Commission with
information on the levels of contaminants in food to support and
accelerate its work on international standards for contaminants in foods.

A key feature of GEMS/Food is the cooperation of established national food contamina-
tion monitoring programmes, and institutions wishing to strengthen their food contamination
monitoring activities. Thirty four FAO/WHO Collaborating Centres and Participating
Institutions for the Programme are now active in thirty one countries.

Institutions are periodically requested to submit data on the levels of certain
chemical contaminants in individual foods and on the intake of contaminants via food. The
following contaminants are at present included in the Programme: aflatoxins, cadmium, lead,
tin, organochlorine compounds (DDT-complex, total HCH isomers, lindane, heptachlor and its
epoxide, aldrin and dieldrin, HCB, endosulfan and PCBs) and organophosphorus pesticides
(malathion, parathion, wmethyl parathion, diazinon, fenitrothiom).

Data from national food contamination monitoring programmes are collected and computer
processed at WHO headgquarters in Geneva. Data collected =zo far (1971 - 83) on levels of
contaminants in individual foods and magnitude of exposure to contaminants in the diet
have been summarized, evaluated and a series of reports issued. It is hoped that
dissemination of this information on levels, trends and potential health gignificance of
food contamination will permit Member States to make national decisions for the improvement
of environmental conditions of relevance to publie health.
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INTRODUCTTON

A basic requirement for an international or national health-related environmental
monitoring programme is that data generated by one activity be fully comparable to similar
data produced elsewhere or at another time, and that the accuracy and precigion of all
data be known., This necessitates an active analytical quality assurance (AQA) programme.

In addition, an important contribution of AQA studies is to improve the overall reliability
of data collected and by means of positive feedback to laboratories, strengthen national
food contaminatiommonitoring programmes and thus the services responsible for the prevention
and control of food contamination.

The everall AQA study design was agreed to at a comsultation held in Geneva in 1980(1).
Since that time, AQA studies are being conducted regularly (2,3). These inter-laboratory
AQA studies are coordinated by three institutions for three groups of contaminants: The
International Agency for Research on Cancer (IARC), Lyon for aflatoxins; the Ministry of
Agriculture, Fisheries and Fool (MAFF), United Kingdem for metals (cadmium and lead }: and
the National Food Administration (NFA), Sweden for organochlorine compounds (organochlorine
pesticides and PCBs).

For practical reasons, a maximum of five laboratories in each country participating
in the Joint FAO/WHO Programme are invited to take part in the AQA studies. Participation
is on a voluntary basis and individual laboratory performance is of course not revealed,
Samples preparation and shipment, collation and evaluation of results, report preparation
are all carried out by the AQA coordinating institutes: IARC, MAFF and NFA. The individual
reports of these coordinating institutes are included in this document. Participation in
this third AQA study has been substantial, at least 18 out of 22 countries took part in
gach of the study components: aflatoxins, metals and organochlerine compounds.

AQA studies are seen as an integral and essential part of GEM5/Food. The Technical
Advisory Committee which periodically meets to review the scientific and technical
activities of the Programme, strongly recommended that continued emphasis be given to AQA
studies. %5uch studies are to be used to identify the particular section of the analytical
methodology which is in greatest need for improvement and determine and implement specifie
training programmes to improve upen the analytical quality of the results (4,3).

ACKNOWLEDGEMENTS

The United Nations Environment Programme, the Food and Agriculrture Organization of the
Iinited Nations, and the World Health Organization acknowledge the valuable contribution
made by the three institutions which carried out this third analytical quality assurance
study under the Joint FAQ/WHO Food Contaminatieon Monitering Programme. In particular,
the work of the three Coordinators, De M. Friesen of the International Agency for Rescarch
on {ancer, Lyon, France; Dr M.E. Knowles, of the Ministry of Agriculture, Fisheries and
Food, Norwich, United Kingdem; and Dr. $.A. Slorach of the National Food Adwministration,
Sweden, is gratefully acknowledged.




WHO/EHE /FOS5/85.20

Page 3
REFERENCES
1. Joint FAO/WHO Food and Animal Feed Contamination Monitoring Programme - Analytical

' Quality Assurance - Report of a Consultation held in Geneva, 27 — 19 February 1980.

2. Joint FAO/WHO Food and Animal Feed Contamination Meonitoring Programme — Analytical
Quality Assutrance of Monitoring Data. Geneva, 1981.

3. Joint FAQ/WHO Food Centamination Monitoring Programme — Analytical Quality Acsurance 11.
Geneva, 1983.

4. Joint FAD/WHO Food Contamination Monitoring Programme — Report of the Third Session of
° the Technical Advisory Committee - Rome, 28 November — 2 December 1983, Geneva, 1384.
5. Joint PAQ/WHO Food Contamination Monitoring Programme — Report of the Fourth Session

of the Technical Advisory Committee - Geneva, 9 - 13 September 1985. Geneva, 1985,

. o e g rerrpri Tt S e b e i e i MR T




WHO/EHE /FOS /85,20
Page 4

ANALYTICAL QUALITY ASSURANCE - ITTX

CADMIUM AND LEAD

by

J.A. Burrell, R. Maszsey and D.J. McWeeny

Ministry of Agriculture, Figheries and Food
Food Science Laboratery

Norwich

0K

CONTENTS

E
]

s

SUMMARY waveccvvuenn errEmrresssarnron st e En
INTRODUOTION v e cissssrammmuasosransansadssrprrrsssssrrons
PREPARATION OF SAMFPLES .. tasrsnevisatssumann
i) Preliminary preperations ---isecresrasssonennracsasrs
ii) Stage 7 and 1R .-.... sasernmmsmarrann
iii) Stage 2 ...e.. G ebesmacisastmsmmavaBeTEEEman T "

iv} st rmammsssmmmrsmmdsdmaEEmamadeanan

SAMPIE DISTRIBUTION .cveevercmssssrarroszssosrammastusnsnns
PARTTICTIPATION ssv-c--uassensrssasnnrrrmasssnonsmnmussnranns
RESULME occcusaterranmosasrmmnssadtrasnmmsssseneamestsrryn~
APPRATSAL OF RESULTS .uecerccvsssnrrmmmssarsnnrmcsdsersnnns
ANALYTICAL METHODOLOGY sevevevsisarrmrncssssnnmmmesarnnanns
DISCUSSTON -vcvseasarmecsarssrnoiasarsrmacrdsranyametenrnnons
CONCIISTONS ccuasvsrrmmssasrmcmissrarranmssssranansanrmnnns
BECOMMENDATIONS FOR FURTHER WORK ..aues eernmmmmssanama
ANNEXES cesancmmeasssnnnmmmsssrammmbssrnamenusers

R N N ==

e
ool P = e

Annex RESUlfE srcccicesammmnsssasmnamsarernnpssrrrnness
Annex Analytical Procedures uged for Stage 3 -cesianen--
Annex Participating laboratories seeecccieirarr-usssrns
Annex InstTuctions to participalts see-veersrsracesnans
Annex Form used for sppraisal of participants results .




WHO/EHE /FOS /85,20
FPage 5

1.  SUMMARY

The third Analytical Quality Assurance Study for lead and cadmium associated with the
FAQ/WHO Food Contamination Monitoring Programme was carried out from March 1984 to January
1985' .

It was conducted in three main stages with progress dependent on satiafactory
performance at a preceeding stage. The main objective, in the light of the unacceptable
wide variation in results from the twe previousz stundies, was to extend the efforts, begun
in Study 2, to identify the causes of high variation and in particular to concentrate on
individual laboratory performance.

Samples of increasing complexity were diatributed for analysis by participants using
their routine analytical procedures appropriate to the gathering of monitoring data. These
were as follows:

Stage 1) Four samples of blind duplicates of twe simple solutions, in 2N nitric
acid solution, sent as a simple assessment of the measurement and
calibration capability.

Stage 2) Four samples of blind duplicates of two standard solutions in the presence
of other inorganic =salts, typical of comcentrations from foods, sent as a
more rugged assessment of the measurement capsbility.

Stage 3) Two samples to be mnalysed in duplicate of dried kale and dried liver sent
aE an assessment of the whole analysis.

Contributions to the Study were reported by fifty-eight laboratories from twenty
gountries. Forty five laboratories eventually reported upon all three principal stages.

During Stage 1, thirteern laboratories were identified by the co-ordinating laboratory
as having some form of difficulty and it was felt necessary to introduce an additional
Stage 1R to which a number of these were referred. Significant improvement generally was
shown by laboratories so referred.

In Stage 2 a further ten laboratories were identified as having difficulties, however
the Co-ordinating Laboratory notified participants of this and proceeded to issue Stage 3
gamples. Six of these ten laboratories appeared to have some difficulty with Stage 3.

It was congluded that:

1) The variation associated with the snalymis of dried kale and liver, as conducted
by 80% of AQA III participants completing all three stages, was unacceptably high,
The magnitude of the variation approached that in AQAs I and II and for example a
coefficient of variation (CV) of 25% wae obtained for dried kale with 3.9 mg lead/
kg and 91% for liver with 0.3 mg lead/kz.

2) As many as 25% of the participants in the Stage 1 apalysis of simple seolutions had
gome form of difficulty and the CVs of those not excluded as outliers etc. were
5till excessively high in relation to the relative simplicity of the analysis.

The (Vs ranged from 10% about a mean of 0.57 mg cadmium/kg to 36% sbout a mean of

0.56 mg lead/kg.

%) An increase in variation was generally observed on transition from analysing simple
solutions, to salt solutions, to dried foods. PFortified salt solutions may have
potential as check samples to identify such problems.

L) A general inability to produce precise estimates of lead concentrations in fresh
food=z below 0.7 mg/kg a5 demonstrated in AQA II, was confirmed. It was further
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confirmed that as much s 20% of analytical data submitted was unreliable.
It is recommended that coneideration be given to requiring some form of
analytical gquality assurance of individual contributions of monitering data.

5) A re-run of Stage 1 (simple solutions) demonstrated that in general when
laboratories were made aware of specific problems they were able to conduct
effective corrective action, Tt ie suggested that enquiries are made of
participants as to how uzeful they found participation in AQA Study ITI.

&) It was noted that the background and experience of the participants varied
greatly. Some lsboratories had been submitting monitoring data for many
years, others were more recent contributors and in some cases the participants
were potential recruits using the AQA fto gain experience. When assessing the
comparability of submitted data in future AQAs it may be advisable to distinguish
between these types of labormtory.

2,  INTRODUCTTON

The lead and ¢admium component of the third Analytical Quality Assurance (AQA) Study
associated with the FAQ/WHO Food Contamination Monitoring Programme ran from March 1984 to
January 1985. fThe arrangements were different from the previous studies, in 1980 and 1981/
82, though they still entailed the evaluation of laboratory procedures used by participating
laboratories when producing monitoring data.

The first lead and cadmium AQA involved the analysis of unidentified standard reference
materials and yielded an unacceptably high variastion in results. For instance results for
NB5S oyster tissue with an expected lead concentration of (.69 mg/kg had a coefficient of
variation of 62.5%.

High variation was also experiencéd in AQA IT where samples were prepared so as to give
information about the various stages of participent's analytical procedures. Much of the
variation appeared to be associated with the end-measurement as opposed to sample preparation.

The surrent study was broken down into three stages of increasing anslytical complexity.
Progress through the study depended on matisfactery completion of any preceding stage.

Stage 1 required the analysie of mimple standard solutions and was a demonstration of
the adequacy of calibration and of the instrumentsl measurement.

Stage 2 involved the analysic of stendard solutiona to which had been added salts of
the inorganic elements commonly found in :oods. For instance calcium was present at 982
mg/kg. This was a more rugged test of the end-measurement, particularly of its selectivity.

Stage 3 consisted of the analysis of dried food samples (curly kale and cattle liver)
requiring use of the complete analytical procedure. These were samples of materisls, which
had moderately high natural levels, and which had previously been subjected to co-operative
study by experienced laboratories in the UK. Consequently previously determined consensus
values were available for comparison.

On examining results for Stage 1 it was decided to invite laboratories that submitted
unacceptable results (as defined in Sectien 8) to undertake a re-run of this basic exercise.
This was designated Stage 1R.

%. OBJECTIVE

The theme of AQA Study IIT was an extension of that of Study IT where efforts were
directed to improving comparability of dats in additien to assessing the current general
standard. However this series of experiments was directed more to assessing individual
laboratory needgs. It attempted to identify aspects of the analytical procedure, particularly
the end-measurement that might be less reliable than was possibly realised. The aim was to
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encourage participants where necessary to give immediate attention to any problems
identified,

L.  PREPARATION OF SAMPLES

i} Preliminary Preparations

Conditioning of Apperatus

A11 glass flasks and containers were soaked in detergent golution and then washed
with warm soapy water, rinsed well and stored for several days in 50% nitric acid solution
{Nunc vials, beakers and funnels) or containing 2N acid solution (winchester bottles and
volumetric flasks). They were then rinsed using deioniged distilled water and where
necessary or appropriate hot air dried. A large polythene container {221}, was similarly
washed and preconditioned by standing several daye containing 2N nitric acid.

Master Primary Standards

For cadmium 2 stick of metal was taken (BDH Laboratory Reagent, 99.9% pure), the
surface scraped clean, =nd shiny metal fragments removed using gteel hand shears. The
cadmium fragments (0.5000 g) were dissolved in 1N nitric acid solutiom (20 ul),
quantitatively transferred to a volumetric flask (500 ml) and diluted to volume using
N BNO.. The solution was then stored in a bottle formerly used to contain a commercial
1000 p%m cadmium standard in N nitric aeid solution.

For lead, lead nitrate (Fo (No.),) (BDH Analar) was dried overnight at 110°C and
0.7998 g dissolved in N nitric acia Eolution, diluted to 500 ml and stored in & similar
manner to the cadmium solution. :

ii} Stage 1 and 1R

Bl iluent

A bulk supply of 2N nitric acid (Fison's 'Primar' Grade) was prepared by weighing the
acid inte 5 L and 2 L volumetric flaske and diluting te velume using deionised distilled
water. The solution was transferred to the polythene container and well mixed by shaking.
This solution was zsubsequently transferred to winchester bottles that had formerly
contained nitriec acid.

Intermediate (blending) Standards

For both lead and cadmium & pre-calibrated nominal 10 ml bulb pipette was used to
dispense 9.97 nl of the master standard which was then diluted using the 2N blank solution
to 2.00 L, giving accurately known solutions with concentrations arcund 5 mg/L.

Study Samples

PThe Specific Gravity of the various solutions involved were determined by weighing
pipetted aliguots (20.0 ml) of distilled water and of the solutions concerned. The mean
of five measurements was taken, using a Mettler PC 440 top pan balance (accurate to
0.001 g} and intermediate standards and blank solution blended to give the concentrations
relative to the blank solution as recorded for solutions A, B, C and D in Table 0.3. Sub-
samples were aatomatically dispensed into 25 m) disposable polystyrene vials ("Nunc vials");
the operation commencing with the blank solution (22 ml) and then the samples in increasing
concentration {11 ml). The sub-samples were numbered at random and four, consisting of twe
pairs of blind duplicates, together with cne vial of blank solution were sent to partic-
ipants together with the reporting form and instructions as indicated at Annex 4.

R
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iii) Stage 2
Blan iluent

_ The basic salt solution was prepared by adding the quantities of chemicals itemised
in Table 0.7 to deionised distilled water together with 1475 g concentrated nitric acid
and diluting the whole to 10.00 L: again yielding a 2N solution with respect to the acid.

