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MANAGEMENT PERSPECTIVE 

The Upper Great Lakes Connecting Channels (UGLCC) have been 
designated as "Areas of Concern" by the International Joint Commission. 
A Canada-U.S. binational study, involving the identification and assess- 
ment of the environmental impacts of toxic substances, in those areas, 
was initiated in 1984. In order to assist analytical laboratories, 
which are contributing data to the UGLCC study, to generate reliable and 
accurate data during the study, a Quality Management work Group was 
formed and thirteen interlaboratory performance evaluation studies were 
implemented. This report describes the results from the fifth 
interlaboratory performance evaluation study, QM-5, which consisted of 
the analysis- of seven trace inetals in water samples. Results were 
received from 11 out of 14 participating laboratories (six Canadian, 
five.U.S.). Overall, most of the data received from the participants 
were satisfactory and comparable. All laboratories have been provided 
with the appropriate feed-back. 

Dr. J. Lawrence 
Director 
Research and Applications Branch
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‘* 
- "1 Les canaux reliant les Grands Lacs1d'amont (Upper §reat-»M 

v _ . 

Lakes Connecting Channels (UGLCC))ont été désignés "zones ' 

.d¢ preoccupation" par la Commission mixte internationale; Une étude 
binationale Canada-E.—U. portant sur 1'identification et 1'évaluation 
des impacts environnementaux des substances toxiques dans ces 
gzones a été entreprise en 1984; Afin d'aider les laboratoires 
&'ana1yse qui fournissentides donneesQporJJéfixk:de,ces canaux, 
a produire des donnéés fiables et précises au cours de 1'étude, 
un Groupe de travail sur la gestion de la qualité a été créé et 
treize études interlaboratoires d'évaluation du rendement ont été 
entreprises. "Le présent rapport décrit les résultats de la .- 
cinquieme étude interlaboratoire d'éva1uation du rendement, QM-5, 
qui a porté sur 1'analyse de sept métaux a 1'état de traceldans les 
échantillons d‘eau. Des résultats ont été fournis par ll des 14 
.1aboratoires participants (six du Canada, cinq des §.—U.). Dans 
l'ensemble, la plus grande partie des données reques des 
participants était satisfaisante et acceptable. Tous les laboratoires 
Ont re<;u' des ='comme_ntaire‘s appropriés. 1 Y:

I



ABSTRACT 

The Upper Great Lakes Connecting Channels (UGLCC) Study 

recognizes Quality Assurance/Quality Control (QA/QC) aspects as crucial 

elements to the overall utility of study results. As part of the QA/QC 
program, 13 interlaboratory performance evaluation studies were designed 

and conducted by the Quality Management work Group. 
This report describes the results from the fifth interlaborae 

tory performance evaluation study, QM-5, which consisted of the analysis 
of trace metals in waters samples. Results were received from 11 out of 

14 participating laboratories (six Canadian, five U.S.). Data was 

evaluated for bias by Youden's ranking technique and results which de- 

viated significantly from the median were flagged. The interlaboratory 
comparability of trace metal data was satisfactory for all of the para- 

meters. The agreement between the design values and the interlaboratory 
medians was good in all cases. Results were accurate and precise in 

most cases. Laboratories U096 and U075 had the highest.percentage of 
their results flagged (48% and 36% respectively). Included in this 

report is a summary of each laboratory's performance.
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0' I RESUME 

L'Etude sur les canna1.'15:'re1i:ant les Gcands‘Lacs”d'-'aniont (Upper- 

Great Lakes Connecting Channels (UGLCC)) a reconnu que les aspects 
de 1'assurance de la qualité et du contrfile de la qualité (AQ/CQ) 

étaient des Efléments capitaux pour l'utilité dfun ensemble des 
résnitats de 1'étude.» Dans le cadre du programme f(Ao/co” 13

' 

études interlaboratoires d'évaluation du rendement ont été-congnes 
et menées par le Groupe de travail sur la gestion de la qualité. 

Ce rapport décrit les résultats de la cinquiéme étudel 

interlaboratoire d'évaluation du rendement, QMQSQ qui a porté sur 

l'analyse des métaux 5 l'état de tracesdans les échantillons d'eau. 
Des résultats ont été requs de ll des 14 laboratoires participants 
(six Gu Canada, cinq des E.-U.). Les données ont été évaluées 
pour la mise en évidence d'erreurs systématiques selon la technique 
de classification de Youden et les résultats qui présentaient des 
déviations significatives Par rapport B la médiane ont été 
indiqués. I.-a comparabilité interlaboratoire des données sur les 
flétaux 5 l'état de trace;était satisfaisante pour tous les 
parametres. L'accord entre les valeurs de conception et les 
‘flédianes interlaboratoires étaient bonnes dans tous les C35» 
Les résultats étaient exacts et précis dans la plupart des cas. 
Les la5oratoires’UO96 et U075 avaient le plus fort pourcentace 
d'écarts indiqués (48 % et 36 %, respectivement).' On trouvera 
ci~inc1us un résumé des données de rendement de;chaque‘. 
laboratoire. Y
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IUTRODUCTION 

The Upper Great Lakes Connecting Channels (UGLCC) have been 

designated as "Areas of Concern" by the International Joint Commission 

(IJC). To identify and deal with the environmental problems, a three 
year, binational study was initiated in 1984, involving Canadian and 

U.S. environmental and resource agencies, to study the St. Marys, 
St. Clair and Detroit Rivers, and Lake St. Clair. The study involves 

identifying, quantifying and determining the environmental impacts of 
conventional and toxic substances from various sources. 

The UGLCC Study recognizes Quality Assurance/Quality Control 

(QA/QC) aspects as crucial elements to the overall utility of study 
results. As part of the QA/QC program, 13 interlaboratory performance 
evaluation (QC) studies were designed and conducted by the Quality 
Management Work Group. The goal of these QC studies is to assist 

analytical laboratories, which are producing data for the UGLCC study, 
to generate reliable, accurate data and to assess their overall 

performance during this study. A total of some 100 parameters (organic, 
inorganic and physical properties) in three types of matrices (water, 
sediment and biota), will be assessed. 

