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REPORT OF THE 

ICES FOURTH ROUND INTERCALIBRATION 

FOR 

TRACE METALS IN SEAWATER 

by 

J.M. Bewers, J. Dalziel, P.A. Yeats and J.L. Barron 

Atlantic Oceanographic Laboratory 
Bedford Institute of Oceanography 

Dartmouth, Nova Scotia, Canada B2Y 4A2 

ABSTRACT 

This document constitutes a final report of the Fourth Round 
ICES lntercal ibration for Trace Metals in Seawater conducted 
on behalf of the Sub-Group on Contaminant Levels in Seawater 
and its successor, the Working Group on Marine Chemistry. 
Forty three laboratories in fifteen countries participated 
in the experiment and returned analytical data to the organ
isers by May 1st, 1979, Substantial improvements in both 
analytical precision and agreement between laboratories are 
demonstrated by the results. Sufficient participants have 
adequate analytical capabilities to justify the conduct of 
the ICES Fifth Round lntercal ibration for Trace Metals in 
Seawater which involves the examination and comparison of 
commonly-used sampling and sample storage procedures. 
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INTRODUCTION 

A series of intercalibrations, among laboratories in ICES member 

countries, is being conducted to assess and improve the general capability 

for trace metal analysis of sea water. The objectives and plans for these 

intercalibrations are discussed in a recent ICES paper (Bewers et aZ., 1980), 

Three intercalibrations involving the distribution of (1) high level standards 

containing Cr, Fe, Mn, Co, Ni, Cu, Zn, Cd, Pb and Hg (2) sea water and spiked 

sea water for mercury analysis and (3) two unspiked sea water samples for Cr, 

Fe, Mn, Co, Ni, Cu, Zn, Cd and Pb analysis have been completed (Jones 1976, 

Olafsson 1976, 1978, Jones 1977 respectively). After review of these ex

periments the ICES Sub-group on Contaminant Levels in Seawater proposed the 

conduct of a further intercalibration to determine analytical precisions for 

metal· analysis of sea water. The detailed design and conduct of this experiment, 

designated the fourth round intercalibration for trace metals in sea water, was 

undertaken by the Bedford Institute of Oceanography. Sets of six filtered sea 

water samples were distributed to participants in acid-washed low density 

polyethylene bottles in April 1978. Each sample set comprised four (4) re

plicate sea water samples, one spiked sample and a dummy sample. Sets were 

distributed by air freight in frozen or acidified form to 63 laboratories in 17 

countries (see Appendix I). Sample information provided to participants was 

restricted to the methods of collection and the salinity range of the sample set. 

The closing date for receipt of results, originally set for October 31st, 1978 

was extended to December 31st, ~978 by which time 41 laboratories had reported 

analytical results and details of their analytical methodology. A further two 

returns were received prior to 1 May 1979 when the preliminary report of the 

intercalibration was distributed to participants and these data have also been 

included here. This report discusses all these results and draws conclusions 

concerning the overall and individual laboratory performances whilst maintaining 

anonymity of the results. 

EXPERIMENTAL DESIGN 

The experimental design was formulated in consultation with the Applied 

Statistics and Scientific Computing Branch of the Canadian Department of 

Fisheries and Environment. The chosen design involves sufficient replication 
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{4 samples) to enable reliable estimates of precision to be made for each part

icipant. A spiked sample was included in order to estimate low-level spike re

covery. The magnitude of each metal spike was determined on the basis of the 

statistical probability that it could be discerned as different from the re

plicates by participants with precisions comparable with our own published 

estimates {Bewers et al., 1976). An additional sample, referred to herein as a 
1dummy 1

, was also introduced to the sample set in order to increase the 
1 blindness 1 of the experiment. This dummy sample was intended to contain sig

nificantly lower metal concentrations than either the spike or the replicates. 

Sufficient replication in the analysis of replicate samples had to be assured 

so that both within sample and between sample precisions may be determined. 

Comparable replication of the spike and dummy sample analyses should permit 

both an additional check on precision and estimates of spike recovery to be 

made. Each participant thus received a total of six samples and was asked to 

analyse each sample in triplicate. 

LOGISTICS AND SAMPLE COLLECTION PROCEDURE 

The numbers and volumes of frozen and acidified samples required for 

potential participants were first established through the medium of a 

questionnaire. Each recipient was also asked to specify the nearest inter

national airport from which samples could be collected. Samples were collected 

on April 10/11, 1978, from the Canadian Survey Ship Dawson using a General 

OceanicsR rosette equipped with modified 12 litre NiskinR bottles (Bewers et al., 

1974). Sea water for replicate sample preparation was collected at 180 metres 

depth on the Scotian Shelf (43053 1 N 62D53 1W) some 100 km offshore. A total 

of 500 litres of water was pressure filt~ied from the Niskin samplers, through 

0.4 µm NucleporeR filters, into an acid washed and Super QR water rinsed 

polyethylene holding tank. Subsamples were then drawn off from the holding tank 

into 1 litre and 2 litre acid washed low-density polyethylene bottles. A series 

of check samples were also collected at intervals during this sub-sampling op

eration. Subsamples were immediately frozen or acidified (5 ml cone. HCl 

{Baker-Ultrex) per 2 litres) to fulfill the requirements of all 63 participants. 

Two 150 litre samples were also collected at 150 m depth in the Atlantic 
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Slope Water (42°32 1 N, 61°24 1W) and similarly filtered into acid washed poly

ethylene holding tanks. One large sample was subsampled for the provision of 

dummy samples. The other 150 litre sample was spiked with a previously prepared 

solution of Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb (see Table 1) and then homo

genized. This sample was then subsampled for the provision of spiked inter

calibration samples. The dummy and spike samples were also frozen or acidified 

to meet the requirements of participants. Each sample was individually marked 

with a six digit code number and all identification of samples was subsequently 

based solely on the use of this number~ 

SAMPLE DISTRIBUTION 

Acidified sample sets were packed in wooden crates and dispatched by 

air freight to the major airports designated by the participants. Prior to the 

shipment of the samples, the participants were notified by telex or telegram of 

the impending arrival of their samples. 

The frozen samples were shipped in polystyrene-lined wooden crates and 

packed in dry ice. Prior to shipment of the samples, tests showed the samples 

packed in this manner would remain frozen for up to 56 hours. Interconnecting 

flights, set up through the airline shipping agent, were designed to have the 

samples arrive at their airport of destination within 48 hours. Delivery 

problems to European and North American laboratories were encountered when the 

transport of samples necessitated the use of two or more airlines. All par

ticipants were notified by telex or telephone of the anticipated time of ar

rival, flight number and air waybill number to enable the samples to be picked 

up soon after their arrival at the destination airport. 

Each set of frozen and acidified samples was accompanied by two forms. 

The first tabulated the enclosed sample numbers and described the nature of the 

samples (eg.; filtered sea water - frozen). The second form was a reply 

questionnaire requesting information on the date of receipt of the samples and 

their condition on arrival. 

Two crates of frozen samples shipped to U.S. destinations arrived 

thawed and one set of acidified samples was found to contain a single un

acidified sample. 
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RECEIPT OF RESULTS 

Participants (Appendix I) were notified of the closing date for receipt 

of analytical data (October 31, 1978) which had been agreed at the third 

meeting of the ICES Sub-Group on Contaminant Levels in Seawater. This closing 

date was extended to December 31, 1978, by the organizers and every effort has 

been made to include data received later than this date. Appendix I I contains 

a listing of data returns categorized by element and sample type. All data 

submitted by May 1st 1979 are included in this appendix and are the subject of 

the following discussion. 

COMMENTS ON ORGANIZATIONAL ASPECTS 

The conduct of the experiment demanded the distribution of six 1 1 or 

2 1 seawater samples to over 60 participants and this in turn required the 

collection, filtration, homogenization, treatment and distribution of 

approximately 800 I of water. This imposed a number of logistical problems 

mainly associated with achieving homogeneity whilst avoiding contamination and 

ensuring the timely and secure shipment of samples to participants. It appears 

that, except in the cases of zinc and lead, these difficulties were largely 

surmouDted. 

The problems associated with sample distribution were particularly 

pronounced in the case of frozen samples. Nevertheless the ability to make 

connecting flight arrangements for samples dispatched to European destinations 

simplified matters and only in the case of two European participants was the 

condition of the samples on arrival suspect. These two cases involved the use 

of an intermediary since all samples for French participants were kindly 

handled by Dr. Chaussepied of CNEXO. The major difficulties arose with samples 

destined for the United States. No arrangements for connecting flights at U.S. 

airports were possible and as a result some sets of frozen samples arrived at 

U.S. destinations partially thawed despite the fact that the shipping crates 

were packed with enough dry ice to ensure the samples remained frozen for a 

minimum of 56 hours. Eur~pean airfreight organization seems somewhat better 

than comparable airfreight bperations in the United States and this was 
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partic~larly exemplified by one Euro~ean airline that took especial care to store 

sample sets in its own freezer at London (Heathrow) when flight connections were 

missed. Overall it is remarkable that sample integrity was generally maintained 

during transshipment but this is principally due to the time and trouble taken in 

establishing reliable freight arrangements. 

The proportion of sample recipients who actually returned analytical data 

was disappointingly low. Sixty-two complete sets of samples were distributed 

but only 43 data sets were returned to the organizing laboratory. Several of 

these returns did not comply with the instructions to participants which 

specified that the results of three individual analyses of each sample should be 

reported. Triplicate analysis were not possible In all cases because sample 

volumes were insufficient to meet participants needs. However in some cases 

where adequate volumes were provided, participants did not return data in the 

correct format. There was also considerable tardiness in the return of data and 

the preparation of this report has been deliberately delayed to include the 

results of as many participants as possible. 

DISCUSSION OF RESULTS 

General Observations 

The composite mean concentration and standard deviation of the replicate, 

dummy and spike samples for all elements analyzed by a large number of 

laboratories are shown in Table 2. Only outliers as determined by Chauvenet's 

criterion have been excluded. The ranges of reported values are quite large 

although both the means and standard deviations are smaller than in some previous 

intercalibrations (Brewer and Spencer, 1970; Jones, 1977). Because of the large 

ranges reported, it is difficult to make any firm conclusions based on these 

results. However, the following observations can be made. Results for frozen 

replicate and dummy samples are generally lower than corresponding results for 

acidified samples. As expected the reported average concentrations of all 

elements, except zinc, in the dummy are lower than in .the replicate. Previous 

work, (Bewers et al., 1976) has shown that metal concentrations in the Atlantic 

Slope water (dumrny)are lower than on the Scotian Shelf (rep! icate). All the 

means are higher than commonly accepted metal concentrations in the waters of the 
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open ocean (Bender et al., 1977; Boyle et al., 1976, 1977; Bruland et al., 1978; 

Patterson et al., 1976; Sc later et al., 1976). Zinc and lead are the most 

elevated. For logistical reasons we were unable to collect and process the 

samples with the care needed for the collection of uncontaminated lead samples 

(Patterson et al., 1976). It is therefore not surprising that the lead levels 

are elevated. Zinc is also an ubiquitous contaminant, particularly of the linear 

polyethylene from which the sample homogenization tanks were constructed. Spike 

recoveries were generally in the 60 to 80% range with better recoveries for 

acidified samples. Frozen iron samples gave particularly poor spike recoveries. 

Several elements (As, Cr, Co, Hg and V) were analysed by a small number 

of laboratories. These results, which are not amenable to treatment in the same 

manner as the other elements, are presented individually in Table 3, The inter

calibration samples were not preserved in a way thought suitable for mercury 

analysis and all participants were advised accordingly at the start of the 

experiment. 

One of the principal objectives of the intercalibration was to determine 

analytical precisions for each participant. These have bee~ determined for all 

laboratories that have provided us with two or more independent analyses of each 

of the replicate samples or given us other information suitable for this purpose. 

The precisions are presented in Appendix I I I together with other general details 

of the analyses for each element. If we subset, for each element in Table 2, 

those laboratories with better analytical precisions we observe a marked im

provement in the comparability of results (see Table 4). The limiting precision 

criterion is approximately equal to one third of the currently established con

centration for the metals in shelf waters with the obvious exceptions of lead and 

zinc for which arbitrary choices have been made based upon the intercalibration 

returns. As can be seen in Table 4 the average replicate and dummy sample values 

are lower than those in Table 2 and closer to real environmental levels for all 

elements except lead and zinc. The replicate standard deviations are generally 

smaller reflecting improved agreement between high precision participants. In 

most cases the dummy samples give lower results thari the replicates. As in the 

case of the total data set, lower levels and lower spike recoveries are generally 

observed for frozen samples. Such differences between acidified and frozen 

replicates arc significant 'at the 95% level of confidence in all cases except 

manganese and nickel (Table 5). Lower concentrations in frozen samples could 
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result from poorer preservation by this technique or contamination of acidified 

samples by the acid or by Increased leaching of the storage bottles at low pH. 

Generally inferior spike recoveries may, however, indicate poorer preservation 

of frozen samples. 

We have also tested the differences between the two major methods of 

analysis as applied to the replicate samples. This could only be done for the 

four metals most commonly analysed by electrochemical and atomic absorption 

procedures namely, cadmium , copper, lead and zinc. There exist significant (95%) 
differences between these two techniques in the case of cadmium and lead but 

insignificant differences for copper and zinc (Table 5). Since the cadmium 

results were close to levels found in ambient seawater some caution should 

be exercised in directly equating cadmium analyses by these different techniques . 

Individual Laboratory Performances 

The data from all laboratories that returned at least two determinations 

of each sample are amenable to more extensive statistical examination. For each 

laboratory it is possible to determine analytical precision for each metal 

analysed, test for variability in the four replicate samples, test for differences 

between the dummy and replicate or dummy and spike, and assess the extent towhich 

spike recovery is quantitative. These tests can be used in conjunction with 

consensus values for concentrations in the various samples to investigate the 

performance of the participants. 

It is first necessary to establish the homogeneity of the samples. This 

is important for two reasons. First we need to know at what level of analytical 

precision the participants should not have been able to see differences between 

the replicate samples and secondly to what extent could differences in reported 

concentrations simply reflect inhomogeneity. During the preparation of the 

replicate samples, ten additional samples were drawn at intervals and subsequently 

analysed for these purposes. The results of a statistical analysis of these 

data are shown in Table 6. The first row lists the analytical precision (S 1) ana 
at which inhomogeneity should not be detected at the 95% confidence level. 

I 

Laboratories with S 1 greater than these values should not be able to see ana 
differences between the replicate samples. The second row lists that part of the 

overall standard deviation •for the ten samples analysed in duplicate that is due 

to differences between samples rather than analytical imprecision. The possibility 
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that a laboratory received a contaminated sample is unavoidable. For this 

reason individual replicate sample analyses that were noticeably higher than 

the average of the remaining three were excluded from the statistical 

treatment. In cases where this occurred, the participant's data (Appendix I I) 

are flagged to identify the excluded replicate. 

The statistical analyses for each element, acidified or frozen, are 

summarized in Appendix I I I. The first tabulation for each element lists the 

arithmetic mean and standard deviation for the analyses of the four replicates; 

the analytical standard deviation (S 
1

) based on the precision with which ana 
individual replicate samples were analysed; a test for the significance of any 

difference between the four rep! icate analyses (95% significance level); the 

arithmetic mean concentration of the dummy sample; and the difference between 

the replicate and the dummy. The second tabulation lists the arithmetic means 

for the spike and the dummy samples; the difference between the two; the percent 

spike recovery; the significance of the difference between the spike and dummy 

samples; and the significance of the difference between the reported spike and 

the nominal spike originally added to the sample. Reported mean values that do 

not exceed 3 x S 1 (definition of detection limit given by Strickland and ana 
Parsons, 1965) have been indicated by asterisks but not excluded from subsequent 

calculations. 

Cadmium 

Cadmium analyses of frozen samples show a very narrow range of reported 

replicate means with only three exceptions. None of the results from the high 

precision laboratories differ from the mean value of 0.047 µg l-1 by more than 

40%. Our homogeneity check indicates that laboratories with S 1 >0.016 µg l- 1 
ana 

should not see differences between the replicates. Most of the participants 

have better precision and there may be inhomogeneity problems at these low 

( - 1 ) levels S 1 0.002 - 0.008 µg l . These results suggest that the samples are ana 
homogeneous for S 1 >0.010 i1g .£.- 1 • · Only one laboratory (//8) with S 1 >O.OlO ana ana 
µg l- 1 sees a significant difference between replicates. The dummy sample is 

obviously indistinguishable from the replicate as 7 participants report 

higher values and 6 lower; All but two of the laboratories see a significant 

(95%) difference between the spike and the dummy samples but the recoveries 

are rather variable. However, seven of the ten high precision 
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laboratories do report spike recoveries between 50 and 80%. 

Cadmium analysis of acidified samples indicates that the replicates are 

homogeneous for laboratories with S 
1 

greater than 0.012 µg l- 1 • The range 
ana 

of means reported for the replicate is considerably greater than that reported 

for frozen samples. A consensus value of 0.065 ± 0.014 µg l- 1 for the high 

precision laboratories results if #38 and #44 are omitted. Both of these 

laboratories have means less than half the consensus value and very low spike 

recoveries. All but one of the four laboratories with poorer precision report 

noticeably higher means than those of the high precision laboratories. No 

distinction is seen between the Cd levels in the dummy and replicate samples 

nor is there any agreement on the Cd level of the dummy. All but two participants 

observe a significant difference between the spike and dummy with 8 of the 11 

remaining high precision laboratories recovering 55 - 100% of the spike. 

Copper 

The homogeneity test shows that the respondents should not see differences 

in the copper concentrations of the replicate samples if their analytical 
- l precision is greater than 0.031 µg l . Four laboratories analyzing frozen 

samples with S 1 >0.031 µg l- 1 do see differences with two of these (#8 and ana 
#13) in the high precision subset. The results of the laboratories that do hot 

see differences would suggest that the samples may be homogeneous for precisions 
- l >0.02 µg l . All high precision laboratories except #8 and #13 report replicate 

results within 50% of the mean value of 0.19 µg l- 1 in Table 4. With these two 

laboratories excluded the replicate mean for high precision laboratories becomes 
- l 0.162 ± 0.060 µg f • Ten of the fifteen respondents find that the copper 

content of the dummy is less than that of the replicate with a dummy mean of 

0.144 ± 0.066 for nine high precision laboratories (#4 has been excluded as well 

as #8 and #13). All participants but one saw the difference between the spike 

and dummy with spike recoveries of 43 - 78% for the high precision laboratories. 

Seven of the laboratories analysing acidified samples for copper see 

differences between replicate samples but only two of these (#2 and #46) are 

high precision laboratories. With the exception of one (#46) the replicate 

mean for high precision l~boratories is 0.255 ± 0.065 µg l- 1 • All five of these 

high precision laboratories see the dummy as less than the replicate with good 
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agreement on the dummy mean (0.176 ± 0.029 lJg l- 1 ). The high precision 

laboratories all find the spike concentration significantly higher than the 

dummy with recoveries (except for #46) of 61 - 92%. Four of the five have 

recoveries between 83 and 92%. The remaining lower precision laboratories all 

report higher mean concentrations and have rather erratic spike recoveries al

though all but two are significant. 

Manganese 

Although our homogeneity test indicates that the manganese content of 

the replicate samples should be very constant (insignificant differences for 

S 1 .>0.009 lJg l- 1 ) all the laboratories analysing manganese in frozen samples ana 
see differences but none of those analysing acidified samples do. This may be 

due to differences in preservation techniques. Mn02 may be precipitating in the 

frozen samples resulting in some inhomogeneity. Three of the four high 

precision laboratories analysing frozen samples for Mn, plus #3 and #34 whose 

precision could not be tested, agree on a replicate mean of 0.123 ± 0.038 µg l- 1
• 

These same laboratories found the concentration of the dummy to be less than that 

of the replicate with a mean dummy concentration of 0.075 ± 0.042 lJg l- 1 • Spike 

recoveries were also fairly consistent at between 58 and 72%. The remaining 

laboratory reported much higher mean concentrations but better spike recovery. 

Two of the three high precision laboratories analysing acidified samples 

for manganese agree on a replicate mean of 0.150 ± 0.026 µg l- 1 • They also 

agree on mean dummy concentrations of 0.084 ± 0.019 µg l- 1 and spike recovery 

of 79%. The other high precision laboratories and the only other participant 

reporting usable data find higher concentrations and spike recoveries. There is 

remarkably good agreement between five frozen and two acidified sample analysts 

on both dummy and replicate concentrations. 

Iron 

Results of iron an~lyses of frozen samples do not show agreement on the 

concentration of the replicate samples, with two high precision laboratories 

reporting means of ~0.5 µg ~- 1 and three of -1.3 µg l- 1 • The remaining two 

participants have poor precision and much higher results. Only one of the 
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laboratories with poorer precision than the cutoff for homogeneity sees a 

significant difference between the replicates. There is no better agreement on 

the concentration of the dummy sample, not even whether or not the dummy is 

smaller than the replicate. Spike recoveries are also erratic varying between 

15 and 76%. Three of · the participants did not even see a significant difference 

between the spike and dummy. 

Three of four high precision laboratories analysing iron in acidified 

samples agree very closely on a replicate mean of 1.02 ± 0.27 µg l- 1 • Two of 

the lower precision laboratories also report quite similar replicate means. The 

remaining two participants report means 2.5 and 4 times the consensus value. 

Two of the seven laboratories see replicate inhomogeneity when the homogeneity 

test indicated that they should not. All but one laboratory (#38) found that 

the dummy was lower than the replicate and that the spike was significantly 

greater than the dummy. The four high precision laboratories plus #1 report a 

dummy concentration of 0.81 ± 0.27 µg l- 1 and .spike recoveries greater than 62%. 

Nickel 

Results of the replicate analyses of frozen samples for nickel are 

clustered around two means; 4 laboratories at 0. 176 ± 0.040 µg l- 1 and 3 at 

0.425 i 0.078 µg l- 1
• High precision laboratories are included in both groups 

although two of the three plus #34 are in the group with lower concentrations. 

Most agree that the dummy is lower than the replicate but not on the concentra

tions. All six laboratories find that the spike sample concentration is 

significantly greater than the dummy with five of them getting spike recoveries 

greater than 63%. 

Three high precision laboratories analysing acidified samples also give 

two estimates of the replicate mean (1 at 0.37 µg l- 1 and two at 0.19 ± 0.03 

µg l- 1
) that are very similar to the means of frozen samples. All three find 

that the sample is homogeneous at their precision levels. There is better 

agreement on the dummy, at least they all agree it is less than the replicate. 

Two of the three give spike recoveries of 71 and 90%, the third is rather low 

but all show the spike to be significantly higher than the dummy. The fourth 

acidified laboratory has po6rer precision and reports rather higher concen

trations. 
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Combining acidified and frozen high precision results plus those of 

#34 we find five of seven laboratories with a replicate mean of 0. 176 ± 0,036 

µg 1- 1 and a dummy mean of 0. 149 ± 0.060 µg 1- 1 • Three of these have spike 

recoveries of 66, 70 and 73%. 

Lead and Zinc 

Very few conclusions can be reached after examination of the lead and 

zinc returns because of the obviously elevated levels of both elements due to 

contamination. 

In looking at the frozen lead data we do have the benefit of a 

reference value (from Dr. C. C. Patterson, CALTECH) of 0.30 µg 1- 1 for the 

replicate. Three of the high precision laboratories plus #34 found similar 

concentrations. Three of these four also report similar concentrations for the 

dummy (0.12 ±0.02 µg 1- 1 ). The remaining laboratories analysing frozen samples 

and most of those analysing acidified samples report replicate means between 

0.4 and 0.6 µg i- 1 • Most participants agree that the dummy was less than the 

replicate but spike recoveries are erratic; some even greatly negative. 

Even less can be said about the zinc results because contamination 

problems were equally severe, the replicate was found to be inhomogeneous by 

most laboratories and the spike was not seen. About the only point of agreement 

is that the concentration of the dummy is greater than that of the replicate. 

CONCLUSIONS 

The results of this intercalibration demonstrate a substantial 

improvement in the agreement between laboratories compared with previous 

intercalibrations of this type (Brewer and Spencer, 1970; Jones, 1977). In 

this respect the experiment was largely successful although the obvious 

contamination of intercalibration samples with zinc and lead makes the results 

for these metals of limited value. The concentrations of metals in the distributed 

samples were, with the exceptions of zinc and lead, comparable with those in 

typical continental shelf waters. The results of the intercalibration can therefore 

be used to assess the cap;bi 1 ities of the participants in respect to the analysis 

of shelf and nearsliore waters. Their ability to analyse open ocean samples should 
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be assessed through further intercalibrations using samples containing metal 

levels more closely approaching those in the deep ocean basins as has been done 

in the case of lead (Participants of the lead in seawater workshop 1974). 

This experiment has also shown that considerable improvements in 

analytical precisions for metals in seawater have been made. Such improvements 

impose greater restrictions upon the degree of sample inhomogeneity that can be 

tolerated in future similar intercalibrations. The 'state of the art' of trace 

metal analyses in seawater has obviously improved sufficiently to warrant greater 

efforts to ensure that replicate intercalibration samples are homogeneous 

within the uncertainties imposed by the better analytical precisions now being 

obtained. Different approaches to the preparation of replicate seawater samples 

should be considered in order to avoid sample contamination during homogenization 

procedures. 

Significantly lower values for all metals except manganese and nickel 

resulted from the analysis of frozen, as opposed to acidified, samples. Spike 

recoveries from frozen samples were also generally lower especially in the 

cases of iron and manganese. Closer examination of such differences would 

obviously be warranted in order to determine the better procedure for sample 

preservation. Only in the case of cadmium are there significant differences be

tween the results of electrochemical and atomic absorption methods applied to 

samples containing near-ambient metal concentrations. Some caution should 

therefore be exercised in directly equating the results of electrochemical and 

spectroscopic analyses for cadmium in seawater. 

A major problem in the interpretation of these intercalibration data 

arises because the actual concentrations of the metals in the distributed 

samples cannot be established. Although a consensus among high-precision 

laboratories may suggest that this consensus reflects the . true value, the only 

authoritative way of solving this difficulty is to obtain reliable reference 

values for the samples. This condition is only met in the case of lead in this 

intercal ibration. A frozen replicate sample was analysed for lead by Dr. C.C. 

Patterson of the California Institute ?f Technology by_ isotope dilution mass 

spectrometry. Since widespread international credence is given to Dr. 