Table 0.1 Preparation of background matrix for Stage 2

Element

Amount diluted concentration

Chemical {after dilution)
to 10 L ( 1910 + 90 )
{mg/kg )
NaGl BDH Aristar 23.2 g Nz &1
‘ ¢l 1250
Ca(N03)24H20 BDH Analar 651 g Ca 982
KOR BDH Aristar 63.2 g K 3916
1\11{411213!:5+ Higma Chemical Co 163.5 g P 2014
I-l;_,SOiF {conc) BDH Aristar 67.3 g 3 1959
Fe BDH Spectrosel 500 ml Fe 4h.5
(1000 mg/L)

Cu " " 125 ml Cu 11.1
Zn " " 200 ml Zn 17.8

To this solution was subsequently added 90.0 g of lead or cadmium standard solution or
2N nitric acid blank from Stage 1. The final blank for Stage 2 consisted of 1970 g of
salt solution plus 90.0 g of the Stage 1 blank. Its specific gravity wos 1.074.

Study Samples

Accurately known, nominally 50 and 5 mg/L intermediate standards were made up
similar to the Stage 1 blending standards., Two test solutions were then prepared (E and
F) with the lead and cadmium concentrations indicated in Table 0.3. Aliquots of either
the high or low intermediate standarde were taken and added to 1910 g of =alt =olution.
Where YO g of cadmium solution and VL g of lead solution were added a further (90-VC.VL)g
of 2N nitric acid was also ineluded.

Sub-samples of E and F were prepared as per Stage 1 and were similarly dispensed and
distributed.

iv}) Btage 3
Study Samples

Dried kale and ox liver had been prepared for an earlier study in the spring of 1983.
They had been demonstrated as sufficiently homogeneous and sub-samples had been packed into
their individual polythene sachets at the time.
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In the 1983 UK study these samples were analysed on six separate occasions in
duplicate by seven laboratories. The identities of the gamples were not disclosed and
they were analy=ed together with six other AQA materisls. Results were expressed on a
dry weight basis by applying a factor determined by a prescribed drying procedure. These
results are summarised in Table 0.2 below. The same moisture determination procedure was
specified for the current atudy. A sachet each of kale ("™") and liver ("L") were
distributed together with the instructions and report form (see Annex 4).

Table 0.2 Results of the analysis of Kale and Liver in s previous UK, AQA study (1983)

Lead ‘ Cadmium
) Number Overall 5 cy | Number Overall s ov
Material re:ilts (:;?ﬁg) (mg/feg) % regilts (2§$§g) (mg/kg) %
Curly Kale (K) 40 4.5 0.55 2.3 30 0.21 0.0 29
Liver (L) 30 0.21 0.137 65 | 36 0.66 0.228 35

5.  SAMPLE DISTRIBUTION
The varicus stages of the study were conducted as follows:-

Round 1 (March - M=y 198%) entailed Stage 1.
Round 2 (July - September 1984} entailed both Stage 1R and Stage 2.
Round 3 (November - January 1985) entailed Stage 3 only.

The samples issued for Stages 1, 1R and 2 had the following distribution:

1) A blank (22 ml) to be analysed in duplicate.

2) A sample solutier "x" (11 ml) to be analysed singly.
3) A blind duplicate of "< (11 ml).

%) A sample solution "z" also to be analysed singly.

5) A blind duplicate of "z".

The actual solutions for Stage 1, 1R and 2 were == A, Cor Eand z = B, Dor F
respectively.

For Stage 5 twe dried and powdered samplea (K and L) were sent out to be analysed in
duplicate. Participants were to correct for their own laboratory blanik.

The solutiens were sent out in nunc vials, with tightly screwed caps sealed with
cellulose adhesive tape. A few leaks vere reported by participants. The Ffive vials were
wrapped and sealed in plastic bubble pack and sent out in padded paper ('Jiffy') bags by
air mail. Examples of the instructions are at Anpex 4.

The powder samples were sent out in their original polythene bags after each individ-
ual bag had been well shaken to mix. These sample bags were again protected by the padded
paper bags when sent air mail.

&.  PARTICIPATION
Sixty-one Jaboratories im twenty countries volunteered for the study and fifty-eight

supplied results., A list of participants is at Annex 3. Individual laboratory participa-
tion and progress is detailed in Figure 0.1,
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Figure 0.1

Summary of individual laboratory participation and progress in the Lead and
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Fifty-two laboratories reported on Stage 1. Following the examination of the results
it was considered worthwhile to offer a number of participants an opportunity to make a
second, hopefully better attempt at analysing simple solutions. Fleven laboratories were
consequently sent Stage 1R solutions as also were a further six laboratories that joined
the study late. Nine of the original eleven and five of the additiomsl six laboratories
reported for Stage TR. Two other laboratories which did not do well in Stage 1 and again
in Stage 2 were later referred back to Stage TRH. One reported muccessfully and rejoined
the study at Stage 5. Fifteen laboratories in total thus reported for Stage 1R. For Stage
2 forty-nine laboratories reported out of fifty-three sent samples and for Stage 3 forty-
five reported out of forty-eight,

7. RESOLTS

The results received are given in Annex 1, Tables 1.1 to 1.8 and their distributions
are illustrated in Figures 1,1 and 1.2 of that amex.

A summary of the results and their distributions after elimination of outliers, as
discussed in Section 8, in terms of means, medians, ranges and coefficients of variation
is given in Table 0.3,

8.  APPRAISAL OF RESULTS

i) Interim Appraisal

Once the majority of participants had reported upon each stage an assessment of
individual laboratory performance wats made and relayed to each participant using the form
at Amnex 5. They were further informed about the general performance in the study by
tables and histograms detailing all results received.

The results from individual laboratories were judged to be unmatisfactory if replicate
results did not agree (usually within 10% of their mean), if results were found on the
extreme edge of the general distribution or if results were greater than 20% from the
median. Reference was particularly made to the quality of results for the higher concentra-
tion =amples.

In 5tage-1 at least eleven laboratories were identified as reporting results of which
a large proportion were deemed unsatisfactory using the sbove criteria. Twelve laboratories
were similarly identified as producing poor resulte at Stage 2 though here all except two
(whick in fact had not performed well in Stage 1 either) were imnediately cent Stage 3
samples. The two, as mentioned in Section 6, were referred back to Stage 1R. For Stage 3
fifteen laboratories were identified as being particularly unsatisfactory.

At the conclusion of the Study all results were subjected to formal statistical
examination and the majority of the results judged to be unsatisfactory in Stages 1, 1R and
2 were in fact identified as statistical outliers. For the Stage 3 results the general
variations were very large and consequently few statistical outliers were identified.

ii) Statistical Examination

Results quoted as less than a leboratory's limit of determination were deemed un-
satisfactory and rejected on the basis that they were inadequate for the atalysis requested.
Such results are identified in the result tables, Annex 1, by the superfix (1). To
facilitate the statistical analysis it was necessary to discount single results supplied
in place of duplicates (superfix 2).

Two statistical tests to identify outliers were employed both using 95% probability
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as significance level. RDeisils of these tests are given in Reference 1 below. As duplicate
results were available Gochran's Test was used to indicate i1f disagreement between replicates
wat greater than generally indicated (superfix 3). Dixon's Test was applied to identify
those laboratories whose results significantly differed from the mean (superfix 4),

9. ANALYTICAL METHODOLOGY

When examining the analyticsl methods used in the three AQA studies toc date no greatl
difference in the proportion of methods used is observed other than the elevated popularity
of AA-FLAHE ip AQA TI. This slevated AA-FLAME figure presumably arose becmuse pariicipants
felt the fluid comminuted orsnge samples were more amenable to aspiration after simple
pretreatment. Table 0.4 summarises this information; proportionate usage is guoted to the
nearest 5%. The methodology for 1984 is that associated with the analysis of Stage 3
gamples. These methods are listed in Annex 2.

Table 0.4 Distribution of Analytical Technigques used in Lead and Cadmium AQAs

1980 1981 1684

Number of laboratories 38 36 43
Decomposition: % % %
Dry ashing Lo Lo Lo
Wet digestion 55 55 40+15*
Plasma ashing 5 ) 0
Not specified - - 5
Separation:
IHrect measurement 55 &0 50
Extraction L5 4o Lo
Not specified - - 10
Measurement :
AAS. Flame 50 65 =0
AAS-Flaneless 30*17" 15 50"
Flectrochemical 15 15 15
Teed both

;
Youden, W.J. and Steiner, E.J. (1974), Statistical Manual of the AOAC.
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0. DISCUSETON

The main objective of the current study was te helyp :ndividual labernteries identify
any problems that may exist with thelr methedolopy or expertize pind i any ave dderi] fled
to encourage and where poosible asalst partisipanis to dnvectimste and cvercomd Dhuem.

Figure D.1 pives some indication as to how this prosess took place curing the study.

It ig difficult at thins point te assens how useTul to narbticipantz o study of this
bype was found to be. Perhaps a next move might bo bo convs !

® thelr views on Lhis,

In Stage 1 simple solutions containing O.0% and O.8H mp/or tead snd 006 and .31
mi kg cadmium respectively were distributed and {3 ftv—iwo isboratories roporied resuits.
Thirteen of these {26%) failed in somc reopect or other to meet fhe acslTacy OT hrecision
criteris considered acceptable {as defined in Sectien 8). Theze thairteen included ten
laboratories later shown o have reported results that were Statistical cutiliers. The
high proportion of laborateries failing this elementory test was disturbingly high.

Repults from laboratories repeating the analysis of simple solutions in Stage 1R were
compared with results from the same laboratorics imolated from Stage 1. Both intro and
inter laboratory variation was shown fo have significantly imnproved. For exsmple the
overall CV for cadmium (mean 0.51 mg/kg) obtained by ten Stame 1 participents was reduced
from 3 in Btase 1 to W in Stage 1K for a mean of similar mzpaitude {0.98 mp/ke).

Qf the fifteen laboratorices contributing to Stage 1. Tive reported ouilyine
results of which three were praduced by late arrivals to the Study who were analysing
nimple molutions as part of the Study for the first time.

In Stage 2 ten laboratories in particular had difficulty in accurateiy and/or
precigely measuring the metal concentrations in szlt =solutions E and F even though they
had produced satlisfactory results in Stage 1. There perticivants were notified accord-
ingly, and Stage 3 mamples were ismsued to the laboratorics concsrned,  Seven of these ten
were subacquently shown to be statiztical outliers, zs were four sther laboratories who
articipnted 1n Stape 2 after sueeessfully completing & Three more Lloboratories
procesding to Stage 2 via Stage TR were alsc evenlually shown Lo be outliers.

Following Stage 3 where the variation associanted with tae snaiyziz of the dried food
ampies was enpecially poor, ten laboratories were nnted a5 having performed unsatls-
factorily and participants informed accordingly. &ix of &b ten had ween identified nm
performing unsatrsfactorily in Stage 2. In the event howsver only three of the ten were
subnequently identified as statistical eutliers in Stage 4.

-

Comparison with prior AQA studies

In the following sections the cutcome of Study 1II is compared and contrasted with
earlier AQA studies with particular reference to implications on the gomparabiiity of
monitoring data.

i} Anazlvsis of Simple Solutians

Discussion will be eonfined to Stage 1. By aquoting limits of determination above the

expected lead concentration in SBolutien A (.05 mg/ke) some 20% of participants appesred to
dunlare that they felt they were insufficiently eguipped or experienced to measuvre this low

roncentration. Since this concentration was selected to represent an analysis solution
lTikely to be encountered whilst analysing foods znd diets containing background con-
tamination levels of interest to the Monitoring Programme ii wasz felt that these findings
were @ significant testimony as te the analytical capacity which might be asscciated with
some mubmitted monitoring datn. No such difficulty was experienced with the messurement
of 0.0 mg/kr cadmium in Solution A.

e

e
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For the higher concentration Solution B containing C.84 mg/kg lead and 0.51 mg/kg
cadmium, mean and median consensus values closely approached those expected. These were
0.86 and 0.85 mg iead/kg and 0.51 and 0.51 #g cadmium/kg respectively. Coefficients of
variation of 14 and 10% obtained for the respective elements measured in Solution B
compared closely with 18 and 16% found in Study I simple solutions with lead and cadmium
concentrations diluted to the range 0.1 to 1.0 mg/kg. These variations whilst they might
conceivahly be tolerable on foodstuffl measurements mre unreasonably wide for simple standard
solutions.

i1) Apalyeis of Szlt Solutions

Consensus values of mean and median results in Study IIT compared closely with expect-
ed concentrations and are in agreement with the previous studies. For example where 1.09
mg/kg iead was expected mean and median values of 1.06 and 1.08 mg/kg respectively were
obtained. Values obtained for lead in the more dilute Solution E of 0.94 mg/kg were lower
however with 2 mean of 0.080 and median of 0.083 mg/kg.

Variation appeared to be greater than for the mimple selutions which was not the case
for similar (but not identical) salt solutions examined in Study II. CVs of 41 and 23%
were obtained for lead with means of 0.080 and 1.06 mg/kg respectively. The cadmium mean
value of 0.084 mg/kg had a CV of 32% whereas for the higher cadmium concentration of 0.83
mg/kg the CV of 9% was little greater than that obtained for the simple solution containing
0.62 mg/kg (7%).

iii) Analysis of Dried Foodstuffs

Az with the comparatively low concentration of lead (0.1 mg/kg) in the comminuted
orange in Study II, considerable difficuliy was generally found in quantifying the 0.2 mg/he
believed to be present in the dried liver. The distribution of liver results was highly
skewed (see Annex 1, figure 1.1) with a mean of 0.47 mg/kg and a median of 0.30 mg/kg. The
coefficient of variation was very high at 91% (8 = 0.428 mg/kg) relative to the mean. The
distribution of these results appeared to be substantially different from that reported by
the UK laboratories of 0.27 ¥ 0.1k mg/keg. This may be indicative of the difficulties
encountered in accurately determining low lead levels in dried animal tissues.

The cadmium measured in the liver more closely approsched the expected value of
0.66 £ 0.22 mg/kg. A mean of 0.51 and median of 0.52 were found with a fairly high co-
efficient of variation of 27%. The magnitude of this variation was however similar to that
found by UK laboratories.

The dried kale consensus values in the current study were compared with the UK data,
The lead mean 3.9 and median 4.2 mg/kg values and CV of 25% were slightly lower than the
5.5 % 0.6 mg/kg for the UK study. Similarly the cadmium mean of 0.17 and median 0.16 mg/ke
values with CV of 27% were somewhat lower than the UK study results of 0.21 Z0.06 mg/kg .

11. CONCLUSIONS

The results from participants in Stage 3, involving the analysis of the dried foods
demonstrated an unacceptably high variance. For imstance a OV of 25% was obtained about an
estimate of 3.9 mg lead/kg dried kale. This variability approaches the magnitude of that
found previousiy in AQA T and AQA II.

In general the variation increased with the complexity of the matrix. A significant
proportion of this deterioration in performance took place in the presence of added simple
salts. This implies that there may be much more potential for the use of fortified salt
solutions, which can be readily and accurately prepared as quality assurance test materials.
Such selutions could quite simply be produced and circulated at frequent intervals a= check
samples.
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A disturbingly high proportion of participants {around 25%) had some difficulty ip
analysing simple solutions. Furthermore almost a similar proportion did nol claim fto be
able to analyse lead present in foods representative of background levels. The resulis
from Stage 3 of the study revealed a marked lack of capability among the large majority
of participating laboratories to precissly quantify lead concentrations in foods below
0.1 mg/kg on a fresh weight basis. Thus Lhe general ability to analyse background levels
of lead is inadequate., These findings have major implications in terms of the significance
and reliability for much of the data currently used for monitering purpeses. In view of
this it is recommended that consideration be given fo the need and feasibility of applying
some sort of demonstrable guality criteria to be associlated with data accepted by WHO.
Selecting & suitable gquality criteria is a complex problem likely to require detailed
expert study in order to devise and sdopt an acceptable practicable solution.