This fifth interlaboratory study, QM~5, was intitiated on 

January 31, 1986. It involved the analysis of seven trace metals in 

surface water. The original deadline for reporting results was set for 
April 30, 1986. However, several laboratories were late in reporting, 
so the study was not closed until August 8, 1986, 

STUDY PROFILE 

From the returned questionnaires, the following 13 labora- 
tories affirmed that they would participate in this study: U001, U010, 

U013, U014, U049, U057, U075, U077, U079, U091, U0b3, U078, U090. By 

the time the study closed, the last three laboratories had not sent back 
any results. Laboratory U096 was a new participant who Joined the
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study at a later stage and requested samples well into'the study. (See 

the list of participants at the end of this report.) 
Each laboratory was provided with four water samples, that had 

been preserved with nitric acid, as described in Table 1. Samples 501 

and 504 were naturally occurring surface water samples spiked with trace 

metals and samples 502 and 503 were prepared frmn a 1:3 dilution of 

sample 501 with distilled deionized water. All samples were well 

characterized reference waters developed by the Quality Assurance 

Project team, Research and Applications Branch of the National Hater 

Research Institute (NHRI). The design values and interlaboratory medians 

are given in Table 2. ‘The design values are based on in-house and 

external analyses. The same water‘ samples were used in, the Federal= 

Provincial Interlaboratory QA Program (1). The design values for the 

trace metals in these samples were confirmed by the interlaboratory 

medians of the Federal-Provincial Studies. 
Participants were asked to analyze samples 501-504 for seven 

trace metals (iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc 

(Zn), cadmium (Cd), lead (Pb)). In order to provide some indication of 

the precision of such analyses, these samples were sent out in blind 

duplicate pairs, as shown in Table 1. 

RESULTS AND DISCUSSION 
Analytical Methodology 

All samples could be analyzed by direct aspiration, with 

suitable standards. However, some laboratories have employed wet diges- 

tion techniques, to obtain the same acid matrix as their calibration 
standards, and/or to preconcentrate the water samples by evaporation to 

improve detectability. Seven laboratories used flame atomic absorption 

spectrophotometry (AAS) for the analyses. Three laboratories used 

inductively coupled plasma atomic emission spectrometry (ICP-AES) and 

two laboratories used direct current plasma (DCP)-AES. See Table 3 for 

details of the methodology.



- 3 - 

Data Evaluation 

All raw data submitted by the participants are listed by 

parameter- in the data summary (Appendix TT). Individual laboratory 
results for QM-5 were evaluated by the Youden ranking technique (2) for 

the detection of bias, as well as a computerized flagging procedure (3). 

A laboratory's results are judged biased high or low, when its total 

rank is outside of a statistically allowable range. Results are flagged 

very low, low, high or very high, when they deviate significantly from 

the interlaboratory median. For a further explanation of the ranking 

and flagging procedure, see Appendix I. This statistical procedure, 

which semi—quantitatively evaluates data accuracy is widely used in 

other interlaboratory QC studies. A summary of the ranking and flagging 

of the data is given in Appendix II. The overall accuracy of trace 

metal results has been summarized in Table 4. In this table, the number 

of results reported, the sum of results flagged and a statement of 

biased results are presented for each laboratory. 

By parameter, paired sample plots have been included as a 

graphical illustration of systematic vs random errors, precision and 

accuracy of the participants‘ data (see Appendix IV). The diagonal line 

in the plots, is a 45° line passing through the design levels of the 

spiked water samples. The design value is represented by the letter D 

and the median by the letter M. If vertical lines were drawn from the 
labs‘ points to the 45° line, the lengths of these vertical lines would 
be directly related to the random errors. The lines would intersect the 
45° line at various distances from the design value. These distances 
are directly related to the systematic errors of the laboratories (4). 

The closer the laboratories‘ values are to the diagonal line, the better 
their precision.
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General- Comments 

Laboratories U001, U010, U075 and U091 reported their data by 

the originally set deadline (April 30, I986). All laboratories,“exoept 

U013 and U096 submitted their results by the second closing date (August 

8, 1986). Laboratory U096 did not become involved with this study until 

quite late. They requested samples on May 22, 1986, while the samples 

had been sent to the other participants on February 28, 1986. Since 

laboratory" U013 submitted their results extremely late (October 17, 

1986), well after the final data summary had been sent out, their 

results were only included in the Youden plots and not in the data 

summary or the ranking and flagging procedures. Their data and 

methodology can be found in Appendix V. 

An extra set oi’ samples was requested by laboratory U010. 

Computer printouts of the raw data were sent" to all reporting 

laboratories for verification in July, 1986. All laboratories returned 

their results verified, except for laboratory U001, whose results were 

verified by telephone. Several changes occurred. Laboratory U049 had 

originally reported their values in the wrong units and also with 

different detection limits for Fe, Cu, Zn, Cd. and Pb. Laboratory U096 

had reported the wrong values for Cd. In December, laboratory U013 

reported a transcription error for Zn, see Appendix V. 

A final data summary was sent to the participating 
laboratories, the Quality Management work Group, the Work Group 

Chairmen, the Management Committee and Activity Integration Committee 

Chairmen on September 15, 1986. _ 

The overall interlaboratory performance of trace metal 

analysis was satisfactory. After the rejection of outliers, the 

interlaboratory relative standard deviations (RSO) for all metals were 

within 20%. In all cases, the difference between the design values and 

the interlaboratory medians was less than 10%. After the rejection of 

laboratory U075‘s Fe data for sample 502, the difference between the
r
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medians and means was less than 10% for all of the parameters. In most 

cases, the precision of within laboratory analysis was within a relative 
standard deviation (RSD) of 10%, except for five sets of samples from 

laboratory U013 and one set, from laboratories U049, U075, U079 and 

U091. Detection limits reported by the laboratories ranged from 0.2 to 

100 pg/l, and can be found in Appendix II in the Youden ranking and 

flagging section. ' 

General Comments by Parameter 

Most laboratories analyzed all seven metals, except for 

laboratory U057 which did not analyze Pb and laboratory U095 which did 
not analyze Fe or Pb. _ 

All parameters were analyzed well by most laboratories, with a 

few exceptions. As can be seen from Table 4, laboratory U001 had the 
most accurate results with no flags or biases for both methods used. 

Laboratory U049 results were also accurate with no.biases and only 2% of 
their results flagged. Laboratory U096 had the least accurate results 
with 48% of their results flagged and two parameters biased low. 

Laboratory U075 was next in line with 36% of their results flagged and 
three biased high parameters. 

Youden plots are included as an indication of systematic vs 
random errors, precision and accuracy (see Appendix IV). 

For Fe, precision for all laboratories was within a RSO of 10% 
except for laboratory U075 (502 & 503 - 55%). Most of the laboratories 
were within 110% of the design value except laboratory U075 was notably 
inaccurate for sample 502 and very high for sample 503, and results from 
laboratory U014 were biased high, 

For Co, precision was very good with a RSD of 5% except for 
laboratories U079 (502 & 503 - 14%) and U013 (502 & 503 - 20%). Results 
were accurate in most cases, except sample 503 for laboratory U075 was 
very high.
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For Ni, precision was also quite good with a RSD of 7%. 

Results were accurate, except that all Ni results from laboratory U096 
were biased low and the plots indicated a systematic error. 

» For Cu, precision was within a RSD of 11%, except for labora- 
tory U013, whose results were more erratic (RSD > 20%), and in two cases 
high. Results from both laboratories U075 and U077 were biased high. 