Patterson's lead analyses, we believe that we can accept his value of o.30µg1-l 

as a reference value for th~ frozen replicate samples. This value may not 

apply to the acidified samples since they may be contaminated by the acid or 
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leaching of the storage bottles at low pH. It would be most desirable to have 

similar reference values for the other metals but this is not yet possible. As 

a result the main criteria by which participant performance can be gauged are 

precision and spike recovery although the most precise laboratories may not be 

the most accurate. The use of spiked samples to determine relative accuracy of 

analytical procedures · in such circumstances can be valuable. However as ana

lytical precisions have been substantially improved, efforts should also be made 

to reduce the levels of such spikes to values comparable with ambient seawater 

concentrations. 

Finally, the results of the intercalibration adequately demonstrate 

that sufficient participants have both high precision and satisfactory mutual 

agreement to justify closer attention to an examination of routinely-used 

sampling and sample storage procedures as proposed to ICES by the Working Groups 

on Marine Chemistry and Pollution Baselines and Monitoring in the North Atlantic 

and discussed in a paper submitted to the 1978 ICES Statutory Meeting. (See 

Cooperative Research Report, No.97, pp. 39-43 ■) 
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Cr 

Fe 

Mn 
Co 

Ni 

Cu 

Zn 

Pb 

Cd 
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TABLE 1 

METAL ADDITIONS TO SPIKED SAMPLE 

Vo 1 ume (ml) of Corresponding 
1 mg L-1 stock solution* concentration 

added to 150 l of spike µg l-1 

150 1.0 

510 3.4 

54 0.36 

75 0.50 

120 0.80 

315 2. 1 

300 2.0 

30 0.2 

32 0.21 

* Stock solution prepared 1000 ppm BDH AAS metal solution. 



TABLE 2 

SUMMARY OF RESULTS FOR ALL LABORATORIES EXCLUDING OUTLIERS (µgl - 1) 

Cadmium Copper 1 ron Lead Manganese Nickel Zinc 

acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen 

Number of labs* 20 16 19 17 7 6 18 14 4 6 4 8 16 15 

replicate; 0.097 0.068 0.92 0.40 1. 76 1.81 0. 79 o.64 0.23 0. 18 0.42 0.35. 6.55 3,69 
5 0.084 0.040 0.72 o.46 1. 23 2.02 0.55 0.61 0.09 0.16 0.34 0.23 1.97 1.42 

dur:rny; 0.100 0.055 o. 71 0.48 . 1. 17 1.57 0.53 0.33 o. 18 0.20 0.46 0.33 9.58 6.52 
s 0.086 0.021 0.55 0.59 0,67 1. 45 0.55 0.22 0. 11 0. 19 0.52 0.34 2.52 2.66 

spike; 0.244 0. 186 2.58 1.67 3. 79 3.07 0.60 o.41 0.52 0.39 1.11 0.94 8.86 5.59 
s 0.094 0.055 1. 34 0.52 1. 72 1.li8 O.li7 0.19 0.17 0.21 0.76 0.56 2.42 2.31 I-' 

O> 

i spike recovery 68 62 89 57 77 44 36 38 94 53 81 76 

* Outliers excluded on the basis of Chauvenet's criterion. 



TABLE 3 

SUMMARY OF RESULTS FOR INFREQUENTLY ANALYSED ELEMENTS (µg l- 1 ) 

Arsenic Chromium Cobalt Mercury Vanadium 
acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen 

Number of labs 0 1 3 4 3 3 2 0 0 

Replicate x 2.50 0.27 0.52 0.5 O. 19 0.030 <5 
1.59 <0.5 <0.5 2.3 0.026 

<0.5 <0.3 <0.02 <0.5 
<5 

Analytical 0. 10 0.067 0.33 0.29 0. 011 0.006 
precision 0.59 1.30 0.004 

Dummy x 2.26 0. 16 0.37 0.4 o. 19 0.033 <5 I--' 

1. 41 <0.5 <0.5 2.0 0.033 \C 

<0.5 <0.3 <0.02 <0.5 
<5 

Spike x 1.97 1.0 0.76 0.9 0.64 0.033 <5 
1. 8 0.5 <0,5 2.7 0.048 

<0.5 1. 45 0.33 <0.5 
<5 

Nominal spike 0.0 1.00 1.00 0.50 0.50 0.0 0.0 



TABLE 4 

SUMMARY OF RESULTS FOR HIGH PRECISION LABORATORIES (µg l- 1 ) 

Cadmium Copper Iron Lead Manganese Nickel Zinc 

acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen 

Required analyt-
ical precision* 0.015 0.015 0.06 0.06 0.25 0.25 0.08 0.08 0.05 0.05 0.06 0.06 o.s 0.8 

Number of Jabs 13 10 6 12 4 5 6 9 3 4 3 3 7 11 

rep 1 i cate x 0.059 0.047 0.33 0.19 1. 42 1.01 o.45 o.41 0.20 0.23 0.25 0.22 5.68 3,95 I\) 

s 0.020 0.011 0.20 0.10 0.80 0.50 0.08 0.16 0.09 0.18 0.10 o. 11 1.23 1.30 0 

du1m1y x 0.063 0.053 0.29 0.22 o.8·s 1.04 0.27 
I 

0,33 o. 13 0.19 0.20 0.21 9.02 6.84 
·s 0.020 0.012 0.27 0.17 0.27 0. 70 0.0.7 0.20 0.09 0.20 0.07 0.15 2.37 1.97 

spike x 0.207 0, 195 1. 84 1.50 3,71 2.51 0,39 o.4o o.48 0.45 0.74 0.86 8.21 5,78 
5 0.076 0.062 0,37 0.32 1.03 o.66 0,09 0. 16 0.19 0.24 0.25 o. 31 1.36 1.82 

% spike recovery 68 67 74 61 83 43 62 35 97 72 68 82 

* analytical precision for repeated analyses of each replicate subsample <-20% of the replicate mean. 



TABLE 5 

Comparison of sample storage and methodological differences based upon high-precision results 

Element FROZEN SAMPLES ACIDIFIED SAMPLES DIFFERENCE 

Mean SD N N Mean SD N N Diff T Sig r p r p 

Cd 0.046 0.016 109 10 0.061 0.024 151 13 -0.015 -6.05 Sig 

Cu 0.205 0. 158 130 12 0.335 0.199 74 6 -o. 130 -4.81 Sig 

Fe 0.940 0.516 51 5 1. 318 0.673 49 4 -0.378 -3. 16 Sig 

Mn 0.246 o. 178 40 4 o. 193 0.079 40 3 0.053 l. 71 NS 

Ni 0.226 0.118 30 3 0.235 0.088 35 3 -0.009 -0.35 NS 

Pb 0.383 O. 164 104 9 o.447 o. 102 77 6 -0.064 -3.24 Sig 

Zn 3.918 1.418 122 11 5,676 1. 578 78 7 -1 . 758 -8. 18 Sig 

Element 
ATOMIC ABSORPTION ELECTROCHEMISTRY DIFFERENCE 

Cd 

Cu 

Pb 

Zn 

Mean so N N r p 

0.056 0.021 214 19 

0.258 0.191 160 15 
0.446 0. 155 112 10 

4.601 1. 202 129 12 

N is the number of individual analyses 
r 

Mean SD N 
r 

0.048 0.026 46 

0.230 o. 159 44 

0.352 0. 101 69 

4,797 2.574 59 

N is the number of laboratories from which data are drawn 
p 

N Di ff T Sig 
p 

4 0.008 2. 17 Sig 

3 0.029 0.92 NS 

5 0.093 4.91 Sig 

5 -o. 195 -0.56 NS 

NB Mean values will differ , from those given in Table 4 since the number of individual analyses 
per laboratory varies. 

(\) 

I-' 



S 
1 

cutoff for ana 
replicate homogeneity 

Standard deviation of 

sample differences 

TABLE 6 

Statistical analysis of homogeneity check samples 

Mn 
-1 

µgl 

0.009 

0.010 

Fe 
-1 

µgl 

0. 16 

0. 18 

Ni 

µgl-1 

0.011 

0 .011 

Cu 
-1 

µgl 

0.031 

0.035 

Zn 
-1 

µgl 

1.43 

1.68 

Cd 
-1 

µgl 

0.016 

0.017 

Pb 
-1 

µgl 

0.056 

0.032 (I) 

(I) indicates that sample variance is negative i.e. analytical variance is much larger than sample inhomogeneity 

I\) 
I\) 
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APPENDIX I 

ICES 4TH ROUND .INTERCALIBRATION 

-PARTICIPANT LIST-

* signifies laboratories from which analytical data were received. 

CANADA 

Dr. J. Campbell* 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmouth, N. S. 
Canada 

Dr. S. Berman* 
Chemistry Division 
National Research Council 
Ottawa, Ontario 
KlA OR9 

DENMARK 

Dr. G. Asmund* 
Gronlands Geologiske Undersogelse 
,ster voldgade 10 
1350 Kobenhavn K 
Denmark 

M.F. Hovmand* 
Technical University of Denmark 
Building 115 
DK2800 Lyngby 
Denmark 

Arne Jensen¥.· 
Superfos a/s 
Frydenlundsvej 30 
Postboks 39 
KD-2950 Vedbaek 
Denmark 

Kirsten Ottar Jensen 
ISO'J'OPCEN'l'RALEN 
Skelbaekgadc 2 
1717 Copenhagen V. 
Denmark 

V .B. Jensen·>< 
Water Qua.li ty Institute 
Agern Alle 11 
2970 Hcirsholm 
Denmark 

ENGLAND 

A. Cockburn 
Metropolitan Pollution Control 
Thames Water Authority 
Rivers House Laboratory 
Crossness S.T.W. 
Abbey Wood, London 
England 
SE2 9AQ 

A. Cockburn 
Metropolitan Pollution Control 
Thames Water Authority 
Northumberland House Laboratory 
Modgen S.T.W. 
Modgen Lane, Isleworth 
Middlesex, England 

I.W. Devenish, Area Chemist (Sussex) 
Sussex Area Resource Planning Laboratory 
Southern Water Authority 
137-139 Preston Road 
Brighton, En'gland 
BNl 6AF 

P.G.W. Jones* 
Ministry of Agriculture, Fisheries & Food 
Fisheries RadioBiological Laboratory 
Hamilton Dock, Lowestoft 
Suffolk, England 
NR32 lDA 

N. de J. Loaring* 
Southern Water Authority 
Area Resource Laboratories 
South Side Offices 
Law Courts 
Winchester, Hampshire 
England 

Mr. C.J·. Triner 
Divisional Laboratory Manager 
Wessex Water Authority 
2 Nuffield Road 
Poole, Dorset 
England 



FEDERAL REPUBLIC OF GERMANY 

Dr. Helge Bergmann* 
Bundesanstalt fur Gewasserkunde 
Postfach 309 
D-5400 Koblenz 
Federal Republic of Germany 

Dr. Klaus Kremling* 
Institut fur Meereskunde an der 

Universitat Kiel 
Diisternbrooker Weg 20 
D-23 Kiel 1 
Federal Republic of Germany 

Dr. Diether Schmidt* 
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Deutsches Hydrographisches Institut 
Laboratorium Sulldorf 
D-2 Hamburg 55 
Wustland 2 
Federal Republic of Germany 

FINLAND 

Dr. Folke Koroleff* 
Institute of Marine Research 
PB 166 SF-00141 
Helsinki 14 
Finland 

FRANCE 

Mr. Flaugnatti* 
Laboratoire Municipal 
29 rue Bourg L'Abbe 
76000 Rauen 
France 

M. Gibert+:· 
Laboratoire Departmental d'Analyses 
Agricoles et de con trole des Eaux 
18 Lantivy 
20000 Ajaccio 
France 

Mrs. F. Laumond* 
Laboratoire de Physique et Chimie Marines 
Station Marine de Villef'ranche sur mer 
La Darse 
06230 Villefranche sur Mer 
France 

FRANCE (Continued) 

M. Aubert* 
Directeur de CENTRE de RECHERCHES 

de BIOLOGIE d'Oc~anographie 
1 Avenue Jean-Lerra.in 
06300 Nice 
France 

Professeur Arnoux 
Faculte de Pha.rmacie 
Universite de Marseilles 
France 

J. Luc Charlou* 
Centre Oceanologique de 

Bretagne - CNEXO 
B.P. 337 Brest 
France 

Pierre Michel 
ISTPM 
IPM3 - Pollutions 
Rue de l'Ile d'Yeu 
B.P. 1049 
44037 Nantes Cedex 
France 

Yves Thibaud* 
ISTPM 
IPM3 - Pollutions 
Rue de l'Ile d'Yeu 
B.P. 1049 
44037 Nantes Cedex 
France 

Dr. A. le Bihan* 
Laboratoire d'Oceanographie Chimique 
Faculte des sciences de Tirest 
Avenue le Ga.rgeu 
29200 Brest 
France 

Michel Carrier* 
DRA/SEA/SCAPE 
B.P. 6. Cenfar 
92260 F'ontenay aux Roses 
France 

Ml.le. N euilly+:· 
C.E.A. - Centre de Cadarache 
SCA/SACI - Bt. 152 
B.P. N° l 
13115 St. Pau.lc lcz Durance 
France 



FRANCE (Continued) 

Michel Leveau, Robert Arfi 
Laboratoire d'Hydrobiologie Marine 
Facult~ des sciences de Luminy 
de l'universite de Marseille 

70 Ste. Leon LaChamp 13009 
Marseille, France 

J.G. Faugere, P. Hocquellet* 
Laboratoire Municipal 
Rue du Professeur 
33300 Bordeaux 
France 

Gustave Cauwet* 
Centre de Recherches de 

Sedimentologie Marine 
Centre Universitaire 
Avenue de Villeneuve 
66025 Perpignan 
France 

GERM.AN DEMOCRATIC REPUBLIC 

Dr. L. Brugmann* 
Akademic der Wissenschaften der DDR 
Institut f{ir 1'1eereskunde 
253 Warnemunde, Seestrasse 15 
Schliessfach 38 
German Democratic Republic 

ICELAND 

Jon Olafsson;~ 
Marine Research Institute 
Skulagata l1 
Reykjavik, Iceland 

IRELAND 

Dan O'Sullivan* 
Department of Fisheries 
National Fisheries Research Centre 
Abbotstown, Castlenock 
County Dublin, Ireland 
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MONACO 

R. Fukai* 
International Laboratory of 

Marine RAdioactivity 
IAEA 
c/o Musee Oceanographique 
PrincipautP- de Monaco 

Mr. R. Vaissiere* 
Laboratoire de Microbiologie et 

d'~tudes des Pollutions Marines 
Centre Scientifique de Monaco 

NETHERLANDS 

J.C. Duinker* 
Netherlands Institute for Sea Research 
P.O. Box 59 den Burg 
Texel, Netherlands 

J. Hazenberg* 
Maerlant 5 
P.O. Box 17 
Lelystad, Holland 

Mr. S.J. Spijk* 
Division of Technology for Society TNO 
Department of Analytical Chemistry 
P.O. Box 217 
Delft, The Netherlands 

Dr. Jaap Kocken* 
Department of Soil Chemistry 
Institute for Soil Fertility 
Oosterweg 92 
Haren (Gr.) 
The Netherlands 

NORWAY 

P.E. Paus, Beate Enger 
Central Institute for Industrial Research 
Forskningsveien 1 
Blindern, Oslo 3 
Norway 

Dr. Walter Lund* 
Department of Chemistry 
University of Oslo 
P.O. Box 1033 Blindern 
Oslo 3 
Norway 



PORTUGAL 

Carmen Lima, Carlos Vale 
Rua Antonio Candido, 9 
Lisboa 1 
Portugal 

SCOTLAND 

Dr. T.M. Leatherland* 
Clyde River Purification Board 
Rivers House, Murray Road 
East Kilbride, Glasgow 
Scotland G75 OLA 

Dr. G. Topping* 
D.A.F.S., Marine Laboratory 
P.O. Box 101 
Torry, Aberdeen 
Scotland 

SWEDEN 

T.V. Wachenfeldt 
Department of Marine Botany 
Tuna v. 37 
8-223 63 Lund 
Sweden 

U.S.A. 

Peter F. Rogerson 
Chief, Ana}ytical Branch 
USEPA/ERL 
South Ferry Road 
Narragans ett,RI 02882 
U.S.A. 

Dr. L.V. Sick* 
College of Marine Studies 
University of Dela.ware 
Lewes, DE 19958 
U.S.A. 

H.L. Windom* 
Skidaway Institute of Oceanogr.'.l.phy 
P.O. Box 13687 
Savannah, GA, 31406 
U.S.A. 

Dr. David Young 
Southern California Coastal Water 

Rescar~h Project 
1500 Ea:.,t Imperial lI.Lghway 
El SeBundo, CA 90245 
U.S.A. 
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U.S.A. (Continued) 

Donald K. Atwood* 
NOAA/AOML/OCL 
15 Rickenbacker Causeway 
Mia.mi, Florida 
U.S.A. 33149 

Francis T. Brezenski 
Laboratory Director 
U.S. Environmental Protection Agency 
Region 11, S & A Division 
Edison, N.J. 08817 
U.S.A. 

Dr. S.Y. Feng 
Marine Research Laboratory 
The University of Connecticut 
Noank, CT 06340 
U.S.A. 

Thomas R. Gilbert 
Edgerton Research Laboratory 
New England Aquarium 
Boston, MA 02110 
U.S.A. 

Peter J. Hanson 
NOAA 
National Marine Fisheries Service 
Beaufort Laboratory 
Beaufort, NC 28516 
U.S.A. 

Dr. Richard L. Harris* 
Commonwealth of Virginia 
Virginia Institute of Marine Science 
Gloucester Point 
Virginia 23062 

Dr. Dana R. Kester* 
Graduate School of Oceanography 
University of Rhode Island 
Narragansett Bay Campus 
Kingston, RI 02881 
U.S.A. 

George A. Knauer* 
Moss Landing Marine Laboratories 
Biological Oceanographer 
P.O. Box ~l23 
Moss Landing, CA 95039 
U.S.A. 



U.S.A. (Continued) 

James W. Murray 
Department of Oceanography 
University of Washington 
Seattle, Washington 98195 
U.S.A. 

Richard Greig 
National Marine Fisheries 
212 Rogers Avenue 
Milford, CT 06460 
U.S.A. 
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L. Mayer, D. Bause, H. Patterson, L.~. Fink 
Ira Darling Center 
University of Maine 
Walpole, MA 04573 
U.S.A. 

Dr. C.C. Patterson* 
Division of Geological Science 
California Institute of Technology 
Pasadena CA 91125 
U.S.A. 

U.S.S.R. 

Harry Yankovsky* 
Department of Marine Chemistry 
Institute of Thermophysics 

and Electrophysics 
Academy of Sciences of the 

Estonian S.S.R. 
200105 Tallinn 
Paldisky St. 1 
U.S.S.R. 
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APPENDIX II 

ARSENIC 

FROZEN 

LABORATORY 15 ELEMENT ARSENIC FROZEN 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN S.D. N Cl C2 

SPIKE 
OUMMY 
Rl 
R2 
~3 
R4 

1.Q73 
2,263 
2.693 
2.390 
2.367 
2.550 

LAAORATO~Y 1 
FIJRNACF. ATnMIC 

.081 

.067 

.045 

.101 

.081 

.151 

ELEMENT 
ABSORPTTON 

BAD REPLICATE --- Rl 
!DENT ME~N S.D. 

SPIKE .139 .036 
DUMMY .073 .006 
Rl .120 ,030 
R2 .062 . • 026 
R3 .058 .006 
R4 ,044 .003 

LABORATORY 2 ELEMl=NT 
FURNACf: ATOMIC A'3SORPTION 

IDENT MFAN s.o. 
~PIKE .?73 • 02 6 
DUMMY .01n .022 
Rl .090 ,015 
R2 .088 .008 
R3 • 08 1t .004 
R4 ,078 .016 

LABORATnRY 7 ELEMENT 
FURNACE ATOMIC Ai:\SORPTION 

Ir'lf:NT M!:AN s.o. 
SPIKE .280 ,014 
DUMMY ,125 .001 
Rl ,108 .046 
R i' .oso • 0 1t 2 
Q3 • OS 8 • 0 l 1 
R4 .065 .021 

3 
3 
3 
3 
3 
3 

CADMIUM 

ACIDIFIED 

CADMIUM ACIDIFIED 

2.03 
2.28 
2.65 
2.28 
2.44 
2.41 

ORG~N!C EXTRACTION 

N Cl CZ 
3 .120 .181 
3 0.01 0.01 
3 0.15 0.12 
2 0.08 .043 
3 ,054 ,055 
2 ,046 .042 

CADMIUM ACIDIFIED 
ORGANIC ~XTRhCTirJN 

N Cl C2 

4 0,26 0.25 
4 ,0137 .058 
4 .092 .089 
4 ,098 ,078 
4 .082 ,086 
4 .072 ,060 

CADMI·IJM !\CID IFIE O 
ORGANIC EXTqACTION 

N Cl C2 

2 o. 29 0,27 
2 0.12 0.13 
2 ,075 0.14 
2 0.11 0.05 
2 0.08 • 09 5 
2 0. 0 '3 o.o5 

As/Cd 

LABORATORY 15 

C3 C4 

1.88 
2.32 
2.74 
2.48 
2.2s 
2.11 

LABORATORY 1 

C3 C4 

.116 
0.08 
.091 

.065 

LABORATORY 2 

C3 C4 

0.21 0,31 
.077 .110 
.10~ ,072 
.089 • 08 7 
,087 .079 
,096 ,085 

LABORATORY 7 

C3 C4 



- 29 -
Cd 

CADMIUM ACIDIFIED (CONTINUED) 

LA80RATORY 24 ELEMENT CADMIUM ACIDIFIED 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
BAO REPLICATE --- R4 

IOENT 

SPIKE 
DUMMY 
Rl 
R2 
R'3 
R4 

MEAN 

.250 

.080 

.065 

.065 

.065 

.070 

s.o. 
.011 
.014 
.001 
.021 
.001 
.021 

N 

3 
2 
2 
2 
2 
1 

Cl 

0.24 o.og 
0.01 
0.05 
0.06 
0.01 

LABORATORY 25 ELEMENT CADMIUM ACIDIFIED 

C2 

0.24 
0.01 
0.06 
0.08 
0.01 

FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

I DENT MF.AN S.D. N Cl C2 

SPIKE 
DUMMY 
~1 
R?. 
R3 
R4 

.500 

.433 

.467 

.333 

.367 

.400 

0.000 
.058 
.058 
• ll.5 
.153 .ooo 

3 
3 
3 
3 
3 
3 

0.5 
0.4 
o.5 
0.4 
0.4 
0.4 

0.5 
0.4 
0.5 
0.4 
0.2 
0.4 

Cd 

LABORATO~Y 24 

C3 

0.21 

C4 

LABORATORY 25 

C3 C4 

o.5 
o.5 
0.4 
0.2 o.5 
0.4 

LABORATOOY 26 
ELECTROCHf:MI)TRY 

ELEMENT CADMIUM ACIDIFIED LABORATORY 26 
NO T~EATMENT SPECIFIED 

I DENT MEAN ~.D. N Cl C2 C3 C4 

SPIKE 
DUMMY 
q_ l 
R2 
R3 
R4 

.198 

.030 

.043 

.033 

.043 
e03A 

.013 

.ooo 

.015 

.012 

.015 

.013 

4 
4 
3 
3 
3 
4 

0.18 
0.03 
0.06 
0.04 
Q.06 
0.05 

LABO~ATrQY 27 ELEMENT CADMIU~ ACIDIFIED 

0.20 
0.03 
0.03 
0.04 
0.04 
0.04 

FURNAC~ ATQ~IC A~SORPTION DIRECT INJECTION 
DATA CANNOT BE ANALYZED. 