A re-run of the analysis of Stage 1, involving simple solutions, demeonstrated that
where problems were pointed out many participants were able to make significant improve-
ments. Some laboratories however still failed to improve. The use of simple solutions,
as with the fortified salt solutiens already mentioned, =g check samples, appears to have
further potential for ongoing training or validating purposes. The views of current AQA ‘V
participants should be canvased in order to assess their perception of the value of taking
part in the present =study.

For the purpose of assessing the comparability of monitoring data there appears to be
a need ta distinguish between well established laberatories that repularly participate in
AYA schemes and other laboratories. It is undesirable for WHO to publish monitering data
when there is ungcertainty with regard to its accuracy/quality.

i2. HECOMMENDATIONS FOR FURTHER WORK

1. Invite comments from participante as to the value of AQA studies of
the type of Study III.

2. Give consideration to the need and feasibility of requiring AQA data
from laboratories submitting data to WHO and if thoupht appropriate
estrblish an expert panel to devise appropriate criteria for this purpose.

3, Consider making much more use of simple solutions and of salf solutions as
test matricies for establishing 2 minimum level of quality assurance-
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ARNEX 1

Result < limit of determinstion eliminated from the statistical

examination.

Single result eliminated from the statistical examination.

Outlying laboratory by Cochran's Test (95% probability).
Outlying laboratory by Dixen's Test (95% probability).
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FAQ/WHO FOOD MONTTORING PROGRAMME : AQA 3 Pb AND Cd : RESULTS - STAGE 1
LEAD (mg/kg)
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FAO/WHO FOOD MONITORING PROGRAMME : AQA 3 Pb AND Cd : RESULTS -
STAGE 1

CADMIM (mg/kg)
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FAC/WHO FOOD MONITORING PROGRAMME : AQA % Pb AND Cd : RESULTS - STAGE 1R
LEAD (mg/kg)
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TABLE 1.4
FAQ/WLO FOOD MONITORING PROGHAMME : AGA % Pb AND Cd : RESULTS - STAGE 1K
CADMTUM (mg/kg)
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Table 1.7

RESULTS - STAGE 3

: AGA % Pb AND Cd ¢-

FAQ/WHC #OOD MONITORING PROGRAMME

LEAD (mg/kg)
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Table 1.8
FAQ
/WHO FOOD MONITORING PROGRAMME : AQA % Pb AND Cd : RESULTS - STAGE 3
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AQA III LEAD and Cadmium - Stage 3 ~ Analytical Procedures ANNEX 2
Laboratory Sample Decomposition Sample Workup Meagurement
o1 DRY ASHING DISSOLUTION (HN03/ FLAME AA
HCl/HaD F+2+1)
03 DRY ASHING DISSOLUTION (HNO GFAA (Da correction)
then 10%) >
ACID DIGESTION
(ENO_  20%)
3
0h ACID DIGESTION (HNO./ CHELATION (AFDC/MIBK) FLAME, AA
H,50, ) 5
2 b
05 DRY ASHING with DISSOLUTION (HNO GFRA (D2 correction)
H,S0, 0.8% with 08% Tad
07 DRY ASHING with DISSOLUTION (d BCl) DF ASV
Mg (H'oj}a and Hno3 ADDITION Na-acetate
08 LOW TEMP. ASHING DISSOLUPION (HNO,) GFAA (Da gorrection)
ADDITION NE, e
2k
09 1} ACID DIGESTION DISSOLUTION (HC1) Cd} FLAME AA
and
2) DRY ASBIKG CHELATTON (AFDC/MIBK) Fb) GFAAS (D2 correction)
10 DRY ASHING SOLUBILISED in HNO FLAME AA (DE correction)
(20%) 3
CEELATION (AFDC/CHC1.)
BACK EXTRACTION (Hnog)
11 GFAA (D2 correction)
and
FLAME AA (D. correction)
{according Ea
concentration)
12 DRY ASHING with DISSOLUTION (4 ENQ_) ASV
K 80, ADDITION Na-acetat®
1% 4) DRY ASHING CHELATTON (APDC+ FLAME AA (D, correction)
then DDTC) 2
2) ACID DIGESTION
(Has‘jum%)
1l ACID DIGESTION (Hasoh/ 1) Pb CHELATION
HNO,/B.0,) (APDC/MIEK) FLAME AA
2) Cd DILUTION with
water
15 DRY ASHING DISSOLOTION (HC1 10%) FLAME AA (D., correction

Pb only) 2
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Laboratory Sample Decomposition Sample Workup Measurement
17 ACID DIGESTION (HNO,/ 1) Pb DISSOLUTION in FLAME AA (D_ correction)
HC10,) to dryness 3 HNO, 2% 2
2) Cd CHELATED (APDC/
MIBK)
BACK EXTRACTED HNO
= >
=] ACID DIGESTION (HNOD./ CHELATION ATDC/ GFAA (D2 sorrection)
HC10, ) 3 MIBK
21 DRY ASHING with ADDITION acetate ASV (Hg coated graphite)
K80 buffer
2 4
22 ACTID DIGESTION (ENO_/ ADDITION RH, nitrate GFAA
H,50,) 3 CHELATTON (dithizone/
toluene)
BACK EXTRACTION (HC1)
23 DRY ASHING with DISSOLUTION (HC1 4M) ASV
stch ADDITION Ra-acetate
26 ACID DIGESTION (HNO_/ DILUTION (Imo3 20%) FLAME AAS (D
HCIOA) 3 cBrrection)
27 ACID DIGESTION (ENOQ./ CHELATION (Dbre/ FLAME AA
H_50, ) 5 MIBK)
27k
28 ADDITION OF BUFFER DP ASY
29 ADDITION of matrix GFAAS (D_ rorrected)
modi fiers STFF congitions
%0 DRY ASHING CHELATION (APDC/MIBK) FLAME Af (D2 correation)
%1 ACTD DIGESTION (HNO._/ DILUTION (H.0) FLAME AA
3 2
KC10,
72 DRY ASHING DISSOLUTION (4 HCL) FLAME AA (D2
correction)
37 ACID DIGESTION (HNO,/ QHELATION (DDTC/ FLAME AA
HClOI*) 3 butyl acetate)
=4 1} DRY ASHING FTLAME AA (DP correctian)
2) ACID DIGESTION
to drynezs
35 DRY ASHING DISSOLUTION (HNO, N} ASV (HMDE)

3
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Laboratory Sample Decomposition Sample Workup Measurement
37 DRY ASHING DISSOLUTION BCL FLAME AA (DE correction)
39 ACID DIGESTION (ENO,/  CHELATTON (NaDDC/ FLAME AA (D, correstion)
HGJ.O!*) MIEK)
Lo DRY ASHTING CHELATION (dithizone/ FLAME AA
cH(:13)
BACK EXTRACTTION (HC1
a.1N)
4 ACID DIGESTION GFAA (Smith-Hieft je
correction)
L2 ACTD DIGESTION {HNO.,) ADDTTTON NH. H_T0 GFAA {Zeeman correction)
z - R \ ) .
CIPF conditions
43 DRY ASHING FLAME AA (Zeeman
OR correction)
ACID DIGESTION
(Hm}, H,80,,, HEOE)
4h DRY ASHING DISSOLUTION (O.1M Pb) FLAME AA (D
ENO,, ) 2 .
3 correction}
Cd) GFAA (Da correction)
s DRY ASHTNG DISSQLUTION (1N FLAME AA (D2 sorrection)
HNO.)
3
L& ACTID DIGESTION NEUTTRALI SATTON GFAA (D2 gorrection)
(ENO, /HC10, ) (NH, OH)
CO-PRECIPITATION
with Fe and Cu APDC
L7 Fb DRY ASHING CHELATION (APDC/MIEBK) FLAME AA (n2 correction)
Cd ACID DIGESTION
(HNOE/HESOA)
hg DRY ASHING DISSOLOTION (EC1) FLAME AA (112 correction)
50 ACID DIGESTION (ENOE) ADDITION NH4H2P04 GFAA {Zeeman correction)
59 ACID DIGESTION ¢ mro3) ADDITION HEOE/NHhHamk GFAA (1:)E correction)
56 DRY ASHING with DISSOLUTION (HNO, 30%) FLAME AA (D, correction)

59

Mg (N()})a

AQAC METHOD

3

FLAME AA
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Country
Augtria

Augtralia

Brazil

(annda

Kire

Juatemala

Participant
H. Holzer

E. Schindler

W. Pfannhauser

E. Crematy
T. Jenkins
C. Young

. Zenebon

0. Marmo

k. Dadeka

M. Mankoti=s

J. Dube”

J-P. Hanchay

M. Murphy
J. Behan
T. Feeley
M. de Campos

Ingtitute

Bundesanstalt fuer
lebensmitteluntersuchung
und- forschung, Wien

Bundesanstalt fuer
Lebensmitteluntersuchung
in Graz

Forschungsinstitut der
Ernahrungswirtschaft, Wein

NEW Health Department,
Lidcombe NGW

Augtralian Government
Anzslytical Laboratory,
Melbourne, Victoria

Australian Government

Analytical Laburatory,
Pymble NSW

Institute Adelfo Lutz,
Sac Pauleo

Cicobra-Nestle, Sac Faule

Health and Welfare Canada,
Buresu of Chemical Safety,
Ottawa, Ontario

Health and Welfare Canada,
Scarborough, Ontariao

Health and Welfare Canada,
Halifax, Nova Scotia

Health and Welfare Canada,
Longueuil, @uebec

Public Analyst Laboratory,
Dublin

Public Analyst Laboratoery.
Cork

Fublic Anzlyst Laboratory,
Galway

LUCAM, Guatemala City

ANNEX 3



Country

Hungary

India

Japan

Kenya

Netherlands

K.

Z.

Farticipant
Szotyori-Linder

Simonfiy
Szeghalmi

Tarsar

Lelkchani

Jalsani

Kapur

Tanalka

Sakebe
Makanishi

Ushizawa

Gachuhi

Muinomia

Nkiti

Broekman

Ellen

WHO/EHE /FOS/85. 20
Page 31

Institute

National Institute of
Food Hygiemeand Nutrition
Budapest

Veterinsry and Food Control
Centre, Budapest

Veterinary and Food Control
Centre, Kechkemét

Borsod Hygienic and
Epidemiological Station,
Misgkolc

State Public Health
Laboratory, Pune

Central Agmark Labhoratory,
Nagpur

Central Food Technological
Rezearch Centre, Mysore

National Institute of
Nutrition, Hyderabad

Prefectural Institute of
Public Health, Osaks

City Health Research
Institute, Nagoya

Prefectural Institute of
Public Health, Shiga

FPrefectural Institute of
Public Health, Sendai

Kenya Industrial Research
Development Institute,
Nairobi

Kenya Bureau of Standards,
Nairobi

National Public Heslth
ILaboratory, Nairobi

Food Inspection Service,
Ieeawarden

National Institute of
Public and Environments]
Hygiene, Bilthoven
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Country Participant Institute
New Fealand J. Robertson Chemisgtry Division D3IR,
Christchurch
G. Leary Chemietry Division DSIR,
Wellington
P. Nelson Chemistry Division DSIR,
Auckland
Gntar A, Kotb Regional Centre Food
Contamination Monitoring,
Ministry of Public Health,
Doha
Jrdon J. Boutros Ministry of Health,
Khartoum
Do . Mattson National Food Administration,
Uppsala
Thailaond . Hayaki jkesel Institute of Scientific and
Technical Research, Bangkok
M. Hungspreugs Chulalogkorn University,
Bangkok
R. Panpepral Department of Science,
Technology and Energy.
Bangkok
5. Givalaks Department of Medical
Ssiences, Bangkok
5. Srianujate Mahidol University,
Bangkok
UK D. Bartrop Westmingter Medical School,
London
A. Harris=on Avon County Laboratory,
Bristel
J. Koy dgricultural Development
and Advisory Service,
Leeds
7. Delves Univergity of Southampion,
Southampton
UZ4 W. Thornburg Del Monte Research Centre,
Walnut Creek, California
E. Elkins National Food Processors

Association, Washington DC




. Country Particiggnt
: UE8A F. Fricke
D. Sakai
B. Young

US8R V. Tutelian

Germany, Federal Koberlein
° Republic of

Bn:ggemann

Mack,

Sagredos
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Inztitute

Food and Drug Administration,
Cincinnati, Ohio

Carnation Remearch Laboratories,
Van Nuys, California

Food and Drug Adminigtration,
Kansas City, Missouri

Institute of Nutritien,
Moscow

Landesuntersuchung=anstalt
fur das Gesundheitsweszen
Sudbzayern, Munchen

Pundesanstalt fur Getreide.
und Kartoffelverarbeitung,
Detmold

Cheni gche
Landesuntersuchungsanstalt,
Stuttgart

Tnilever Forshungsgemeinheit
mbH, Hamburg
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ANNEX 4
INSTRUCTIONS TO PARTICIPANTS

oy ni i i i Food
Y Ministry of Agriculture, Fisheries and _

S ffgid% Haldin House Qld Bank of England Court Queen Street Norwich NR2 45X
v

b, el
G

Telephone 0603 (Norwich) 811712 ext

Your referance
Our referance

Date 28 March 1984

Dear Farticipant

FAO/WHQ FQOD CONTAMINATICN MONITORING PROGRAMME
ANALYTICAL QUALTTY ASSURANCE IITI : LEAD AND CADMIUM

Thank you for agreeing to your Laboratory participating in this
Study during 1984; your laboratory reference number 18 .....eeeaas.

The arrangements for this Study will be significantly different

from previous studies but as before the purpese is to evaluate the
comparability of methodology participants normally use for food
monitoring purposes. The first Pb and Cd AQA involved the determination
of standard reference materials and yielded an unacceptably high
variation in results. This high variation was also experienced

in the second AQA in which samples were selected to give informaticn
about varicus slages of the participants own analytical procedures.

It was shown that much of this variation was associated with the
cnd-measurement stages rather than with the sample preparation.

The current study will be conducted in three stages with participants
progreszing to the more 'difficult' stages on satisfactory completion

ol precoding slapros,

The stapes involved are:

Stapge 1 Measurement of simple primary standard solutions.

Stages 2 Mcasurement of primary standards which alszo contain
potentially interfering incrganic ions typically found
in foods,

Stage 3 Aralysis of dried foods.

Participants who have difficulty at stages 1 and 2 will have the
opportunity to make a further attempt on alternative comparable
samplos.

It is intended that there should be an inter-active dialogue between
the Co-ordinating Laboratory and participants threoughout the study.




T
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The Co-ordinating Laboratory will be distributing samples on three
occasions dyring the year with gach issue of samples initiating
the astart of a Round, i.&.: '

Round 1 Samples will be distributed in March for results to
be reported in May.

Round 2 Samples will he distributed in July for results to be
reported in Jeptember.

Round 3 Samples will be distributed in November for results
to be reported in January 1985.

During Round 1 all participants will attempt Stage 2 of the Study
and 1t is hoped that most will proceed to undértake Stage 2 during
Round 2.

° Your instructions for Round 1 are attached. We look forward to
recelving your results in May.  Meanwhile if you have any points
requiring further clarification please do not hesitate to contact
me ., ‘ ‘ e

Yours sincerely

ol

7$f Lr M E Knowles
: Head, Feod Science Laboratory
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FAQ/WHO FOOD CONTAMINATION MONITORING PROGRAMME
ANALYTICAL QUALITY ASSURANCE III : LEAD AND CADMIUM
INSTRUCTIONS TO PARTICIPANTS : ROUND 1 (STAGE 1)+

Lab. Reference ..issrcemaaasussns

You are provided with five solutions. Solution B (22 ml) consiszts
of the 2 molar nitric acid solution which was used to prepare the
four other standard solutions. The standard solutions (11 ml)
have lead and cadmium concentrations which might be expected to
arise if 2g dry weight of a 'non-contaminated' or 'contaminated!
food was ashed and the ash disselved in 10 ml of the acid.