For Zn, precision was within a RSD of 8%. Overall, the 
results reported were fairly accurate, except results from laboratory 
U075 for lsamples 502 and 503 were extremely high, which indicated a 

contamination problem in those two samples. 
For Cd, precision was within a RSD of 10%. Results were 

accurate,a except that laboratory U096 seemed to have a systematic 
problem, as allresults were precise but biased low. 

For Pb, precision was within RSD of 11%, except for laboratory 
U013, where the RSD was 30% (502 & 503) and in two cases high. Results 
from the rest of the laboratories were accurate, except for biased high 
results from laboratory U010 and two very low results from laboratory 
U014. 

Lab-Specific Comments (See Appendix III for each laboratory's dppraisal) 

U001 (U001A, U001B) 

This laboratory provided two sets of data, one determined by 
AAS (UOOIA) and the other by ICP - AES (U00lB). Both sets of results 
were accurate and precise with no flags or biases. 

The precision between duplicate results was within a RSD of 
6%. 

110,1 0 

This laboratory had 13% of their results flagged. Fe results 
were satisfactory, except for one high flag. Results for Co, Cu and Cd
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were all satisfactory with no flags or biases. For Ni, although no 

results were flagged, ranking indicated results were biased high. 

Results for Zn had two high flags and one very high flag. Pb had one 

very high flag and ranking indicated results were biased high. Precision 

between duplicate samples was within a RSD of 8%. 

ELM 

This laboratory had 14% of their results flagged. Results for 

Co, Ni, Cu, Zn and Cd were all satisfactory with no flags or biases. Fe 

results had two very high flags and ranking indicated that the results 

were biased high. Pb results had two very low flags. Precision between 
duplicate samples was within a RSD of 10%.

% 
Overall, this laboratory's results were satisfactory. Only 2% 

of the results were flagged and there were no biases. Data for all 

parameters were satisfactory and only Pb results had one low flag. The 

precision between duplicate samples was within a RSD of 6% for all 

parameters except for Cu (501 & 504 - 11%). 

U057 

V 

This laboratory had 8% of its results flagged. Pb was not 
analyzed. Data for C0, Cu. Zn, and Cd were all satisfactory with no 

flags or biases. One Fe result was flagged low and ranking indicated 
the results were biased low. Ni data had three low flags. Precision 
between duplicate samples was within a RSD of 8%.
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U075 

This laboratory had 36% of their results flagged either VH or 
H. Ni, Cd and Pb data were satisfactory with no flags or biases. Fe 

results had two very high flags and ranking indicated that the results 
were biased high. Co results had one high and very high flag. Cu 

results had two high flags, two very high flags, and ranking indicated 
that the results were biased high. Results for Zn had one high flag, 
three very high flags and ranking indicated that the results were also 
biased high. Results for samples 502 and 503 for Fe, Co, Cu and Zn had 

high percent recoveries ranging from 127 to 306%. The precision 
between duplicate samples was within a RSD of 6%, except for Fe (502 & 

504 - 55%). 

U077 

Only seven percent of this laboratory's results were flagged. 
Data for Fe, Co, Zn, Cd and Pb were all satisfactory with no flags or 
biases. Although no results were flagged for Ni, ranking indicated that 
the results were biased high. Cu results had two very high flags and 
ranking indicated that the results were biased high. The percent 
recovery of the design value for Cu averaged 133%. The precision 
between duplicate samples was within a RSD of 5%. 

U079 

This laboratory also had only seven percent of its results 
flagged and there were no biases. Co, Ni, Cd and Pb results were all 

satisfactory, with no flags or biases. Fe and Cu results were both 
satisfactory, except for one low flag each. Zn results had one very low 
flag._ The precision between duplicate samples was within a RSD of 10%, 
except for Co (502 & 503 - 14%).

'
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U091 

“ Laboratory U091 also had only seven percent of its results 
flagged, with no biases. Co, Ni, Zn and Cd results were all 

satisfactory. Fe and Pb results were also satisfactory, except for one 

flag each (Fe-high flag, Pb-low flag). Cu data had two low flags. The 
precision between duplicate samples was within a RSD of 9%, except for 

Pb (502 & 503 - 11%). 

U096 

This laboratory had the least accurate results with 48% of 
their results flagged. No results were submitted for Fe or Pb. Cu 

results were satisfactory, with no flags or biases. Zn results were 
satisfactory, except for one low flag. Both Ni and Cd results had all 

four samples flagged very low, and ranking indicated that the results 
were biased low. Co results had two low flags. Cd data had extremely 
low percent recoveries averaging 15%. The precision between duplicate 
samples was very good, since identical values were reported for all 

parameters, except for Cd (502 & 503 - RSD 6%). 

U013 

This laboratory submitted results well after the closing 
deadline (October 17, 1986). Their results are only included in the 
Youden plots. No results were submitted for Fe. Cu (502, 504) and Pb 

(501, 503) percent recoveries were above 125%. Zn results (502, 503) 
had very high recoveries (1208%). Changes to the Zn results were made 
in December 1986 (See Appendix V). Precision between duplicate samples 
was within a RSO of 5% except for Co (502, 503 - 20%), Cu (501 & 504 - 

21%)» (502 & 503 - 30%); Pb (501 & 504 - 11%), (502 & 503 - 30%).
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COMMENTS 

Overall, most laboratories provided satisfactory trace metal 
results for this study; However, laboratory U075 had 36% of their 
results flagged and laboratory U096 had 48% of their results flagged. 
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TABLE 1 

Samples Di§§[ibuted for Ana1ysis in QM-5 

Sample Description 

501 

502 

503 

504 

CM-TM-93 + (3% nitric acid) 

1:3 di1ution of samp1e 501 

Same as 502 

Same as 501 '



Design Yalues and Interlaboratory Medians for Trace Metals 

TABLE 2 

(All values are in ug/£) 

| r 
' __\...| _ 

e | 

Parameter 
_ 

Interlab. Median Interlab. Median 
Design Design ____._.i...._ 
Value Sample Value Sample 

504 502 501 503 

Iron 

Cobalt 

Nickel 

Copper 

Zinc 

Cadmium 

Lead 

4919’ 
1 H 

297 

481 

103 

108 

98.0 

485 

520 

296 

490 

110 

107 

97.0 

487 

510 

Z90 

484 

110 

100 

96.0 

491 

166 

99.0 

160 

34,0 

36.0 

33.0 

162 

170 

100 

168 

36. 

34. 

32. 