IDFNT M~AN S.D. N Cl C2 

SPTKE 
!1UMMY 
Rl 
R2 
~3 
R4 

LA~nRATnRY 33 ELEMFNT CADMIUM ACIOIFIFD 
FURNAC~ ATOMIC A9SORPTION CO-PRECIPITATION 

IDENT 

<.j PIKE 
l)U MM Y 
~l 
Q~ 
R3 
R4 

MEAN 

.33~ 
• Of. 2 
.079 
.074 
.083 
.083 

S. D • 

.002 

.001 

.002 

.002 

.005 

.003 

N 

3 
4 
4 
4 
'-I 
4 

Cl C2 

0.20 
0.03 
o.o4 
0.02 
0.03 
0.04 

0.21 
0,03 

0.02 

LABORATORY 27 

C3 C4 

LABC1RATOQV 33 

C3 C4 
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Cd Cd 

CADMIUM ACIDIFIED (CONTINUED) 

LAl30RAT □RY 38 ELEMENT CAD~IUM ACIDIFIED LABORATORY 38 
FURNACE ATOMIC ABSORPTION DIRECT INJECTION 
BAD REPLICATE --- R4 

!DENT MEAN s.o. N Cl C2 C3 C4 
SPIKE .073 .012 3 0.06 o.oe 0.08 
DUMMY .067 .025 3 0.04 0.01 0.09 
Rl .010 0.000 3 0.01 0.01 0.01 
R2 .060 .020 3 0.04 0.06 o.oe 
R3 .010 0.000 3 0.01 0.01 0.01 
~4 .160 .030 3 0.13 0.19 0.16 

LABORATORY 42 ELEMENT CADMIUM ACIDIFIED LABORATfJRY 42 
ELECTROCHE"1ISTRY NO TREATMENT SPECIFIED 
IDENT MFAN S.D. N Cl C2 C3 C4 
SPIKE .310 .060 3 
DUMMY .100 .030 3 
Rl • 240 .030 3 
R2 .060 .010 3 
R3 .230 .050 3 
R4 .180 .010 3 

LABORATORY 44 ELE~ENT CADMIU~ ACIDIFIED LABORATORY 44 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 
!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .ORO .010 3 0.08 0.09 0.01 
OUM"1Y .033 .015 3 0.05 0.02 0.03 
Rl .020 0.000 3 0, O?. 0.02 0.02 
R2 .028 .010 3 .025 .020 0.04 
R3 .020 0.000 3 0.02 0.02 0.02 
~4 .023 .006 3 0.02 0.03 0.02 

LABORATORY 46 ELEMENT CADMIUM ACIDIFIED LABORATORY 46 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
Il)ENT MEA.N <; • D • N Cl C2 C3 C4 
SPTKE .180 .010 3 0,17 0.18 0.19 
l')UMMY .040 0.000 3 0.04 0.04 0.04 
~1 • Of-3 .006 .3 o.o~ 0.06 0.01 
R?. .011 .021 3 0,06 0.01 0.10 
~3 .047 ,006 3 0,05 o.o5 0.04 
R. 4 .050 eOOO 3 0.05 0,05 0.05 

LABORATORY 47 ELEMENT CADMIUM ACIDIFIED LABORATORY 47 FURNACE ATOMIC ABSORPlION ORGANIC !:'<TRACTION 

IOl:NT MEAN s.o. N Cl C2 C3 C4 
SPTKE ,223 ,006 3 0.2'3 0.22 0.22 DUMMY .047 ,006 3 0.05 0.05 0.04 ~1 .037 , 00/:1 3 0.03 0,04 0,04 R2 • OCJ3 .006 3 0.09 o.og 0.10 ~3 .060 .010 3 0.01 0.06 0.05 ~4 0 ,~" .ooo 3 o.o5 0.05 0,05 I JV 



Cd 
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Cd 

CADMIUM ACIDIFIED (CONTINUED) 

LABORATORY 49 ELEMENT CADMIUM ACIOil=IED LABORATORY 49 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
OATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. N Cl CZ C3 C4 

SPIKE <0.2 <0.2 <0.2 
DUMMY <0.2 <0.2 <0.2 
Rl <0.2 <0.2 <0.2 
R2 <0.2 <0.2 <0.2 
R3 <0.2 <0.2 <0.2 
~4 <0.2 <o. 2 <0.2 

LABORATORY 51 ELEMENT CADMIUM ACIDIFIED LABORATORY 51 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 
SPTKE .230 .026 3 0,24 0.25 0.20 
DUMMY .067 .006 3 0.01 0.07 0.06 
Rl .010 .010 3 o. o,r, o.oe 0.01 
R2 .oeo 0.000 3 0.08 o.oa O.OB 
R3 .067 .006 3 0.07 0.01 0.06 
R4 .011 .006 3 o.oe 0.01 o.oa 

LABORATORY 52 ELEMENT CADMIUM ACIDIFIED LABORATORY 52 
ELl:CTROCHEMISTRY NO TREATMENT SPECIFIED 

!OENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 3.273 .747 3 2.56 4,05 3,21 
DUMMY 1,'t20 ,422 3 1.79 1,51 0,96 
Rl 2.090 1.048 3 3.30 1.47 1.50 
R2 1.593 .101 3 1.50 1,57 1.11 
R3 1.020 .085 2 1.013 0.96 
R4 1.120 .010 3 1.12 1,13 1.11 

LA~DRATORY 53 ELEMENT CAOMT.UM ACIDIFIED LABDRATO~Y 53 FURN~CE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDENT MEAN s.o. N Cl CZ C3 C4 
SP T Kf. • 7- 2 5 .007 2 0. ?-3 o.~2 DUMMY .065 .001 2 0.07 0.06 
Rl .010 0.000 2 0.01 0.01 
R2 .055 .001 2 0.05 0.06 
q_ 3 • 0 t- 5 .007 2 0.07 0.06 
R4 .070 0.000 2 0.01 0.01 

LABOR/ITOt.'Y "'4 ~LEl'IENT CADMTUM ~CIDIFIED LABORATrJRY 54 FURNACE A HlM IC ABSORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- Pl 
IDENT MEAN s.o. N Cl C2 C3 C4 
SPTKE ,237 ,015 3 0.24 0.22 0 • 7- 5 nuMMY .103 • 01 s:i 3 0.12 0.10 0.09 Rl .3?3 ~ Q?. 5 3 0.35 0.30 0.32 
p ?. .140 .036 3 0.15 0.10 0.17 
~3 .100 .020 3 0.12 0.10 0.08 Q4 .090 ,017 3 0.10 0.10 0,07 



- 32 -
Cd Cd 

CADMIUM ACIDIFIED (CONTINUED) 

LAq □ ~ATORY 58 ELEMENT CADMIUM ACIDIFIED LABORATORY 58 
ELECP~OCHFMISTRY NO TREATMENT SPECIFIED 
DATA CANNOT BE ANALYZED. 

IOENT MEA~ s.o. N Cl C2 C3 C4 

~PIKE 0.26 0.26 0.26 
DUMMY 0.13 0.13 0. ?.6 
Rl <0.1 <0.1 <0.1 
R2 <0.1 <0.1 <o.t 
R3 <0.1 <0.1 <0.1 
R4 <0.1 <0.1 <0.1 

LABORATORY 61 ELEMENT CADMIU'-1 ACIDil=Jl=O LABORATORY 61 
FURNACE ATOMIC ABSORPTION ORGAN IC EXTRACTION 
DATA CANNOT BE ANALYZED. 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 0.35 
nUMMY 0.15 
~1 0.14 
R2 0.18 
R3 0.15 
R4 0.14 

L.\BORATOR.Y 62 ELEMENT CADMIU"1 ACIDIFIED LABORATORY 62 
ELECTRDCHl:MISTRY NO TREATMENT SPECIFIED 

I OF. tH MEAN s.o. N Cl C2 C3 C4 

SPIKE .290 .017 3 0.28 0.31 0.28 
l)UMMY .060 .ooo 3 0.06 0.06 0.06 
Rl .060 .ooo 3 0.06 0. 06 o.o~ 
RZ .oeo 0.000 3 o.os 0.08 0.08 
R3 .100 • 000 3 0.10 0.10 0.10 
R4 .090 0.000 3 0.09 0.09 0.09 

LAg □RATORY 63 ELEMENT CADMIUM ACil)IFIED LABORATORY 63 
FURNACE ATOMIC AB~ORPTION ORGANIC EXTRACTION 

IDFNT MfAN s.o. N Cl C2 C3 C4 

SPI'<E .203 .022 4 0.23 0.21 0.18 Q.19 
11UMMY .nse ,029 4 0.11 0.11 0.05 0.08 
Rl .065 .010 4 0.01 o.o5 0.01 0.01 
Re .058 .010 4 (),05 0.05 0.01 0.06 
R3 .053 .010 '1 0.05 0.04 0.06 o.oA 
R4 .053 .013 4 0,04 0.01 o.o5 0.05 
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Cd Cd 

CADMIUM 

FROZEN 

LABORATORY 3 ELEMENT CADMIUM FROZEN lABORATORY 3 
FURNACE ATOMIC ABSORPTION ORGANIC F.XTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

S Pt KE .131 .018 2 • 118 .143 
DUMMY .043 .009 3 .054 .038 .038 
Rl .073 .001 2 .074 .012 
R2 .061 .003 4 • 063 .064 .059 .059 
R3 .042 .003 3 .044 .043 .039 
R4 .036 .004 4 .040 .031 .035 .039 

LABORATORY 4 ELEMENT CADMIUM FROZEN LABORATORY 4 
FURNACE ATOMIC Al3SORPTION ORGANIC EXTRACTION 

tDENT ~EAN s.o. N Cl C2 C3 C4 

c;PtKE .165 .024 4 0.13 0.18 0.18 0.17 
DUMMY .043 .o 10 4 o.o5 o.o5 0.03 0.04 
Rl .03~ .021 4 0.02 0.02 0.05 0.06 
R~ .045 .010 4 0.03 o.o5 0.05 0.05 
R3 .045 .013 4 o.o4 0.03 0.05 0.06 
R4 .023 .013 4 0.02 0.01 0.02 0.04 

LABORATORY 5 ELEMENT CADMIUM FROHN LABORATORY 5 
ELECTROCH':MT<;TRY NO TREATMENT SPECIFIED 
8AO REPLICATE --- R4 

IDENT MF.AN s.o. N Cl CZ C3 C4 

'\ P I K E .200 .020 3 0.20 0.18 0.22 
DUMMY .057 .003 3 .060 .055 ,05'5 
Rl .010 .003 3 ,072 .071 ,066 
R2 .0~7 .001 3 .036 .038 .037 
R3 .0?8 .002 3 ,037 ,037 .041 
R4 0.000 0,000 0 

LABORATORY f:\ ELEMENT CADMIUM l=QOZ!=N LAflORATORY 8 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

IDENT ME/IN S. D, N Cl Ci! C3 C4 

SPTKI: .183 .015 3 • 18 ,20 .17 
OUMMY ,023 • 006 3 .02 .03 .02 
~l • 1 1 3 .006 3 , 11 ,11 · • 12 
Q? .010 0.000 3 .01 ,Ol ,01 
R3 .163 .023 1 • 15 .19 • 15 
R4 .111 .025 3 ,oq .14 .12 

LA 8 OR AT !JR Y J 0 ELEMf:NT CADMIUM FRl1ZEN LAB ORA HlRY 10 
FURNACE ATOMIC ABSORPTIClN CO-PRECIPITATION 

IOENT MF.AN s.o. N Cl C2 C3 C4 

SPTKE .230 .017 3 0.25 0.22 0, 2?. 
T')IJMMY .065 .gos 3 ,066 .059 .069 
R.1 .081 • 26 3 .061 .110 • 0 69 
R2 .059 .006 3 .05'3 .059 .065 
R3 ,064 , 004 3 .062 , o r)q .062 
~4 ,055 .005 3 .051 ,060 ,054 
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CADMIUM FROZEN (CONTINUED) 

LABOR A TORY 11 ELEMENT CADMIUM FROZEN LABORATORY 11 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IIJFNT MEAN s.o. N Cl C2 C3 C4 

SPIKE .200 • 017 3 0.21 0.21 0.18 
DUMMY .054 .001 3 0.053 0.054 0.055 
Rl .052 .001 3 0.044 0.055 0.057 
~2 .037 .ooa 3 0.031 0.046 0.035 
R3 .03~ .004 3 0.032 o.03q 0.036 
R4 .014 .003 3 0.018 0.012 0.012 

LABORATORY 12 ELEMENT CADMIUM FROZEN LABORATORY 12 
FURNACE ATOMIC AB$0RPTir.1N ORGANIC EXTRACTION 
BAD REPLICATE --- R3 

IOENT MEAN s.o. N Cl C2 C3 C4 

)PtKE .345 .001 2 .35 • '34 
DUMMY .074 .006 2 .078 .01 
Rl .010 0.000 2 .01 .01 
R2 • 060 0.000 2 .06 • 0 6 
R3 .058 .004 l .058 
R4 .058 .003 2 .056 .06 

LABORATORY 13 ELEMENT CADMIUM FROZEN LABORATORY 13 
ELECTROCHr:MI~TRY 
BAO REPLICATE --- R2 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPTKE .155 .035 2 .13 .18 
DUMMY .010 .02A 2 .09 .05 
Rl .040 0.000 2 .04 .04 
P,2 .375 .035 2 • 3 s; .40 
R3 .100 • 01 1t 2 .09 .11 
R4 ,060 .02A 2 .04 .08 

LABnR,\TnRY 13 ELEMENT CADMIU'1 FRrJZEN LABORATORY 13 
FURNAC~ ATOMIC ABSORPTION ORGANIC F. X TRACTION 
BAD REPLICATE --- R4 

!DENT MEAN S.D, N Cl C2 C3 C4 
SPIKE , 1 (. 0 ,057 2 .18 .10 
DUMMY • Of;j 5 .001 2 .06 ,05 
Rl .045 .001 2 .04 , 05 
R2 .06() 0.000 2 .06 .06 
R3 • 03 i:; ·• 00"/ 2 .03 ,04 
R4 .155 .021 2 .11 .14 

LABORATORY 14 El.!:MF.NT CADMIU'1 FROZEN LABORATORY 14 
Fl.AME ATQMIC ABSORPTION OR·GANIC ': X TR AC T ·I ON 
DATA C~NNOT BE ANALYZED. 

!DFNT MEAN S. 0. N Cl C2 C3 C4 

SPTKE <0.05 
DUM"IY <0.05 
Rl <0.05 
R?. 0.10 in <Q.05 
R4 <0.05 
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Cd Cd 

CADMIUM FROZEN (CONTINUED) 

LABORATORY 15 ELEMENT CADMIUM FR07-EN LABORATORY 15 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl Cl C3 C4 

SPTKE .145 .003 3 .146 .148 • 142 
DUMMY .039 .002 3 .041 .038 ,038 
~1 .049 .011 3 .040 .or,2 .046 
R2 .055 .002 3 .057 .056 .053 
R3 .053 .005 3 .049 .058 .051 
~4 .036 .009 3 .037 .026 .044 

LABORATORY 16 ELEMENT CADMIUM FROZEN LABORATORY 16 
FURNACI: ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPTKE <0.2 <0.2 o.5 
DUMMY <0,2 <0.2 0,8 
IH <0.2 <0.2 <0.2 
R2 <0,2 <0.2 <0,2 
R3 <0,2 <0.2 <0.2 
R.4 <0.2 <0,2 <0.2 

LABORATORY 17 ELEMl:NT CADMIUM F~DZEN LABflR.ATORY 17 
FLAME ATO-.,IC ABSO?PTIDN ORGANIC EXTRACTION 
DATA CANNOT ~F ANALYZED, 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 0.16 0.26 0.10 0,15 
DUMMY <.10 <,10 <,10 <,10 
Rl <,10 <,10 <,10 <,10 
R2 <.10 <,10 <,10 <,10 
R3 <,10 <,10 <,10 <,10 
R4 <,10 <,10 <,10 <.10 

LABORATORY 23 ELEMENT CI\DMIUM f:ROHN LABORATORY 23 
FURNACE ATOMIC ABSORPTION ORGANIC FXTRACTION 

!DENT ME~N s.o. N Cl C2 C3 C4 

~PTKE .140 0.000 2 ,14 ,14 
DUMMY .040 • 01 ft 2 • () 5 ,03 
~l ,353 .J.66 3 .53 .33 .20 
R2 .177 .055 3 • 12 ,23 • 18 
~3 .050 0.000 ?. .05 .05 
R4 .oso .071 2 .13 ,03 

LABORATORY 32 ELEMENT CADMIUM FROZFN LABORATORY 32 
FL A Mf tiTn ,'1TC ABSORPTION ORG~NIC F.XTQACTION 
DATA CANt--!OT ~ F. ANALYZED, 

!DENT MFI\N s.o. N Cl C2 C3 C4 

5PlKF <0.2 <0.2 <0.2 
nUMMY 0.2 0.2 o.? 
~l 0.2 <,15 <,15 
!(? <. 15 <. 15 <.15 
R3 < • l 'i 0.3 <. 1 r, 
R 1t <0,2 < 0. ?. < 0. 7-



Cd 

LABORATORY 34 
FURNACE ATOMIC 
DATA CANNOT BE 

IO ENT MEAN 
SPIKE 
DUMMY 
Rl 
R2 
~3 
R4 

LABORATORY 39 
FURNACE ATOMIC 

IDENT MEAN 

SPIKE .185 
DUMMY .058 
Rl .038 
R2 .014 
R3 .032 
R4 .046 

LABORATORY 41 
FURNACE ATOMIC 

IDENT MEAN 

SPIKE .230 
OUM-MY .113 
~l .130 
R2 ,133 
R'3 .130 
R4 ,123 

LABORATORY 48 

- 36 -

CADMIUM FROZEN (CONTINUED) 

ELEMF.NT CADMIUM FROZEN 
ABSORPTION ION EXCHANGE RESIN 
A"l~LYZED. 

s.o. N Cl CZ 

0.187 
0.052 
0.052 
o.046 
0.052 
0.047 

ELEMENT CADMIUM FROZF.N 
ABSORPTION ORGANIC EXTRACTION 

s.o. N Cl C2 

.001 2 .1qo .180 

.014 3 .050 .050 

.ooa 3 .030 • 0.38 

.003 3 .016 .011 

.003 2 .030 .034 

.012 3 .056 .033 

ELEMl:NT CAD"'llUM FR07.EN 
ABSORPTION ORGANIC EXTRACTION 

s.o. N Cl C2 

,010 3 .24 .23 
.006 3 .11 • 12 
,017 3 .15 .12 
.021 3 .11 .14 
,010 3 .12 ,14 
.015 3 • 11 .12 

ELEMENT CADMIUM FROZEN 
ELECTROCHEMTSTPY NO TREATMENT SPECIFIED 
DATA CANNOT Bf ANALYZED, 

IDF.NT MEAN s.o. N Cl C2 

SPTKI: 0,12 
DUMMY <o.os 
Rl <o.os 
R. 2 0.10 
R3 <0,05 
R4 0.12 

LABORATORY 55 Ell:MENT CADMIUM FROZEN 
FLAME ATOMIC AR'SORPTION ORGANIC EXTRACTION 
DAT t, Cfl.NNOT BE ANALYZED, 

IOF.NT Ml: AN s.o. N Cl CZ 

SPTKE <o.s 
OUM MY <0,5 
Rl <o,5 
~? <o.s 
R"-3 <0,5 
R4 <o.s 

Cd 

LABORATORY 34 

C3 C4 

LABORATORY 39 

C3 C4 

.075 

.045 

.014 

.048 

LABORATnRY 41 

C3 C4 

.22 
• 11 
,12 
,15 
,13 

.14 

LABORATORY 48 

C3 C4 

LABORATORY 55 

C3 C4 



Cd/Cr 
- 37 - Cd/Cr 

CADMIUM FROZEN (CONTINUED) 

LABORATORY 56 ELEMENT CADMIU~ FROZEN LABORATORY 56 
FURNACE ATOMIC ABSORPTION CO-PRECI?ITATION 

IOENT MEAN s.o. N Cl CZ C3 C4 

';PIKE .213 .011 3 
DUMMY .038 .002 3 
~l .039 .001 3 
~2 .048 .003 3 
R3 .042 .001 3 
R4 .038 .001 3 

CHROMIUM 

ACIDIFIED 

LABnRATORY 1 ELEMENT CHROMIUM ACIDIFIED L A·B □ R A TORY 1 
FURNACE ATOMIC ABSORPTION ORGANIC EXT~ACT!Ot-..1 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 1.005 .262 2 1.19 0.82 
l)UMMY ,157 .og1 3 0.24 0.06 0.11 
Rl .235 • ogz 2 0.30 0.11 
R2 .220 .030 3 0.25 0.22 0.19 
R3 .385 .106 2 Oc31 Oo46 
R4 .270 .028 2 0,25 0.29 

LABORATnRY 38 ELEMENT CHROMIUM ACTDIFIJ:D LABORATORY 38 
FURNACE ATOMTC ABSDRPTlON DIRECT INJECTION 

IDENT MEAN S. D. N Cl C2 C3 C4 

~PIKE 1,800 ,855 3 1.21 1,41 2.78 
DUMMY 1,413 .264 3 1. 49 1,63 1.12 
Rl 1.570 .461 3 l • 2 l 1.41 2.09 
R2 1.f.73 .637 3 1.21 1,41 2,40 
R3 1,413 , 78 8 3 1.63 2.07 o.54 
R4 1.713 .393 3 1 • 9 ?. 1.96 1.26 

LABORATO~Y 4Q ELEMENT CHROMIUM ACIDIFIEO LABORATORY 49 
FLAME ATOMTC ABSORPTTnN OR_GANIC EXT~ACTION 
DATA CAMN'JT BE ANALYzr=o. 

IDFNT ME/IN s.o. N Cl C2 C3 C4 

~PTKE <0.5 <o.5 <o.5 
')UMMY < 0. r; <o,i;; <0.5 
Rl <o. 5 <().5 <o.5 
R ;:> <o.5 <0.5 <0,5 
R3 <o.5 <o.5 <o.5 
P4 <o. 5 <o.5 <Q,5 



Cr - 38 - Cr 

CHROMIUM 

FROZEN 

LABORATORY 10 ELEMENT CHROMIUM FROZEN lABORATORY 10 
FURNACE ATOMIC ABSORPTION CO-PRECIPITATION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .757 .251 3 0.86 0.47 0.94 
l)UMMY .37~ .029 3 0.39 0.34 0.39 en .440 .044 3 0.46 0.39 0.47 
R2 .363 .023 3 o.39 0.35 0.35 
R3 .623 .362 3 o.44 0.39 1.04 
R4 .667 .548 3 0.35 1.30 0.35 

LABORATORY 14 ELEMENT CHROMIUM FROZEN LABORATORY 14 
FURNACE ATmHC ABSORPTION DIRECT INJECTION 
DATA CANNOT BE ANH YZED. 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPTKE o.5 
r>UMM.Y <o.5 
Rl <0.5 
R2 <0.5 
q 3 <0.5 
R4 <0.5 

LABORATORY 15 ELEMENT CHROMIUM FROZEN LABORATORY 15 
FURNACE ATOMIC A!ViORPTION DIRECT INJECTION 
DATA CANNOT 8E ANALYZED. 

tOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 1.41 1.44 1.49 
OUMMY <Q.3 <o.3 <o.3 
RI <Q.3 <0.3 <0.3 
R2 <0.3 <Q.3 <o.3 
~3 <o.3 <o.3 <o.3 
R4 <0.3 <0.3 <o.3 

L1\PQRATORY 17 ELEMENT CHROMIUM FP!JZl:N LABORATORY 17 
FLAME f. T0'--1 IC A8SrJ~PTION ORGANIC 1:XT~ACTION 
DATA CANNOT BE ANALYZED. 

!DENT Ml:AN S. D. N Cl C2 C3 C4 

SPIKE <5 <5 <5 <5 
DUMMY <5 <5 <5 <5 
Rl <5 <5 <c; <5 
~2 <5 <5 <5 <5 
R3 <5 <5 <5 <5 
~4 <5 <5 <5 <5 



Co 
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COBALT 

ACIDIFIED 

LABORATORY ?.5 ELEMENT COBALT ACIDIFI~D 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

I DENT MEAN S.D. N Cl C2 
SPlKE 
OUM"1Y 
'-'l 
R2 
~3 
R4 

LABORATORY 

.900 

.400 

.433 

.500 

.333 

.733 

49 

0.000 .ooo 
.252 
.361 
.115 
.351 

ELEMENT 
FLAME ATQMIC ABSORPTION 
DATA CANNOT BE ANALYZl:O. 

IDENT ME~N s. o. 
SPIKE 
DUMMY 
Rl 
~2 
R3 
R4 

LABORATORY 63 ELEMENT 
FURNACE ATO~IC ABSORPTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. 
SPIKE 
Ot!M"1Y 
Rl ~, 
R3 
R4 

3 
3 
3 
3 
3 
3 

COBALT ACIDIFIED 
ORGANIC EXTRACTION 

N Cl C2 
<o.5 <Q.5 
<0.5 <0.5 
<o.5 <0.5 
<0.5 <o.5 
<0.5 <o.5 
<o.5 <o.5 

COBALT ACIDIFI':D 
QRGANIC tXTRACTION 

N Cl C2 

0.33 0.34 
<0.02 <0.02 
<0.02 <0.02 
<0.02 <a.oz 
<0.02 <0.02 
<0.02 <0.02 

COBALT 

FROZEN 

LARQRAToiv 10 El~MENT COBALT FROZl:N 
FURNACE ATnMIC ABSORPTION CD-PRECIPITATIQN 

I DENT MEAN S.D, N Cl CZ 
SPTKF ,640 .070 3 • 71 .64 nuMMY • 1 en .006 3 ,19 , 20 
Rl .lflO ,017 3 • 19 .1q 
~2 .203 .012 3 ,?1 .21 
R3 .167 • 0·06 3 .17 .11 
R4 .190 0.000 3 ,19 ,19 

Co 

LABORATORY 25 

C3 C4 

LABORATORY 49 

C3 C4 

<o.5 
<0.5 
<0.5 
<o.5 
<o.5 
<o.5 

LABORATORY 63 

C3 C4 

0.3~ 0.32 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

LABORATORY 10 

C3 C4 

.57 

.19 

.16 

.19 
,16 
.19 
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Co/Cu Co/Cu 

COBALT FROZEN (CONTINUED) 

LABORATORY 16 ELEMENT COBALT FROZEN LABORATORY 16 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
I DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 2.650 .919 2 2.0 3.3 
l)UMMY 2.000 0.000 2 2.0 2.0 
Rl 1.150 .212 2 1.3 1.0 
R2 3.600 2.404 2 5.3 1.9 
R~ 2.600 1.121 3 2.0 1.9 3.9 
R4 2.033 .950 3 2.0 1.1 3.0 

LABORATORY 17 ELEMl:NT COBALT FRn7-EN LABORATORY 17 Fl Ar.,E ATO~IC AB~ORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. N Cl CZ C3 C4 
~PTKE <o.5 <o .• 5 <o.5 
DUMMY <o.; <o.5 <o.; 
Rl <o.5 <o.5 <o.5 
R2 <o.5 <0.5 <0.5 
R. 3 <o.5 <o.5 <o.5 
Q4 <o.s <o.5 <o.5 

COPPER 

ACIDIFIED 

LABORATORY 1 ELEMENT COPPER ACIDIFIED LABORATORY 1 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 1,700 ,990 2 1.0 t!,4 
DUMMY .300 .100 3 o.4 0.2 0.3 
Rl .497 ,025 j .47 .52 .50 
R2 .967 .607 3 1,6 .39 .91 
R3 ,243 .045 3 .29 .24 • 7. 0 
i:?4 .550 ,151 3 ,72 ,50 ,43 

LABORATORY 2 ELEMENT COPPER ACIDIFIED LABORATORY 2 
FURf\lACE ATOMIC Al3SORPTION ORGANIC l=XTRACTION 

!DENT Ml:AN s.o. N Cl C2 C3 C4 

~PIKE 2.120 .093 4 2,05 2.19 2.21 2.03 
DUMMY .195 .047 4 olB • 1 q ,15 .26 
~l .433 .014 4 .35 .50 ,39 ,49 
R2 .345 .Q73 4 • 29 • 30 .34 .45 
r~ 3 .245 ,042 4 • ?. 0 .25 .30 .23 
Q4 .435 ,024 4 • 4 '5 .45 .40 ,44 
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Cu Cu 

COPPER ACIDIFIED (CONTINUED) 

LABORATORY 7 ELF.MENT COPPE~ ACIDIFIED LABORATORY 7 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 2.500 .283 2 2.3 2.7 
DUMMY .975 .106 2 0.90 1.05 
Rl 1.650 • 212 2 1.5 1.a 
R2 .BBQ .141 2 0.1a o.98 
R3 .610 .028 z 0.63 0.59 
R4 2.150 • 919 2 2.8 1.5 

LABORATORY 24 ELEMENT COPPER ACIDIFIED LABORATORY 24 
FLAME ATOMIC ABSORPTION ORGANIC 1:XTRACTlON 

lDENT MEAN s.o. N Cl C2 C3 C4 

~PIKE 2.03~ .252 3 2.0 l.B 2.3 
OUMMY .130 .042 2 0.10 0.16 
IU .160 0.000 2 0.16 0.16 
R2 .170 .04l 2 0.14 0.20 
R3 .170 .042 2 0.14 0.20 
R4 .225 .035 2 0.20 0.25 