Please measure the concentration of each standard solution once
only, using your usual end-measurement procedure and calibration
=ftandards. The concentration to be reported must be gorrected for
any contribution from the acid scivent. Therefore would you pleasc
measure simultaneously solution B(in duplicate) and usc the valuc
ocbtained to correct your results for the standards supplied. [I[
you find results to be below your limit of determination please
specify, e.g. 4 0.05.

You have been provided with Soluticn B and the following standard
gsolutions.

Please acknowledge their receipt by telex or air mail.

NB. Analagous instructions were issued for stages TRand 2.

p.too,
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Will you telex or air mail your results in English to the Co-
ordinating Laboratory using the following format,

AQA III Pb and Cd : RESULTS (mg/kg) : ROUND 1 : STAGE 1 : LAB..

Fb Ccd
B 1) . S ha ke
2) Cr e e .
Standard ....i.0.0.. reer e e et
Standard ....e0.. s araaas e
standard ..., e e e v
Standard ........ eeerrar et e aeees Per e

PROCEDURE ; -

{ Two to three line description of procedure and equipment used
including all significant facts Such as the use of p? corrected
flame or furnace AAS )

SIGNED { Name of Analyst and of Laboratory )

All results to be received by the Co-ordinating Laboratory by the
end of May.

Telexes should be zent to the British number 97317
(Anawer back MAFFNOR) for the Attention of
Mr Burrell, Haldin House.

Mailed results to:

Mr J A Burrell

Ministry of Agriculture, Fisheries and Food
Food Science Laboratory

Haldin House

0ld Bank of England Court

Queen Street

Norwich NR2 48X

U K
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FAQ/WHD FOOD CONTAMINATION MONITORTNG PROGRAMME, ANATYTICAL QUALLITY ASSURANCE IIT:
LEAD AND CADMIUM

INSTRUCTIONS TO PARTICIPANTS - STAGE 3
Lab Reference ... i-ceircsscncsasnsanses

You are provided with two lyophilised’apd powdered food samples. They are
Curly Rale (labelled K), a leafy green vegetable, and cattle liver (labelled L).
They contain natural concentrations of lead and cadmium,

Please determine their lead and cadmium concentrations in duplicate ueing your

normal analytical procedure and express the answers as mg/kg dry weight. This

will involve the determination of the dry wmatter content by heating a smail

portion of the sample at 105°C in & ventilated oven, at atmospheric pressure,

for &4 hours. Q

Pleace acknowledge receipt of your samples immediately by telex or air mail.
By the end of January 1985 will you please telex or air mail your results in

English to the Co-ordinating Laboratory using the format over the page.

* In fact the kale was air dried.
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AQA IXI:Pb and Cd {mg/kg) : STAGE 3 RESULTS
AR rassrvnrncnnnnnnna araen
b Cd
Curly Kale { X)
Cattle liver ( L)
PROGEDURE: - (Three or four line description of procedure and eguipment

used including sample preparation. FPlease give all
sipnificant facts such as extractions or the use of D2
corrected flame, or furnace AAS).

SIGNED (Name of analyst and laboratory).

All resultzs to be sent to the Co-ordinating Laboratory please by the end of
January 1985,

Telexes should be sent to the British number 97317
{Answer back MAFFNOR) for the Attention of
Mr Burrell, Haldin House.

Mailed results to:

My J A Burrell

Ministry of Agriculture, ¥isheries and Food
Food Science Laboratory

Haldin Housze

0ld Bank of England Court

Queen Street

Norwich NR2 45X

[h:4
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FAQ/WHO FOOD CONTAMINATION MONITORING PROGRAMME ANNEX 5.
AQA 3 : LEAD AND CADMIUM

AFPPRATSAL OF RESULTS : STAGE
LAB .owuns

Your performance in this part of the study is indicsted by a u/'against
the appropriate comments,

Results ¢losely approach the expected values.

Duplicates agree within experimental error..

A few results closely approach the expected values.

Tuplicates tended %o agree within experimental error.

Results consistently fell within the general distribution.

Zome resalts approach the extreme limits of the genersl
distribution.

Some duplicates did not agree.

Limit of determinzation for .evesew-~-. was too high for
some faods.

Results tend to be on the extreme edge of the general
digtribution.

Duplicates generally do not agree.
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JOINT FAD/WHO FOOD CONTAMINATION MONITORING PROGRAMME

REPORT ON THE THIRD ANALYTICAL QUALITY ASSURANCE
EXERCISE ON ORGANOCHLORINE COMPOUNDS

by
S.A. Slorach and R. Vaz

National Food Administration, Uppsala, Sweden
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1. INTRODUCTION

At present 25 countries are participating in the Joint FRO/WHO Food
Contamination Monitoring Programme. Data are collected via the Collaborating
Centre which has been designated in each country. Two analytical quality
assurance (AQA) exercises have been carrried out earlier i? %he programme and
the reports on these have been published in 1981 and 1983 . In January 1984
WHO wrote to all the Collaborating Centres inviting them to take part in this
third AQA exercise. For practical reasons, a maximum of five laboratories in
esach country were invited to participate. Sixty-four labozratories in 19
countries indicated their interest in participating and AQA samples were sent
out to them - see Table 1,

The exercise was coordinated by the National Food Administration {NFA), Uppsala,
Sweaden,

2. MATRICES USED

The AQA samples consisted of soya bean oil and butterfat (butter oil) spiked
with mixtures of organochlorine compounds and the corresponding unspiked
samples.

Analysis of these samples tests the ability of the laboratoery to identlfy and
quantitate the organochlorine compounds in fats/eils of animal and vegetable
arigin. In other words, it is a test of the whole analytiecal procedure,
including the extraction, c¢lean-up and gas chromatographic determination.

3. ORGANOCHLORINE COMPQUNDS STUDIED

Taking into consideration the organachlorine compounds on which data are belng
collected in the Monitoring Programme, it was decided to include the following
organochlorine compounds in the AQA exercise:

(a) DDT-complex (including p,p'-DDT, p,p'-DDE, o,p'-DDT and p,p’' -DDD
(TDE));

(b} alpha-, beta- and gamma-hexachlorocyclohexane {(HCH};

(c) hexachlorchenzene (HCB);

(d} pelychlerinated biphenyls (PCBs;.

The levels of the organochlorine compounds in the spiked samples sent out 1n the
AQA exercise are shown in Table 2. In choosing the spiked levels the Codex
Maximum Residue Limits were taken into account. Most of the data reported in the
Monitoring Programme are from developed countries, where severe restrictions on
the use of the above-menticned organochlorine compounds have been introduced.
The levels found in foodstuffs there are relatively low, often close to the
limit of detection of the analytical methods used. Thus the spiked levels may
not reflect the levels in foods in developed countries, but rather these in
developing countries still using persistent organochlorine insecticides, where
higher residues are to be expected.

Joint FAC/WHO Food and Animal Feed Contamination Monitoring Programme,
Analytical Quality Assurance of Monitoring Data, World Health Qrganization,
fieneva, 1987, FAO-ESN/MON/AQA/81/8; WHO-EFP/81.17.

? Joint FADQ/WHOQ Food Contamination Monitoring Programme, Analytical Quality
Assurance-IT, World Health Organization, Geneva, 1983. FAO-ESN/MISC/83.3;
WHO-EFR/B3.54.
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: 4. PREPARATION OF SAMPLES

Except for the PCBs, all the organochlorine compounds used to prepare the spiked
samples were standard reference substances kindly provided by the US Environ-
mental Protection Agency. The PCB mixture used (Araclor 1260) was kindly
provided by the US Food and Drug Administration.

The soya bean oil samples consisted of unspiked soya bean oil (sample denoted

FCM 33) and the same ci] spiked with mixtures of organochlorine compounds (FCM

34 and FCM 35). FCM 30 consisted of unspiked butter oil (butterfat), while FCM

31 and FCM 32 were spiked butter oil samples. The soya bean oil was provided by

- a margarine manufacturer (Karlshamns} and the butter oil was kindly supplied by
4 dairy products company (Arla) in Stockholm. The levels of organochlorine
compounds in the spiked samples are shown in Table 2.

Table 2. Spike concentrations {(mg/kg) of organochlarine compounds in
the AQA samples.

Butterfat Soya bean oil

FCM 31 FCM 32 FCM 34 FCM 35
p.p'-DDT 0.50 0.99 0.05 010
o,p'-DDT 0.30 0.59
B.p'-DDD 0.05 G.10
p,p'-DDE 1.0 2.0 0.050 0.10
a-ACH " 0.050 G.10
g-HCH .10 0.20
v-HCH 0.055 0.11% 0.010 . 0.020
HCR 0.050 0.10 0.10 0.20
PCBs 0.535 1.1

° FCM 30 - unspiked butterfat

FCM 33 - unspiked soya hean oil

The spiked soya bean 0il and butter oil samples were prepared in the following
wax. The unspiked oil (1000 g) was weighed into a 2.5 1 flask and heated to

40" C. The organochlorine compounds were then added in a small volume of
iso-octane. The same volume of iso-octane (ca 16 ml) was added to the unspiked
oils. After addipg the ise-octane solution, the flask was gently swirled in a
water-bath at 40 C for about one hour. Sample FCM 34 was prepared by diluting
sample FCM 35 with an equal weight of unspiked soya bean oil. Sample FCM 31 was
prepared by diluting sample FCM 32 with an equal weight ¢f unspiked butter oil.
The oils were then transferred to screw-capped tubes. Before screwing up the
caps tightly, the headspace was flushed with nitrogen. '

5. CONTROL OF SAMELES

Prior to shipment, the samples were analysed at the NFA in order to check the
spike concentrations. Approximately 250-300 mg of each oil was dissolved in 10
ml hexane. Ca 3 ml of this extract was gently shaken with 10 ml concentrated
sulphuric acid to clean-up the sample. To separate the PCBs in FCM 31 and FCM 32
respectively from some of the other organochlorine compounds, the cleaned-up
extracts were fractioned on a column of silica gel. The extracts were then
analysed by gas chromatography. The results of the analyses of 5 replicates are
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shown in Table 3 and typical gas chromatograms are presented in Figures 1 and 2.
6. SHIPMENT OF SAMPLES

The well-packed samples were shipped by air direct to the laboratories or the
Collaborating Centre in each country. Each laboratory or centre was requested o
confirm delivery of the samples. Acknowledgement slips confirming arrival of the
samples were returned to the NFA by 55 laboratories from zll the participating
countries except one - see Table 1. No reports of samples damaged in transit or
samples failing to reach their destination were received by the National Food
Administration.

7. INSTRUCTIONS TQ THE PARTICIPATING LABOGRATORIES

When the samples were sent out they were accompanied by relevant information and
instructions to the participating laboratories concerning reporting of results.
Each laboratory was also provided with a form on which the results were to be
submitted.

8. TIME SCHEDULE

The samples were despatched from the Naticnal Food Administration (NFA) to the
Collaborating Centres or directly to the laboratories on 29 June 1984, except in
a few cases where they were sent later because of a late reguest to join the AQA
exercise. Results were regquested by the NFA not later than 1 October 1984,
However, most of the laboratories were late in sending in their results - only B
laboratories met this deadline and a final reminder to report results was
therefore sent out in January 1985. The present report contains all the results
which reached the NFA by 28 March 1985.

9. RESULTS

Results were submitted by 39 laboratories in 16 countries; the laboratories
involved are listed in Appendix 1. No results were received from the labora-
tories in Egypt, Ireland and New Zealand that requested and were sent the AQA
samples - see Table 1. The NFA was informed by 7 laboratories that they were,
for various reasons, unable to report results.

The results are presented in Tables 4-12 where they are summarized by compound.
In addition to tabulation of the levels reported, the percentage deviations from
the spike concentration (%D) are shown. The percentage deviation is defined as

follows: %D = 100 x reported level - 100.

spike conc.

For statistical evaluation of the data, the Grubbs test for outliers was applied
initially. It was found, however, that reported values which were, for example,
a factor ten below the spike concentration were not rejected by this test for
outliers. Therefore, an alternative method was used for elimination of cutliers.
The criteria selected were that results were considered outliers if they did not
lie between 50 and 130 % of the spike concentration. In terms of percentage
deviation this implies that the results were treated as outliers if the %D
values were less than -50 and greater than +30. In Tables 4-12, the means,
standard deviations, coefficients of variation and the ranges after excluding
the cutliers are shown.

The results are also presented in the form of bar diagrams in Figures 3 to 15.
The figqures illustrate the distribution of the results for each spiked compound
and include all the results reported with the exception of those reported as
being lower than the limits of determination.
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DISCUSSION
p,p'-DDY (Table 4 and Figures 3-4)

Both butterfat and soya bean oil were spiked with this compound and the spike
concentrations in the 4 samples ranged from 0.0% to 0.99 mg/kyg.

In the case of FCM 32, the butterfat with the highest concentration of p,p'-DDT,
26 laboratories aut of 39 reported results that were acceptahle to the criteria
chosen, i.e. levels between 50-130 % ¢f the spike concentration. The number of
outliers was 9 while 3 laboratories did not report the presence of p,p'-DDT. In
addition, one laboratory reported results for the sum of the DDT complex.

For FCM 34, the soya bean oil with the lowest p,p'-DDT concentration, 23 ;esults
were acceptable. There were 9 outliers, 8 of which were 30 % above the spiked
level.

2,p'-DDT (Table 5 and Figqure 5)

The butterfat samples FCM 31 and FCM 32 contained spike concentrations of 0.30
and Q.59 mg/kg, respactively.

Three laboratories did not report results on o,p'-DDT in FCM 31, while the
remaining 36 detected this compound. 5ix results were considerad outliers.

The concentration aof o,p'-DDT in FCM 32 was twice that in FCM 31 and also in
this case, 30 of the results reported fulfilled the c¢riteria of acceptance,

E.E'-DDD (Table & and Figure 6)

This compound was only added to the 2 soya bean o0il samples, namely FCM 34 and
3%, at concentrations of .05 and 0.10 mg/kg, respectively.

Table & shows that 7 laboratories did not report the presence of this compound
in FCM 34, while 2 considered the spike concentration as below their limit of
determination. A total of 6 results were eliminated as outliers and the
remaining 24 were found acceptable,

For FCM 35 the levels reported by 15 laboratories were within 10 % of the spike
concentration. Nine results were considered as outliers and the spiked level was
not detected by 6 laboratories,

p,p'-DDE (Table 7 and Figures 7-8)

The hutFerfat samples FCM 31 and 32 were spiked with 1.0 and 2.0 mg/kg
regpectlvely of p,p'-DDE, while in FCM 34 and 35, the soya bean oil samples, the
spike concentrations selected were lower, 0.050 and 0.10 mg/kg respactively.

Only two laboratories did not report the presence of p,p'-DDE in FCM 31, while
33 results were fognd aeceptable. No resnlts above 1.3 mg/kg were reported, that
15 to say, no outliers were found above the upper criteria limits,

Similarily, the majority of laboratories correctly identified and estimated the
level of p,p'-DDE in the spiked butterfat sample FCM 32. This was shown by the
fact that 30 results were within +30 % of the spiked level.