164 

0 

0

0 

170 

100 

168 

36.0 

37.0 

33.0 

161



TABLE 3 

Analytical Methodology for Trace Metals 

Lab No Sample Treatment Method of Detection 

U001A 

U00lB 

U010 

U014 

U049 

U057 

U075 

U077 

U079 

U091 

U096 

direct aspiration 

direct aspiration 

HN03 digestion 

direct aspiration 

direct aspiration 

preconcentration 10x 
with HC1/HN03/H202 
digestion 

direct aspiration 

direct aspiration 

wet acid digestion 
HN03 and HCI 

HNO 3/HC] /H202 
digestion 

Flame-A.A.S 

I.C.P.-A.E.S. 

I.C.P.-A.E.S. 

Fiame-A.A.S. 

D.C.P.-A.E.S. 

I.C.P.-A.E.S. 

Flame-A.A.S. and/or D.C.P—A.E.S 

Fiame-A.A.S. 

F1ame—A.A.S. 

Flame-A.A.S. 

H A0 S0



TABLE 4 

Summary of Trace Metal Results by Laboratory Based on the 
ithe Flagging and Youden Procedures. (See AQpendix,lI11 

Lab N0. of 
Code Results 

Reported 

Elements N0. of Results 
not~ Flagged 

Analyzed VH H L VL 

7 %. 
Flagged* Comments 

U001A 28 

U00lB Z3 

U010 28 

U014 28 

U049 28 

U057 Z4 

U075 Z8 

U077 28 

U079 28 

uo91 2a 

U096 20 

- 0 0 0 0 

- 0 0 0 0 

- 2 3 0 0 

- 2 0 0 2 

- 0 0 1 0 

Pb 0 0 4 0 

— 8 4 0 0 

- 2 0 0 0 

- 0 0 2 1 

- 0 1 3 0 

Fe, Pb 0 0 3 8 

0% 

0% 

13% 

14% 

2% 

8% 

36% 

7% 

7% 

7% 

. 48% 

All satisfactory 

All satisfactory 

Ni &.Pb - biased’ 
high 

Fe - biased high 

No bias 

Fe - biased low 

Fe, Cu & Zn — biased 
high 

Ni & Cu - biased 
high 

N0 bias 

No bias ‘ 

Ni & Cd - biased 
low 

* H and L flags are counted as half of a VH and VL flag. Less than values 
that were flagged are included in the calculation of the % flagged.
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Appen I.1 

APPENDIX I 

Glossary_ofgIerms 

(1) 
y

v 

Ranking is a non—parametric statistical technique used for the 

detection of pronounced systematic error (bias) in interlaboratory 

studies. According to Youden's procedure, rank I is given to the 

laboratory that provided the lowest result, rank 2 to the next lowest. 

In case of a tie, the average rank is given to the tied laboratories. 

Results with a < sign are not ranked, ,For each parameter, the total 

rank of each laboratory is the sum of individual ranks on each sample. 

In the case of six test samples and ten laboratories, the 5% probability 

limits for ranking scores are 14 and 52. A laboratory with a score 

lower than 14 is identified as biased low. Similarly, a laboratory with 

a total rank higher than 52 is biased high. In both cases, their 

results are classified as outliers. In cases where a laboratory did not 

provide all the results, or some of the results were not ranked, the 

average rank instead of total rank was used for the determination of 

biased statements. 
The more comparable, i.e., better, laboratories should have ranks 

in the middle rather than at the extreme ends. However, laboratories 

with middle ranks do not necessarily mean that they provide more 

consistent results since very high results (high ranks) and very low 

results (low ranks) would average out to yield a total rank close to the 

median. Therefore, ranking alone is not sufficient to determine the 

performance of a laboratory. 

(2) Flagging 

when the true values of constituents in test samples are unknown, 

individual results can be evaluated in terms of their absolute 

differences from the interlaboratory medians. Medians are chosen rather 

than means since they are not influenced by a moderate number of extreme 

values. By ths flagging technique, all results are graded into the
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following three groups in the order of decreasing accuracy: (1) results 

with no flags, (2) results with H or L flags, and (3) results with VH or 

VL flags. Before evaluation is performed, three parameters, namely, 

Lower Limit for use of Basic Acceptable Error (LLBAE), Basic Acceptable 

Error (BAE), and Concentration Error Increment (CEI) are to be set. 

LLBAE is usually set at the" lower end of the medians in the test 

samples. A 10—20% error at LLBAE is considered reasonable and thus this 

is used as BAE. For samples whose medians are at or below LLBAE, the 

results are evaluated according to the following formulae: 

Absolute difference between 
sample and median results §_BAE : acceptable 

H Absolute difference between i 

BAE < < 1.5 X BAE: H OP L 
sample and median results » 

Absolute difference between > 1.5 x BAE: VH or VL 

sample and median results 

For samples whose medians are above the LLBAE, the allowable BAE is 

augmented by adding an increment to the BAE. This increment is 

calculated by multiplying the CEI by the difference between the sample 
median and LLBAE values. In this study the CEI is set at 0.1. Sample 

results are again evaluated by the above three formulae except that the 
augmented BAE is used instead of BAE. 

For further discussion on this evaluation technique, please refer 

to the original paper by Clark. 

Bias: A set of results is said to be biased when the set exhibits a 

tendency to be either higher or lower than some standard ~ the 

standard which has been used in the analysis of our studies thus
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far has been the performance of all other participating 

laboratories. The ranking procedure employed in testing for 

bias is described in N.J. Youden's paper, "Ranking Laboratories 

by Round-Robin Tests from Precision Measurement and Calibration, 
H.H. Ku, Editor, NBS Special Publication 300 - Volume 1, U.S. 

Government Printing Office, Washington, D.C., 1969. In this 

paper, Youden establishes the rationale for evaluating 
laboratories‘ performance by ranking results. In our use of the 

procedure there is about one chance in twenty of deeming a set 

of results biased when in fact it is not, that is, t = 0.05. 

A "N" code is used with a reported result when no measurement 
was possible due to no response of the instrument to the 

sample. The "N" is preceded by the smallest determinative 
division that can be used in the units used in reporting. 

The "T" code is used with values between the Criterion of 
Detection and the "N" value. The Criterion_ of Detection is 

commonly thought of by many as the limit of detection. a 

NA: not analyzed 
NRA: not routinely analyied 
N or ND: not detected 
NAPP: not applicable 
H: high 
VH: very high 
L: low 
VL: very low 
LTV: less than value (<)



APPENDIX II 

UGLCC INTERLABORATORY PERFORMANCE EVALUATION STUDY 

gs-5:, IRAQ; nmgs IN suarncz unsns 

Data Sulmnari es



LAB 

CCCCCCCCCC1 

cuiacumacmuac 
mflflwwrnuww 

I-~=D'\l\I'l~J\D<F'|:|w> 

QH5 TRACE METALS IN SURFACE HATER 

DATA SUMMARY PAGE 1 

PRINTOUT PREPARED! 06/10/29. 
PARAHETER8 IRON 

501 

Wkgkmmmmm 

uuflw 

Gmhmnaw 

uopqqemamo 

OIOOICQOO. 