LABORATO~Y 25 ELl:MEI\IT COPPER ACIOICIEO LABORATt1RY 25 
FLAME ATO~IC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 1.100 .·200 3 1.1 6.9 7.3 
DUMMY 1.300 0.000 3 1.3 1.3 1.3 
Ql 1.100 .346 3 1.3 1.9 1.9 
R2 2.667 .115 3 2.6 2.6 2.8 
R3 2.800 ,529 3 3.2 2.2 3.0 
R4 2.433 • 4 ·13 3 2.6 2.a 1.9 

LABORATORY 26 ELEMENT COPPE~ ACTOIFIEO L~BORATORY 26 
ELECTROCHEMIST~Y NO TREATMENT SPECIFIED 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE N/A 
l)UMMY .367 .115 3 .5 .3 .3 
Rl .600 .100 3 .7 .5 .6 
R? .475 .050 4 • 5 .4 • 5 • 5 
~3 .100 .100 3 .7 .6 • 8 
~4 .100 .100 3 .6 • 8 .7 

LA~ORATORY 27 ELEMENT COPPER ACIDIFIED LABORATORY 27 
l=URNACE ATOMIC A~SORPTION rJIRErT INJECTION 
l)ATA CANNOT SE ANALYZED. 

l[)ENT MEAN S. D. N Cl C2 C3 C4 

SPTKF. 3.3 2.9 2.8 2.s 
!')UM MY <.54 <.54 <.53 <.53 
en • 69 1.1. .77 .87 
R2 1.4 1.5 1.6 1.6 
R3 .36 .21 .44 .26 
R4 <.54 <.54 <.53 <.53 
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Cu Cu 

COPPER ACIDIFIED (CONTINUED) 

LABORATORY 33 ELEMENT COPPER ACIDIFIED LABORAT □ RY 33 FURNACE ATOMIC ABSORPTION CO-PRECIP1TA.TION 
!DENT MEAN s.o. N Cl C2 C3 C4 
SPTl<E 2.010 .030 4 
nuM~Y .170 .010 3 
Rl .230 .010 4 
R2 .240 .010 4 
R3 .230 .010 4 
R4 .230 .010 4 

LABORATORY 38 ELEMENT COPPER ACIDIFIED LABORATORY 38 
FURNACE ATOMIC ABSORPTION DIRECT INJECTION 
IOENT MEAN s.n. N Cl C2 C3 C4 

SPIKE 7.623 1.625 3 9.27 7.58 6.02 
DUMMY 3.110 .243 3 3.24 3.26 2.83 
~1 9.163 2.699 3 12.28 7.60 7.61 
R2 9.137 7-.342 3 11.68 8.66 7.07 
~3 11.890 1.888 3 14.07 10.82 10.78 
Q4 13.343 3.124 3 15.29 9.74 15.00 

LABORATORY 42 ELEMENT COPPER ACTDil=I'=D LABORATORY 42 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

!DENT MFAN s.o. N Cl C2 C3 C4 

SP!KE 3.530 .240 3 
DUMMY 1.430 .110 3 
Rl 1.810 .100 3 
R?. 1.ogo .o 90 3 
R3 1.530 .100 3 
R4 1.600 .140 3 

LABORATORY 44 ELE"1ENT COPPER ACIDIFIED LABORATORY 44 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

I!1ENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .967 .208 3 • 8 .9 1.2 
OUM"IY .667 .zoe 3 .5 .9 .6 
Rl .943 .172 3 .75 1.00 1.08 
l:!2 .867 .351 3 • 50 1.20 O.QO 
Q3 1,000 .200 3 1.00 1.20 0.80 
~4 1.023 .346 3 0.95 1.40 0.72 

L A B OR AT O Q ·y 4 f- EL~MEt--lT COPPER ACIDIFIF.D LABORATORY 46 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

IOFMT MEAN S. D, N Cl C2 C3 C4 

5°TKf 1.700 .100 3 1.6 1.1 1.8 
l)tJMMY ,833 ,058 3 0,8 o.q a.a 
~l .633 • 0 '5 ~ 3 • 6 .7 .6 
RZ ~567 .05fl 3 • 5 • 6 • 6 
Q~ .q33 • ') 5 8 3 .9 .9 1.0 
q4 .767 .058 3 • 8 .8 .7 



Cu - 43 - Cu 

COPPER ACIDIFIED (CONTINUED) 

LABORATORY 47 ELEMENT COf>PER ACIOtFtF.O LABORATORY 47 
FUQNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANI\LYZED. 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 3.2 2.9 3.0 
DUMMY <0.3 <o.3 <0,3 
P,1 0.5 0.3 0.3 
R2 <o.3 <o.3 <0,1 
R3 0,3 0.3 0.3 
R4 0.3 o.3 0.3 

LA80RATORY 49 ELEMENT COPPER ACIDIFIED LABORATORY 49 
FLAME ATOMIC A~SORPTir:JN ORGI\NIC EXTRACTIIJN 
DATA CANNOT BE ANALYZED. 

!DENT Ml:A N s.o. N Cl C2 C3 C4 

SPIKF. <o.5 <o.s <0,5 
DUMMY <0.5 <o.5 <o.5 
rn <0.5 <0.5 <0.5 
R2 <0.5 <o.5 <o.5 
R3 <0.5 <o.s <o.5 
R4 <0.5 <0.5 <0.5 

LABORATD~Y 51 ELEMENT COPPER ACIDIFIED LABORATORY 51 
FURNACE ATOMIC ABSORPTION ORGANIC ~XTRACTtON 

!DENT MEAN S.D. N Cl C2 C3 C4 

SPIKE 2.Q33 .379 3 3.2 3.1 2.5 
DUMMY .367 .153 3 0.5 0.4 0. ?. 
Rl 2.867 .321 3 3.0 ?. • 5 3.1 
R2 2.033 .153 3 7.. 2 1.9 2,0 
R3 1.000 ,173 3 1 • ?. 0.9 o.g 
R4 .800 .173 3 0.1 1.0 0.1 

LABORATORY 52 ELEMENT COPPER ACIDIFIED LABORATORY 52 
ELECTRDCH!:MISTRY NO TREATMENT SPECIFIED 

IOENT MEAN s.o. N Cl C2 C3 C4 

<;PIKF. 3.023 .563 3 2.43 3 • '5 5 3.09 
DUMMY 1.797 .473 3 2.07 1.25 2.07 
Rl ?.247 • 8 73 3 3. 2 4 l.90 1.60 
R2 1,010 ,348 3 o.9o 1.40 o.73 
R3 1.780 .481 2 ?. • 1 2 1.44 
R4 1.270 .ti:?.3 3 1.66 1.33 0.82 

LAP.ORATORY 5? ELFMENT COPPER ACIDIFIED LABORATORY 53 
FURNAC!= ATOMIC A!3SORPTION OR.GAN IC 1:XTRACT-ION 
BAD REPLICt\Tt --- Rl 

tOENT MFAN S. 0. N Cl C2 C3 C 1t 

S P T K I: 1. 967 .058 3 1.9 2.0 2.0 
f)IJMMY .215 .007 2 .21 .22 
rq • ij J. () 0.000 2 .51 .51 
R? .350 ,014 2 .34 • -:,f, 
1'13 .225 .007 2 .23 .22 
P. 4 .295 .007 2 .29 .30 
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Cu Cu 

COPPER ACIDIFIED (CONTINUED) 

LABORATOR,Y 54 ELEMENT COPPl:R ACIDIFIED LABORATORY 54 
FURNACE ATOMIC ARSORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- R2 

IDENT Ml:AN s.o. N Cl C2 C3 C4 

SPIKE 25.500 .500 3 25.0 2 b • 0 25.5 
DUMMY 1.467 .153 3 1.6 1.3 1.5 
Rl 5.100 .100 3 5.2 5.0 5.1 
~2 17.500 .500 3 lR.0 11.0 1 7. 5 
R.3 l.567 .058 3 1.6 1.5 1.0 
R4 .967 .058 3 1.0 0.9 1.0 

LABORATOQY 58 ELEMENT COPPER ACIDIFIED LABORATORY 58 
ELECTROCH':MISTRY NO TREATMENT SPECIFIED 
DATA CANNOT 9E ANALYZED. 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 2.5 2.0 2.0 
OUMMY <o.s <o.5 <o.5 
Rl o.s o.s o.s 
R2 o.s o.5 0.5 
R3 <0.5 <o.5 <o.5 
R4 <o.5 <o.s <o.5 

LA!30RATOQY 61 ELEMJ:NT COPPER ACIDIFil:D LABORATORY 61 
FURNACE ATOMIC A8$0RPTIQN ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

IDEtH Mf:AN s.o. N Cl C2 C3 C4 

SPTKE 2.7 
DUMMY 0.95 
Rl 0.67 
R2 o.5o 
R3 0.13 
Q4 o.5B 

LABORATO~Y 62 ELEMENT COPPER ACIDIFIED LABORATO~Y 62 
ELFCTROCH':MIST~Y NO TREAT~ENT SPECIFIED 
OhTA CANNOT BE ANALYZED. 

IDENT ME/IN S. D. N Cl C2 C3 C4 

<;PTKE . <O. 04 <0.04 <0.04 
l)LJMMY <0,04 <0.04 <o.o4 
~l <0,04 <Q.04 <o.0 1t 
Q_ ~ <0.04 <0.04 <0.04 
~3 <0.04 <0.04 <0.04 
R4 <0.04 <0.04 <0.04 

LABORATORY 63 ELl:MENT COPPER ACIDIFIED LA BORA TO .RY 63 
!=UR NA CF: Arone ABSORPTION ORGANIC EXTRACTION 

!DENT MFAN s.o. N Cl C2 C3 C4 

SPTKE l.4l1Q .199 4 1,64 1,58 1.24 1.30 
DUMMY .170 . • 04 2 4 0. 2?. 0,19 0.14 0.13 
Q 1 ,?35 e-0 31 4 0.22 0.20 0.27 0 •:? 5 
R2 .198 .0?2' 4 0.11 0.19 0.22 0.21 
R3 .213 • 07-4 4 OA?l 0.18 0.23 0.23 
R4 .188 ,017 4 0 .18 0,17 0.21 0.19 



Cu - 45 - Cu 

COPPER 

FROZEN 

LABORATORY 3 ELEMENT COPP ER FROZF.N LABORATORY 3 
FURNACE ATOMIC Al3SORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- R4 

lOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE l.7AO .110 4 1.87 1.83 1.62 1.so 
OUMMY .150 .036 3 .1q .14 .12 
rn .275 .001 2 .21 • 28 
R? .210 0.000 3 .21 .21 .21 
R3 .243 .015 3 .24 • 23 .26 
R4 .415 .001 2 .42 .41 

LABORATORY 4 ELEMENT COPPER FR021:N LABORATORY 4 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN S. D. N Cl C2 C3 C4 

SPIKE 1.755 .180 4 2.00 1.61 1.78 1.63 
DUMMY 2.240 .580 2 1.83 2.65 
Rl .215 .001 , 0.22 0.21 
R2 .215 .001 2 0.22 0.21 
Q3 .175 .001 2 0.11 0.18 
R4 .025 .001 2 0.02 0.03 

LABORATORY 5 ELEMENT COPPEQ FROZEN LABORATO~Y 5 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

!DENT MEAN S. D. N Cl C2 C3 C4 

SPIKE 1.233 .058 3 1.2 1.3 1.2 
DUMMY .203 .006 3 0.20 0.21 0.20 
Rl .090 .010 3 0.09 0.10 0.08 
Q ?. .113 .025 3 0.11 0.14 0.09 
R3 .121 .006 3 0.12 0.13 0.13 
R4 .123 .012 3 0.11 0.13 0.13 

LhBORATO~Y ~ ELE"1ENT , COPPF.R FROZEN LABORATORY 8 
EL EC TRD1.HEMI STRY NO TREATMENT SPECIFIED 

IDENT ME/IN s.o. N Cl C2 C3 C4 

SPIKE 2.013 • ?.11 3 2.14 1.11 2.13 
r:>UMMY e4P3 .091 3 .39 .55 .52 
Rl .300 .035 3 .32 .32 .26 
Ri' .537 .035 3 • 54 .50 .57 
R3 .440 .040 3 • 4 l3 .40 .44 
R. 4 .553 .076 3 .62 .57 047 

LABORI\TORY 10 ELFMl=NT COPP~ R F~n7.EN LABORATORY 10 
FURNACF ATOMIC ABSORPTION CO-PRECIPITATION 

!DENT MEAN S • D • N Cl C2 C3 C4 

SPIKE 1. 8 6 7 .. 081 3 1.q6 1.a2 1.82 
nUMMY .610 0.000 3 .61 • 61 .61 
~1 .933 .176 3 • 79 1.13 .BB 
R2 .783 .046 3 .73 • 81 .81 
R3 .120 0.000 3 .12 .12 .72 
R.4 • t,AO .ooo 3 .68 .68 .68 



Cu 
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COPPER FROZEN (CONTINUED) 

LABORATO~Y 11 ELEMENT COPPER FROZEN 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

I DENT MEAN S.D. N Cl C2 

SPTKE 
DUMMY 
Rl 
R? 
R3 
R4 

1.507 
.140 
.180 
.137 
.187 
.147 

.031 

.030 

.010 

.015 

.012 

.032 

3 
3 
3 
3 
3 
3 

1.48 
0.17 
0.18 
0.14 
0.1s 
0.16 

LABORATORY 12 ELEMENT COPPER FROZEN 

1.54 
0.14 
0.11 
0.15 
0.18 
0.11 

FURNAC~ ATOMIC ABSORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- R2 

!DENT MEAN S.D. N Cl C2 

SPTKE 
DU M M.Y 
Rl 
R2 
R3 
R4 

2.500 
1.280 
2.700 
1.7-00 

.675 
1.825 

LABORATORY 13 
ELECTROCHEMISTRY 

!DENT 

SPIKE 
OUMMY 
Rl 
R2 
R3 
R4 

MEAN 

1.400 
.650 
.850 

1.300 
1.000 

.950 

.141 

.311 

.424 

.015 

.177 

.035 

2 
2 
2 
1 
2 
2 

2.4 
1.5 
2.4 
1.2 
.55 
1.a 

ELEMENT COPPER FROZ~~ 

s.o. 
.141 
.071 
.071 
.424 
.141 
.212 

N 

2 
2 
2 
2 
2 
2 

Cl 
1.3 
0.1 

.9 
1.0 
0.9 
0.8 

2.6 
1.06 
3.0 

o.s 
1.85 

C2 

LABORATORY 13 ELEMENT COPPER FROZEN 
FURNACE ATOMIC ABSORPTTON ORG~NIC ~XTRACTION 

!DENT MEAN S.O. N Cl C2 

SPTKE 
DUMMY 
~l 
R2 
R3 
R4 

2.050 
• fiOO 
.950 
.100 
.100 
.650 

• 07 l 2 
.141 2 
0 0 7 l ·2 

0.000 ~ 
0.000 ?. 

.071 2 

2.1 
o.5 
0.9 
0.1 
0.1 
0.1 

2.0 
0.1 

. 1. 0 
0.1 
0.1 
0.6 

LABORATORY 14 ELEMENT COPPEQ. . Fl:?OZEN 
FLAME ATD~lC ABSnRPTION OQGANIC ~XTRACTION 
DATA CANNOT BE ANALYZED. 

IOENT 

SPIKE 
r)lJMMY 
~1 
R2 
R ::\ 
R4 

Mf=AN s.o. N Cl 

1.3 
0.1 
o.4 
0.5 
0.4 
0.2 

C2 

Cu 

LABORATORY 11 

C3 C4 

1.50 
0.11 
0.19 
0.12 
0.20 
0.11 

LABORATORY 12 

C3 C4 

lABORATORY 13 

C3 C4 

LABORATORY 13 

C3 C4 

LABORATORY 14 

C3 C4 
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Cu 

COPPER FROZEN (CONTINUED) 

LABORATORY 15 ELF.MENT COPPER FROZEN 
~UQNACE ATOMIC ABSORPTION 
BAD REPLICATE --- R2 

ORGANIC EXTRACTION 

I DENT MEAN 

SPTKE 1.280 
DUMMY .0'50 
RI .og3 
Q?, .157 
R3 • 06 7 
R4 .050 

s.o. 
.115 
.ooo 
.021 
.015 
.021 .ooo 

N 

3 
3 
3 
3 
3 
3 

Cl 

1.16 
.05 

.10 

.14 
• 05 
.05 

ELEMENT COPPER ~QOZEN 

C2 

1.29 
.05 
.01 
.11 
.09 
.05 

LABORATORY 16 
FURNACE ATOMIC 
DATA CANNOT BE 

ABSORPTION ORGANIC ~XTRACTION 

I DENT MEAN 

~PTKE 
DUMMY 
Rl 
R2 
R3 
R4 

ANALYZED. 

s.D. N Cl 
o.e 

<0.6 
<0.6 
4.8 

<0.6 
<o.6 

LABORATORY 17 ELEMENT cnPPER FROZEN 

C2 
<o.6 
<o.6 
<o.6 
2.1 

<o.6 
<o.6 

FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED, 

IOENT 

SPIKE 
l)UMMY 
Rl 
I?, ?. 
R3 
R4 

MEAN s.o. N Cl 

1.4 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

C2 

1.4 
<0.2 
<0,2 
<0.2 
<0.2 
<0.2 

LABORAT0°Y 23 ELEMENT COPPEQ. FROZEN 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT 

SPIKE 
rJUMMY 
Ql 
R2 
R3 
R4 

M<:AN 

1.100 
.140 
.201 
.160 
.105 
.100 

s.o. 

0.000 
.014 
.023 
.010 
.021 

0.000 

LABORATOQY 3? ELEMENT 
FLAME ATOMIC ABSO~PTI~N 
DATA CANNOT BE ANALYZ~D. 

IO ENT MEAN s.o. 

SPIKE 
DUMMY 
Rl 
Q2 
R. 3 
R4 

N 

2 
2 
3 
3 
2 
?. 

Cl 

1.3 
• l 3 
.22 
• 15 
.1~ 
.10 

COPHR FROZFN 

C2 

lo3 
.J.5 
• 1. 8 
,16 .oq 
.10 

ORGANIC EXTRACTION 

N Cl C2 
<.25 

• ?. 5 
<0.2 
<0.2 
<0.2 
<. r! 5 

LABORATORY 

C3 

1.39 
,05 
.11 
,16 
.06 
.05 

LAAORATORY 

C3 

Cu 

15 

C4 

16 

C4 

LABORATORY 17 

C3 

1,7 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

C4 

1.6 
<0,2 
<0.2 
<0.2 
<0.2 
<0.2 

LABOQ.ATORY 23 

C3 C4 

LABORATORY 32 

C3 C4 
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Cu Cu 

COPPER FROZEN (CONTINUED) 

LABORATORY 3 g ELEMENT COPPER FROZEN LABORATORY 39 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 
SPIKE 1.200 .100 3 1,200 1,100 1,300 
DUMMY ,05? ,014 3 ,035 ,060 ,060 
Rl , 140 ,042 2 .110 .170 
R2 , 113 ,006 3 ,110 .120 .110 
R3 ,099 ,020 3 .120 ,097 ,080 
~4 .079 ,013 2 .088 .010 

LABORATORY 41 ELEMENT COPPER FROZEN LABORATORY 41 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
BAO REPLICATE --- Rl 

IDENT MEAN s.o. N Cl C2 C3 C4 

$PIKE 1,307 .051 3 1,25 1 • 3 5 1,32 
r>UMMY ,260 .010 3 ,26 ,25 ,27 
R.1 ,853 ,047 3 ,80 ,89 • f3 7 
R2 ,270 .040 3 ,23 ,27 ,31 
~3 ,310 ,026 3 ,32 ,28 .33 
R4 ,280 .020 3 ,26 ,30 ,28 

LABORATORY 48 ELEMENT COPPER FROZEN LABORATORY 48 
ELECTRDCH!:MISTRY "I □ TREl>TMENT SPECIFIED 

IDF.NT MEAN s.o~ N Cl C2 C3 C4 

SPIKE 1.100 .100 5 
DUMMY .?00 ,060 5 
Rl .110 ,040 5 
!?2 .200 ,040 5 
R3 ,150 .080 5 
R4 ,190 .040 5 

LABORATO~Y 5 5 ELEMF.NT COPPER !=RrJlC:N LABORATORY 55 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN S • D • N Cl C2 C3 C '• 
SPIKE 3.1 
OUMMY ?. • 9 
Ql 2.3 
~2 1.0 
Q3 2,7 
R4 2.9 

LJ\BORAT D~ Y 56 ELEMENT COPPER FROZC:N LABOR.ATDRY 56 
FUP.NAC': ATOMIC t.BSORPTinN CO-PRf:CIPITATION 

!DENT ME~N s.o. N Cl C2 C3 C4 

<; P J KE 1,500 .060 3 
DUMMY .100 .010 3 
Rl .200 ~030 3 
Q2 .170 .020 3 
Q3 .160 .010 3 
R4 .150 .010 3 



Fe - 4SI -
IRON 

ACIDIFIED 

LABORATORY 1 ELEMENT IPON ACIDIFIED 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IOENT MEAN S.D. N Cl C2 

SPIKE 4.067 .757 3 4.4 4.6 
nUMMY .555 .361 Z 0.30 0.81 
Rl .q45 .007 2 0.95 0.94 
R2 1.100 .460 3 0.64 1.56 
R~ .780 .144 3 0.74 O.Q4 
R4 1.210 .515 3 1.73 1.2 

LABORATO~Y 25 'ELEMENT IRON ACIDIFIF.D 
FLAME ATO~IC ABSORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- R2 

IOENT 

SPIKE 
OUMMY 
Rl 
R2 
I) 3 
R4 

MEAN 

4.000 
1,233 
2,433 
5,400 
3,067 
2.367 

s.o. 
.872 
.473 
.115 
,520 
• l 15 
.115 

N 

3 
3 
3 
3 
3 
3 

Cl 

ELEMENT IRON ACIDIFIED 

C2 

LABORATORY 27 
FURNACE ATOMIC 
DATA CANNOT 13E 

ABSORPTION DIRECT INJECTION 
ANALYZFO. 

IOENT MEAN s.o. N Cl 

SPIKE 
DUMMY 
Rl 
~? 
R3 
R4 

LABORATO~Y 33 ELEMENT IRON ACIDIFIED 

C2 

2.1 
<1,3 
<1.3 
<1.3 
<1,3 
<1,3 

FURNACF. ATOMfC ABSORPTION CO-PRf:CIPITATION 

!DENT MEAN S,D. N Cl C2 

SPIKE 5,040 ,060 3 
nuMMY .760 .020 3 
Rl 1,060 ,120 4 
R2 1.210 ,040 4 
R3 ,920 ,040 4 
R4 .910 .060 4 

LABORATn~Y 38 ELEMENT IRON ACIDIFIED 
FURNAC~ ATOMIC AB~OPPTION DIRECT INJ~CTION 
BAD REPLICATE --- R3 

!DENT 

SPTKE 
!11JM"1Y 
Pl 
P2 
R3 
R4 

ME&N 

1.lO::\ 
1.787 
l,3GO 
1,613 
2.913 
1.220 

s.o. 
,302 
.337 
.641 
.283 
.354 
.597 

N 

3 
3 
3 
3 
3 
3 

Cl 

0.96 
2. 10 
1.02 
1.31 
?,75 
0.1~ 

C2 

1.45 
1.83 
1.02 
1,87 
2,67 
o.9a 

Fe 

LABORATORY 1 

C3 C4 

3.2 

1.1 
0.66 
0.1 

LABORATORY 25 

C3 
4,4 
0,7 
2.5 
5.7 
3.2 
2.3 

LABORATORY 

C3 

C4 

27 

C4 

3.1 
<1.6 
<l,6 
<1.6 
<1,6 
<1.6 

LABORATORY 33 

C3 C4 

LABORATORY 38 

C3 
0.90 
1.43 
2,13 
1.66 
3.32 
1.90 

C4 



Fe 
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IRON-ACIDIFIED (CONTINUED) 

LABORATORY 4q ELEMENT IRON ACIDIFIED 
FLAME ATOMIC ABSnQPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

IOENT MEAN S,D, N Cl C2 
$PIKE <0,5 <o. 5 
DUMMY <Q,5 <o,5 
Ql <0,5 <0,5 
R2 <o.5 <o.5 
R3 <o,5 <o,5 
R4 

LABORATORY 51 ELEMENT IRON ACIDIFIED 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

TOENT MEAN s.o. N Cl C2 

SPIKE 6,500 ,500 3 6,0 7,0 
DUMMY ~.333 ,577 3 2,0 ?. • 0 
Rl 5,667 1,155 3 5,0 7,0 
R?. 3,500 ,500 3 4,0 3,5 
R3 5,333 ,289 3 5,0 5,5 
R4 2,333 ,577 3 3,0 2.0 

LABORATORY 53 ELEMENT IRON ACIDIFil:0 
FLAME ATOMIC ABSORPTION ORGANIC 1:XTRACTION 

IOE NT Ml:AN s.o. N Cl C2 
SPIKE 2.800 ,6g3 3 3.2 3,2 
DUMMY ,600 0,000 2 o.6 0,6 
Rl ,800 0.000 2 0,8 0,8 
R2 1.000 ,283 2 0,8 1.2 
Q3 1.100 ,141 2 1.2 1,0 
R4 1.100 ,141 2 1.2 1.0 

LABORATORY 58 ELEMENT IRON ACIDIFIED 
SP~CTROPHOTOMETRY NO TREATMENT SPECTFIED 
DATA Cl\NNOT BE ANALYZED, 

!DENT MEAN S • D • N Cl C2 
, PIKE <10. <10. 
OUMMY <10. <10. 
~l <10. <10. 
R2 <10. <10. 
R3 <10. <10. 
~4 <10. <10. 

LA80RATO~Y 61 ~LEMENT IRON ACIDIFIED 
FURNAcr ATOMIC A8SORPTION ORGANIC ~XTRACTION 
DATA CAN~OT BE ANALYZED. 

!DENT MEAN S. 0. N Cl C2 
SPIKE 10.3 
OUMMY 6,6 
Rl 8,Q 
R2 6,6 
p 1 6,6 
R4 6, ,9 

Fe 

LABORATORY 4q 

C3 C4 
<0,5 
<o,5 
<o.5 
<0,5 
<0,5 

LABORATORY 51 

C3 C4 

6,5 
3,0 
5,0 
3,0 
5,5 
2.0 

LABORATnRY 53 

C3 C4 

2. 

LABORATORY 58 

C3 C4 
<10. 
<10. 
<10. 
<10. 
<10. 
<10. 