In the spiked soya bean oil samples, which had lower concentrations of P,p'=DDE
than the butterfat samples, a wider range of results werae reported. This can be
seen in Table 7 which shows that a larger number of outliers were found for FCM
34 and 35, when compared to FOM 31 and 32.
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a-HCH (Table & and Figure %)

The samples spiked with «-HCH were FCM 34 and FCM 35, and the spike levels were
0.050 and 0.10 mg/kg respectively,

Neither of these concentrations were reported by 6 laboratories. Four outliers
were noted for the lower concentration while 7 were found for the higher con-
centration. Thus 2B results were found acceptable for FCM 34; the corresponding
number for FCM 25 was 26.

The butterfat samples FCM 30-33 contained an incurred residue of w~HCH, and this
was reported by several laboratories to be in the range of 0.03-0.04 mg/ky.

B-HCH (Table 9 and Figure 10)

The spike concentrations of this compound, which was added to the two butterfat
samples, were 0.10 mg/kg in FCM 33 and 0,20 ng/kg in FCM 32.

For FCM 31, six laboratories did not report the presence of B~HCH, while 24
results were considered acceptable. One laboratory reported a value for the sum
of B- and v-HCH and 8 values were consldered as outliers.

In the case of FCM 32, 0.20 mg/kg of B-HCH, the number eliminated as outliers
was 5, while 27 results were between 0.12-0.25 mg/kg and were within the limits
of acceptability.

y=HCH (Table 10 and Figures 11-12)

The spike concentrations in the hutterfat samples FCM 31 and FCM ]2 were 0,085
and 0.11 mg/kg respectively. Lower spike concentrations, 0.010 and 0.020 mg/Xg,
were added to the soya bean oil samples.

5ix laboratoriss did not report results for the spiked butterfat samples. Forx
FCM 31, 29 results fell within the criteria cof acceptance, while for FCM 32 this
number was 31.

I+ was found that several laboratories experienced difficulties in analysing the
spiked soya bean oil sample FCM 34 for y-HCH, as a ragylt of the low concentra-
tion present. Eight laboratories did not report results on this compound, while
8 considered this level below their limit of determination. Ten results were
eliminated as outliers, and thus only 13 laboratories reported satisfactory
results - these were on the other hand in good agreement with the splke con-
centration. For FCM 35 there were 18 results with a yecovery befween 50-130 % of
the spike concentration.

HCB (Table 11 and Figures 13-34)

The spike concentrations in the butterfat samples FCM 31 and 32 were 0.050 and
0.0 mg/kg. In the soya bean oil samples FCM 34 and 35 the respective concentra- '
tions of HCB were 0.10 and 0.20 mg/kg.

Twenty-eight laboratories reported acceptable results for HCB in FCM 31, while
10 results were acceptable for this compound in FCM 32.

The spiked soya bean oil samples contained higher concentrations of HCB than the
spiked butterfat samples. It is a little surprising that for FCM 34 (0.10C mg/ky)
91 results were acceptable, while for FCM 35 with a higher spike concentration,
0.20 my/kg, fewer results - 28 - met the criteria for acceptance.
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The butterfat sample FCM 32 contained the same spike concentration of HCB as the
soya bean oil sample FCM 34. The median and mean values estimated for the former
were slightly higher than those for the latter.

PCBs (Table 12 and Figure 15)

The butterfat samples FCM 31 and 32 were spiked with the PCB standard Arcclor
1260 at concentrations of 0.5% and 1.1 ma/kg respectively.

As seen in Table 12, twelve laboratories did not report the presence of PCBs 1in
the spiked samples, two considered the spiked levels as helow their limit of
determination. For FCM 31, six results were eliminated as outliers; for FCM 32,
seyen were considered as outliers leaving only 18 results as being acceptahle.
It must alsoc be bornme in mind that a technical standard was used to spike the
butterfat, thus making the quantification somewhat easier than is the case when
analysing biological samples with incurred residues, where the gas chromato-
graphic pattern seldom corresponds to that of a technical standard.

CONCLUSIONS

As in the previous two AQA studies, the results of the present exarcise show
that there are great differences in the capabilities to analyse for organo-
chlorine compounds among the 39 participating laboratories. This is evident not
only from the results on the spiked samples but also from the wide range of the
limits of determination for the unspiked samples as shown in Tables 4-12.

Tt must be noted that the spike concentrations were chosen to reflect the Codex
Maximum Residue Limits which are higher than levels normally found in samples
from developed countries. Yet for each compound stndied, generally between 20-30
results could be considered acceptable using the critera selected. The results
for PCBs especially, were poorer than for the other organochlorine compounds
studied.

The results considered after elimination of outliers were, on the other

hand, in good agreement with the spike concentrations as is illustrated by the
medians and meapn values in the tabulated results. It ¢ah be noted that for the
spike concentrations which differed by a factor of two - those between FCM n

and 32 as well as between FCM 34 and 35 - the coefficients of variation found

for both levels were very similar.

This exercise confirms the necessity of carrying out regular internal and
external analytical quality assurance to ensure the validity of food contamina-
tion monitoring results.
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Table 1. Countries and number of laboratories that participated in the 3rd AQA

exarcise,

Countries that
indicated an
interest in
participation

Mumber of sets
of AQA samples
requested and

sent

Number of
laboratories
that acknow-
ledged receipt
of samples

Number of
laboratories
that repcorted
results on the
ADRA samples

AFRICA

Kenya

AMERICAS

Brazil
Canada
Guatemala
Mexico
USA

EASTERN
MEDTTERRANEAN

Egypt
Qatar

EURQPE

Austria

F R Germany
Hungaxy
Ireland
Netherlands
United Kingdom

SOUTH-EAST ASTA

India
Thailand

WESTERN PACIFIC
Australia

Japan
New Zealand

n = o Bk

M e BN s b

AT
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Table 3. Hesults of the analvsis of 5 replicates of the spiked AQA samples performed at
the NFA. The concentrations are expressed in my/kg.

p,p'-DDT o,p'-0PT p.,p'-DDD p,p'-DDE wa-HCH B-HCH  v-HCH HCE PCOs

FCM 31 - spiked butterfat

1 0. 441 0.297 1.030 0.100  0.055 0.05¢% 0,045
2 0.445 .288 1.011 0.0%7 0.054 0.051 0.657
3 0.444 0,298 0.9 0.102 0.057 0.053 0.664
4 0.454 Q.28% 1.006 0.09¢ 0.055 Q.050 0,850
5 0.442 0.2% 1.018 0.096 0.054 0,080 0.653
Mean (.45 0.29 1.0 Q.10 0.05%  Q.0bt 0.65
FCM 32 - spiked hutterfat

1 0.934 G.601 1.984 0.206 0.0%% 0.099 1.202
2 0.980 0.600 1,945 0.204 0,100  (G.100 1.292
3 0.951 0.580 1.912 0.198 0.096 0.100 1.254
4 0.896 0.594 1.937 0.205 0.101 0.102 1.224
5 0.911 0.600 1,933 0.202 0.100 0.102 1.29%
Mean 0.93 0.80 1.9 0.20 0.09% 0.10 1.2
FCM 34 - spiked soya bean oil

1 0.062 0.049 0.051 0.045 0.00%34 0.091

2 0.05¢ 0.0582 0.051 0.04¢ 0.0094 0.095

3 0.053 0.054 0.054 0.04¢6 0.00%93 0.096

4 0.055 0.055% 0.054 0.043 0.0092 0.083

5 0.052 0.051 0.052 .04 0.0089 0.086

Mean 0.08 0.05 0.052 0.044 0.00%  0.091

FCM 35 - spiked sova bean oil

1 0.094 0.092 Q.099 0.092 0.022 0.183

2 0.095 0.094 0.099 0,095 0.0 0.182

3 0,085 0.092 0.098 0.0%2 0.021 0.17%

4 0.088 0.092 0.096 .093 0.019 0.178

5 0.030 0.091 0.093 0.098 0.020 0,184
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NOTES ON TABLES 4-12.

1. The percentage deviation from the spike level - %D - is defined as

100 x reported level - 100.
spiked level

2. As "valid results" were considered values either not eliminated as cutliexs or
those reported as less than the limits of determination of the method followed.

3. Results have been considered as outliers when the 3D was either less than or
equal to -50 or greater than or equal to +30. These criteria were selected
since it was observed that statistical methods such as the Dixons test or
Grubbs test were unsatisfactory for eliminating outliers.

4. The mean value, standard deviation and coefficient of variation have been
caleulated on the results after excluding the outliers.

5. The range, i.e. minimum and maximum values, represent the extreme values found
after elimination of outliers.

6 The NFA determination is the mean of 5 replicates analysed by the Swedish
Hational Food Administration - see Table 3.
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Table 4. Summary of results on p,p'-DDT in samples numberad FCM 30-35.
The concentrations are expressed in mg/kqg.

Butterfat Soya hean oil

No. 30 No. 31 No. 32 No. 33 No. 34 Ne. 35

(unspiked) (spiked) {spiked) (unspiked) (spiked) (spiked)
Spike con- 0.50 0.99 0.05 0.10
centration
Labaratary %D %D 50 L0
code no.
1 0.5 0 0.8 -19 0.04 =20 Q.10 o
2 {0.05 0.4 -18 0.62 =37 <0.05 0.058 0 0.08 -20
3 0.460 -8 0.%14 -8 0.064 +28 0.118 +18
1 {0.02¢* 1.39¢ ENR R b {0,02*% 0.14* 0.26*
5 0.0 0.526 +5 1,068 +8 <D.01 0.054 +8 0.103 +3
6 <0.01 0.46 -8  0.90 -9 0.0 0.06 +20 0.10 a
7 0.615  +#23 1,023 +3 0.036 -28 0.09% 1
8 {0.0M Q.47 -& 0.99 0 <0.,001 0.084 +8 0.11 +10
9 <0.005 0.51% +4 1.044 45 (0.005 0.052 +4 0.10% +5
10 0.38 -24 0.79 -20 0.10 +100 Q.05 =50
1 0.235 -33 0.68% -30 0.044 -12 0.052 -8
12 0.0014 0.444 -11 0.883 -13 <D.0005 0.046 -8  0.083 =17
13 0,922 0.197**
14 {0,003 (.599 +20 1.152 +16  <0.003 0.080 +20 0.110 +10
15 0.30 =40 0.61 =38 0.025 -50 0.051 -49
16 {0,002 0,592 +18 1.334 +35  £0.002 0.038 =24 0.090 -10
17 <0.0M 0.43 -2 0.92 =7 {0.001 0.03  -40 0.08 -20
18 <0.03 0.25 ~50 0.4% -54 ¢0.03 0.052 +4 0.1 +10
19 0.432 -14 0.9 -7 0.047 -6 0.079 -21
20 0.37 -26 0.78 -21 0.037 =28 0.077 =23
21 0.55 +10 1.23 +24 Q.08 +20 0.12 +20
22 0.0634 -87 0Q.0715 -93
23 0.01% 0.636 +27  1.120 +13 0.084 +68 0.1066 +6
24 Q.5 +400
25 0.306 -39 0.899 -9 0.075 +50 0.087 -13
26 <0.004 0.403 -19 0.818 -17 <0.004 0.044 -12 0.088 -12
27 Q.05 0.606 +21 1.383 +38 <0.05 0.071 +42 0.114 +14
28 <0.020 0.420 -16 <0.04 <0.04
29 0.411  =-18 1.02 +3 0.049 -2

*Reported as DDT complex

**Reported as p,p'-DOT + p,p'-DDD
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Table 4 continued.

Butterfat Soya bean oil
No. 30 No. 31 No. 32 No. 33 No. 34 No. 35 T
(unspiked) (spiked) (spiked) {unspiked) {spiked) (spiked)
Spike con- 0.50 G.99 0.05 0.10
centration
Laboratory EY) L0 %D %D
code no.
30 0.290 -42 0.550 -44 0.055 +10 0.110 +10
1 £0.050 0.a00 +20 1.030 +4 0.077 +54 0.167 +67
3z .M 0.04 =32 0.08 -32  <£0.01 Q.01 £0.01
13 0.0 0.68 +36 1.32 +33 0. 0.05 o 0.100 0
34 0.69 +38 1.29 +30
35 (0,02 0.39 -22 0.58 -41 «0.02 0.03 -40 0.07 =30
36 <0,03 Q.48 -4 G.88 =11 €0.03 0.04 =20 0.09 -10
37 <0.01 .94 +88 1.9 +92  H.M 0.11 +120 0.06 -40
38 <0.005 0.500 ¢] 1.10 +11  <0.005 0.085 +70 0.160 +60
39 0,729 +46 1.44 +45 £.065 +30 0.137 +37
No. of valid results 28 26 23 27
No. of outliers 8 4 9 5
No. below limit of 0 0 2 2
determination
No. not reported 3 4 5 5
Mean 0.472 0,897 0.047 0.094
Standard deviation 0.099 0.184 0.00%6 0.017
Coefficient of 21 20 20 18
vyariation
Minimum 0.290 0.580 0.030 0.051
Maximum 0.638 1.230 0.064 0.120
Median 0.470 Q.907 0.049 0.099
NFA deter- <0.Q01 Q.45 -10 0,983 -6 <0.01 0.086 +20 0.09 -10
minatioh
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Table 5. Summary of results on o,p'-DDT in samples numbered FCM 30-35,
The concentrations are expressed in mg/kg.

Buttarfat Soya bean oil

No. 30 No. M1 No. 32. Na. 33 No. 34 No. 35

(unspiked) (spiked) (spiked) (unspiked) (unspiked) {unspiked)
Spike eon-~ 0.30 0.59
centration
Laboratory %0 %D
code no.
1 0.3 0 0.5 -15
2 <0.08 0.38  +27 0.11  +20 <0.05
3 6.231 =23  0.464 -1
4
5 <0.01 0.481 +60 0.982 +6§ 0,01 <0.01 <0.01
6 0.01 0.28 -6 Q.57 -3 <0.01 <0.01 0.0
7 0.289 -4 0.697 +18
8 <0.001 0.27 -10 0.5 -§ <0.0M {0,001 <0.001
9 $0. 005 0.2%4 -2 0.565 -4 <0.005 <0.005 {0.005
10 0.3 +3 0.62 +5 0.14 0.09
1 0.307 «+2 0.671 +14
12 €0. 0008 0.274 =9 0.487 =17 <0.0005
13 <0.01 <001
14 <0:002 0.282 -6 0.570 =3 €0.002 <0.002 <0.002
15 0.23 =23 0.49 17 <0.01 <0.01
16 <0.002 0.309 +3 0.625 +5 <0.002 <0.002 <0.002
17 <0.001 0.27 -10  0.48 -1%  <0.001 {0.01 0.1
8 0.04 0.13 -50 0,33 -4  <0.04 <0.04 £0.04
19 0.262 -13 0,543 -8
20 0.2 -3 0.60 +2
21 0.25 -17  0.70 +19
22 0.0362 -28 0.0413 -93
23 0. 009 0.174 -42 0.534 -9
24
25 0.206 -31  G0.657 +11
26 <0.004 0.270 -10 0.543 -7 {0.004 <0.004 <0.004
217 <0.05 0.344 +15  Q.673 +14 <0.05 <0.05 £0.08
28 <0.020 0.324 +8 0.04 <0.04
29 0.256 -15  0.679 +1§
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Table 5 continued.