TOTAL LABS REPORTING 
TOTAL LABS USED 
MEAN 523.70000 
STD DEV 30.51133 
MEDIAN 519-50000 
11‘ VALUE 499 

SAMPLE RESULTS 
502 

PPR 

\I\l'-‘F505 

Fill‘ 

\|]a‘U\fl\flQ\D 

QQG'\ 

\|1§I"@\I'\¢§§II§\D 

0001:0000 

00 

10 
10 

203.Z0000 
107¢50173 
170900000 
166 

503
_ 

1.10 Jo. 
1700 
Z200 1700 
155- 
Z220 151 I 
150. ' 

200- 

.10 
10 

178090000 
Z6¢§9717 
170¢00000 
166 

UG/L 

50H 

\J1\II-l‘\IlJ»“\Il0\\Il\IIU\ 
u=virlmm=ou=H acnhmnnaacflrw 

OIOQIQOIOO 

10 
10 

513.70000 
fi1¢87296 

509-50000 
499

‘



LAB 

CCCCCCCCCCC 

taccmaacnmgcuac 

\D\OflQvfl\I'\l‘ 

l'*b-ll-5!-I 

U‘!-5\O‘N\IIN\D¥‘QWP 

OHS TRACE METALS IN SURFACE HATER 

DATA SUNNARY PAGE 2 

PRINTOUT PREPARED! 86/10/29» 
PARAMETER! COBALT _UG/L 

501 

Z99. 
£3: 
310» 
2 0. 
2 B1 
297. 
25: 301- 
259. 

TOTAL LABS REPORTING 11 
TOTAL LABS USED 
MEAN 
STD DEV 16.51556 
H N 
D VALUE 

11 
289181018 

296100000 
297 

~ SAMPLE RES 
502 

P 

H 

0-M-ll-AH 

=¢MmpHumDMru== 

nucmnflnacnaaw 
IOQQOQOOQOI 

11 
11 

99-18162 
9-Z2801 

100-00000 
99 

ULTS 
503 

101» 90. 
1100 
1100 90¢ 
95. 

1266 
920 

1 0. 
1%$I

_ 

11 
11 

10z.oonno 
11.03530 
1on.ooono 
99 

50h 

NHIVNNNNNUNU UI\0\D"J\DNCb\DM\Ofi 

\nbmcmmDoc:nfiE 

0
0 
0 
I 
I 
0
Q 
Q
Q 
\
0 

11 
.11 

288100000 
15.90637 
Z90.00000 
297



11a
u 

ccccccacccc auuauoacuafi 

\O\.O~ON'~4\IIL“D-BHHH 

OPONWNQJ‘ 

GGD 

OHS TRACE METALS IN SURFACE HATER 

DATA SUMMARY PAGE 3 

PRINTOUT PREPARED8 06/107290 
PARAHETERI NICKEL 

501

5 

urrmmaremr 

N~JQN9N\NH-H39 

mmG==Nuc=QN Qofloolaueoi

N 

TOTAL LABS REPORTING 11 
TOTAL LABS USED 
MEAN 
STD DEY 
H N 
DA 

, VALUE 

11 
&73,7§5h5 
52.20606 

590100000 
481 

SAMPLE RESUTS 
502 

nnunuhnwnnn nmflmmuwwmow Mmuuroaaaa» I.'IOQQOfiI.

M 

11 
11 

1sz.nuao9 
19.58280 

168100000 
160 

513 

OI5."‘|"‘F'5l'5.'5F‘l'5III”'50'5 

l\lNU‘\D\T|F‘\l'|§@U\W

0 
0 
0
0
0 
0 
0
0 
0
0
0 

I-5 

11 
11 

163¢6k5k5 
18.68161 
160-00000 
160 

UG/L 

504 

urmmktttmmk wmuamawmuoo muaaroauaa» 00000069000

N 

11 
11 

QBBQQTZT3 
53.15203 

b8k¢00000 
481



LAB 

CZC.¢¢'ZcCC.CCCC 

ccwmncumnucnaa 

\D~D*~l~J~l\I'IJ*I-H-II-It-l 

d\»sD~|m~l\DJ-"cw 

9- 

OH5 TRACE METALS IN SURFACE HATER 

DATA SUMMARY PAGE Q 

PRINTOUT PREPARED! 86/10/29: 
PARAMETER: COPPER U6/L 

501 

1&5. 
1101 
110. 
‘$3 
131 
1#6¢ 

1231 

TOTAL LABS REPORTING 11 
TOTAL LABS USED 
MEAN 
STD DEV 17037292 

”‘!‘,N 
DE GN VALUE 103 

11 
110-72727 

110¢00000 

SAMPLE RESULTS 
502 

I-‘OJlil@O\0|0lN-Plnltal 

cnwvtwfiuccmmmm 

OOQ0OOI‘QQOQ 

11 
11 

37.55505 
9.03730 

36.00000 
34 

503 

ii: 
B0. 
38. 320 33¢ 
52. 
#20 32¢ 
33¢ 
50. 

11 
11 

31090909 
0039331 

36¢00000 
34 

50k 

H 

Mn» 

swan» 

NWQNNOHQHOH uncmmowoanm 
‘IO-OOIQOGOC 

11 
11 

111¢00000 
1b¢58081 
110-00000 
103



LAB 

$Q@§§ 

QQGQQQ 

\D\9N\8\I\fl.l“U-bl-‘F501! 

OW-NDQUI 

‘OP 

QC)

~ 

QH5 TRACE METALS IN SURFACE HATER 

» DATA SUHHARY PAGE 5 

PRINTOUT PREPARED! 86/10/29; 
PARAMETER! ZINC 

. UG/L 

501 

»»0»»»»»nM» 

§Q5D§T\IQ|-l§I\)§§- 

Dhflummkacwfl 
IOUIIQQOO-IO 

TOTAL LABS REPORTING 11 
TOTAL LABS USED 
1EAN_ 
ETD DEV 

11 
107q3635k 
9.02522 

can 101. 00000 
on VALUE 10a 

SAMPLE RE SU.TS 
502 

OINGMGMUHGNPQW 

O0J§N\D&'\IF§U\\I'l 

00000000000 

11 
11 

31.27273 
10.92705 
30.00000 
36 

503 

NOI\I9|U\h|0l04€'0l0l 

BP¢§'§|\n@\l1@§NU\ 

0 
0 
0 
0 
0
0 
0 
0
0 
0
I 

- 11 
11 

30.00000 
9.03320 

31.00000 
36 

500 

Ml-In 

MMM 

I-I0-‘H 

cucufluocmmcaa 

cnctnammamm 0.00Q'UQflOOI 

11 
11 

105-36360 
11.09300 

100000000 
108



LAB“ 

CCCCCI

C 
CCC 

aungmnumnaao 

\D\OQ~|N\l'l-I“!-H-ll->0-I 

WPONUIQQ-F 

if) 