LABORATORY 61 

C3 C4 



Fe - 51 -
Fe 

IRON ACIDIFIED (CONTINUED) 

LABORATORY 63 ELEMENT IRON ACIDIFIED LABORATORY 63 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDENT MEAN s.o. N Cl C2 C3 C4 

SPTt<E 3.008 .295 4 3.39 3.09 2.76 2.79 
DUMMY .910 .614 4 1.21 1.59 0.39 o.39 
Rl 1.398 .295 4 1.43 I.BO 1.22 1.14 
~2 • 958 .OB6 4 0.85 0.97 0.95 1.06 
Q3 1.033 .244 4 1.1g o.74 1.28 0.93 
R4 .753 .201 4 o.64 o.53 o,q6 O.BB 

IRON 

FROZ'EN 

LABORATORY 3 !=.lEMENT !PON FROZEN LABORATORY 3 
FURNACE .\TOMtC ABSORPTION ORGANIC EXTRACTION 
!DENT MEAN S. D • N Cl CZ C3 C4 
c;PJKE 1.745 .417 2 1.45 ?..04 
DUMMY .477 .075 3 o.55 0.48 0.40 
Rl .150 .042 2 0.12 Ool8 
R2 .647 .032 3 o.66 0.61 0.67 
R3 .450 • 036 3 0,41 0.48 0.46 
R4 ,41B .052 4 0.31 0.38 0.44 0.48 

LARORATORY 4 ELEMENT IR ON FROZEN LABORATORY 4 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl CZ C3 C4 

5Pil<E 3.440 .028 2 3.46 3.42 
DUMMY .860 .110 2 o.74 0.98 

· Rl l.86~ • 3 '• 4 4 1.96 2,30 1,52 1.67 
R? • g 60 .188 4 0.11 1.01 0,86 1.20 
R3 1.215 .113 4 1.19 1.13 1.16 1.38 
R4 1,283 .047 3 1.23 1.30 1.32 

LhBORATORY 1.0 ELEMF.NT IRON FRO~EN LABOR.\TOQV 10 
FURNACE ATOMIC ABSORPTION CO-PRECIPITATION 

!DENT MEhN S.D. N Cl C2 C3 C4 

SPIKf 5.833 .503 3 6.3 5.9 5.3 
l)lJMMY 4.233 .2P,9 3 4.4 4.4 3.9 
~1 6,200 . ·173 3 6.3 6.3 6.-o· 
R ?. 5.700 .529 3 6.3 5.3 5. s· 
R 3 6,267 ?. • 0 74 3 5.9 4,4 8.5 ~~~~-
Q4 5.133 .635 3 4.4 5.5 5.5 



- 52 -
Fe 

IRON FROZEN (CONTINUED) 

LABORATORY 11 ELEMENT IRON F~07-EN 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDE NT MEAN S.D. N Cl C2 

SPI~E 2.190 .030 3 2.16 2.22 
DUMMY .307 .029 3 0.34 0.29 
~l .603 .032 3 0.59 0.64 
R2 .507 .080 3 0.50 0.43 
R3 .507 .055 3 0.48 0.47 
R4 .443 .042 3 0.41 0.43 

LAq □ RATORY 13 ELEMENT IRON l=ROZEN 
FLAME ATOMIC ABSORPTION 
BAD REPLICATE --- R4 

ORGANIC EXTRACTION 

I DENT MEAN S.D. 

SPIKE 
DUMMY 
Rl 
R2 
R3 
R4 

2.300 
1.800 
1.500 

.900 
1.300 
4.150 

.424 
0.000 
0.000 

.141 

.283 

.495 

N 

2 
2 
2 
2 
2 
2 

Cl 

LABORATORY 13 ELEMENT IRON FROZEN 

C2 

2.0 
1.8 
1 • 5 o.a 
1.1 
4.5 

FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
BAD REPLICATE --- R4 

JOE NT 

SPIKE 
DUMMY 
Rl 
R2 
R3 
R4 

MEAN 

2.900 
1.750 
1.400 
1.600 
1.550 
4.450 

S.D. 

.566 

.495 

.141 

.141 

.354 
• 35 4 

N 

2 
2 
2 
2 
? 

2 

Cl 

ELEMENT IRON FROZEN 

C2 

LAB IJR A Hl RY 1 6 
SPECTROPHOTOMETRY ORGANIC EXTRACTION 

![)ENT MEAN s.n. N Cl C2 

SPIKE 
OUMMY 
Rl 
R2 
R3 
R4 

18.SOO 
5.667 
4.000 

16.000 
16.000 
21.667 

20.506 
2.887 
0.000 
'>.196 
6.557 

15.535 

2 
?, 
? 
3 
3 
3 

4. 
4. 
4. 

13. 
q. 
9. 

LABORATO~Y 17 ELEMENT JP □ N FQO~EN 

33. 
9. 
4. 

22. 
17. 
39. 

FLAMF. ATOMtC ABSORPTinN ORGANIC EXTRACTION 
OATA CANNOT BE A~ALYZED, 

TOENT 

~PIKE 
T)lJ M MY 
Rl 
R2 
R3 
R4 

MEAN s.o. N Cl C2 

Fe 

LABORATORY 11 

C3 C4 

2.19 
0.29 
0.58 
0 • 59 
0.57 
0.49 

LABORATORY 13 

C3 C4 

LABORATORY 13 

C3 C4 

LABORATORY 16 

C3 C4 

4. 

1. 3. 
22. 
1 7. 

LABORATORY 17 

C3 

0.9 
<1.0 
<1.0 
1.0 
1.0 

<1.0 

C4 

<1. o · 
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Fe/Pb 

IRON FROZEN (CONTINUED) 

LABORATO~Y 32 ELEMENT IRON FROZEN 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. N Cl C2 

SPIKE <.7 <.7 
DUMMY <.7 <.7 
Rl <.7 <.7 
R2 <.7 <.7 
R3 <.7 <.7 
R4 <.1 <.7 

LEAD 

ACIDIFIED 

LA80RATOQY 1 ELEMENT LEAD ACIDIFIED 
FURNACE ATOMIC A~SORPTION ORGANIC EXTRACTION 

I DENT MEAN S.D. N Cl C2 

SPIKE 
DUMMY 
~1 
R? 
R3 
R4 

.370 

.433 

.Bn7 

.610 

.593 

.5q7 

.026 

.040 

.349 

.030 

.066 

.065 

3 
3 
3 
3 
3 
3 

.34 

.47 
1.21 

.58 

.61 

.60 

LABORATORY 2 EL~MENT LEAD ~CIOIF!EO 

.38 
• 39 
.61 
• 61 
.67 
.53 

l=LIR.NAr.!: ATOMIC' A~SOPPTION rJRGANIC ':XTRACTION 
BAD REPLICA~F --- Rl 

I 0[ "lT MEAN s.o. N Cl C2 

SPTKE • '3 0 () .043 4 0. !J 4 0.44 
OUMMY • ::,05 .0~7 4 ().28 0.12 ,n • q 5 ') .192 4 0.88 0.12 
~2 .~;,ti_; .057 4 0. 5t.., 0.54 
R3 .430 o03P 4 0.46 0.38 
R4 .400 .046 4 o.36 0.44 

LhR □ RAT □ PY 7 EL~MENT L~AO ACI~IFIFD 
FUR~ACf ATOMIC AijS~RPTICN ORGANIC ~XTRACTION 
DATA CAN~nT BE ANALYZfD. 

l:DE NT Mf:AN 5.D. N Cl C2 
i:; P T K E 0. 41 
'1U~1MY 0,40 0.35 
~l 0.64 0.47 
~? 0.10 
R3 0,54 
R4 0,70 0.47 

Fe/Pb 

LABORATORY 32 

C3 C4 

<.7 
<.7 
<.7 
<.7 
<.7 
<.7 

LABORATORY 1 

C3 C4 

.39 

.44 

.60 

.64 

.50 

.66 

LABORATORY 2 

C3 C4 

0.50 o.~2 
0.28 O • l 1t 

1.08 1.14 
0.62 0.48 
0.42 0.46 
0.44 0,36 

LABORATO~Y 7 

C3 C4 
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Pb 

LEAD ACIDIFIED (CONTINUED) 

LAB □ RATrJRY 24 Ell:MENT LEAD ACIDil=!ED LABORATORY 24 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDENT MEAN s.o. N Cl C2 C3 C4 
SPIKE .283 .076 3 0.3 0.2 o.35 
r)UMMY .125 .035 2 O • 1 i; 0.1 
Rl .500 .141 2 0.4 0.6 
R2 .450 .011 2 o.5 0.4 
R3 .650 .071 2 0.1 o.6 
R4 .300 .141 2 0.4 o.z 

LABORATORY 25 ELEMENT LEAD ACIDIFIED LABORATORY 25 
FLAME ATOMIC ABSORPTION ORGANIC ~XTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 1•733 1.115 3 0.9 3.0 1.3 
DUMMY 2.133 • 5A 6 3 1.9 2.s 1.1 
Rl 1.867 .862 3 1.1 2.8 1.1 
R2 2.100 .361 3 3.0 2.B 2.3 
R3 2.100 .346 3 2.1 1.7 2.3 
R4 1.900 .200 3 1.7 1.9 2.1 

LABORATORY ~6 ELEMENT LEAD ACIDIFIED LABORATORY 26 
ELECTR □ CHEMISTRY NO TREATMENT SPfCIFIED 

!DENT MEAN S.D. N Cl C2 C3 C4 

SPIKE N/A 
DUMMY .300 .100 3 0.4 0.2 0.3 
Rl .467 .058 3 0.4 o.s o.5 
R2 .450 • 0 58 4 0 • 1i 0.4 o.5 o.5 
R3 .433 .115 3 0.3 o.5 o.5 
R4 .333 .058 3 0.3 0.4 0.3 

LABORATORY 33 ELEMENT LEAD ACIDIFIED LABORATORY 33 
FURNACE ATOMIC ABSOPPTION CO-PRf:'.CIPITATION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPTKE .410 .040 4 
OUMMY .250 .010 4 
Rl .390 .020 4 
R7 .360 .030 4 
R3 .400 .030 4 
R4 .410 .030 4 

LAl'JORATrJQY l,,? ELEMENT L f An ACIDIFIED LABORATORY 42 
ELECTROCHEMISTRY NO TREAP1ENT SPECIFIED 

IDfNT MEAN s.o. N Cl C2 C3 C4 

~PTKF: • ?. ~ 0 .030 3 
'1UM/\<tY .1 °o .010 3 
Rl .210 .020 3 
R ?. .300 ,040 3 en .360 .010 3 
R4 .440 .040 3 
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Pb Pb 

LEAD ACIDIFIED (CONTINUED) 

LABORATORY 44 ELEMENT LEAD ACIDIFIED LABORATORY 44 
ELECTROCHEMISTRY NO TREATMEN,: SPECIFIED 
BAO REPLICATF. --- R3 

IOENT Ml:AN s.o. N Cl C2 C3 C4 

c;PYKE .580 .085 3 0.67 o.57 0.50 
DUMMY .f,50 .132 3 0.50 o.75 0.10 
Rl .650 .150 3 o.ao 0.65 0.50 
R2 .450 .050 3 0.45 0.50 0.40 
R3 1.183 .126 3 1.30 1.20 1.05 
R4 .550 .11s 3 o.52 0.68 0.45 

LABORATORY 46 ELEMENT LEAD ACIDIFIED LABORATORY 46 
FUR NA CE ATOMIC ABSORPTION ORGANIC EXTRACT IO~ 

!DENT "1EAN s.o. N Cl C2 C3 C4 

SPTKE • 517 .076 3 o.55 0.43 o.57 
DUMMY .490 .132 3 0.64 0.44 0.39 
Rl .680 .040 3 o.68 o.64 0.12 
P.;> .121 .055 3 0.67 0.78 0.73 
R3 .577 .156 3 0.43 0.74 0.56 
R4 .787 .093 3 0.11 0.16 0.89 

LABORATORY 47 ELEMENT LfAO ACI!JIFil:D LABORATORY 47 
FURNACE ATOMIC A~SORPT!ON ORGANIC EXTRACTTON 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.D. N Cl C2 C3 C4 

SPIKE <o.3 o.3 <0.3 
DUMMY <o.3 <o.3 <0.3 
Rl 0.3 <o.3 0.3 
R2 0.3 0.3 0.3 
R3 0.3 <Q.3 0.3 
R4 o.3 <o.3 o.3 

LABORATnR.Y 49 ELEMENT LEAD ACIDIFIED LABORATORY 49 
FLAME ATOMIC ABSO~PTION ORGANIC EXT~ACTIO~ 
DATA CANNOT BE ANALYZED. 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE <o.5 <o.5 <o.5 
DUMMY <o.5 <o.5 <0.5 
~l <o.5 <o.r:; <o.5 
P, 2 <().5 <o.5 <o.5 
R3 <o.5 <0,5 <0.5 
R4 <o.5 <o.s <o.5 

LABORATQ~Y 51 ELEMENT LFAO ·ACIDIFIED LABORATORY 51 
FURNACF ATOMIC ABSOQPTION ORGANIC 1:XTRACTION 

IOENT MEt1N s.o. N Cl C2 C3 C4 

')P!KI: .6f:-7 .208 3 o.6 0.5 0.9 
rJUMMY .333 .058 3 0.3 o.3 0.4 
Ql .100 .ioo 3 0.1 o.6 o.s 
R' ,600 ,200 3 0.6 0.4 0.8 
R3 .53~ • 1f33 3 0.5 0.4 0.1 
R4 .600 .100 3 0.6 0,5 Oc7 
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Pb 

LEAD ACIDIFIED (CONTINUED) 

LABORATORY 52 ELEMENT LEAD ACIDIFIED LABORATORY 52 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 3.453 .441 3 3.91 3.03 3.42 
DUMMY 2.777 .451 3 3.09 2.26 2.98 
Rl 5.897 .612 3 6.60 5.4q 5.60 
~2 6.447 1.956 3 4.19 7.65 7.50 
R3 i;.320 .905 2 5.96 4.68 
~4 3.253 .224 3 3.30 3.45 3.01 

LABORATORY 53 fLEMENT LEAD ACIDIFIED LABORATORY 53 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .390 .057 2 .43 .35 
DUMMY .305 .021 2 • 29 .32 
Rl .640 .042 2 .67 .61 
R2 .510 .042 2 .48 • 54 
R.3 • 4 70 .014 2 .48 .46 
R4 • 58 0 .014 2 .57 • 59 

LABr:JRATOR.Y 54 ELEMENT LEAD ACIDIFIED LABORATORY 54 
FURNACE ATOMIC ABSORPTION ORGANIC ~XTRACTION 

IOENT "1E AN S.D. N Cl C2 C3 C4 

5 PT KE 0.000 0.000 3 o.oo o.oo o.oo 
DUM'-1Y .417 .076 3 0.40 0.35 0.5() 
Rl 2.480 .271 3 2,74 2.50 2. 2 0 
R2 1.250 .050 3 1.30 1.20 1.25 
R3 .283 ,076 3 o.3o 0.20 0.35 
R4 1.450 .377 3 1.40 1.85 1.10 

LABORATORY 58 ELEMENT LEAD ACIOIFtEO LABORATORY 58 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 3,533 1.007 3 2.6 4 • (l 3.4 
OUMMY 3.433 .289 3 3.6 3.6 3.1 
Rl 2.033 .289 3 2.? 2.? 1.7 
R2 1.367 .289 .3 1.~ 1.1 1.2 
R3 1.100 0.000 3 1.7 1.7 1.7 
R 't 1.767 .404 3 2.2 1.1 1.4 

LABQRATORY 61 ELEMENT LEAD ACIDIFTED LABORATORY 61 
FURNACf: ~ TO"IT C f\RSORPTION nRGANIC !:XTRACTION 
DATA CANNOT RE ANALYZFD. 

IDENT MEAN S • D • N Cl C2 C3 C4 

SPTKE l.6 
l)UMMY 1.6 
Rl l , 6 
Q2 1.5 
~3 1.6 
R4 1,6 
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LEAD ACIDIFIED (CONTINUED) 

L~BORATORY 63 f:LEMENT LEAD ACIDIFIED LABORATORY 63 FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .418 .oq6 4 0.50 o.5o 0.32 0.35 DUMMY .363 • H,3 4 0,54 o.46 0,25 0.20 
Rl .643 .075 4 0,69 0.12 0,60 0,56 
R2 .558 .038 4 0,51 0,55 0.57 0,60 
R3 ,493 .050 4 0.53 o.52 0.50 o.42 
R4 .478 ,031 4 0,48 0,52 0.46 0,45 

LEAD 

FROZEN 

LABORATn~Y 5 ELEMENT LEAD FR tlZ EN LABORATORY 5 
ELECTROCHEt-1ISTRY NO TREATMENT SPECIFIED 

!DEMT MEAN S,D, N Cl C2 C3 C4 

SPIKE ,420 ,046 3 0,38 0,41 0,47 
!)UMMY ,383 .021 3 0.36 o.39 0,40 
Rl .433 ,006 3 0,43 0,43 0,44 
R2 .430 .050 3 0.38 0,43 0.48 
R3 ,480 .010 3 0,47 0,48 0,49 
R4 ,477 ,015 3 0,4g 0,46 0.49 

LABORATORY 8 ELEMENT LEAO FROZFN LABORATORY 8 
ELECTROCH~MISTRY NO TRl:ATMENT SPECIFIED 

I OEt-.JT MEAN S • 0 • N Cl C2 C3 C4 

SPTKF. .1go ,017 3 ,17 .20 .20 
DUMMY .110 .020 3 ,13 .11 .09 
Rl .233 • 029 3 ,25 .20 ,25 
R2 .373 .021 3 .39 ,38 ,35 
R3 .210 ,035 3 .17 .23 ,23 
R4 .300 ,036 3 ,26 ,33 ,31 

LABf1RATORY 10 ELEMENT LEAD FROZFN LABORATORY 10 
FURNACE ATOMIC ABSORPTION CO-PRECIPITATION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPTKE .480 ,087 3 0,38 o.53 0.51 
')UMMY .320 ,046 3 0.37 0,31 0.28 
~l 1,790 .177 3 1,95 1. r, 0 1.82 
R?. 1.583 .068 3 1,66 1.56 1,53 
R3 .500 .104 3 Oe62 0,44 0.44 
~4 • 460 .011 3 0.44 o.47 0,47 



Pb 
- 58 -

Pb 
LEAD FROZEN (CONTINUED) 

l~BORATORY 11 ELEMENT LEAD ~ROZEN LABORATORY 11 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl CZ C3 C4 

SPTKE • 2.37 .025 3 .21 • 24 .u, 
OUMMY .173 .015 '3 .H:, .17 .19 
Rl .190 .040 3 .15 .19 .23 
R2 .143 .023 3 .17 .13 .13 
R3 .173 .067 3 .14 .13 .25 
R4 .175 .035 2 .15 .20 

LABORATORY 12 ELEMENT LEAD F~OZ~N LABORATORY 12 
FURNACE ATOMIC ABSORPTION ORGANIC F.XTRACTION 
InE NT MEAN s.o. N Cl C2 C3 C4 

SPtKE .510 .028 2 .53 • 49 DUMMY .730 .127 2 .82 .64 
Rl .730 .042 2 .7 • 76 R2 .430 .014 2 .44 .42 
Q3 .570 .014 2 • 56 • 58 
R4 .565 .021 2 .55 .58 

LABORATORY 13 ELEMENT 
ELECTROCHfMISTRY 

LEAD FRO!EN LABORATORY 13 

IDE MT MU,N s.o. N Cl C2 C3 C4 
SDfKE .750 .071 2 0.7 0.B 
DUMMY .750 .071 2 0.1 o.a 
Rl 1.100 .283 2 o.g 1.3 
R2 .900 .141 2 0.8 1.0 
R3 1.150 .071 2 1.1 1.2 
~4 1.100 0.000 2 1.1 1.1 

LABORATORY 13 ELEMENT LEAD FROZEN LABORATORY 13 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
!l)F. NT Ml:AN s.o. N Cl C2 C3 C4 
SPIKf .650 .354 2 .9 • 4 
DUMMY .450 .212 2 .6 • 3 
Rl • 700 0.000 2 .7 .1 
R2 .600 0.000 2 • 6 .6 
R3 ,450 .071 2 .4 • 5 
~4 ,650 .071 2 .1 .6 

LABClRATnRY 14 ELEMF.NT L F. AD FROZEN LABORATORY 14 
FLAME ATO"ITC /l~c; □ RPTinN ORGANIC ~XT~ACTION 
DATA CANNOT BE ~~AL YZE D. 

IDF.NT MJ:A.N S.D. N Cl C2 C3 C4 
<;PJKE o.5 
OUMMY <0.5 
Rl 7.. 5 
l:!2 4,5 1n l.O 
~4 2,0 



Pb Pb 

LFAD FROZEN {CONTINUED) 

LABORATORY 15 ELF.MENT LE AO FROZEN LABORATORY 15 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDl:NT MF.AN s.o. N Cl C2 C3 C4 

5PIKE .535 .033 3 .498 .546 .562 
DUMMY .339 .037 3 .304 .337 .377 
Rl .512 .066 3 .5A7 .466 .482 
R2 .594 .057 3 .554 .570 • 659 
R3 .487 .094 3 .401 .587 .474 
R4 .414 .033 3 .441 .377 .425 

LAE\ORATORY 16 ELl:MENT LEAD FROZfN LABORATORY 16 
FURNACE ATOMIC ABSORPTION ORGANIC 1:XTRACTION 
r)ATA CANNOT BE ANALYZED. 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPTKI: <0.A 2.9 3.2 
DUMMY 2.2 1.a 4.8 
Rl <o.a <0.B o.e 
R2 <o.a <o.e 2.1 
R3 2.3 <o.a 3.0 
R4 3.2 <o.a 1.8 

LABORATORY 17 ELEMENT LEAD FR07EN" LABORATORY 17 
FLAME ATOMIC ABSIJQ.PTION ORGANIC EXTRACTION 
DATA CANNOT 8E ANALYZED. 

tOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE <0.5 <o.5 <o.5 <o.5 
DUMMY· <0.5 <0.5 <0.5 <o.s 
Rl <o.5 <o.5 <o.5 <0.5 
Q_ 2 <o.5 <o.5 <o.s 0.7 
R3 <o.5 0 • ., <0.5 <o.5 
R.4 <o.5 <o.5 0.1 <o.5 

Ll\BDRATf1Q_Y ?. 3 ELEMENT LEAD FROHN LABORATClRY 23 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN S.D. N C 1. C2 C3 C4 

SPTKE .115 .021 2 .13 .10 
l)LJM~1Y .075 .035 2 .10 .05 
Rl .707 .473 3 .4~ 1.25 .39 
R;? • ? e 7 • 07lt 3 .~6 .23 .37 
R3 .130 .OZP 2 .11 .15 
R4 .100 .071 2 .15 .05 

LAP.ORATORY 3 t, ELEMENT LEAD FROZEN LABORATORY 34 
FURNAC!: ATOMIC ABSORPTION ION EXCHANGE RESIN 
DAT,\ CANNOT BE ,HHLYZED. 

IOFNT MEAN s.o. N Cl C2 C3 C4 
SPTKE 0.215 
T)UM"IY 0.150 
Rl 0.236 
R2 0.250 
P'3 0.220 
Q4 0.2'32 



- 60 -
Pb Pb 

LEAD FROZEN (CONTINUED) 

LABORATORY 41 ELEMENT LEAD FROZl:N LABORATORY 41 
FURNACE ATOMIC AB~ORPTION ORGANIC EXTRACTION 
BAO REPLICATE --- Ql 

IDENT MEAN s.o. N Cl C2 C3 C4 
SPIKE ,487 ,023 3 0,50 0,50 0,46 
DUMMY ,407 ,012 3 0.40 0,40 0,42 
IH 1.060 .066 3 1,05 1.00 1.13 
R2 .657 ,023 3 0,67 0,63 0,67 
R3 .467 ,029 3 0,45 0,50 0,45 
R4 ,520 .ooo 3 0,52 0,52 0,52 

LABORATORY 4A ELEMENT LEAD FROlEN LABORATORY 4~ 
ELECTROCHEMISTRY NO TREATMENT SPECIFIED 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE ,330 ,070 5 
DUMMY ,310 ,080 5 
Rl ,230 ,030 5 
R2 , 350 ,030 5 
R3 .200 ,030 5 
R4 .400 ,060 5 

LABORATOQY 55 ELEMENT LE .AD FROZEN LABORATORY 55 
FLAME ATOMIC AP.Sf1~PTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZF.D, 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE <o,5 
DUMMY <0,5 
Rl <o.5 
R2 <o,5 
R3 <o,5 
~4 <0.5 

LABORATORY 56 ELEMENT LEAD FRO!.F.N LABORATORY 56 
FU~NACE ATOMIC AB SOR.PT ION CO-PR~CIPITATION 

!DENT HEAN S,D, N Cl C2 C3 C4 

SPTKE .260 ,040 3 
'1UMMY .110 .010 .3 
Ql .210 .030 3 
Q;? .310 .060 3 
~3 .230 ,030 3 
R4 .220 .020 3 



Mn - 61 -

MANGANESE 

ACIDIFIED 

LABORATORY 1 ELEMENT MANGANESE ACtOIFIEO 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

I DENT MEAN S.O. N Cl C2 
SPIKE 
DUMMY 
IH 
~?. 
R3 
R4 

.383 

.oq1 

.?-00 

.147 

.140 

.187 

.051 

.015 

.044 

.031 

.020 

.031 

3 
3 
3 
3 
3 
3 

0,37 o.oa 
0,25 
0,14 
0,16 
0,18 

0,44 
0.11 
0.11 
O,ll 
0.12 
0.22 

LABO~ATnQy ~5 ELE~E~T MANGANE~E ACIDIFIFD 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

TOE~T MF.AN S.O, N Cl C2 

'iPIKE 
DUMMY 
~1 
RZ 
R3 
R4 

,633 
,300 
,300 
,333 
,333 
.300 

,058 
0.000 
0.000 

,153 
,058 
.100 

3 
3 
3 
3 
3 
3 

,7 
.3 
,3 
• 5 
• 3 
.2 

LA~ORATORY 27 
FURNACE ATOMIC 
DATA CANNOT E\E 

ELEMENT MANGANESE ACIDIFIED 
ABSORPTION DIRECT INJECTION 
ANALYZED, 

ll)ENT Mf.~M s.n. 
$PIKE 
DUMMY 
~l 
R~ 
I) ~ 

R4 

LABORATn~Y 49 ELEMENT 
FLAME ATn~TC ARS~ QPTI"~ 
DATA CANNOT BE ANALYZED, 

IOENT MEAN S,D, 

S P T K r: 
l)UM"1Y 
~l ~, 
R?, 
Q. 4 

N Cl C2 

M~NGANESE ACIDIFIED 
ORGANIC EXTRACTION 

N Cl 
<O,l 
<0,1 
<0.1 
<o,l 
<0.1 
<0.1 

C2 
<0,l 
<0.1 
<0.1 
<0,1 
<0,1 
<0.1 

LABORATORY 51 ELEMENT MANGA~ESE ACIDIFIED 
FURNACE ATOMIC ABSOR.PTlON ORGANIC EXTRACTION 

!DENT MEAN S,D. N Cl C2 
SPTKE 
l)UMMY 
Rt 
R? 
R':\ 
R4 

,700 
,233 
,333 
, 300 
,300 
.?67 

.200 
,058 
• . 05 e 

0.000 
0,000 

,058 

~ 
3 
3 
3 
3 
3 

o.5 
0.2 
0,3 
0,3 
0,3 
0.2 

o.g 
0.3 
0,3 
0,3 
0.3 
0.3 

LABORATORY 

C3 

0,34 
0.10 
0.18 
o·.1e 
0,14 
0.16 

Mn 

1 

C4 

LABOQATrJRY 25 

C3 C4 

.6 
• 3 
• 3 
.2 
• 4 
.3 

C3 

LABORATORY 

C3 

<0.1 
<0.1 
<0,1 
< 0. 1 
<0.1 
<O,l 

27 

C4 

49 

C4 

LABORATORY 51 

C3 C4 

0.7 
0.2 
0.4 
0.3 
0,3 
0,3 



- 62 -
Mn Mn 

MANGANESE ACIDIFIED (CONTINUED) 

LABORATORY 63 ELF.ME~T MANGANESE ACIDIFIED LABORATORY 63 FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDENT MEAN s.o. N Cl C2 C3 C4 
SPIKE .355 .010 4 0.36 0.36 0.34 0.36 OUMMY ,070 .012 4 0.08 0.08 0.06 0.06 Rl .140 .010 4 0.13 0.12 0.16 0.15 R2 .138 .010 4 0.13 0.13 0.14 0.15 Q3 .120 .008 4 0.12 0.12 0.13 0.11 R4 .128 .010 4 0.13 0.14 0.12 0.12 

MANGANESE 

FROZEN 

LABORATORY 3 ELEMENT MANGAN~SE FROZF.N LABORATORY 3 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTTON 
DATA CANNOT f'l r ANALYZED. 