Butterfat Soya bean oil
No. 30 No. I No. 32 Ma. 33 No. 34 No, 3%
(unspiked) (spiked) (spiked) (unspiked) (unspiked) (unspiked)
Spike con- 0.30 0.5%
cantration
Laboratory %D %D
code no.
0 0,240 =20 0,480 -19
3 £0.05%0 0.298 0 0.800 +2 (0,050
32 0,0 0.084 =72 0,19 -68 0.00% 0.03 0.02
13 Q.01 0.47 +57 0.80 +36  <0.OM <0.01 <0 .01
14 0.3 +3 0.56 -5
35 <0 .02 0.36 +20 0.60 +2 0.02 £0.02 0.02
s $0.02 0.28 -7 0.52 =12 £0.02 0,02 (0.02
E¥) 0.1 0,08 -73 1.4 +137 <0.01 ¢0.01 (0.0
38 <0.005 0,345 +18  0.58&2 -5 <0Q.00% <0.005 <0 . 005
39 0.364 +21 0.752 +27
No. of wvalid results 30 30
No. of gutliers 6 5
No. below limit of 0 0
determination
No. not reported 3 4
Mean 0,287 0.578
Standard deviation 0.046 .09
coefficient of 16 16
varlation
Minimum 0.174 0.330
Maximum Q. 380 0.752
Median 0.286 0.568
NFs deter- <0.01 G.29 -3 0.a0 +2 £0.01 <0 .01 0,01

mination
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Table 6. Summary of results on p,p'-DDD in samples numbered FCM 30-35.
The concentrations are expressed in mg/Xy.
Butterfat ‘Bova béan oil
No. 30 No. 31 No. 32 No, .13 No. 34 No. 35
(unspiked) (unspiked) {unspiked) (unspiked) (spiked) {spiked)
Spike con- Q.05 a.10
centration
Lahoratory %D %D
code na.
1 0.05 0 0.10 0
2 €0.05 <0.05 €0.05 <0.05 ¢0.08 0.07 -30
0 3 0.010 0.019 0.056& +12 0.104 +4
4
5 <0.01 £0.01 0.01 <0.01 0.053 +6 0.103 +2
6 .01 <0.01 <0.01 ¢0.01 0.05 0 0.10
7 <Q.001 0.040 -20 0.100
8 {0001 <0.001 <0.001 <0.001 0.051  +2  0.10
9 <0.005 <G.005 £0.005 <0.005 0.053 +6 0.102 42
10
11 0.0 ~38 0.038 -62
12 <0.000% 0.007 0.008 £0.000% 0.043 =14 0.079 -21
13
14 <0.002 <0.002 €0,00Q2 {0.002 0.0590 0 0.108 +8
1% 0.038 0.07 0.04 =20 0.07¢ -24
14 <0.002 0.0158 0.032 {0.002 0.038 -24 0.080 -20
‘ 17 <0.001 {0.01 £0.01 <0.001 0.04 -20 0.08 =10
18 €0.03 £0.03 {0.03 <0.Q3 0.055 +10 0.13 +30
19 0.048 -4 0.085 -18
20 0.046 -8 0.088 -14
21 0.05 0.10 0.056 a 0.10 Q
22
23 0.014 0.017 0.020 0.027 0.087 +74 0.102 +2
24
25 0.060 +20 0.073 -27
- 26 <0.008 <0.008 <0.006 €0, 0086 0.047 -G 0.094 -6
27 <0.05 <0.05 <0.05 €0.05 0.0%4  +88 0171+
28 €0.020 <0.040 £0.02 <0.04
29 0.024 -66
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Table & continued.

Butterfat Soya bean oil
No. 30 No. 11 No. 32 No. 33 No. 34 No. 35
(unspiked) (unspiked) (unspiked) {unspiked) (spiked) (spiked)
Spike con- 0.05 0.10
centration
Laboratory LD %D
code no.
30 0.045% ~10 0.090¢ =10
1 {0.0%0 0.051 +2 0.130 +30
32 0.002 .02 0.02 <0.01 0.02 -60 0.03 =70
33 <0.01 {0.M <0.M 0.01 0.047 -6 0.104 +4
34 €0.20 £0.20
1% <0.02 <0.02 €0.02 <0.02 0.07 +40 0.13 +30
36 <0.02 £0.02 Q.02 £0.02 0.04 -20 0.1 +10
7 {0.01 0.1 0.04 <0.01 0.06 +20 0.0% -50
38 £0.002 <0.002 <0.002 {0.002 .022 -56 0.062 -38
39 0.0186 0.044 0.113 0.066 +32 0,111 +31
No. of valid resules 24 23
Ko. of outliers & 9
No. below limit of 2 1
determination
No. not reported 7 &
Mean 0.048 0.0%92
Standard deviation 0.0071 0.013
Coefficient of 15 14
variation
Minimum 0,031 0.062
Maximum 0.060 0.t10
Median 0,049 0.100
RFA con- £0.01 0.05 0 0.09 -10

centration
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Table 7. Summary of results on p,p'-DDE in samples numbered FCM 30-35.
The concentrations are expressed in mg/kg.

Butterfat Soya bean oil

No. 30 No. 31 No. 32 No. 33 No. 34 No. 35

{unspiked) {zpiked) {spiked) (unspiked) (spiked) (spiked)
Spike con- 1.0 2.0 0.050 0.10
centration
Laboratory WD &D %D LD
code no.
A 0.9 -10 1.8 ~10 0.05 0 0.10 0
2 {0.05 1.02 +2 2.08 +3 <0.05 0.09 -10

0 3 0.010 0.710 -29 1.516 -24 ‘ 0.0%5 +10 0.096 -4
4
5 0.005 0.963 -4 1. 860 -7 <0,005 0.047 -6  0.091 -9
] <0.01 0.7% 21 1.95 - -2 0.0 0.06 +20 0. 11 +10
7 1.051 +5 1,818 -3 0.048 -4 01N +11
8 0.0032 0.95 -5 1.93 -4 £0. 00 0.051 +2  0.10 0
9 <0.005 0.957 o 2.0 0 ¢0.005 0.054 +8 0.102 +2
10 1.24 +24 1,42 ~2% 0,37 +640 0.24 +140
11 0.79% -20 0.049 =2 0.056 -44
12 0.008 1.072  +7  1.996 ¥ 0.001 0.054 +8 0.103  +3
13 0.042 -16 0.085 ' -15
14 0.007 0.953 -5 1.934 -3 £0.002 0.050 0 0.101 +1
15 0.78  -22 1.52  -24 0.03  -40 0.07  -30
16 0.005 1.024  +2  2.002 o <0.,002 0.039 =22 0.0% ~10
‘ 17 0.001 0.95 =5 1.8 =10 <0.001 0.04 =20 0.08 -20

18 0.0 0.68 -32 1. -34 <00 0.042 -16 0.082 -1§
19 0.005 0.841  -18 1.727 -4 0.022 -%6 0.074 -25
20 0.68 -32 1.4 -30 0.044 -12 0.081 -1%
21 1,01+ 2.14 47 0.04 -20 0.08 -20
22 0.1950 -80 0.22 -89 ‘
22 0.010 1,031 +3  2.117 +6 0.058  +16 0.118 +18
24 3 0.5 -50 1.5 -25 0,18 0.17 +240 1.1 +1000
25 0.512 -49 1.58 =21 0.053 +6 0.073 -27
26 €0.005 1.178  +18 2,284 +13  <0.00% 0.0680  +20 0.112  +12
27 0. 0.982 -2 1,847 -8 <0.01 0.057 +14 Q.107 +7
28 {Q.010 1.026 +3 2.410 +20 0.023 -54 0,081 -39
29 0.813 -19 2.76 +38 0.041  -1B 0.107 +7
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Tahle 7 continued.

Butterfat 50ya bean oil
No, 30 No, 31 No. 32 No. 33 No. 34 No. 35
{unspiked) (spiked) {spiked) {unspiked) (spiked) (spiked}
Spike con- 1.0 2.0 0.050 0.10
centration
Laboratory %D %D %D %D
code no.
30 0.012 0_500 -50 1.200 =40 0.0565 +10 0.110 +10
31 Q.006 1.100 +10  2.030 +2 0.0565 +10 0.130 +30
iz {0 . 001 0.29 -71 0.64 -68 0.002 0.02 -60 0.03 -70
33 Q. 005 1.08 +8 2.23 +12  <0.01 0.04 =20 0.099 -1
34 0.83 -17 1.64 -18 {0.115 0. 115
15 <0.02 0.75 -25 1.43 -29 <¢0.02 0.08 +60 0.15 +50
36 0.02 0.9%1% -9 1.8 -10 <0.01 0.06 +20 0.10 0
37 0.0 1.1 +10 2.3 +15 o.01 0.12 +140 0.07 -30
38 0. 002 0.860 -14 1.50 =25 <0.002 0.045 =10 0.105 +5
3% 0.022 1.24 +24 2.79 +40 0,048 -4 0.157 +57
No. of valid results 33 32 28 30
No. of outliers 4 4 7 6
No. below limit of Q 0 1 4
determination
No. not reported 2 3 3 2
Maan 0.934 1.814 0.04% 0.0%2
Standard deviation 0.168 0.31 0.0077 0.016
Coafficient of 18 17 16 17
variation
Minimum 0.512 1,200 0.030 0.056
Max 1mum 1.240 2.410 0.060 0.118
Median 0.95%3 1.833 0.050 0.098
NFA deter- 0.007 1.0 0 1.9 -5 £0.005 0.0582 +4 0.097 -3

mination
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Table 8. Summary of results on «-HCH in gamples numbered FCM 30-35.
The concentrations are expressed in mg/kg.

Butterfat Soya bean cil

Na. 30 No. 1 No. 32 No. 33 Ro. No. 35

(unspiked) (unspiked) {unspiked) (unspiked) (spiked) (spiked)
Spike can- 0.050 0.10
centration
Laboratory %0 %D
code no.
1 0.02 0.03 0.02 0.04 -20 0.0% -10
2 {0.05 <0.05 0.09 =10
3 0.030 0.034 0.034 0.048 -8 0.082 -18
4 0.044 0.042 0.043 <0.01 0.046 -8 0.10 0
5 0.046 0.044 0.043 0.004 0.057 +14  0.107 +7
& {0.02 €0.02 <0.02 €0.02 0.04 =20 0.0 0
7 0.00& 0.020
8 0.042 0.038 0.040 <0.001 0.083 +6  0.10 0
9 0.036 0.036 0.036 <0.002 0.054 +8  0.106  +&
10 Q.01 0.01 0.03 -40 0.02 =80
11
12 0.027 0.038 0.038 <0.0005 0.047 - -6 0.087 -3
13 0.033 -34 0.084 -18
14 0.038 0.036 (0.036 <0.0M 0.047 -6 0.095 =5
15 £0.005 0.01 0.035 -30 0.075 =25
16 0.030 0.0 0.034 <0.002 0.054 +8 0.126 +26
17 0.029 0.033 0.032 <0.001 0.044 -12 0.088 -12
18 0.027 0.025 0.026 {0.005 0.041 -18 0.087 -13
13 0.033 0.046 -8 0.047 -53
20 0.036 0.034 0.032 0.011 0.047 -6 0.073 ~-27
21 0.03 0.03 0.03 0.01 0.04 -20 0.09 =10
22
23 0.056 0.046 0.037 0.001 0.073 +46 0.132 +32
24
25
28 0.034 0.037 0.033 <0.003 0.045 -t0 0.084 -16
27 0.036 0.040 0.039 £0.01 0.051 +2  0.109% +9
28 0.038 0.050 0.042 0.058 +16  0.077 -23
29 0.035 0.047 0.061 0.066 +32 0.130 +30
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Table 8 continued.

Butterfat

Soya beapn oil

No. 30 No, 31 No. 32
{unspiked) (unspiked) (unspiked}

No. 33
{nnzpiked)

No. 34
(spiked)

No. 35
{spiked)

Spike con-
centration

0.050

0.10

Laboratory
code no.
30

n

32

33

34

15

36

37

18

39

.01

.04
.05
.04
o
L0256
.039

o o O o o O 0 o O
= T = R o T o T o N e B o Y - i

O O o QO o o QO O 0O

lo TN o R o N o BN o RN o B o B o

No. of valid results
No. of outliers

No. below limit of
determination

Ne. not reported

Mean

Standard deviation
Coefficient of
variation

Minimum

Maximum

Median

NFA deter- 0.036
mination

0,001
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Table 9. Summary of results on p-HCH in samples numbered FCM 30-35.
The concentrations are expressed in ng/kg.
Butterfat Soya bean oil
No. 30 No. 31 No. 32 No. 33 No. 34 No. 35
{unspiked} (spiked) (spiked) {unspiked) (unspiked) (unspiked)
Spike con- 0.10 0.20
cantration :
- Laboratory %D %D
code no.
1 0.09 -10 Q.17 =15
2 €0.08 0.10 0 0,21  +5 <0.05
o 3 0.101  +1 0,194 -3
4 0. 0.089 -1t 0,19 -5 {0.01 0.1 0.0
5 {0.005 0,122  +22 0.242 +21 <0.005 £0.005 <0.005
6 <0.04 0.04 -60 0.08 =60 {0.04 £0.04 £0.04
7 0.123  +23 ©.223 +12
8 <0.0035 0.0 -4 0€.19 -5 <0.001 <0. 001 <0.0M
9 <0.003 0.103 43 0.197 -2 <0.003 <0.003 ¢0.003
10 0.05 =50 0,12 . .. -40
11
12 0.004 0.087 -13 0.177 -12  <0.0005
13 <0.00% €0.005
14 £0.003 ¢.086 -14 0.177 =12 <0.003 £0,003 <0.003
15 0.06 -40 0.12 -40 <0.005 €0 .005
16 0.003 0.076 =24 0.155 =22  0.009 <0.002 <0.002
® 1 (0.005 0.08  -20 0.18  -10 <0.005 €0.005 €0.005
18 G.02 0.074 -26 0.16 20 <0,02 <0.02 <0.02
19 0.086 -14 ©.180 -10
20 g.10 o 0.18 =20
21 0.05 0.13 +30 0.26 +30 0.02 0.02 0.02
22
' 23 0.009 0.098 -2 0.185 -7 0,002
24
25
26 <0.003 0.121 421 0.233  +16  <0.003 €0.003 <0.003
27 <0.01 0.148 +48 0.266 +33 <001 <0.01 £0.01
28 0.020 0.133 +33 0.1988 -1 <0.04 {0.04
29 0.057 -43 0.120 -40
i
P
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Tahle 9 continued,

Butterfat Soya bean oil
Nao, 30 No. 31 No. 32 No. 33 No. 34 No. 35
{unspiked) (spiked) {spiked) (unspiked) (unspiked) {unspiked)
Spike con- 0.10 Q.20
centration
Laboratory %D %D
code no.
30
31 0.130  +30 0.250 +25
3z Q0.005+% 0.03* 0.07* Q.003%* 0.004x Q.01
33 £0.01 (.138 +38 0.238 +19 <0.OM Q.01 0.M
34 0.1 +10 0.20 0
35 0.0 0.03 =70 0.07 =65  <0.01 <0.01 ¢0.01
36 £0.01 0.10 0 0.1¢6 -20 £0.M <0.01 Q.01
37 <0.01 0.10 0 0.20 0 0.0 0.0 0.20
38 <0.002 0.077 =23 0,160 -20  <0.002 {0.002 <0.002
39 0.1214 +21 ©.309  +54
No. of valid results 24 27
No. of outliers ] 5
No. below limit of 4] 0]
determination
No. not reported 7 b
Mean 0.094 0,185
Standard deviation 0.018 0.035
Coefficient of 19 19
variaticn
Minimum 0.057 0.120
Maximum 0.123 0.250
Median 0.097 0.18¢&
NFA deter- <0.01 0.10 0 0,20 0 O.M £0.01 0.01
mination