QH5 TRACE METALS IN SURFACE HATER 

DATA SUMMARY PAGE 6
1 

PRINTOUT PREPARED8 86/10129- 
PARAHETER8 OADHIUH -UG/L 

501 

10;. 
134.1 
100, 
87, 93. 
100. 
90. '

M 
P-M05 

N010 

0
o
0 

\D\Il 

TOTAL LABS REPORTING 11 
TOTAL LABS USED 
MEAN 
STD DEV 
HEB N 

DfiVA1-UE 

11 
89-58182 
Z6o11080 
97¢00000 
98 

SAMPLE RE SlLTS 
502 

350 
320 
350 
350 
§8o Z0 
35¢ 
30¢ 330 310 5.7 

11 
11 

30033535 
8056298 
32-00000 
33 

503
' 

IMO!“ 

lN,Ull\Nl(flOlUl 

U'|I\)@§\l1€NID\I'I\l'\|\lC'

0 
0
0 
O 
0 
0 
I
O 
0 
O
I

N 

11 
11 

30.92727 
8¢93634 

33¢00000 
33 

50$ 

I-5 

9'5?‘ 

0'5 

lI5§DOQ@§@@§¢\UQ 

|\I#U‘@¢@\|§(.M@|\)

0 
0 
I
0 
Q 
0 
0 
0 
0 
I
1 

\D 

11 
11 

88.00182 
Z5-59285 
96.00000
98



ans tans: nerans IN sunrace antes 

-A 501 

CRZCCHZCCHZC 
laacnaacnauca

F 

o~ruw:+n»u+~

D 

Hflhdwiflflnmhvlfl 

k99¢ 
A 

A “Q30 
520» 
283° 

_ O 

QQOQ B87. B80. 

TOTAL LABS REPORTING 
TOTAL LABS USED 9 
HEAN 983-00000 
STD DEV 21.56965 
MEDIAN b87.80000 
DESWVALUE 4 85 

DATA gununav PAGE 7 

PRINTOUT PREPARED8 86110129» 
PARAMETERS LEAD UG/L 

SAMPLE RESULTS 
502 

HMHMHMHPM k0W@mu0@N moweeoamh OOOOIIOOO

9
9 

158588889 
15¢ZOZ3h 

16k@U0000 
62

A 

503 

156¢ 168; 
200' 
138. 
1M0. 155» 
160. 
161. 170»

9 
_

9 
151011111 
19055879 
151009088 
162 

503 

twm&m¢#WNn& 

marcdwflucw c=HflOcN=Qc»¢ 

evacuate‘

9
9 

484.00U00 
ZQQSUDOO 

b91.U0000 
485



QII-5
' 

Flagging and Youden's Ranking Pro'cedure_s



_7__

W 
mfi 

H 
£B%W Sam 

20¥H> 

tw 
mfi 

% 
“MM

_ 

Em mm

‘ 

am 

bHI%J 

ZOHkUWb@O 

9“ :3, Q‘ 5N

Q 

bHtHJ 

ZQHPUUbuO 

§§W.@§W 

QM!” 

_é@m "MN" 

Q5‘, 

_@

W 

mun“

J 
“WM” 

=q__H 

I> 

_§¢&

I 

“NH 

Haw” 

mm_% 

.Wfl$ 

22¢“ 

wag‘: 

SQW 

Owbmolwm

\‘ 

uhflfi 

ZQPOZ 

Kim

1 

Hwkfikmfiwzu 

Wfla_fl%%<3 

JaZO~bfiZ

~

_ 

SOJ 

DWWGHQ 

IQP: 

DWW€H° 

_IOJ 

OWWQHG 

IQ%I 

OWmfiHp 

$:§.§F# 

ApZ_@‘ 

_‘B§ 

“mm 

__ 

mam 

gmfl 

_; 

_MMm 

ZCHMW 

_> 

"§Nd 

ax

I 

gm“ 

Oq.M 

‘Q

d 

Q@.& 

.fi%# 

Ogwx 

‘Wfim 

OZHQQQJE 

KO 

>u‘:tDm 

QZ~UU(Am 

MO 

Pmfitzfi 

I>I>

8 

1,2,

Q

I
’

34

I

NJ

J

4I

J

I 
pU¥Z<“ 

MWJLZQM 

E9 

OZ

Z

I

J

a 

I>I>

I

J

JI 

‘>19

"

’

88 
OMZZGQ 

WUJQZQW 

EOBOZ 

_Q§Q_HNd

Q Q
. 

_ 

.m_

> 

"mm 

Qe_§“ 

I3 

_Q¢m 

§¢“_ 

"m@# 

um_m 

_w”“ 

“WM 

"3 

mmHm_________|ummH 

Zzflfl 

_ 

W:J(> 
Qwbaaaflu 

NQD
K 

¢¢U.@ 

Gm

. 
@mm_m mNfi.N @~o°O w}MHm QmN_m “mum Q€m‘fi XZ

I 
Uu¢~W>€ 

§@m_@ MNNHW N.

_ 

my MQWHM Q%N"@ 

MN"

N 
QMN’W §g@_M 

¥z¢¥ 
WOGNw>( 

§§"b a”_m §§"Q Wu.“ e§_’’ 
Q5 

Qfl 

¥Z< 

’> 

Mu

_ 

WQfiMW>‘ 

dJ‘fiU>% 

§3"kM Q§_k$ 

Qw 

ON 
@m.®N Qmnflfi fi¢_NN 

5% 

MN 
aw" @¢_m

_ 

¥Z.fl 
JGFOE 

“Mun §fip= 3&5: @€5= 

§“__

Z 
fi‘J 

¥Z‘ 

M" 

UQQQUDQ 

JJ¢MU>x 

§mHQN 
”w_W §:_

M 
%M“MN §§ik@ §M.QN B§h“N 

QQ 

NM 

fin 6: 
%N== kW== fin” Efifi: Sfififi ¢fl§D 

¥Z‘& 

.OZ 

QCJ 

JQFO 
@§m_“#q 

_.Oz°u 

._ "Wm _8”' _M@m "QND

1 

%bm

I 
“Q@% 

_@@mMllllllllllnW@w 

ZGHOU: 

HQQS “Mun $“eD

N 
GD 

OQQD J#:D §#@D flflfii (#5: 

¥l¢¥

_ 

UDJG> 

Oz 

€‘d 

DUFUOQNU 

“GD 

WJlZfi@ 

MZOZ 

WW“ 

QWF#%I° 

WhJDWQQ|>¢OP§aOQ<J 

_

‘ 

’