IDENT MEAN s.o. N Cl C2 C3 C4 
SPIKE 0.34 0.23 0.35 
l)UMMY 0,050 0.038 0, 064 
Rl 0,078 
R2 0,13 
R.3 0.10 0.10 0.11 
R.4 0.1s 0.16 O. l 8 

LABORATORY 4 fLEMENT MA IIJGAN ES F. FR'lZF.N LABORATORY 4 
FURNACE ATOMtC ABSOQ.PTI!.lN ORGANIC EXTRACT! □~ 

!DENT MFAN s.o. M Cl C2 C3 C4 
<; P J K E ,370 0.000 .? 0.37 0.37 
')lJMMY ,145 ,021 2 0, 16 0.1~ 
Rl .140 ,014 2 0.13 0,15 
~? , ?. 0 0 • 0 1+ 2 2 0.17 0,23 
R3 .115 .007 2 0. 11 0,12 
R4 ,250 ,014 2 0.24 0.26 

LABORATORY 10 ELEMENT MA.NGi\"IESi= i=RnZ~N LABORAHlQY 10 
FURNACF ATOMIC ABSO~PTIQN C 0- PR.EC I PI TA TI nt-1 

IDENT MEAN S. D, N Cl C ?. C3 C '• 
.;;PTKE .~o~ .040 3 .R5 • 7 '3 ,78 
')lJMMY ,4BO ,075 3 ,5o ,41 • 4 7 
~1 e 51 0 ,035 3 ,53 ,47 I '5 3 
R? ,440 .ooo 3 .44 , 4 4 .44 
R3 ,540 ,046 3 .50 .53 .59 
R 't • 51 7 · .040 3 .54 .54 • 4 7 



- 63 - Mn Mn 
MANGANESE FROZEN (CONTINUED) 

LABORATORY 11 ELEMENT MANGANESE FROZEN LABORATORY 11 
FURN~CE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDFNT MEAN s.o. N Cl CZ C3 C4 

SPIKE .340 .010 3 0.34 0.35 o.33 
l)UMMY .083 .006 3 o.og o.oa o.oe 
Rl .203 .021 3 0.18 0.21 0.22 
R2 .113 .012 3 0.10 0.12 0.12 
R3 .073 .006 3 o.oe 0.01 0.01 
R4 .097 .006 3 0. 10 0.09 0.10 

LABORATORY 13 ELEMENT MANGANESE FROZEN LABORATORY 13 
FURNACE ATOMIC ABSORPTION DIRECT INJECTION 
DATA CANNOT AE ANALYZED. 

IOENT MEAN s.o. N Cl C2 C3 C4 
SPTKE <o.5 <o.5 <0.5 
IJUMMY <o.5 <o.5 <o.5 
Rl <o.5 <o.5 <o.5 
R2 <0.5 <o.5 <0.5 
R3 <o.5 <0.5 <o.5 
R4 <0.1 <0.5 <o.5 

LABORATIJRY 16 ELEMENT MANGANESE FROZEN LABORATORY 16 
FLAME ATOMIC ABSORPTir-iN DIRECT INJECTION 
DATA CANNOT BE A.NALYZEO. 

IO!=NT ME1-N s.n. N Cl C2 C3 C4 

SPTKE <50 <50 <50 
')UMMY <50 <50 <50 
R 1 < 50 <50 <50 
R2 <50 <50 <50 
R3 <50 < 50 <50 
R4 <50 <50 <50 

LABORATIJRY 17 ELEMENT MANGA"lESE FROZEN LABORATORY 17 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BF. ANALYZED. 

T 11E NT ~EA N s.o. N Cl C2 C3 C4 

SPil<F. <20 <20 <20 <20 
r)UMt-1Y <20 < 20 <20 <20 en <20 <20 <20 <20 
P2 <20 <20 <20 <20 
Q3 <20 <20 <20 <20 
~4 <20 <20 <20 <20 

LABORATORY 34 ELEM~NT MANGANESE FROZEN LABORATORY 34 
FlJRNACI: ATOMIC ABSORPTION ION EXCHANGE RESIN 
DATA CANNOT BE ANALYZED. 

!OF.NT MEAN S.D. N Cl C2 C3 C4 

SPIKE 0.25 
!"lUM'1Y 0.0'tl 
~l 0.059 
p 7. 0.074 
p~ 0.069 
Q4 0.080 



Mn/Hg - 64 - Mn/Hg 

MANGANESE FROZEN (CONTINUED) 

LABORATORY 39 ELEMENT MANGAN!:SE FROZEN LABORATORY 39 
FURNACE ATOMIC ABSORPTION ION EXCHANGE RESIN 

IDENT Ml:AN s.o. N Cl C2 C3 C4 

~PIKE .285 .035 2 .26 .31 
OIJMMY .055 .021 2 .04 .07 
IH .110 .042 2 .14 .20 
~2 .115 .007 2 .11 .12 
ct 3 .055 .007 2 .06 .05 
R.4 .128 .011 2 .12 .135 

MERCURY 

ACIDIFIED 

LABORATORY 47 ELEMENT MERCURY .ACIDIFIED LABORATORY 47 
FURNACE ATOM1C ABSO~PTION ORGANIC EXT~.ACTION 
BAD REPLICATE --- R3 

'£DENT MEAN S. D. N Cl C2 C3 C4 

SPIKE ,033 .006 3 .03 • 03 .04 
r)UMMY .033 .006 3 .03 .04 .03 
Rl .040 .010 3 .04 .05 .03 
Q2 .030 .ooo 3 .03 .03 .03 
R3 .063 .006 3 .07 .06 .06 
R4 .020 0.000 3 • 02 .02 .02 

LABORATO~Y 53 ELEMENT MERCURY ACIDIFIED LABORATORY 53 
COLD VAPOUR ATOMIC ~BSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .048 .011 2 • 05 '5 .040 
OUMMY .033 .004 2 .035 .030 
~1 .0]6 .001 ? .015 .011 
P, 2 .028 .004 2 .025 .030 
R3 .030 0.000 2 .030 .030 
R4 .030 .001 2 .035 ~025 



- 65 -
Ni NI 

NICKEL 

ACIDIFIED 

LARORATORY 1 ELEMENT NICKEL ACIOIF1ED LABORATORY 1 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .4q7 .060 3 o.44 o.49 0.56 
OUMMY • 160 .044 3 0.11 0.19 0.18 
IU .-15?. .002 2 .153 .15 
R2 .230 .106 3 .35 .19 .15 
R3 .114 .019 3 .132 .094 .111 
R4 .183 .023 3 .21 .11 .11 

LABORATORY 7 ELEMENT NICKEL ACIDil=IED LABORATORY 1 
FURNACF. ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE <0.25 
DUMMY <o.25 
Rl <0.25 
R2 <0.25 
R3 <0.25 
R4 <0.25 

LA~ORATORY 24 ELEMENT NICKEL ACIDIFIED LABORATnPY 24 
FLA ME ATOMIC ABSORPTION ORGANIC EXTRACTIIJN 

!DENT MEAN s.D. N Cl C2 C3 C4 

<::PIKE 1.000 .180 3 1.05 0.8 1.15 
DUMMY .275 .035 2 0.25 0.3 
Rl .375 .035 2 0.4 0.35 
R2 .375 .035 2 0,35 0.4 
R3 .375 .035 2 0,35 0.4 
R4 .350 ,071 2 Oo4 0.3 

LABrJRATORY 25 EL1::MENT NICKFL ACIDIFIED LABORATIJPY 25 
FLAME ATOMIC ABSO~PTION nRGflNIC F.XTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPTKE 2.200 .361 3 1.~ 2.3 ?. • 5 
DUMMY l.?.33 .289 3 1.4 1.4 0.9 
Ql 1.467 .603 3 2.1 1.4 0,9 
R2 .800 .520 3 1,4 o., 0,5 
R3 .433 • '• 0 4 3 0.2 0.2 o.9 
R4 ,q33 ,586 3 0,5 0.1 1.6 

LABORATO~Y 4Q ELF.MENT NICKEL ACIDIFIED LABORATORY 49 
FL AME ATOMTC ABSORPTION ORGANIC FXTRACTION 
DATA CANNOT BF. ANALYZi::D, 

TDENT MEIIN S, D. N Cl C2 C3 C4 

SPTKE <o,5 <o,5 <o,5 
l)UMMY <0.5 <0,5 <0.5 
Rl <0.5 <o,5 <o.5 
~2 <o.5 <0.5 <o.5 
R3 <0.5 <0.5 <0.5 
R4 <o,5 <o.5 <o.5 
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Ni Ni 

NICKEL ACIDIFIED (CONTINUED) 

LABORATORY 63 ELEMENT NICKEL ACIDIFIED LABC'IRATORY 63 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPlKE .723 .084 4 o·. eo o.79 0.65 0.65 
DUMt-1Y .160 .014 4 0.10 0.16 0.15 0.15 
Rl .215 .010 4 0.22 0.20 0.22 0.22 
R2 .213 .021 4 0.20 0.19 0.23 0.23 
R3 .225 .051 4 0.18 o.1q 0.24 0.29 
R4 .198 .022 4 0.19 0.11 0.21 0.22 

NICKEL 

FROZEN 

LABORATOQY 3 ELEMENT NICKEL ~RnZEN LABORATORY 3 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN S.D. N Cl C2 C3 C4 

SPIKE 1.010 .135 3 .86 1.12 1.05 
OUMMY .240 .030 3 .21 .27 .24 
Rl .625 .021 2 • 64 .61 
R2 .210 .050 3 .27 .22 .32 
R3 .430 .115 3 .30 • 5 7- .47 
R4 .• 4 77 .040 3 .44 .47 .52 

LABORATOR.Y 4 ELEMENT NICKEL FROZl:t-.1 LABORATnRY 4 
FURNACE AT Ot-1 IC ABSORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE .5~5 • 0?. 1 2 0.60 o.57 
DUMMY .055 .001 2 0.06 0,05 
Rl .160 .057 2 0.1~ 0.20 
R2 • l O 'J .035 2 0.08 0.1, 
R3 ,140 .042 2 0,17 0.11 
R4 .070 .014 2 0.06 0,08 

LABCIIHTfJRY 10 F.LFMF.NT NICl<F.L FP.OHN LABORATORY 10 
FURNACE ATOMIC ABSO~PTION CD-PRECIPITATION 

I11ENT MEAN s.o. N Cl C2 C3 C4 

SPIKE • 750 .089 3 .82 , 65 ,78 
!)LJMMY .470 .052 3 .44 ,44 .53 
~l ,460 ~035 3 • 1t 4 • 50 .44 
R? .52~ • 14 1t 3 .44 .44 • f,.q 
R3 • ,, 4 7 ,006 3 .45 4 r • :.> .44 
R4 .563 .143 3 • 5 3 • 72 .44 



- 67 -
Ni Ni 

NICKEL FROZEN (CONTINUED) 

L~BORATORY 11 ELEMENT NICKEL FROZJ::N LABORATORY 11 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 
SPJKE .803 .045 3 o.es o.ao o.76 
OUMMY .223 .045 3 0.21 0.22 0.1a i:n .270 .044 3 0.30 0.29 0.22 
R2 .133 0040 3 o.oq 0.11 0.14 
R3 .247 .031 3 0.24 0.20 0.22 
R4 .153 .025 3 0.15 0.13 0.18 

LABORATORY 14 ELEMENT NICKEL FROZEN LABORATORY 14 
FLAME ATOMIC ABC::ORPTION ORGANIC EXTRACTION 
DATA CANNOT BE AN4LYZED. 

!DENT MEAN s.o. N Cl CZ C3 C4 

SPIKE 0 .13 
DUMMY 1.1 
Rl o.q 
R2 0.9 
R3 0.9 
R4 0.6 

LABORATORY 16 ELEMENT NICKEL FROZEN LABORATORY 16 
FURNACE ATOMIC A9SORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZED. 

!DENT MEAN S • 0. N Cl C2 C3 C4 

SPIKE 4.1 <1.4 <1.4 
DUMMY 2.b <1.4 <l.4 
~1 4.8 2.6 <1.4 
Q ?. 2.4 6.6 <1.4 
R3 1.6 7.4 1.6 
R4 1.8 3.0 <J.4 

LA"ORATORY 17 ELF.ME NT NICKEL FROZEN LAB OR A TORY 17 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZfD. 

tf'.IENT MfAN S • D. N Cl C2 C3 C4 

<;PTKE o.5 0.8 0.4 o.5 
l')UMMY <Q.5 <0.5 <0.5 <0.5 
Rl <o.s <o.5 <Q.5 <0.5 · 
Ri <o.5 <o.5 <o.5 <0.5 
R3 <o.5 <0.5 <o.5 <0.5 
R4 <o.5 <0.5 <o.5 <o.5 

LABORATORY ?3 ELEMENT NICKEL FROZEN LAB OR A TORY 23 
FURNACF ATO~IC ABSORPTION Cf(GAN IC EXTRACTION 

IDENT MEhN S • D • N Cl C2 C3 C4 

SPTKE .575 ,021 2 .59 .56 
r)lJMMY .010 .02~ 2 .09 .05 
I{ 1 .1eo .089 3 .21 • 2 5 .os 
R2 .300 .052 3 .3~ .33 .24 
Q3 .175 .120 2 .09 .. '.?6 
R4 .135 • O?. 1 2 .15 .12 
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Ni/Zn 

NICKEL FROZEN (CONTINUED) 

LABORATORY 32 ELEMENT NICKEL FROZEN 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT SE ANALYZED. 
IDENT MEAN s.o. N Cl C2 
SPTKE <,5 <,5 
DUMMY <,5 <,5 
Rl <,4 <,4 
R2 <,4 <,4 
R3 <,4 <,4 
R4 <.5 <.5 

LABORATORY 34 ELEMENT NICKEL FROZEN 
FURNACE ATOMIC ABSORPTION I ON EXCHANGE RESIN 
OATA CANNOT BE ANALYZED. 

IDENT MEAN s.o. N Cl C2 
SPIKE 0.447 
DUMMY 0.149 
Rl 0.191 
R2 0.112 
R3 0,172 
R4 0,169 

LABORATORY 3g ELr:MENT NICKEL FROZl:N 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 

5PIKE 1 . 200 ,100 3 1,20 1.30 
!)UMMY .353 ,127 3 ,21 ,40 
J;tl ,417 .067 3 ,36 ,49 
Q.2 ,420 ,036 3 , 38 ,43 
Q. 3 ,235 .021 2 ,25 ,22 
R.4 .225 . 021 2 ,21 ,24 

ZINC 

ACIDIFIED 

LARnRATnQY l ELEMFNT ZINC ACIDIFIED 
FURNACE ATOMIC ~B50RPTION ORGANIC EXTRACTION 
I DENT MF.AN S,D, N Cl C2 
')PTKE 9.400 1.100 3 9,4 11. 1 !")UMMY 10.100 1. 0-'t4 3 9,5 11.4 Rl 5.850 .636 2 5,4 6.3 R2 4,431 .e39 3 ,; • 4 3 e 9 R3 6.967 .111 3 7,6 1,2 ~ 't 6,300 .424 2 6,0 6,6 

LABORATnRY 

C3 
<,5 
<,5 
<,4 
<,4 
<.4 
<,5 

LABORATORY 

C3 

LABORATORY 

C 3 

1.10 
,45 
.40 
,45 

LABORATORY 

C3 

7.7 
11,2 

4.0 
6.1 

NI/Zn 

32 

C4 

34 

C4 

39 

C4 

1 

C4 
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Zn 

ZINC ACIDIFIED (CONTINUED) 

LABORATORY 7 ELEMENT ZINC ACIDIFIED LABORATORY 7 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

101:NT MEAN s.o. N Cl C2 C3 C4 

SPIKE 9.~33 1.137 3 8.4 9.0 10.6 
DUMMY 9. 550 .354 2 9.3 9.8 
Rl 1.000 1.414 2 6.0 e.o 
R2 5.350 .212 2 5.2 5.5 
R3 6.000 1.414 2 5.0 1.0 
Q4 1.200 1.697 2 6.0 8.4 

LABORATORY 24 ELEMENT Z I NC AC IO I FI E D LABORATORY 24 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

TDENT MEAN s.o. N Cl CZ C3 C4 

SPIKE 8.567 .981 3 s.o a.o 9.7 
OUMMY 9.800 1.131 2 9.0 10.6 
P.1 5.550 • 212 2 5.7 5.4 
R2 5.550 .212 2 5.7 5.4 
R3 5.700 .141 2 5.R 5.6 
R4 6.050 • 778 2 5.5 6.6 

LABORATORY ?. 5 ELEMENT ZINC ACIDIFIED LABORATORY 25 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

5P!l(E 10.467 2.350 3 12.8 8.1 10.5 
!')UMMY 12.100 2.905 3 9.3 15.1 11.9 
Rl 7.467 1.436 3 9.1 6.9 6 • 4 
Q. 2 6.933 2.723 3 4.8 10.0 6.0 
R3 7. 267 3.099 3 7.9 3.g 10.0 
R4 6.767 4.423 3 11.8 5.0 3.5 

LABORATORY 27 ELE'-1fNT ZIMC ACIDIFil:D LABORATORY 27 
FURNACE ATOMIC A8SORPTION DIRECT INJECTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 13.500 2.031 4 16.0 14,3 11.7 12.0 
DUMt~y 12.675 l.Q87 4 13,0 15.3 11.1 10.7 
Rl 10.200 1.qs2 4 12.0 11.7 9. ?. 7,g 
R2 10.475 2,253 4 11,7 13.0 9.0 8.2 
R3 10.300 2.159 4 12.0 12.3 8.8 S ,. 1 
~4 10.000 1.747 4 11.7 11.3 8,3 8,7 

LABORATORY 44 ELEMENT ZINC ACIDJ!=IFD LABORATORY 44 
ELECTROCHEMISTRY Nn TREATMENT SPECIFIED 

ID ENT Mi::li N s.o. N Cl C2 C3 C4 
SPTKE 6,117 .355 3 6.05 6.5 5,8 
OtJM"1Y 5.433 ,Fl',O 3 4.8 6.4 5.1 
Rl 9.133 1.102 3 a.o 10.2 9.2 
R2 9.167 .902 3 8.3 10.1 9.1 
R3 8.767 • 513 3 8.2 8.9 9.~ 
P4 5.833 .321 3 5.7 6,2 5,6 
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Zn Zn 

ZINC ACIDIFIED (CONTINUED) 

LABORATORY 46 ELEMENT ZINC ACIDIFIED LABORATORY 46 FLAME ATOMIC ABSORPTION ORGANIC EXTRACTTON 
IOENT MEAN s.o. N Cl C2 C3 C4 
SPIKE B.900 .900 3 B.9 e.o 9.8 DUM~Y 12.467 .751 3 11.7 12.5 13.2 Rl 4.533 .551 3 5.1 4.5 4.0 R2 4.500 .100 3 4,4 4.6 4.5 ~3 5.500 .436 3 5.2 5.3 6.0 R4 5.667 1.286 3 4.2 6.6 6.2 

LABORATORY 47 ELEMENT ZINC ACIDIFIED LABORATO~Y 47 FU~NACE ATOMIC ABSORPTION ORGANIC EXTRACTION 
IDENT Ml:AN s.o. N Cl C2 C3 C4 
SPIKE 6.467 • 577 3 6.8 6.8 5.8 DUMMY 7.400 .346 3 7.8 1.2 1.2 Rl 3,867 .115 3 3.8 4.0 3.8 R2 5.667 ,416 3 5,8 6.0 5.2 R3 5.600 .173 3 5.7 5.7 5,4 R4 5.633 • 58 6 3 6.3 5.4 5.2 

LABORATQRY 49 ELEMENT ZINC ACJf')!FIED LABORATORY 49 
FLAME ATOMIC ABSORPTION ORGANIC EXT~ACTIClN 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 5.000 1,000 3 4.0 6.0 5.0 
OUMMY 3.933 1.102 3 5.0 2.8 4.0 
Rl 3.467 ].361 3 2.4 5.0 3.0 
R2 3.933 1.102 3 4.0 5.0 2.8 
R3 3.733 1.973 3 2.4 6.0 2.8 
~4 3,500 1,323 3 2,5 5.0 3.0 

Lt>BORATORY 51 ELEMENT ZINC ACIOIFI~O LABORATORY 51 
FLAME ATOMIC ABSORPTI!JN ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 12.333 1,528 3 11.0 12.0 14.0 
DUMMY 14,667 2.309 3 12.0 16.0 16.0 
Rl 5.3?3 1.155 3 6.0 4.0 6.0 
Q2 7.333 l. 15 5 3 6.0 8.0 s.o 
R3 7.333 1.155 ·3 6,0 8.0 8,0 
R4 7,333 1.155 3 6.0 8.0 8,0 

LABORAH1R.Y 5?. 1:LEMENT ZTNC ~CIDIFIEO LABORATORY 52 
ELECT~OCH.::MISTRY NO TR.EA Pl ENT SPECIFIED 
BAD REPLICATE --- Rl 

IDENT MFA N s.o. N Cl CZ C3 C4 

~PIKE 11.0~3 1.575 3 9o4Q 11.03 12.64 
OUMl-1Y 9.t,13 .466 3 9.45 B.Q3 9.A6 ~, 9.530 .822 3 9.83 10.16 8,60 
R~ 6.6R3 .645 3 6.50 6 _, ).~ " -· 7. ltO 
R3 7.430 .806 ? R.oo -r,. e 
R4 7.887 1.201 3 7.03 9 • 26 7.37 
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Zn Zn 

ZINC ACIDIFIED (CONTINUED) 

LABORATORY 53 ELE"1ENT ZINC ACIDIFIEO LABORATO~Y 53 
FLAME ATOM[C ABSORPTION ORGANIC EXTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPTKE 9.467 2.650 3 12.5 8.3 7.6 
DUMMY 9.~33 .153 3 10.0 9.7 9.B 
Rl 5.767 .252 3 5.5 6.0 5.8 
R2 5.433 .379 3 5.0 5.7 5.6 
R.3 5.200 .173 3 5.0 5.3 5.3 
R4 5.300 .173 3 5.5 5.2 5.2 

LABORATORY 54 ELEMENT ZINC ACIDIFIED LABORATORY 54 
FURNACE AT 0~ IC ABSORPTION ORGANIC EXTRACTION 

!DENT MEiN s.o. N Cl C2 C3 C4 

SPTKE 5.500 .500 3 6.0 5.0 5.5 
">UMM Y 31.167 1.258 3 30.0 31.0 32.5 
Rl 8 • q3 3 • 702 3 9.6 8.2 9.0 
R. 2 5.700 3.119 3 9.3 3.8 4.0 
R. 3 2.667 .416 3 2.8 2.2 3.0 
R.4 3.500 .889 3 3.8 2.5 4.2 

LABORATORY 58 ELEMENT ZINC ACIDIFIED LABORATORY 58 
ELECTROCHEMISTRY ND TREATMENT SPECIFIED 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 26.433 2.325 3 27.3 23.8 28.2 
DUMMY 44.733 1.501 3 4A.2 44.8 43.2 
~l 8.500 1.732 3 7.5 7.5 10.5 
Q2 11.600 .520 3 11.0 11.9 11.9 
R3 11.000 0.000 3 11.0 11.0 11.0 
R4 12.?.00 1.039 3 12.a 12.e 11.0 

LAfH1RATC:RY 61 ELF.MENT ZINC ACIOTFI!:D LABORATORY 61 
FLAME ATOMIC AE'SnRPTifJN DIRECT INJECTION 
DATA CANNOT BE ANALYZED. 