:Eepurted as B- + +-HCH
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Table 10. Summary of results on y-HCB in samples numbered FCM 30-35.
The concentrations are expressed in mg/kg.
Butterfat Soya bean oil
No. 30 No. 31 No. 32 No. 33 No. 34 No. 3%
(unspiked) (spiked) {spiked) (unspiked) (spiked) {spiked)
’ Spike con- 0.055 0.1 0.010 0.020
centration
. Laboratory code no. LD 3D %D %D
1 0.1 0.08 +9 0.07 =36 0.m 0 0.02 Q
2 <0.05 0.05 -9 0.1 0 <0.05
. 3 0.008 0.051 -7 0.100 -3 0.010 0 0.018 -10
4 0.0 ©.038 =31 0.091 -17 <0.01 0. £0.01
5 0.012 0.061 +11 0.117 +6 0.002 0.013 +30 0.023 +15
6 (0.03 <0.03 0.08 =27 <0.05 {0.0% <0.05
7 0.049 -11 0.060 -45
8 0.010 Q.07 +4 0. M 0 0.0023  0.011 +10 0.020 0
9 0.007 0.058 +5 0.106 -4 <0.002 0.012 +20 0.022 +10
10 0.03 -45 0.07 -36 0.01 0 0.01 =50
11
12 <0.0005* 0.050* -9  0,088% =20 <0.0005% 0.001% -90 0.024% +20
13 0.014 +40 0.014 -30
14 0.0097 0.054 -2 0.101 -8 {0.aM 0.011 +10 0.021 +5
15 0.034 =38 0.07 -36 0. 0 0.015 =-25%
16 0.005 0.044 =20 0.0%8 -1 <0.002 0.009 -10 0.013 -35
“ 17 <0.001 0.037 -33 0.062 -44 {0.001 0.008 -20 0.015 -25
18 0. 6.039 -29 0.08% -23 ‘<D.01 £0.01 0.015 =25
19 0.010 0.0%0 -9 0,108 -2 G.011 +10 0.018 -10
20 0.013 0.052 -5 0,083 -24 0.013 0.014 +40 0.022 +10
21 0.03 0.07 +27 0.12 +9 ., 0.0 <0.01
22 .
23 2.013 0.065 +18 0.099 -10 0.016 +80 0.027 +35
. 24 0.14 0.2 +1900 0.7 +3400
25
. 26 0.016 0.060 +3 0.113 43 €0.003  0.011 +10  0.022 +10
27 0.014 0.052 -5 0.110 0 0.0 0.014 +40 0.024 +20
28 <0.010 0.062 +13 0.083 -24 £0.02 <0.02
29 0.029 -2 0,072 -35
*y-HCH values reported as uncertain, due to interferences in reagent blank
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Table 10 continued.

it

Butterfat Soya bean oil
No. 30 No. I No. 32 No. 33 No. 34 No. 35
(unspiked) (spiked) (spiked) (unspiked) (spiked) (spiked)
Spike con- 0.0585 0.1 0.010 0.020
centration
Laboratory code no. LD %D D 50
3o 0.030 Q.030 =45 0.030 -13
31 0.01% 0.050 -9 0.095 -14 0.020 +100 0.029 +45
32
33 0.01 0.061 +11 0.109 -1 <0.005 0.012 +20 0.027 +135
34 0.07 +27 0.1% 0 {0.025 <0.025
35 {G. 0.08 +45 0.09 -18 <0.01 <0.01 <0.01
le £0.01 0.05 -9 0.08 =27 0.0 0.0 0.02 0
37 0.01 Q.08 +45 0.20 +82 <0.M Q.05 +400 0.04 +100
18 0.008 0.045 -18 0.083 -24 (0.0 0.012 +20 0.01% -5
39 0.020 0.054 -2 0.10% -1 0.018 0.031 +210 0.047 +#135
No. of valid results 29 31 13 18
No. of outliers 3 2 10 7
No. below limit of 1 0 8 6
determination
No. not reported & & 8 g8
Mean 0.051 0.093 0.011 0.019
Standard deviation 0.011 0.017 0.0012 0.0035
Coefficient of 22 18 11 18
variation ‘
Minimum 0.030 0.080 0.008 0.013
Maximum 0.070 0.120 0.012 0.024
Median 0.051 0.085 0.011 0.020
NFA deter- 0.012 0.055 0 0.09% -10 <0.001% 0.009 -10 0.021 +5

mination
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Table 11. Summary of results on HCB in samples numbered FCM 30-35.
The concentrations are expressed in mg/kg.
Butterfat Soya bean oil
No. 30 No. 31 Bo. 32 Na, 33 No. 34 No. 3b
(unspiked) (spiked) (spiked) (unspiked) (spiked) {spiked)
Spike con- 0.050 0.10 0.10 0.20
centration
Laboratory %D KD %D %D
code no.
1 0.05 o 0.0% ~10 0.09 -10 0.2 0]
2 <0.05 0.05 0 0.10 0 £<0.05 0.10 o 0.27 +35
3 0.008 0.047 -6 0.080 -20 0.065 -35 0.110 -45
4 £0.01 0.053 +6 0.10 0 <0.0 0.082 -18 0.17 -15
5 0.004 0.027 -46 0.055 -45 <0.00N 0.053 -47 0.0%3 -54
& <0.01 0.06 +20 0.10 0 <0.005 0.088 -12 0.18 -10
7 0.0C4 0.053 +6 0.073 -27 0.068 -32 0,150 -25
8 0.0053 0.0%1 2 0.093 -7 <0001 0.079 =21 0.16 -20
9 0.006 0.046 -8 0.08% -~11 <0.002 0.086° =14 0,172 -14
10 0.02 -60 .07 -30 ‘ 0.09 -10 0.09 ~55
11 0.073 0.193 +286 0.13% +19 0.083 0.202 +102 0.302 +31
12 <0, 0005 0.057 +14 0.104 +4  <0.0005 0.108 +8 0.210 45
13 0.081 -1% 0.175 -12
14 Q.008 0.047 -6 0.079 -21  <0.0005 Q.076 =24 0.140 -30
15 0.03 -40 0.08 -40 0.056 -44 0.13 -35
11 0.007 0.043 =14 0,090 =10 <0D.0Q02 0.073 -27 0.145 -28
17 0.002 0.029 =42 0.051 -49 <0.0 0.063 -37 0.119 -40
18 <0.005 0.034 -32 0.067 -33 <0.005 0.065 =35 0.15 -25
19 0.030 -40 0.049 -51 0.951 -43 0.091  -54
20 0.033 -34 0.085 -45 0.078 -22 0.1 -45
21 0.04 -20 0.1 +10 .08 -20 0.18 -10
22
23 0._00% 0_0de6 -8 0.088 -12 G.099 -1 0.153 =24
24
25 0.027 -46 0.087 -13 0.072  -28 0.137 -32
P13 0.008 0.071  +42 0.134  +34 <0.003 0.114 +14 0.222 +12
27 <0.01 0.043 -14 0.085 -15 <0.01 0.078 -22 0.164 -13
28 <0.010 0.080 +60 0.094 -§ 0.104 +4 0.152 -24
29 0.061 +22 0.120 +20 0.0%9 -1 0.181 =10
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Table 11 centinued.

Butterfat Soya bean oil

Na. 30 No. 31 No. 32 No. 33 No. 34 No, 35

(unspiked) (spiked) {spiked) {unspiked) (spiked) (spiked)
Spike con- 0.050 Q.10 0.10 0.20
centration
Laboratory %D %D %D %D
code nho.
30 0.080 0.080 +60 0.080 -20
n 0.009% 0.044 -12  0.095 -5 0.085 -1% 0.188 -6
32 o.M 0.0¢ +20 0.11 +10  0.03 0.053 -47 0.09 -55
313 2.015 0.061 +22 0.115 +15 <0.00% 0,085 -15 0.180 =10
34 0.06 +20 0.08 -20 0.081 -1% G.171 -14
15 <0.01 0.06 +20 0.06 -40 <0.01 0.08 -20 Q.22 +10
36 <0.01 0.04 =20 0.10 0 0. 0.09 =10 0.18 -10
37 0.01 0.08 +60 0.17 +70 <0.01 0.13 +30 0.07 -65
38 <0.005 0.021 -58 0.042 =58 <0.005 0.030 -70 0.050 -75%
39 0.013 0.065 +32 0.139 +39 0.121 +21 0.246  +23
No. of valid results 28 3 33 28
Ro. of ocutliers 8 6 3 3
No. below limit of 0 0 o 0
determination
No. not reported 3 3 3 3
Mean 0,046 0.086 0.082 0.168
Standard deviation 0.011 0.018 0.017 0.033
Coefficient of 24 21 21 20
variation
Minjimum 0.027 0.051 0.051 0.110
Maximum 0.081 0.120 0.121 0,246
Median 0.04¢ 0.08%9 0.081 0.170
NFA deter- ©O.008 0.051 +2 Q.10 0 0,001 0.091 -9 .18+ 10

mination
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Table 12. Summary of results on PCBs in samples numbered FCM 30-35.
The concentratlions are expressed in mg/kg.
Butterfat Soya bean oil
No. 39 Ho. 31 No. 32 No. 33 - No. 34 No. 35
(unspiked) (spiked) (spiked) {unspiked) (unspiked) (unspiked)
Spike con- 0.55 1.1
centration
Labhoratory L0 %D
code no.
1 0.75% +36 1.5 +36
2
3 0.484 -12 0.940 -14
4
5 0.02 0.58 +5  1.10 0 <o {0.01 0.0
§ 0.3 {0.5 0.5 0.5 0.5 0.5
7
8 <0.020 0.61 +11 0.98 -11 {0.02 <0.02 0.02
3 0.02 0.45 -18 0.952 -16  <0.01 {0.01 {0.01
10
11
12 0.024 0.53 -4 1.05 -5 {G.0005 <0.0005 <. 0005
13
14 0.060 0.497 10 1.043 -5 0.040 <0.030 <0.030
15 0.50 -9 1.00 -9 <0.03 {0.03
16 0.M 0.6 +9 1.2 +9 <0.M <0.01 <0.01
17 0.03 0.21 -62 0.47 =57 0.0t 0.0 ¢0.01
18 O.OOSI 0.47 -14 Q.75 -32 <0.00% <0.005 <0.005
19 0.595 +8 0.93%5 -10
20 0.5 -5 1.0 -9
21 0.20 -64 0.48 -56
22
23 0.648 +17  0.995 -10
24
25 0.246 =55 0.542 =50
26 0,040 0.640 +16  1.420 +29  <0.040 <0.040 <0.040
27 {0.1 0.724 432 1.491 436 <0.1 0. ¢0.1
28

%]
o
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Table 12 continued.

Butterfat Soya bean oil
No. 30 No. 31 No. 32 No. 33 No. 3@ No. 35
(unspiked) (spiked) (spiked) {unspiked) (unspiked) {unspiked)
Spike con- 0.858 1.1
centration
Laboratory %D %D
code no.
30 0.300 -4% 0.575 -438
33 0.1 0.653 +18 1,400 +27
32 0.1 0.28 -49 0.34 -69 <0.01 <0.01 0,01
33 0.25 -85 0.4 ~§3 <0.1 0.1 0.1
34 {1.08 £1.08
35
16 0.25 0.50 -9 0,84 =24 0.23 0.19 .20
37 0.5 i +27 1.0 -9 0.5 (0.5 0.5
38 0.1 Q.70 +27  t1.20 +9 0.1 0.1 0.1
39
No. of valid results 1% 18
No. of outliers & 7
No. below limit of 2 2
determination
No. not reported 12 12
Mean 0.536 1,024
Standard deviation 0,120 0.209
Coefficient of 22 20
variation
Minimum 0.280 0.575
Mayimum 0.700 1.420
Median 0.515 1.000
NFA deter- 0.07 Q.85 +18 1.2 +9 0.05 {0.05 <0.0%

mination
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FCM 32

F.p'-~DDE

P.p'-0DT

Q;P""DM

FCM 30

Figure 1, Gas chromdtogrags of extracts of the spiked (FOM 39)

~and unspiked (FTM 30) butterfat samles. The injected
amqunt rarresponds o ca 190 wg fat.
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FCM 35
HCE

o—-HCH

FCM 33

Figure 2. Gas chromatograms of extracts of the spiked (FCM 35)
and unspiked {FCM 33) saya bean gil samples. The
injected ampunt corrsaponds to ca 150 @9 fat.
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Figure 3. Oistribution of results for p,p =0T in the spiked
butterfat samples.
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Mo. of results
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Figure 4. Distribution of results for g.p 00T in the spiked
so0ya bean o3l samples.
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Mean 0.573
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Figure §. Distribution of results far p,p -000 in the spiked
soya bean oil samples.
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Figure 7. Distribution of Pesults‘fur p.p'—ﬂDE in the spiked
butterfat samples.
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Figure 9. Distribution of results for of-HCH in the spiked
50ya bhean 01l samples.
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Figure 10. Distribution of results for B-HCH 1n the spiked
putterfat samples. ’
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Figure 11. Distribution of results far ¥-HCH in the spiked
buttertat samples. :
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Figure 13, Distribution of results for HCB in the spiked
huttarfat samples.
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Appendix 1. Laboratories which submitted rasules in the 3td AQA axercise.

AFRICA

Kenyatta University College
Chemistry Department

Attn: Dr G Nyagah

p.0. Box 43844

Nairobi

Kenya

AMERICAS

Laboratério de Controle de Qualidade - Nestlé

Attn: Mr O Marmo Q
n. da Consolacdo, B896 ‘

01302 S3c Paulo

Brazil

Ingticuto Adolfo Lutz

Attn: Ms H B B de Toledo

Secio de Aditives e Pesticidas Residuais
Av. Dr. Arnaldo, 3535

01246 Siao Paule - 5P

Brazil

Health and Welfare Canada
Health Protection Branch
pureau of Chemical Safety
Attn: Mr J Mes

Tunney's Pasture

Gttawa, Ontarioe

Kia OL2

Canada

Ministerio de Salud Publica ¥ Asistencia Soclal ‘v
Direccion General de Servicious de Salud

Laboratorio Unificado de Control de Alimentes y Medicamentos

INCAP

Attn: Dr M de Campas

P.O. Box 1188

Guatemala City

Guatemala

cubgecretarla de Investigacion y Desarxello
Direccion General de Investigacion

de los Bfectos del Ambiente en la Salud
aAttn: Dr E P Garza

Blvd. Manuel Avila Camacho 164- 9. piso
Cc.p. 11000 Mexico, D.F.