_

I 

_ 

=35: 

ufibaa 

_MO§D__bUOlwc 

OP 

bw> 

MU%NOP¢&Oc€J 

Qflo 

"#ZwIW1QZu 

IOMIW 

ZQHP<IbzuUZOD 

§m’NN”“OlKu 

WJ@‘EluUQ< 

UHMQQ 

Qfiomfifififimflm 

kJ@¢FlWUU€_U_W<@ 

KO 

WW3 

Rgk 

P%:€J 

gwiod 

!wH‘: 

w°‘“m=w 

ZH 

WM 

_|llm°‘ah 

mtg 

ZQHFQW 

_WQQ 

Zfi 

WDZ<ZDWW< 

>k%4€QQ 

J\uD 

ZOK“ 

fifi 

NDFWZQKG‘ 

& 

fi 

M611 

°\~p\&Q



N 

Z?
Z 

§£cTION 

T 
TUTE 

mm uzq OH-0 I L! ~14 mu» Z12 <0 

DU 
ZUJI-0 
<i9-I 14!! D33 
(ll M 
VI-I <1Z >° 
I-0-I 
F-00- JQ <23G 

Pnnunst 

'coaALr 

U6/L 

ans 

rants 

Mgtmps 

IN 

sunracz 

uAT£R

fiQ=

Q 
F0
0 

CONCENTRATION 

ERROR 

INCR£HENT= 

EQSIC 

AOCEPTIULE 

§RROR=10u00 

ACCEPIABLE 

ERROR=1D0:0 

uaa, 

uora, 

uoan

' 

nous

M 31 D < bl- Wwfl 
121214,! Q01- 
OF REP OHIT 

UJO mum 3 D- 
I--I 1&3 

O>(II H .u 
I/I1 

I_—\.|.| aH> 28¢ HOG 
-IF-J- 4! 1&1 MOO SOC O<< 
-I3-J

1 

laaupguuccce ucmcmufimumufl >..... QfimémmmonwH

5 

REPORTED 
VALUE 

Raux 

QQQCQCOCC 

Qiza- 

2961 

I 

3100

Q 

2'21

= 

2?0I ass, zen, 259.

L

JQ 

RFPORTEO 
vnuus 

RANK 

101.

. 

f1:Ef 

138* 
981 2"-0 

1 
a. 

vn

1 

92. 
1&2. 1001 

0 O O O O O Q I Q I 
ll\Q'\U\Q'4§ v4P)°~¢\|\fl 

FlQ 
I-B 

Qcqqépgqu mm======m 000000000 msqmmuo 
0'0 

R'P 

RTEO 

502 

VAEUE 

nnux 

102, 

a 
an 

100. 

sisn 

11a,

9 

110.

9 

en. 51¢ 115.

n 
93, en, en. L00;

.

5 

REPORFEO 
VlLUE 

RINK 

Z99, 

,0,00 

2?6. 

6,00 

3 
0, 

1 
0*, 

310. 280, 
9.0 T» I O I .

L 

aeecacqcc mmcoccqcg 00090000 SJMMNKIWG 
0-0Q 

~c§@ M Gvswem NNMNMN 

SIMPLE 

290,000 

100-000 

100@000 

2950000 

Q 2 Z 
_ _ <0 

_ qpoamsmnmwmuu m uawu4m@5@O032 < cceccecageuwfl J 3333333333320 

OETECTICN 

LIMIT 

U-OU >3 IF! <3 IQ IQ 
*3-I 
Ull- 

uo 

F 

SAMPL

s 

kauxen

E 

IV 

RAGE 

R§NK 

J. <2 >2 cc pm
0OZ
G4J 

04MB/L 

ID 
m _. 

vi 

0ZHG/L O-I 

au B 3:5 Q 0930-O 
0-0 Nlhv-l\.l\vll'Ilhv-I 0

I 3 4 I J 

¢:::¢:w::;: 

eeemecmaflwnn $=°Nm9N=N?N mmpmpmmcwum 
cO0OQ0“:';>0Q0QmO 

1'0 

Qeqcaeacaee cecmacmcmam IOQCUUIQOQI mo=aqa4~:uq nmcnqwmummu 

<¢p:ohmnowm uwu¢;mupn00 §§§§§§§_@§@§ D::DDDDDDD3 

6. 

OVERALL 

ll-RAGE 

RQNK 

IS

E 

0hT£CTION 

LIMIT 

'mOO >2 
LI hi <0 no 
I-=0 
=1-n 
VIIL‘ 

AHPLES 

no 

or

s 
kauxzn 

AV 

RAG 

aim

E 

-J ¢¥ >2 Q1 ha
0QZ
F§ 
-I 

ZHGIL 

Q 
4116/L 

U) 
lh 
I!‘ 

III 

Q Q = Q. ace coco dnmoum wmwm

I 
-I > 
-I I 

# #3 3-94 ~f~? .733 

1==cuwnn=;u5mQ |5cenn=~=uuu~u homgcummwwa 00000000000 Nnnmuumowcne ~u 

ccbagcccoce cacmumccmwn QUUOIIQOIQQ v-GN-flb-f\DO~7Q§ wuuwmmmwmm; 

¢n@ow¢m<4me e~m¢¢-##~~ c=c==c==Q=u ::::::=:::: 

6. 

lVERlGE 

-III! 
-"I0 

3155:“ 

COBALT



Ju¥°HZ 

QN Qam Q0W

w 
“H

% 
55% “HM 

<9‘

n 

Q_J\U____=_. 

<0: 

M
Q 

J\2‘.;%t 

=0

W
2
EE __M QN QM 

IOJ 

OmM<3Q 

IOJ 

Qflmfiflo 

I331 

DWMGHQ 

IQ“: 

O@W<%Q_ 

J>J>J>J> 

ZHQ 

‘J 

Q 
Z2‘ 

EOQFu<mZDm 

MWJlt<m 

k“~O; 

d>J>J>J,

Q¢Q"IJQ 

JJA

u8’JNJ 

JJJ

J4Q
_

JJ# 

KHZHJ 

ZO%PUMhUO 

VQzHQ@(J&_ 

qW¥Zm¢ 

WPDb% 

Ofibqz 

ZO%#QM% 

>b%JaJG 

J\OD 

JW¥U%Z 

“Q5 

bMx‘¢§a 

NS 

QZE

_ 

J’

N 

%%_m 
Qaoflfl 

¢§“w §Q_fl awn” ¢O_@ ¢¢_Q 
g§"N

J 

ma! 