IDENT MEAN S • D. N Cl C2 C3 C4 

SPIK~ 10 
OUM MY 10 
Rl <10 
R. 2 <10 
R3 <10 
R4 <10 

L A B O R A T /1 I: ·, 62 ELEMENT ZINC ACIDIFIED LABORATORY 6?. 
E L E C T P ~,c: •~ I: M I S TR Y NO TREATMENT SPFCIFIED 

l !"le NT MEAN s.o. N Cl C2 C3 C4 
<;PYKE a.5r7 .971 3 8. 8 g.4 7.5 
OUMMY 7,500 .200 3 7,1 ., • 5 7.7 
Ql 5 • ?. 6 7 ,306 3 5,6 5,2 5.0 
R2 6.000 .8R9 1 5o0 6.3 6.7 
R3 2,833 .208 3 2,6 3.0 2,9 
Q4 3.167 .153 3 3.2 3.3 3,0 
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Zn Zn 

ZINC ACIDIFIED (CONTINUED) 

LA80RATORY 63 ELEMENT ZINC ACIDIFIED LABORATnRY 63 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 C3 C4 

SPIKE B.293 .acn 4 B.90 9.18 7.81 1.28 
DUMMY B.663 1.193 4 9.65 9.74 7.64 7.62 
Ql 7.518 1.630 4 9.92 1.11 6.66 6.38 
R? 7.848 2.252 4 11.08 7.69 6.38 6.24 
R.3 7.775 1.424 4 6.44 7.51 7.36 9.79 
R4 6.560 • 62 6 4 1.11 6.97 5.73 6.43 

ZINC 

FROZEN 

LABORATORY 3 ELEMENT ZINC FROHN LABORATORY 3 
ELECTROCHEMISTRY ORGANIC EXTRACTION 
!DENT MEAN s.o. N Cl C2 C '3 C4 
~PIK!: 6.867 .503 3 7.4 6.4 6.B 
DUMMY 7.467 • 651 3 6.8 7.5 e.1 
Rl 4.100 .283 2 4.3 3.9 
R2 3,900 .500 3 ~.9 4.4 3.4 
~3 3.767 .416 3 3.3 3.9 4.1 
R4 4.833 .058 3 4.9 it• 8 4.8 

LA80RAT(1RY 5 ELEMENT ZINC f-ROZEN LABORATORY 5 
ELECTPOCf-iEMISTPY NO TREATMENT SPECIFIED 
IOENT MEAN S. D. N Cl C2 C3 C4 

SPIK.E -5.800 ,265 3 5.7 5,6 6.1 
f)IJMMY 9.000 .100 3 e.q 9.0 9.1 
Rl 5.033 • l '5 3 3 4 . 9 5.2 5.0 
~2 5.333 .05R 3 5.3 5.4 5,3 
Q. 3 6,767 .153 3 6.6 6.9 6.8 
R4 6.867 .05B 3 6,8 6.9 6.9 

LABORATORY q ELEMFNT ZINC FROZEN LABORATORY '3 
ELECTROCHEMISTs>Y NO TREATl1ENT SPECIFIED 

!DF.NT MFHl s.o. N Cl C2 C3 C4 

~PTKE 1. lR3 .ll9 ~ 1.1.0 1.13 1.32 
f)UMMY 2.473 .071 3 2.46 2.41 ?.55 
Rl 1,973 .075 3 1,97 1.90 2.05 
Q ?. 1. 4,, 3 .125 3 1.50 1.53 1.30 
Q1 .830 .069 3 o.7'1 o.a1 0.87 
R4 1687 .urn 3 0,77 0.48 o.a1 
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Zn Zn 

ZINC FROZEN (CONTINUED) 

LABORATORY 10 ELEMENT ZINC FROZEN LABORATOQY 10 
FURNACE ATOMIC ABSORPTION CO-PRECIPITATION 
IOENT MEAN s.o. N Cl C2 C3 Cit 

SPIKE a.ooo .436 3 8.3 e.2 7.5 
DUMMY ~.733 .56q 3 a.q 8.1 9.2 
Rl 5 • Q3 3- .289 3 5.6 6.1 6.1 
R2 5.867 .252 3 6.1 5.6 5.9 
R3 5.267 .289 3 5.6 5.1 5.1 
R4 4.733 .289 3 4.4 4.9 4.9 

LABORATrJRY 11 ELEMENT ZINC FR □ Zf:N LABORATORY 11 
FLAME ATOMIC AASORPTION ORGANIC EXTRACTION 

!DENT MEAN s.o. N Cl C2 C3 C4 

$PIKE 7.017 .112 3 1.10 7.06 6.89 
r)UMMY 7.420 .040 3 7.42 7.46 7.38 
Rl 4 • 570 • 12 8 3 4.54 4.46 4.71 
R2 3.280 .052 3 3.34 3.25 3.25 
R3 4.527 .214 3 4.28 4.65 4.65 
R4 3.620 .399 3 3.31 3.48 4.07 

LABORATORY 13 ELEMF.NT ZINC FROZEN LABORATORY 13 
FLAME fiTOMlC A.BS OR PTI ON ORGANIC EXTRACTION 

IDE~T MEAN S.D. N Cl C2 C3 C4 

~PTKE 6.500 .707 2 1.0 6.0 
IJUMMY 8.300 1.131 2 9.1 7.5 
Rl 4. 700 .283 ? 4.5 4.9 
Q2 3.g50 .495 2 4.3 3.6 
R3 5.550 .636 2 5.1 6.0 
R4 5.950 .011 2 5.9 6.0 

LABORATO~Y 14 ELEMENT ZINC FROZEN LABORATORY 14 
FLAMF ATOMIC ABc:;OQPTlON ORGANIC EXTRACTION 
DATA CAN~OT 13E ANALYZED. 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPTKE 0.8 
r')LJMM Y 1.1 
P. 1 0.9 
R2 o.CJ 
R3 0.9 
R4 0.6 

l.Al30RATORY 1 5 FLEMt:NT ZINC FROZEN LABORATORY 15 
FLAMf ATO.'-HC I\BSORPTIDM ORGANIC EXTRACTION 

IOENT MEAN s.o. N Cl C2 C3 C4 

SPTKE 4.9Cl3 • O 1?. 3 5.00 4.98 5.00 
r)LJMMY 5.800 .141 3 5.95 5.67 5. 78 
~1 3.7n7 • l f. 8 3 3. 13 9 3.67 3.56 
R? 4.170 .?59 3 4.40 4.22 3.89 
R3 2.937 elh6 3 ?. • 7 A ~ • l l 2.9~ 
Q.'t 2.943 .30Q 3 3.00 2.61 3.22 
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ZINC FROZEN (CONTINUED) 

LABORATORY 16 ELP1ENT ZINC FROZEN LABORATORY 16 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 
DATA CANNOT BE AN~LYZEO. 

IOENT MEiN s.o. N Cl C2 C3 C4 

~PIKE <3.2 <3.2 <3.2 
DU'1MY <3.2 3.3 <3.2 
rn <3.2 <3.2 3.5 
R2 <3.2 <3.2 3.9 
R3 <3.2 <3.2 <3.2 
R4 <3.2 < 3. 2 <3.2 

LABORATORY 17 ELEMENT ZINC FROZEN LABORATORY 17 
FLAME ATOMIC A9S ORPTION ORGANIC EXTRACTION 

!l)ENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 5.875 .532 4 5.9 5.9 6.5 5.2 
DUMMY 6.000 • 1 73 3 6.2 5.9 5.9 
Rl 3.500 .458 3 3.9 3.6 3.0 
R2 3.600 .300 3 3.9 3.6 3.3 
R3 5.467 2.650 3 4.3 3.6 8.5 
R4 3.900 .ooo 3 3.9 3.Q 3.9 

LABORATnRY 23 EL E '1E NT ZINC FROZl:N LABORATORY 23 
FL A ME ATrJMIC tiBSOQPTION ORGANIC EXTRACTION 
BAD R.EPLICATE --- ~2 

!DENT MEAN s.o. N Cl C2 C3 C4 

SPIKE 5.500 .141 2 5.4 5.6 
DUMMY 6.900 .141 2 1.0 6.8 
Ql 4.300 .200 3 4.5 4.1 4,3 
R?. 11.067 .351 3 11.4 11.1 10.1 
R3 3.850 .011 2 3.8 3.9 
R4 3.300 0.000 2 3.3 3.3 

LAJ3DRATO~Y 32 ELEMENT ZINC FR07FN LABORATORY 32 
FLAME ATn~IC ABSO~P T ION ORGANIC F.XTRACTirJN 
DATA CANNOT 13 E ANALYZED. 

!DENT MEAN S. 0. N Cl C2 C3 C4 

SPTKE <.25 <.~5 <.25 
r)UMMY 1.3 0.5 <. ?. 5 
~l <o4 <.4 <~4 
~2 <.4 <.4 <.4 
R3 <.4 <,4 <.4 
R4 <,25 <.25 <.25 

LABORATQRY 34 ELf:MFNT ZTNC l=ROZF:N LABORATORY 34 
FURNACE hTDMIC At'\<::ORPTION ION EXCHANGE R ts I "'I 
DATA C A"'NOT BE Ar,,,JALYZED. 

IOENT MEAM s.o. N Cl C2 C3 C4 
SPTKF 4.060 
DUMMY 4.130 
Rl 2.310 
R2 2.500 
R~ 2.690 
Q4 2.500 
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Zn 

ZINC FROZEN (CONTINUED) 

LABORATORY 3q ELEMENT ZINC FRO!EN 
FURNACE ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s. o. N Cl C2 

SPIKE 7.0f:,7 .058 3 1.1 7 • 0 . 
DUMMY 8.400 .200 3 B.2 B.6 
IU 3.600 0.000 3 3.6 3.6 
R2 4.300 .200 3 4.3 4.5 
R3 3.-767 .404 3 4.0 4.0 
~4 3.967 .153 3 4.1 4.0 

LA!30RATDRY 41 ELEMENT ZINC FROZEN 
FLAME ATOMIC ABSORPTION ORGANIC EXTRACTION 

IDENT MEAN s.o. N Cl C2 
SPIKE 4,633 .115 3 4.7 4.5 
DUMMY 4,700 ,200 3 4,5 4.7 
Rl 3,233 , 351 3 2.9 3,2 
R2 3,000 .300 3 2,7 3,0 
R'3 1.lf-.7 .153 3 1.0 1.2 
R4 3.367 .058 3 3.3 3.4 

LABORATORY 55 ELEMENT ZINC FROZEN 
FLAME ATOMIC AB~ORPTION ORGANIC EXTRACTION 
DATA CANNOT BE ANALYZF.D. 

!DENT MF.AN S,D. N Cl 

SPIKE 9.6 
DUMMY 11.4 
Rl 2.5 
R2 4.4 
~3 6.4 
Q4 4,8 

LABORATORY 56 
SPECTROPHOTOMETPY 

ELEMENT ZINC FROZEN 
CO-PRECtPITATION 

C2 

IDE NT MEi.N S.D, N Cl C2 

SPIKE 
OUM._,Y 
Rl 
R2 
R3 
R4 

6.000 
6,000 
3,500 
3,900 
3,700 
3,600 

,100 
,300 
.100 
,100 
.100 
,100 

3 
3 
3 
~ 
3 
3 

Zn 

LABORATORY 3q 

C3 C4 

7.1 
8.4 
3.,, 
4.1 
3.3 
3.8 

LABORATORY 41 

C3 C4 
4.7 
4.9 
3.6 
3.3 
1,3 
3.4 

LABORATORY 55 

C3 

LABORATORY 

C3 

C4 

56 

C4 



APPENDIX I I ADDENDUM 

An extra set of results was received from an additional Canadian 
laboratory that analysed residual water within samples provided 
to a listed participaMt. Their reported concentrations for 
acidified samples analysed by anodic stripping voltometry at the 
storage pH are listed below but not included in any of the data 
interpretation. 

IDENT. MEAN S.D. N. C1 C2 C3 C4 

Cadmium 
Spike .22 0 2 0.22 0.22 
Dummy .070 .020 4 0.049 0.072 0.063 0.097 

R1 .035 .010 4 0.023 0.033 0.036 0.048 
R2 .048 .010 4 0.042 0.039 0.061 0.048 
R3 .058 .003 3 0.057 0.061 0.056 

Copper 
Spike 1.95 .07 2 1.9 2.0 
Dummy .64 .22 4 0.55 0.51 O. 51 0.97 

Rl . 16 .04 4 0. 12 0. 147 0.21 O. 18 
R2 .25 . 14 4 0. 17 . o.46 O. 15 0.21 
R3 2.83 . 75 4 2.3 3,9 2.3 2.8 

Lead 
Spike .43 .01 3 o.43 o.43 0.44 
Dummy .42 .09 4 0.29 0.43 0.49 0.46 

Rl .47 .02 4 o.45 o.46 0.49 a.so 
R2 .52 .03 4 o.48 0.52 0.52 0.54 
R3 .68 .05 3 0.63 0.73 0.68 

► 0. 
0. 

---.l 

► c.. 
c.. 

°" 
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APPENDIX I I I 

ARSENIC FRIJZEN 

-----------------------REPLICATES I DUMMY-----------------------
LAB 

15 

MEAN 
REPS 

2.500 

s.o. 
REPS 

.163 

SANAL 

.102 

f SIGNIF 

6.70 SIG 

MEAN 
DUMt-1Y 
2.263 

DIFF 

.237 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN MEAN OIFF PER CE~T F SIGNIF T 

SPIKE DUMMY RECOVERY 

15 1.973 2.263 -.290 o.o 22.eo SIG -4.77 

NOMINAL SPIKE VALUE IS 0.000 UG/L. 

AN ASTERISK INDICATES A MEAN LESS THAN THREE TIMES SANAL. 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR AT-TEST. 

SIG~IF 

SIG 
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CADMIUM ACIDIFIED 
-----------~------------------

-----------------------REPLICATES I DUMMY-----------------------
LAB MEAN s.o. $ANAL F SIGNif MEAN DIFF 

REPS REPS DUMMY 

1 .055 .014 .014 .92 NS .073 -.018 
2 • 08 5 .011 .012 .83 NS .083 .002 
7 ,085* .030 ,033 ,56 NS .125 -,040 

24 ,065 ,010 .014 .oo NS .oso -,015 
25 • 39 2 .100 .100 ,97 NS ,433 -,042 
26 ,039* .013 ,014 ,39 NS ,030* ,009 
27 ---
33 .080 ,005 ,003 6,95 SIG ,08~ -.001 
38 ,027* .027 .012 18,75 SIG .067 -,040 
42 ,17R ,079 ,030 22.75 SIG .100 .011 
44 ,023 .006 ,006 1,31 NS ,033 -.010 
46 ,059 .016 ,011 4.51 c; IG .040 .019 
47 .060 ,023 .006 42,13 SIG .047 ,013 
49 · 
51 .073 ,008 .006 2,67 NS .067 .001 
52 1,495* .647 .564 2.06 NS 1.420* .075 
53 .065 .008 .005 4,00 NS .065 -.ooo 
54 .110 .032 .026 3,15 NS • 103 ,007 
58 
61 
62 ,093 ,015 .ooo 999.00 SIG ,060 .023 
63 .057 .011 .011 1,26 NS ,068 -.031 

----------------------SPIKE I OUM MY----------------------------
LAB MEAN MFAN DIFF PER CENT F SIGNIF T SIGNIF 

SPIKE DUMMY RECOVERY 

1 .139 ,073 ,066 30.8 9,51 SIG -6,92+ SIG 
2 .273 .083 .190 89.0 123,79 SIG -1,38 NS 
7 • 2·s o .125 ,155 72,8 192.20 STG -5.19 STG 

24 .250 .080 • 1 70 79.8 130.05 SIG -2.88 NS 
25 .50() .433 .067 31.3 4,00 NS -4.39+ SIG 
?. 6 .1G8 .030* .168 78.6 708,79 SIG -7,23+ SIG 
27 
33 .332 ,082 ,250 117,4 999,on SIG 3?.66 STG 
38 .073 .067 .007 3.1 ,17 NS -12,91 SIG 
4i' .310 .100 .210 98.6 29.40 SIG -.08 NS 
44 .080 .C33 .047 21.9 19.60 ~IG -15.78 STG 
1t 6 .180 .040 .140 65.7 ';88.00 SIG -12.64+ ~IG 
47 ,223 .047 ,177 82.9 999.00 SIG -7,71 STG 
49 
51. .230 • 0 f, 7 ,ln3 76.7 109.14 SIG -3.18+ NS 
52 3.273 1.420* 1,F353 870,l 13,99 STG 3,31 SIG 
53 .225 • 0 () 5 • 160 75.l 512.00 SIG -7,50 SJG 
54 ,237 .103 .133 62,6 114,ZQ SIG -6.39 SIG 
5A 
61 
62 ,290 ,060 .230 108,0 529.00 STG 1.70+ NS 
63 .203 .088 • 115 54.0 40,18 SIG -5.40 SIG 

NOMINAL SPIKE VALUE IS 0 ?.13 UG/L. 

AN ASTERlSK TWHCATES h MF ~-N LESS TH~N T~Q.EE TTMES SANAL. 
A PLUS SIGN INDIC.HES UNEQUAL VARIA!\lCES F '1 p A T-TEST, 
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CADMIUM FROZEN 
------------------------------

-----------------------REPLICATES I DUM~Y-----------------------
LAB MEAN s.o. SANAL F SIGNIF MS::AN DIFF 

~EPS REPS OUMr-,y 

3 .051 .015 ,003 85.76 SIG .043 .ooe 
4 .03'3* .016 .015 2.12 NS .043* -.005 
5 • 0413 ,016 .002 184.56 SIG .057 -.008 
8 .101 .060 .011 41.88 SIG .023* .078 

10 .065 .015 .013 2.10 NS .065 .ooo 
11 .035 .015 .006 22.01 SIG ,054 -.019 
12 ,063 ,006 .002 31.00 SIG .074 -.011 
13 .067 .031 .018 5.60 NS .010 -.003 
13 .047 .012 .006 g. '50 NS .055 -.008 
14 --- ----
15 ,048 .010 .008 3.85 NS .03g .009 
16 
17 
23 .185* .153 .105 4.33 NS ,040* .145 
32 
34 
39 • 0':\2 .014 .008 9.56 SIG .058 -.026 
41 .129 ,014 • 0·16 .20 NS ,113 • 016 
4A 
55 
56 .042 .004 .002 20,25 SIG .03 8 .004 

----------------------SPIKE I DUMMY----------------------------
LAB MEhN MEAN DIFF PER CENT F SIGNIF T SIGNIF 

SPIKE DUMMY RECOVERY 

3 ,131 ,043 ,087 40.9 56.61 SIG -10,86 SIG 
4 • 165 .043* ,123 57,'5 91,18 SIG -7.05 SIG 
5 .200 .057 .143 67.3 150. 9 4 SIG -5,97+ STG 
8 ,183 ,023* .1.60 75.1 288,00 SIG -5.62 SIG 

10 • ?. 3 0 ,065 .165 77.6 ~51.29 SIG -4.57 SIG 
11 .200 .054 ,146 6 8 • '5 212,45 SIG -6.69+ SiG 
12 .345 ,074 ,271 121.2 999,00 STG g.06 STG 
13 .155 ,070 ,035 39.9 7,05 NS -4.00 NS 
13 ,140 ,055 ,085 39,9 4. 4 5 NS -3.18+ N~ 
14 ----
15 ,145 .039 .106 49.9 999,00 SIG -52.61 SIG 
16 ---
17 
23 ,140* • ('l 40* ,100 46.9 100.00 SIG -11.30+ NS 
32 
34 
3q ,185 ,058 ,127 59.5 123,77 5TG -7.58 STG 
41 .210 ,113 .111 54.8 306,25 STG -14.45 SIG 
ld:I 
55 
56 .213 .039 ,175 82,2 7::\ 5. 00 SIG -5.89+ SIG 

NOMINAL SPIKE VALUE IS ,213 · UG/L, 

AN ASTERISK INr'ITC/\TES ,. MEAN LF. S S THAN THREF. TTMES SANAL. 
A PLUS SIGN INDICATES UNEQUAL VAQ.UNCES FnR A T-TEST, 
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CHROMIUM ACIDIFIED 

-----------------------REPLICATES I OUMMY-----------------------
LAB MEAN S.D. SANAL F SIGNIF MEA~ OIFF 

1 
38 
49 

REPS REPS DUM~Y 

• 271 
1.593* 

.086 

.518 
.067 
.590 

2.12 
.15 

NS 
NS 

.15 7* 
1.41.3* 

.114 

.1 79 

----------------------SPIKE I DUMMY----------------------------

LAB MEAN M~AN DIFF PER r.ENT F SIGNIF T SIGN!~ 

l 
3~ 
49 

SPIKE DUMMY RECOVERY 

1.005 
1.800 

.157* 
1.413* 

.848 

.387 
84.8 
38.7 

NOMTNAL SPIKE VALUE rs 1.000 UG/L. 

30.51 
.56 

SIG 
NS 

-.99 
-1.19 

AN ASTERISK INDICATES A MEAN lESS THAN THREE TIMES SANAL, 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR AT-TEST. 

CHROMIUM FRnZEN 

NS 
NS 

-----------------------REPLICATES I DUMMY-----------------------
LAB MEAN S, D, SANAL F SIGNIF MEAN DIFF 

REPS REPS OUMMY 

10 ,523* ,310 .329 • 58 NS .373* .150 
14 
15 
17 

----------------------SPIKE I OUMMY----------------------------
LAB MEAN MEAN DIFF PER CENT F SIGNIF T SIGNIF 

SPIKE DUMMY RECOVERY 

10 ,757* ,373* , 3 83 38.3 6.88 NS -4,22+ 
14 

__ ..,.. _ 

15 
17 

N □ ~tINI\L S P I K F: VALUE IS 1.000 UG IL, 

AN I\STERlSK tNOJCATCS A MEAN LESS THAN THREE TIMES SANAL. 
A PLUS SIGN INDICATES UNEQUAL VAR!ANCF.S ~OR AT-TEST. 

NS 
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COBALT ACIDIFIED 
------------------------------

-----------------------REPLICATES I DUMMY-----------------------
LAB KEAN S.D. SAN AL 

25 
4g 
63 

REPS REPS 

.500* e2A9 .2a1 

F 

1.05 

STGNif 

NS 

ME4N 
DUMMY 

.400* 

OIFF 

.100 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN MEAN DIFF 

25 
49 
63 

SPIKE DUMMY 

.900 .400* .500 

PER CENT F SIGNIF 
RECOVERY 

100.0 999.00 SIG 

NOMINAL SPIKE VALUE IS .500 UG/L. 

T SIGNIF 

-.oo+ NS 

AN ASTERISK INDICATE~ A MEAN LESS THAN THREE T!MES SANAL. 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR AT-TEST, 

COBALT FROZF.N 
------------------------------

--~--------------------REPLICATES I DUMMY-----------------------
LAB ME=AN s.o. 

REPS REPS 
10 .185 .017 
16 2.340* 1.361 
17 

SANAL F SIGNIF MEAN OIFF 

.011 
1,302 

6.19 
1,28 

STG 
NS 

DUMMY 
.1g3 

2.000• 
-.008 

,340 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN MFAN 

SPIKE DUM"1Y 

10 .640 .193 
16 2,650* 2,000* 
17 

NOMTNAL SPIKE V~LUE IS 

OIFF PER CENT F SJGNIF T SIGNIF 
RECOVERY 

• '• 4 7 ,650 
~CJ. 3 

130.0 

.500 UG/L. 

121.32 
1.00 

STG 
NS 

-1.32+ NS 
.23+ NS 

AN ASTERISK INDICATES A MFAN LESS THAN THR~E TIMES SANAL, 
A PLUS SI~N INDICATES UNEQUAL VARIANCES FOR A T-T~ST. 
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COPPER ACIDIFIED 

-----------------------REPLICATES I OUMMY-----------------------

LAB MEAN S.D. SANAL F SIGNIF MFAN OIFF 

1 
2 
7 

24 
25 
26 
27 
33 
38 
42 
44 
46 
47 
49 
51 
52 
53 
54 
5A 
61 
62 
63 

REPS REPS DUMMY 

.564* 

.364 
1.323* 

.181 
2.400 

.603 

.233 
10.883 

1.508 
.958 
,725 

,208 

.381 

.og5 

.747 

.038 

.559 
• 126 

.010 
2,883 

.289 

.247 
• 15 4 

,8A8 
.709 
.057 

1.935 

.028 

.314 

.057 

.477 

.035 
• 3g9 
.087 

.010 
2.554 

.109 
,280 
.058 

2.74 
9.81 
4,38 
1.44 
4.54 
5,41 

1.00 
2.00 

23.05 
.19 

23.58 

,216 59.35 
,580 2.64 
.010 78.50 
.075 999.00 

.024 2,96 

NS 
SIG 
NS 
NS 
SIG 
STG 

N<i 
NS 
SIG 
NS 
SIG 

SIG 
NS 
SIG 
SIG 

NS 

,300* 
.195 
.975* 
.130 

1,300 
.367 

,170 
3.110* 
1.430 

.667* 

.833 

.367* 
1.797 

.215 
1,467 

.170 

.264 

.169 

.348 

.051 
1.100 

• 241 

.063 
7.773 

.011 

.292 
·-.108 

1.308 
-.238 

.0?5 
1.078 

.038 

--------------~-------SPIKE I OUMMY----------------------------
LAB MEAN MEAN DIFF PER CENT F SIGNIF T SIGNIF 

1 
? 
7 

24 
25 
26 
27 
33 
38 
42 
44 
46 
47 
49 
51 
52 
53 
54 
58 
61 
62 
63 

SPIKE DUMMY RECOVERY 

1,700 
2.120 
2,500 
2.033 
7,100 

?,070 
7.f:,23* 
3,530 

• qr, 7 
1,700 

20933 
3,023 
l,967 

25,'500 

1,440 

,300* 
• l 9 l:J 
.975* 
.130 

1,300 
.367 

.1 70 
3.J 10* 
1,430 

.667* 
, f1 3 3 

.367* 
1.797 

.215 
1.467 

• l 70 

1,400 
1.925 
l,525 
1.903 
5.800 

1,900 
4,513 
2.100 

.300 

.867 

2.567 
1,227 
1,752 

24.033 

1,270 

66.7 
91.7 
72,6 go.6 

276.2 

90.5 
214.9 
100.0 
14.3 
41,3 

122.2 
58.4 
83,4 

1144.4 

60.5 

N0MTNAL SPI~F. VALUE IS 2.100 UG/L, 

7.06 
999,00 

50,97 
101.52 
999.00 

999.00 
22.63 

189,81 
3,12 

169,00 

118.58 
8.34 

999.00 
999.00 

155.34 

NS 
SIG 
SIG 
SIG 
SIG 
N/A 

SIG 
SIG 
SIG 
NS 
SIG 

)IG 
SIG 
STG 
SIG 

SIG 

-1.00+ 
-3.36 
-2.69 
-1.04 
32.04+ 

-10.87 
2,54+ 
o.oo 

-10.59 
-18.50 

1.98 
-2.06 

-10.33+ 
72.66 

-8.15+ 

AN ASTERTS~ INDICATES A MEAN LESS THAN THREE T!M~S SANAL. 
A PLUS SIGN INDICATES UNE0UAL VARIA~CES FOR A' T-TEST. 