Mexico
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Department of Health and Human Services
Food and Drug Administration

Attn: Mr D E Brown

3032 Brvan Strest

Dallas

Taxas 57204

USA

Department of Health and Human Services

Food and Drug Administration .
Detroit District

Attn: Mr J E Westfall

1560 East Jefferson Avenue

Detroit

Michigan 48207

UsSA

Mississippi State University
Mississippi State Chemxcal Lahnratory
P.0. Box CR

Mississippl State

M5 39782

54

Department of Health and Human 5erv1cea
Food and Drug Admlnlstratldn ey

New York Import District Laboratory
Attn: Dr E T Rennard

830 Third Avenue

Brooklyn

New York 11232

U5A

EASTERN MEDITERRANEAN

Ministry of Public Health

Regional Center for Food Cuntam;natlon Monztorlng
Attn: Dr R Koth

B.Q. Box 42

Doha

Qatar

EUROPE

Lebensmittelversuchsanstalt
Attn: Dr W Pfannhauser
Blaasstrasse 29

A-1190 Vianna

Austria

Lebensmitteluntersuchungsanstalt der Stadt Wien
Atth: Dr A P3sota

Henneberggasse 3

A-1030 Vienna

hustria
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Bundesanstalt fiir Lebensmitteluntersuchung und -forschung
Attn: Dr F Voiir

Postfach 3

A-1095% Vienna

hustria

Bundesanstalt fiir Pflanzenschutz
Attn: Dr R Fila

Postfach 154

A-1021 Vienna

Bustria

Bundesforschungsanstalty fir Getreide- und Kartoffelverarbeitung
Attn: Dr H-D Ocker

Postfach 23

D-4930 Detmold

Federal Republic of Germany

NATEC

Institut flir Naturwissenschaftlich-technische Dienste GmbH
Attn: Prof A N Sagredos

Postfach 501568

D-2000 Hamburg 50

Federal Republic of Germany

Institut fir Hygiene der Bundesanstalt fiir Milchforschung
Attn: Dr W Heeschen

Hermann-Weigmann-Strasse 1

D-2300 Kiel

Federal Republic of Germany

Chemische Landesuntersuchungsanstalt
Attn: Dr W Hortig

Postfach 1219

D-7000 Stuttgart 1

Federal Republir of Germany

National Institute of Food Hygiene and Nutrition
Department of Texicological Chemistry

Attn: Dr K Sooés

H-109%7 Budapest

Cyali nt 3/a

Hungary

Veterinary and Food Control Centre
Attn: Dr S Zoltan

Mester u 81

H-1095 Budapest

Hungary

Hygienic Epidemiclogical Station of Hajdu Bihar County
Labaratory of Food Chemistry

Attn: Or B Zsigmond

e 115

H-4C001 Debrecen

Hungary
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Plant Protection Agrochemistry Station
Pesticide Residue Laboratory '
Attn: Dr L Kadenczky

P.O. Box 197

Borsed County

Miskolc

Hungary

Plant Protection and Agrochemistry Station of Vas County
Pesticide Residue Analytical Laboratory

Attn: Dr 5 Endre

H-9762 Tanakaijd

Hungary

National Institute of Public Health and Environmental Hygiene
Atth: Dr P A Greve

P.0. Box 1

3720 Bilthoven

Netherlands

Ministry of Agriculture, Fisheries and Food
Food Science Division

Attn: Mr 5 Revnolds

8%, Romney Street

London 3W1P 3RD

Inited Kingdom

Department of Trade and Industry
Laboratory of the Government Chemist
Attn: Mr D C Holmes

Caornwall House

Stamford Street

London SE1 9NQ

United Kingdom

County Council of Hereford and Worcester
County Lahoratory

Attn: Mr G Keen

County Buildings

5t Mary's Street

Worcester WR1 1TN

United Kingdom

SOUTH-EAST ASIA

Central Food Technological Research Institute
Analytical Quality Control Labaratory

Attn: Mr K V Nagaraja

Mysore-570 013

India

Ministry of Agriculture and Co-operatives
Department of Agriculture

Agricultural Toxic Substances Division
Attn: Ms 5 Sakulthiengtrong

Bankhen

Bangkok 10900

Thailand




WHO/EHE/FOS /85,20

Panc 83

Department of Medical Sciences
Food Analysis Division

Attn: Mz A Vongbuddhapitak
Yodse

Bangkek 10100

Thailand

WESTERN PACIFIC

Department of Health

Division of Analytical Laboratories
Pazticides Laboratory

Attn: Dr E Crematy

Lidcombe 2141

New South Wales

Australia

Governtient Chemical Laboratories

Food and Industrial Hygiene Laberatory
Attn: Dr F E Uren

30 Plain Street

Perth

Western Australia 6000

Australia

Department of Science and Technology
Australian Government Analytical Laboratories
Attn: Mr I R Juniper

.0, Box 385

Pymble 2073

New South Wales

Australia

Nagoya Clty Health Research Institute
Attn: Dr Y Sakabe

1-11 Hagiyamacho Mizuho-ku

Nagoya

Japan

Osaka Prefectural Institute of Public Health
Attn: Dr R Tanaka

3-89 Nakamichi 1-cheme

Higashinari-ku

Osaka 537

Japan

Miyagl Prefectural Institute of Public Health and Environment
Attn: Dvr [ Ushizawa

4-7-2 Saiwaicho

sendai 983

Japan
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National Institute of Hygiemic Sciences
Food Division

Attn: Dr M Takeda

18-1 Kamiyoga 1-chame

Setagaya-kn

Tokyo 158

Japan

Tokyo Metropolitan Reszearch Laboratory of Public Health
Attn: Dr M Takeuchi : :

24-1 Hyakunincho 3~-chome

Shinjuku-ku

Tokyo 1e0

Japan
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ANALYTICAL QUALITY ASSURANCE - III

~ AFLATOXINS B, By, G, G, and M, -

by
M. Friesen

International Agency for Research on Cancer

Lyon, France
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I. INTRODUCTION

Once a year, laboratories around the world invelved in aflatoxin analysis can
control the quality of their analytical results by participating in the Mycoroxin Check
Sample (MCS) FProgramme, organized by the Interpational Agency tor Research on Cancer
(1ARC) (1,2). Participation in the programme is open to any laboratory wishing re compare
its analytical results with those of a large group of laboratories using the same or
wimilar methods .

As a part of this larger programme, which involved over 250 laboratorics in more
than 40 countries in 1084, IARC has been asked to verify the guality of the analytical
results on atiatoxin analysis submitted by collaborating centres in the 22 countries
participating in the FAO/WHQ Food Contamination Monitoring (FCM) Programme. Two previous
analytical quality assurance surveys of this kind have already been carried out. The
following report outlines the results for two series of check samples distributed in 1952
and 19H4.
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2. ORGANIZATION OF THE SURVEY

In 1982, laboratories participated in the analysis of vyellow maize meal (Sample
82-1) and finished peanut butter (Sample 82-2) for aflatoxins B, B,, G, and G, and
lyophilized milk (Sample &2-3) for aflatoxin M.. In 1984, simif%r samples ~ were
distributed: yellow maize meal (Sample &4-1), peanu% meal (Sample 84-2) and Spray-dried

milk (Sample §4-3).

Participants were provided with identical 120 g portions of maize meal, peanut meal
and/or peanut butter and 25 g portions of milk from bulk samples which had been thoroughly
mixed and controlled for homogeneity. Laboratories were requested to analyse each sample
by the method of their cheoice or to analyse by two methods. The latter option was
provided to give an oppertunity to the laboratories experimenting with more than one
method to obtain comparative data. Aflatoxin standards were provided for those
laboratories requesting them. Participants were instructed to use these standards only
after having verified their concentration.

A preliminary report of the results, based onm an analysis by a small group of
expert laboratories, was distributed to participants soon after their results were
received at TARC. A more detailed statistical report was sent to laboratories after all
results had been received and evaluated,

3- RESULTS
3.1 Raw Data

Data as reported by the (FCM) participating laboratories are presented in Tables
1-0.

In the 1982 series, results were received from 47 laboratories in 15 out of the 22
FCM participating countries. No results were received from Austria, Canada, China, Egypt,
Mexico, New Zealand or Qatar. In the 1984 series, results were received from A0
laboratories in 18 out of 22 of the FCM participating countries. Again, no results were
recieved from Denmark, Mexico, New Zealand or Qatar.

For laboratories submitting results invelving duplicate analyses using a single
wethod, only the first reported result was included in the statistical analysis. Results
from duplicate analyses involving two different methods were analysed statistically as
indidivual results.

3.2 Methods

For the analysis of aflatoxins Bl’ B,, GI and G, in maize and peanuts, 3 methods
(the BF, CB and EEC methods) were used Y enough %aboratories to justify separate
statistical amalysis. A separate group of laboratories, all using High Performance Liquid
Chrematography (HPLC) in the fimal quantification step, were also grouped together, These
method groupings, which are used in Tables 1 to 4, are defined as follows:

CB METHOD CODE 01

"Natural Poisons". Chapter 26, Official Methods of Analysis, Association of
Official Amalytical Chemists (1680), 26.026-26.031 Eppley, R.M., Stoleff, L.
and Campell, A.D. (1968) J. Assoc. Off. Anal. Chem. 51, 67-73.

BF METHOD CODE 02

"Natural Poisons", Chapter 26, 0fficial Methods of Analysis, Association of
Official Analytical Chemists (1980), 26.032-26.036 Waltking, A.E. (1070) J.
Assoc. Off. Anal. Chem., 53, 104-113,
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EEC METHOD CODE 03

7th Commission Directive (1.3.76) No. 76/372/KEC Off. J. Furop. Comm.
L102/8-18/76.

HI'LG METHODS — CODE Q4

This category groups all methods, regardless of sample c}eanrup, which use
High Performance Chromatography {HPLC) in the final gquantification step.

OTHER METHOBS CODE 05

A1l other methods.

In 4 similar way, methods for the analysis of aflatoxin M, in milk were defined as
Tollows:

AQAC METHOD ' CODE 01

"Natural Poisons", Chapter 26, Official Methods of Analysis, Association of
Official Analytical Chemists (1080) 26.A10-26.A14. Stubblefield, R.D. and
Shotwell, 0.L., {1979}, J. Am. 0il Chem. Soc., 56, p.B500.

ADAC METHOD 2 CODE 02

"Natural! Poisons”, Chapter 26, Official Methods of Analysis, Association of
Official Analytical Chemists (1975), 26.079-26.083 and (19%0), 26, 000-26.004.
Pons, W.A. Jr, Cucullu, A.F. and Lee, L.S5., J. Assoc. Off. Anal. Chen., 56,
(1973) p. 1431 and 57, (1974 pp. 847-852.

HPLE MI‘"[‘I:IP_I)L"; CODE Q3

This ecategory groups all methods, regardless of samples c¢lean-up, which use
High Performance Liquid Chromatography (HPLC) in the final quantvification
step.

OTHER METHODS  CODE_04

All other methods.

It should be noted and emphasized that participanls in the programme were allowed
to and did often make modifications in established published metheds. In addition, the
quality of resulis grouped under a given method can vary widely as the laboratoerics
involved range from those just beginming aflatoxin analysis to those who have carried out
such analysis routinely for many years. For thesc reasons, statistical analyses made in
this way should be interpreted as referring to comparisons of laberateries using certain
methods and not Lo comparisons of the methods themselves.

Figure | summarizes data from MCS programme participants, showing how the use of
methods has evolved since 1979 in the analysis of aflatoxin B, in maize. At about 0%, the
B method wis the most used method in 1084. About half as many labeoratories used the BF
method. The use of HPLC has increased over the years to about 21%, however, no more than 3
laboratories used any one HPLC method. Use of the EEC method has remained stable at about
7%. Methods used by FCM participants can be extracted from Tables 7 teo 10,

Vigure 2 summarizes similar data on methods used for the analysis of aflatoxin M
in milk. The use of HPLC has increased steadily from 13% in 1980 to nearly 30% in 1984.
However, no one HPLO method was used by more than 3 Jaboratories. Percent use ol the two
methods tested in collaborative studies by the AQAC has remained more constant. Again,
dati on method use by FOM participants are given in Tables 11 and 12.
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3.3 Distribution of Results

Freguency distribution of aflatoxin concentrations reported for the 6 samples
tested are given in Figurcs 3 to 18, Each of these graphs includes a single bar set off
. to the right which groups those results excluded from the statistical analysis as
outliers, Their range is specified., These outlying results (P = 0.05) have been excluded
according to the test of Thompson (3). Briefly, a result is considered to be an outlier
when:

(value in question) — (mean of all non-outlying results)
{standard deviation of all non-outlying results)

is greater than 3.6.

3.4 Statistical Analysis by Method

Information is also given in Figures 3 to 18 on the absolute and relative
frequency of values as well as on the median, mean, standard deviation and % coefficient
of variation of the results. These data are summarized by sample in Tables 7 to 1Z.

Brackets connecting method groups indicate a significant statistical difference

(t test; P = 0.05) between mean values for MCS laboratories using the two methods in

° question. Such comparisons were not carried out with results in the category "all" methods
nor for FCM participants alone.

4.  DISCHSSION

4.1 Maize and Peanut Samples

By comparisen with Table 13 which presents the statistical data calculated for
results provided by all MCS participants, we can see that mean aflatoxin concentrations
obtained by FCM laboratories for all 4 samples compare well with those of the MCS group.
In fact, precision, expressed as % coefficient of variation, and also the percentage of
results which are outliers, are lower for the FCM sub-group than for the MCS group im
almost all cases. Especially for the analysis of aflatoxin B, in Samples 84-1 and 84-2,
results obtained by FCM laboratories (and for laboratories in %he MCS group as well) using
the BF method are lower than those obtained by laboratories using either the CB or HPLC
metheds. This difference has been observed in the past and the use of the BF method,
without appropriate modification to improve its recovery, should be discouraged.

4.2 Milk
The mean aflatexin M, concentration (0.60 ug/kg) determined by the FCM labora-
‘ tories for Sample B2-3 agrees well with the mean concentration (0.52 ug/kg) found by the

overall MCS group. However, about 50% fewer FCM laboratories reported zero or outlying
results than did MCS participants. The % CV was also somewhat better for the FCM
sub—group. ‘

Important differences were seen in the mean aflatoxin M, concentrations (FCM

0.91 ug/kg; MCS 0.67 ug/kg), the % coefficient of variation (FCM 66%; MCS 82%) and the

number of outlying results (FCM 0/45; MCS 15/114) for sample 84-3. These differences can

. be explained, however, by an error in the stated concentration of aflatoxin M, standards

{vials marked 1 ug contained only 0.6 ug aflatoxin Ml) distributed to many of the MCS
participants but to only a few FCM laboratories.

4.3 Conclusions

In general, the results of the FCM laboratories compare well with those of the
overall Mycotoxin Check Sample Programme. Precision, expressed as % ccoefficient of
variation, ranges from 35% to about 60%, probably quite normal for analysis of samples at
this concentration range.
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The goal of an analytieal quality assurance programme is to permit laboratoriecs to
verify that their own results compare well with those of other laboratories and te permit
them to take steps to modify or improve techniques if their data do not agree. This
implies that if opossible, all of the laboratcries submitting data to the Fouod
Contamination Monitoring Programme should participate in the quality assurance exercises.
This does seem to be the case as the number of FCM lahoratories particlipating in Aflatoxin
Analytical Quality Assurance has increased to 50 laboratories in 18 out of 22 FCM
countries in this study from 321 laboratories in 13 out of 22 FCM countries for the first
AQA exercise.
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Table I

DATA FOR SAMPLE 821-1

LAR NO

4

4
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74
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]
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77
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Table 2

LAB NO

12
14
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21
50
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DBATA FOR SAMPLE 87-%2

FINISHMED PEANUT BUTTER
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Table 3

LABE

DATA FOR SAMMPFLE 84-1
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e Table

4

LAZ NO
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Table 5

DATA PFOR SAMPLE B2-3
LYOPHILIZED MILK

LAB NO

12
12
19
21
21
50
55
&6
72
74
74
75
75
74
77
78
78
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81
8%
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g4
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101
113
133
143
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143
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178
200
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214
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METHOD

R N R R LI T LR R N B B Y Y Y T S A S S R BB S R TR T T T I TR I

UG KRG —-—-

[l B B T B B T T B S I I e == T = W S = R~ I = BT = = T = R T R L B LR T = I = R« I S s B o B = T = I = - T * Y

Mt

.00
)
-5
.58
70
.74
.82
.40
.29
.00
.00
.78
.20
.77
.73
.40
.19
.40
.30
40
.25
.49
-y
Y
.Ba
.86
.42
R
.00
.7a
.74
.78
.37
.34
.oo
.20
.30
.3d
.00
.50
. 040
.80
.44
.90
.74
.70
.39

WHO/BHE/F05/85.20
Page 99




WHO/EHE/FOS /85,20
Pape 100

Tuble 6

ODATA FOR SAMFLE B4-3
ZPRAY-DRIEDT MILA

UG KG=-
LAB NO METHOD 1
15 1 0. .04
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