NS 
SIG 
NS 
NS 
SIG 
NIA 

STG 
NS 
NS 
ST r, 
SIG 

N <; 
NS 
STG 
SIG 

SIG 



- 83 -

COPPER FROZFN 

-----------------------REPLICATES I DUMMY-----------------------
LAB 

3 
4 
5 
8 

10 
11 
12 
13 
13 
14 
15 
lo 
17 
23 
32 
39 
41 
48 
55 
56 

MEAN 
REPS 

.239 

.158 

.113 

.458 

.779 

.163 
1.733 
1.025 

.450 

.010 

.151 

.103 

.287 

.163 

,170 

S.D. 
REPS 

.029 

.084 

.020 
,11? 
.121 
.028 
.931 
.260 
,393 

.024 

.048 

.028 

.032 

.Obl 

• 026 

----------------------SPIKE 
LAS MEAN MEAN DIFF 

SPIKE DUMMY 

3 
4 
5 
8 

10 
11 
12 
13 
13 
14 
15 
16 
17 
23 
32 
39 
41 
I+ B 
55 
56 

1.780 
1,755 
1.~33 
2.013 
1,867 
1.507 
2.500 
1,400 
2,050 

1.280 

1,300 

1.200 
1.307 
1.100 

1,500 

,150 
2.240 

.203 
,483 
.610 
.140 

l , 2 g 0 
,650* 
,600 

,052 * 
,260 
,200 

.100 

1,630 
-.485 
1.030 
1,530 
1.257 
l,3A7 
1.220 

.750 
1,450 

1.230 

1.160 

1,148 
1,047 

,900 

1,400 

SANAL 

.010 

.001 

.015 

.050 
,091 
,019 
.266 
.250 
,050 

,017 

,017 

.022 
,030 
.053 

,019 

F SIGNIF 

25,02 SIG 
326.33 SIG 

3.65 NS 
16.44 SIG 

4,48 SIG 
4,82 SIG 

29.12 SIG 
1,20 NS 

142,67 SIG 

4,96 NS 

22.10 SIG 

2.~6 NS 
1,44 NS 
3. 02 NS 
3,73 NS 

MEAN 
DUMMY 

,150 
2.240 

.201 

.483 

.610 
,140 

1.280 
.650• 
,600 

.050* 

,140 

,052* 
,260 
.200 

.100 

OIFF 

• oeq 
-2.083 

- • 09 0 
-.026 

,169 
.023 
.453 
,375 

-,150 

.020 

.011 

.056 
,027 

-.038 

.010 

I DUMMY----------------------------
PER CENT 
RECnVERY 

77,6 
-23.1 

49,0 
12.g 
59.8 
65,1 
58,l 
35.7 
69,0 

58.6 

55,2 

54.7 
1t q, 8 
42,9 

-F 

580,Q5 
2.89 

945,36 
133,34 
725.15 
999,00 

25,49 
45,00 

168.20 

341,26 

999.00 

~87,53 
999,00 
297,79 

999.00 

SIGNIF 

SIG 
NS 
STG 
SIG 
SIG 
SIG 
SIG 
SIG 
SIG 

S!G 

SIG 

SIG 
SIG 
SIG 

STG 

T SIGNTF 

-6,95 SIG 
-9.07 SIG 

-31.94+ SIG 
-4,30 STG 

-18.07+ SIG 
-29,6':i SIG 
-3.64 N5 

-12.01 SIG 
-5.81 SIG 

-l3e07+ S1G 

-94.00+ SIG 

-16.31+ SIG 
-34,90+ 5!(; 
-23.0l SIG 

-19.93+ STG 

NOMINAL SPIKE VALUE rs 2.100 UG/L. 

AN ASTERI~K INDICATES A MEAN LE5S THAN THREE TIMES SANAL, 
A PLUS ~IGN INDICATES UNEQUAL VARIANCES FOR AT-TEST. 
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IRON ACIDTJ:IS:D 
------------------------------

-----------------------REPLIC~TES I DUMMY-----------------------
LAB MEAN s.o. SANAL F SIG~IF MEAN DIFF 

REPS REPS OUMMY 

l 1.015* • 361 .377 .73 NS .555"' .460 
25 2.622 .349 .115 33.58 SIG 1.233 1.389 
27 ---- ---
33 1.025 .142 .073 15.()2 STG .760 .265 
38 1.403* .491 .532 .41 NS 1.787 -.379 
49 
51 4.2013 1.544 .707 14. '3 2 SIG 2.333 1.875 
53 1.000 .185 .173 1.33 NS .600 .400 
58 
61 
63 1.035 .311 .221 5.95 SIG .910 .125 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN ME AN DIFF PER CENT F SIGNIF T 

SPIKF. DUMMY RECOVF:~Y 

1 4.067 .555* 3.512 103.3 34.77 SIG .19 
25 4.000 1.233 2.767 '31 • 4 23.35 SIG -1.11 
27 ---
33 5 • Ct, C .760 4.2 3 0 1?5.9 999,00 SIG ~4.10 
38 1.103* 1.787 -.6B3 -20.1 6. 8 4 NS -15.63 
49 
51 6.500 2.333 4.167 122.5 89.29 SIG 1.74 
53 2.800 .600 2.200 64.7 18.15 SIG -3.00+ 
58 
61 
63 3.008 .910 2.098 61.7 37.86 SIG -3.82 

NOMINAL SPIKE VALUE IS 3.400 UGIL. 
AN ftSTERISK I~OICATES A MEAN LESS THft~ THREE TIMES SANAL, 
A PLUS SIGN JNDICATES UNEQUAL VA~IANCES FOR AT-TEST. 

SIGNIF 

NS 
NS 

5IG 
SIG 

NS 
NS 

SIG 
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IRON FROZEN 
------------------------------

-----------------------REPLICATES I DUMMY-----------------------
LAB MF.AN s.o. S ANAL F SIGNIF MF.AN OIFF 

RE PS REPS DUMMY 

3 .43R .169 .043 54.76 SlG .477 -.038 
4 1.333 .400 .214 12.67 SIG .860 .473 

10 5.825 1.067 1.120 .66 NS 4.233 1.592 
11 .515 .076 .055 4.~8 SlG .307 .208 
13 1.233 .308 .183 5.60 NS 1.aoo -.567 
13 1.517 .204 .235 .39 NS 1.750 -.233 
16 15.364* 10.013 9.431 1.42 NS 5.667* 9.697 
17 

_____ .., 

32 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN MEAN OIFF PER CENT F SIGNIF T 

SPIKE DUMMY RECOVERY 

3 1.745 .477 1.268 37.3 31.25 SIG -7.15+ 
4 3.440 .860 2.580 75.9 449.76 SYG -6.74 

10 5,833 4.233 1.600 47.1 22.81 SIG -5.37 
11 7-.190 .307 1.883 55.4 999.00 SIG -63.10 
13 2.300 15800 .500 14.7 2.78 NS -9.67+ 
13 2.900 1.750 1.150 33.8 4.68 NS -4.23 
16 18.500* 5.667* 12.833 377.5 1.36 NS .65+ 
17 
32 

NOMINAL SPIKE VALUE IS 3.400 UG/L. 

AN ASTERISK INDICATES A MEAN LESS THAN TH~EE TIMES SANAL. 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR A T-TESTo 

SIGN!F 

NS 
SYG 
SIG 
SIG 
N~ 
NS 
NS 
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LEAD ACIDIFIED 
------------------------------

-----------------------REPLICATES I DUMMY-----------------------
LAB MEAN s.o. SANAL f SIGNIF M~AN DtFf 

RF. PS REPS DUMMY 

1 .652 ,182 ,183 ,96 NS .433* .218 
2 .458 ,078 1048 10,19 SIG ,205 .253 
7 

24 ,475 ,158 .112 3,33 NS .125* .350 
25 2,14~ ,557 .508 1,73 NS 2,133 .008 
26 .42~ • 08 3 .075 1.98 NS .300 .123 
33 .390 .032 ,028 2,41 NS • 2 ') O .140 
42 .343 .073 .030 18.24 SIG .190 • l '> 3 
44 .550 I 131 ,114 2,31 NS ,650 -.100 
46 .692 ,115 ,097 2,52 NS ,490 ,203 
47 
49 ~----
51 ,608 ,138 .144 • 68 NS .3'33* .275 
52 5,221 1,638 1.154 4,39 STG 2.111• 2.444 
53 • 5 50 ,074 .032 11.33 STG • 30 5 .245 
54 1,366 ,839 ,237 43.45 STG ,417* ,949 
58 1. 717 .349 ,287 2,73 NS 3.433 -1.717 
61 
63 .543 ,081 .051 8,61 SIG .363 .180 

----------------------SPIKE I DUMMY----------------------------
LAB ME~N MEAN DIFF PER CENT F SIGNIF T SIGNIF 

SPIKE DUMMY RECOVl:RY 

1 .370* .433* -.063 -31.7 5,16 NS -9.44 SIG 
2 .500 .205 ,295 147,5 36.90 SIG 1,96 NS 
7 -~--

24 .283* ,125* ,158 79.2 6,CJ9 NS -.70 t-lS 
25 1,733 2.133 -.400 -200.0 .30 NS -.83 NS 
?..f:. .~no NIA NIA 
33 ,410 .250 I ir,o 80.0 60, 2 4 SIG -1,94+ NS 
42 .250 ,190 ,060 30.0 10,80 SIG -7.67 STG 
44 , 5 8 0 .650 -.070 -35,0 .59 NS -?. • q 1 SIG 
46 .517 ,490 .027 13.3 .09 NS -1.97 NS 
47 
49 
51 .667 • 3 3 3 ~~ ,333 1.66.7 7.1.4 N~ 1,07 N) 
52 3~4;:i3* 2. 77"1* • 6 7 7 33R.3 3.45 NS 1,31 MS 
5~ .390 'l n ,. 

• • J .... • J .085 42,5 3.96 "1 s -;;>.69 NS 
54 0,000* • 'tl 7* -.417 -?OR,3 89,29 STG -13.98+ SIG 
Ii 8 3.533 3.411 .100 50.0 .03 NS -.17 NS 
61 ---
63 ,418 .363 .055 27,5 .34 NS -1.53 NS 

NOMINAL SPTKE VALUE IS .200 UG/L, 

AN ASTERISK INl")ICATE~ ~ MEAN LESS TH/\~ THREE TIMES S A~aL. 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR A T-TEST. 
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LEAD FROZEN 

-----------------------REPLICATES I OUMMY-----------------------

LAB MEAN S.D. SANAL F SIGNIF MEAN O!FF 

5 
8 

10 
11 
12 
13 
13 
14 
15 
16 
17 
23 
34 
41 
48 
5 .5 
56 

RE.PS REPS DUM~Y 

.455 

.?.79 
1.083 

.110 

.574 
1.063 

.600 

.502 

.344* 

.54~ 

.295 

.243 

.033 

.071 

.642 

.042 

.115 

.160 

.107 

.088 

.346 

.087 

.092 

.053 

.027 

.031 

.l0A 

.045 

.026 

.162 

.050 

.066 

• 278 

.021 

.040 

.038 

3.05 
17.19 

125.72 
.55 

45.45 
.94 

9.33 

3.79 

63.24 
28.89 

4.33 

NS 
SIG 
SIG 
NS 
SIG 
NS 
SIG 

NS 

NS ---SIG 
SIG 

SIG 

.383 

.110 

.320* 

.173 

.730 

.750 

.450 

.339 

.075* 

.407 

.310 

.110• 

.012 

.169 

.763 
-.003 
-.156 

.313 

.150 

.163 

.269 

.141 
-.015 

.133 

----------------------SPIKE I DUMMY----------------------------
LAB M~AN MfAN DIFF PF.R C~NT F SIGNIF T SIGNIF 

SPIKE DU~MY RECOVERY 
I': _, 
~ 

10 
11 
12 
13 
13 
14 
15 
16 
1 7 
23 
34 
41 
'• R 
55 
56 

.420 .383 .037 l~.3 

.1go .110 .oeo 4o.o 

.480 .320* .160 80.0 

.237 .173 .063 31.7 

.510 .730 -.220 -110.0 

.750 .750 0.000 o.o 

.650 .450 .200 100.0 

.535 

.4R7 

.330 

,260 

.339 

.075* 

,407 
,310 

,110* 

,040 

,080 
.020 

.150 

98,0 

20,0 

40.0 
10,0 

75.0 

NOMINAL SPTKE VALUE I~ .200 UG/L, 

1.5g 
27,43 
s.oo 

13.88 
5.69 
o.oo 

• 4 7 

1.98 

28.BO 
.18 

39,71 

NS 
SIG 
SIG 
STG 
NS 
NS 
NS 

SIG 

NS 

SIG 
NS 

SIG 

-5,6~ 
-7, 8 n 
-.71 

-8.04 
-4, 5f:i 
-2,83 
-.oo 
- • l 4 

-5. 49 

-8.05 
-3.79 

-2.10+ 

AN ASTERISK INDIChT~S A MEAN LESS THAN THREE TIMES SANAL, 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR AT-TEST, 

SJG 
STG 
NS 
STG 
SIG 
N5 
NS 

NS 

~Ir, 
SIG 

NS 
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MANGANESE ACIDIFIED 
---------------------------~--

-----------------------REPLICATES I DUMMY-----------------------

LAB MEAN s.o. SANAL F SIGNIF MF.AN DIFF 
RE PS RF.PS DUMMY 

1 • 1613 .038 .032 2.51 N~ .097* .012 
25 .317 .083 .096 • 12 NS .300 .011 
27 
49 
51 .300 .043 .041 1.33 NS .233 .067 
63 .131 .014 .012 2.34 NS .070 .061 

----------------------SPIKE I DUMMY----------------------------

LAB MEA~ MFAN DIFF PER CENT f SIGNIF T 
SPIKE DUMMY RECOVERY 

1 .383 .097* .287 70.6 86.00 SIG -2.37 
25 .633 .300 .333 92.6 100.00 SIG -.so+ 
21 
49 
51 .700 .233 .467 129.6 15.08 SIG .89 
63 .355 .010 .285 79.2 999.00 SIG -9.8?. 

NOMINAL SPIKE VALUE IS .360 UG IL. 

AN ASTERISK IN~TCATES ~ MEAN LESS THAN TH~EE TIMES SANAl. 
A PLUS SIGN INDICATES UNEOUAL VARIANCES FOR AT-TEST. 

MANGANtSt FROZ.1:N 

SIGNIF 

NS 
NS 

NS 
SIG 

-----------------------REPLICATES I OUM MY-----------------------
LAB MEAN s • r). SANAL F SIGNIF MEAN OIFF 

.REPS R~PS l)UM"IY 
3 
4 ,176 .059 .024 13.12 SIG .145 .031 

10 .502 .049 .035 4 • 51 STG .480 • 0??. 
11 .122 .053 .013 61.26 SIG .083 .038 
13 
16 
17 
34 
39 ,117 • 0 1t 7 • 0?. 2 8.97 SIG .055* .062 

----------------------SPIK~ I DUMMY----------------------------
LAB MEAN r~ FAN DIFF PER Cl=NT F SIGNIF T 

SPIKI= DUMMY RECnVl:RY 

3 
4 .370 • 14 5 .225 62o5 ?.?.5.00 SIG -9.00+ 

10 • fl 0'3 .480 .323 139.8 42. ·77 S I G -.74 
11 ,340 .083 ,257 7] • 3 999.00 SIG -15.50 
13 
16 
17 
~4 ~-.--
39 .285 .055* .230 61,9 6 2, 2 '• SIG -4.46 

NnMIN/,L (:PIKE VALUE 1 S • 360 UG /L • 

AN ASTERISK JN~JCAT ES A MEAN LESS THAN THREE TI~ES SANAL. 
A PLUS SIGN lNDICATrS UNEQUAL VARIANCES l=OR AT-TEST, 

SIGNIF 

NS 
N~ 
SIG 

SYG 
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MERCURY ACIDIFIED 

-----------------------REPLICATES I DUMMY-----------------------
LAB 

47 
53 

MEAN 
REPS 

.030 

.026 

S.I). 
REPS 

.010 

.001 

SANAL 

.006 

.004 

f SIGNIF 

9.00 SIG 
5.55 NS 

ME~N 
DUMMY 

.033 
,033 

DIFF 

-.003 
-.001 

----------------------SPIKE I DUMMY----------------------------
LAB MEAN Ml:AN DIFF PER CENT F SIGNIF T SIGNIF 

SPI'<E DUMMY OECOVERY 

47 .033 .033 0.000 o.o o.oo NS o.oo NS 
53 1048 .033 .015 o.o 3.60 NS 1.90 NS 

NOMINAL SPIKE VALUE rs 0.000 UGIL. 
AN ASTERISK INO!CATES A MEAN LESS THAN THREE TIMES SANAL. 
A PLUS SIGN INDICATES U~EOUAL VARIANCES FOR AT-TEST, 
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NICKEL ACIDIFIED 

-----------------------REPLICATES I DUM~Y-----------------------

LAB MEA.N S.D. SANAL f SIGNIF MEAN DIFF 
REPS REPS DUMMY 

1 .171* .067 .059 2.05 NS .160* .011 
7 

24 .36C) .037 .047 .14 NS .275 • QC) 4 
25 .908* .598 .534 1.93 NS 1.233* -.325 
49 ---
63 .213 .029 .030 .58 NS .160 .052 

----------------------SPIKE I DUMMY----------------------------

LAB MEAN Ml:AN D IF F PER CENT F SIGNIF T 
SPIKE DUMMY RECOVERY 

l .497 .160* .337 42.l 61.45 SIG -10.79 
7 

24 1.000 .275 .725 90.6 28,56 SIG -.55 
25 2.200 1.233* .967 120.8 13,14 SIG .62 
49 
63 .723 .160 ,563 70.3 175,17 SIG -5.5q+ 

Nr.JMINAL SPIKE VALUE IS .aoo UG/L, 

AN ASTERISK INDICATES A MEAN LESS THAN THREE TIMES SANAL, 
A PLUS S!GN INDICATES UNEQUAL VARIANCES FOR AT-TEST. 

NICKEL FROZEN 

SIGNIF 

SIG 

NS 
NS 

STG 

-----------------------REPLICATES I OUMMY-----------------------

LAB MEAN S.D. SANAL F SIGNIF MEc\N DIFF 
RE PS 1UPS DUMMY 

3 .435 .139 .071 10,52 SIG .240 .195 
4 ·-119* • 0 lt 8 .040 1.95 r-..1s .055* .064 

10 .498 .101 .103 • 8 5 NS .470 .028 
11 • 201 • 068 .036 10.74 SIG .223 -.023 
J.4 
16 
17 
23 .206* • 09?. • 0 78 2.25 NS .070* .136 
32 
34 
3q • 3 1t 3 .104 ,045 13.79 SIG .353 -.010 

----------------------SPIKE I DUM~Y----------------------------

LAR MfhN MF. ~N r) IF F PER CENT F SIGNIF T SJ.GNTF 
SPIKF: DUMMY RECnVERY 

3 1.010 • ;, 1t 0 .770 96.2 93.62 SIG -,38+ NS 
4 5Ah . . . .05~>* .530 6 6. 2 q9q,oo S TG -17.013 STG 

10 ,750 .470 .280 3 5. 0 ?2.19 SIG -8.75 STG 
11 .803 .22'3 .580 72.5 248.16 SlG -5.98 SIG 
14 
ln 
17 
23 .575 .070* .505 63.l 408.04 S f.G -11.80 SIG 
32 
34 
39 1.200 • 3 Ii 3 .847 105,8 82.61 SIG ,50 NS 

NOMINAL SPI'<~ Vf\LUF.: IS .noo UG/lo 

AN ASTERViK INDICATES A ME AN LESS THf\N F-lD~E TIMES S~NAL. 
A Pl.US SIGN INOICATf=S UNEQUAL VA~IA~CF.S FOR A T-TF.ST. 



- 91 -

ZINC ACIDIFIED ~-----------------------~-----
-----------------------REPLICATES I DUMMY-----------------------

LA8 ME AN s.o. SAN Al F SIGNIF MEAN DIFF 
REPS REPS OUM"1Y 

l 5.850 1.21g .730 6.36 SIG 10.700 -4.850 
7 6.388 1.279 1.316 .87 NS 9.550 -3.163 

24 5.713 .387 .423 .62 NS 9.800 -4.088 
25 7.108* 2.666 3.108 .03 NS 12.100 -4.qg2 
27 10.244 1.837 2.044 .04 NS 12.675 -2.431 
44 8.225 1.594 .774 12.91 SIG 5.433 2.792 
46 5.050 .840 .734 2.14 NS 12.467 -7,417 
47 5.1g2 ,861 .374 16.74 SIG 7.400 -2.208 
49 3.658* 1.274 1,476 .01 NS 3.933* -,275 
51 6,833 1.337 1.155 2,25 NS 14.667 -7,833 
52 7.321 .969 ,935 1.26 Ne:; 9,413 -2.og2 
53 5.425 ,314 ,258 2,75 Ne.; 9.833 -4.408 
54 5.200 2,905 1,672 8.40 SIG 31.167 -25,967 
58 10.825 1.718 1,043 7,29 StG 44.733 -33,908 
61 
62 4.317 1,467 .487 30,56 SIG 7,500 -3,183 
63 7,425 1,520 1,593 .56 NS 8.663 -1,238 

---------=-~--~-------SPIKE . DUMMY----------------------------I 

LAB ME AN MEAN DIFF PER CENT f StGNIF T SIGNIF 
SPIKE DUMMY RECOVERY 

1 9.400 10.700 -1.300 -65.0 1.21 NS -2.87 SIG 
7 9,333 9.550 -.211 -10,8 .06 NS -2.55 NS 

24 8.567 9eROO -1.233 -61.7 1.11. NS -3.43 SIG 
25 10.467 12.100 -1.633 -81.7 .57 NS -1.68 NS 
27 13.500 12.675 .825 41.3 .34 NS -.83 NS 
44 6.11 7 5 • 4 3 'l ,683 34.? 1.65 NS -2.47 NS 
46 8.900 12.467 -3.567 -178.3 27.79 SIG -8.23 SIG 
47 6,467 7.400 -.933 -46,7 5.76 N~ -7.55 SIG 
49 5.000 3,933* 1,067 53.3 1.54 NS -1.09 N~ 
51 12.333 14.667 -2.333 -lH,.7 ?. • l 3 NS -2.71 NS 
52 11.053 9.413 1.640 82.0 2.99 NS - • '3 8 NS 
53 9.467 9.833 -.367 -18,3 .06 NS -1.54+ NS 
54 5.500 31.167 -25.f.67 -1283.3 999.00 SIG -35.39 SIG 
58 26.433 44.733 -18.300 -915.0 131.22 SIG -12.11 SIG 
61 
6l ~.567 7.500 1.067 53.3 3.47 NS -l.63+ N~ 
63 8.293 8.663 -.370 -18,5 .25 NS -3.18 $IG 

NOMTNAL SPIKE VALUE IS 2.000 UG/L. 

AN ASTFRISK INOICATES A MEAN LESS THAN THREE TTMES $At-UL. 
A PLUS STGN INDICATES UNEQUAL VARIANCES FOR A T-TEST. 



ZINC FROZEN 

-----------------------REPLICATES I OUMMY-----------------------
LAB MEAN S.D. SANAL F SIGN IF MEAN DIFF 

3 
5 
8 

10 
11 
13 
14 
15 
16 
17 
23 
32 
34 
39 
41 
55 
56 

REPS REPS DUM~Y 

4.155 
6.000 
1.233 
5.450 
3.999 
5.038 

3.439 

4.117 
3.886 

3.908 
2.6q2 

3.675 

.545 

.867 

.546 

.563 

.621 

.888 

.584 

1.421 
• 4 63 

.340 

.953 

.176 

.365 

.115 

.121 

.280 

.237 

.429 

.233 

1.353 
.146 

.238 
0245 

.100 

5.08 
203,83 
12.02 
12.18 
22.62 

8 • 68 

20.26 

4.80 
52.83 

8.75 

SIG 
5IG 
SIG 
SIG 
SIG 
SIG 
SIG 

NS 
SIG 

SIG 
SIG 

SIG 

7.467 
9.000 
2.473 
8.733 
7.420 
8.300 

5.800 

6.000 
6.900 

8.400 
4 • 70.0 

6.000 

-3,312 
-3.000 
-1.240 
-3.283 
-3.421 
-3.263 

-2.361 

-1.883 
-3.014 

-4.492 
-2.008 

-2.325 

----------------------SPIKE I OUMMY----------------------------

LAB MEAN M~AN DIFF PER CENT F SIGNIF 1 SIGNIF 

3 
5 
8 

10 
11 
13 
14 
15 
16 
17 
23 
32 
34 
39 
41 
lj 5 
56 

SPIKE DUMMY RECOVERY 

6.867 
5.800 
1,183 
s.ooo 
70017 
6,500 

4.993 

5,875 
5.500 

7.067 
4.633 

6.000 

7.467 
9.000 
2.473 
8.733 
7.420 
8.300 

5.800 

6,000 
6.900 

e.400 
4.700 

6.000 

-.600 
-3.200 
-1,290 
-,733 
-,403 

-1.800 

-,B07 

-.125 
-1.400 

-1.333 
-,067 

0.000 

-30,0 
-160.0 
-64.5 
-36,7 
-20.2 
-90.0 

-40,3 

-F:,. 2 
-10.0 

-66.7 
-3.3 

o.o 
NOMINAL SPIKE VALUE IS 2,000 UG/l, 

1.60 
384.00 
259.12 

3,14 
34,78 

3,64 

97,44 

• l "i 
98,00 

123.08 
• ?. 5 

o.oo 

NS 
SIG 
SIG 
NS 
SIG 
NS 

SIG 

NS 
SIG 

SIG 
NS 

NS 

'-5.47 
-31.84 
-41.05 

-6.61 
-35,14 

-4.03 

-34.35+ 

-6.53 
-24.04 

-27.74 
-15.50 

-10.95 

AN ASTERISK INOICATES A MEAN LE~S THhN THR~E TI~ES SANftL. 
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR A T~TEST. 

SIG 
SIG 
SIG 
SIG 
SIG 
NS 

SIG 

SI t:; 
SIG 

SIG 
SIG 

SIG 



Indication of spine colours 

Reports of the Advisory Committee 
on Fishery Management ••••••••••••••••••••••••• 

Reports of the Advisory Committee on 
Marine Pollution ••••••••••••••••••••••••••••• 
Fish Assessment Reports ••••••••••••••••••••••• 

Pollution Studies ••••••••·•••••••••••••••••••• 

Others ....................................... 
-0-0-0-
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