IIIIIIIIII 

xzqa 

clwa 

‘em

‘

1 
.¢Q# _mm@ "$5M HQQN 98$, _¢§# _§N# _ME4 _uHm “Mm” J40 

Olnfl 

LO 

>C<:IDM 

mWJlI<w 

B 
Q2 

§§§°Q@fl 

wan“ 

J, 

_”MN“ 

can‘ 

“Q*“ 

Q: 

flfl 

cm“ 

fig": 

_“m“ 

_p=_N 

u/_“ 

pg

n 

_°m" 

°=!~ 

bk“ 

>N”"°_ 

"MM" 

mmHm_. 

-'

_ 

-_:~* 

¥Z<M 

WDJGD 
D@b¥OlUG 

fifim

} 

Q§Q_QWfi 

§¢_fl 

JD 

fl_#Nfl 

§$.:

_

fl 

W;

A 

um“ 

“uni 

J 
HNOH 

“mum 

“mm 

““"W_ ¢@_Q 

- 

_#&fl 

¥Z 

@bJ 

<1 

NG$ 

Cw%¢c%%¢ 

é§@.O

. mm“? 
Q’

. 
QMm_% BmN_O Qmfium QQB.“ §§§_E €GQ_N 

GQQ

fi X2
I 

@U¢¢*>¢ 

e§§.Q §9§ufl 

§p§

W aid 
§UN"m §§§_N QQQHM xmmbfi 

Q 
_§fl 

§MN.c QmN_Q 

WO“"m»¢ 

W“ 

¥Z(l 

WOC!W>¢vJJGIU,O 

a°,_ §°_m" §¢°Mn “MNMM §°_m~ 
g§,MM 

“ax QQ.& 9%‘: 
Jada” 

§fl§= ENG: ‘He: ¢~p: mflfia ‘HQ: MR5; “F53 “#93 Ta: @¢=D 

.92 

Odd 

W“ 

¥Z¢U 

U°¢Rm>fi 

JJGNUDO 

§§_: 
EQHQN 

$5 

QN 
GQ"#J §§_MN 

G§_B 

QQ 

mfl 9§"’m 
§§_N 

Qé 

~N 
Q§’MM Jdflaw 

0 
Q: 

_M?: 
‘@N¢D 

BBQ: 
mg _’e= 

Q's: 3qQD Bi§= QW§= €dQ= 

.Qz‘O§J 

aG§.@0: 

_Dzwu 

§:_fi> 

J, 

~_mnn 

9Q": 

um“: 

§={m 

_§bN 

§§_Hfi 

t¢N 

Q¢_o 

_§qm 

§°

N

J 

8%; 

QNUMA 

“M5” 

uuuwfl 

Haw“ 

¥Z¢¢ 

WDJCD 

flaw 

DWFMOQ

M 

ZCHO

I 
@@QD fi’¢$ “Mu: “New MN“: QHQ: “fin” QWB: 

QZ_O¢J WJlI<W 

95:3 

_QM=WzwMOma&_wmW“WuO°mPHmWWmwwwwfiunmmfifl 

efl. 

"#ZWZUQQZQ‘UOMU@ 

ZOHPgMbZMUZOQ 

°°_JN"mOG&m 

WJ@Q_lWQU< 

Ugmim 

=.q©"“UQWMW 

WJt¢b&mUO< 

ufimfim 

LO 

WM: 

QUE 

bfiZMJVIW3CJ 

Mu_<I 

WOGEQDW 

ZH 

mJ<bmI_MQ€@P 

“:6



GULLOU

M
d 

W 
Q“ 

$2 N 

3§______“~ 

am Qdfi ON 

'

M GM 

#%Z%J 

ZOQFOWPJD 

§}i 

~°J\Qz€;Qm 

QM =_

W 
#
% 
§fi Q“ EN QN QH 

bnlad 

ZO@POWbdQ 

=QQ_Qflfi 

"“M_ HQQ“ 
QM“ um~H _Q’ Lmfia Q§fi _Qfifl

. 

Q" 

QQHQ “mum

J 

¢§_flfi 

in 

nnumfi mmnm

I 

a”_M 

_Wfi# 

H_%__m_H_° 

Jam 

U 
ll

O 

FZO

Z 
JMDQ 

M?DF_#WZWZuD1< 

UMm5€3 

JQZOHFQZ 

uw*u 

mwmflwm 

IUHI

O 
mfififl 

IQH: 

Qm%<Hfl 

§m_@ Gm.‘ =m‘N 
93.5% 

§Q.fiq =m°# awn“ 
q&.Q 

§Q“@ 
QQ

N 

_N# 

I> 

‘NO 

IIn””u 

JJJ 
OZHQU(J 

BO 

PR€Z=3m 

MuJll<M 

k3“OZ 

JJA I>Z> 

II>:>I 

Hz“ 

QJ 

BO 

iummtfim 

muJlI‘M 

kOfiUZ 

UQ“uWx§ 

$35.0” 

‘Q8 nfifi N” 

§m“_ ““_M
I

. 
QQ

Q 

‘En 

¢ 
_: 

"W5 

M§m"# 

_QM 

_“M_“ 

_wn 

qm_Q 

‘kn 

Zmpo

38J’3§N8J _GW¥ZJN8J%3 
GMZZQ 

§§§.‘@ 

“Q:M
_

_ 

MM 

§Q.## 

:3 

Hi‘ 

¥‘(~ 

lllllmmumml 

lmmumlllllllmmmnm 

_~°m 

OMFMOQMZ

_ 

~Q@ 

OwPQOl%¢ 

§§§.Q uwwuwfl §mN_‘ mm? QQWJW @N€’# m~@"M Mm#_M 
‘Q_N 

QM‘

N ¥Z%¢ 

UUGE 

>( 

Q§§.‘ BMKHQ 

MSG

N 
§mN"N 

¢Gm_§fi NwM_m# 
mNfi_8 

Hmw%%% a¢m_m m~1.~ 

Q§.m ”u"_ 
q¢_mfl 

“§u§# Q@_m §m]@ ¢m_@ Om‘: 
Q3. 

mH 

¥;‘¢ 

uU¢RW>d 

JJCGNEQ 

==.N: §§.N} c¢_mn ¢m"@~ “w%M §m_a# @m_H# 
§m.N Qm1#% Q§_## 

XZQM 
J‘bcb 

@563 Rho: m@aD “fin” Ddcfi @453 km”: flfififi U5: @h@D 

‘OZ 

flfid 

W“ 

X24“ 

UO¢NW>‘ 

Jd§~U>O 

_9§_mn 
Pm.fi_ "flu" =€_m¢

Q 
m”.M*é 

mg 
§m_QN Juuuw 

§Q§.§dfl

I

. 
J 
“WW 

2» 

.Q¢fi

I 
“_MH _Wa _§Hfi _Z€fl “N°fl 

lllmllllll 

ma“ 

¥‘_“ 

mad‘) 

Oz 

°_d 

Gmbficlul 

NED 
NWBD @:QD Jflafi QGQD Qflafi <q@D 

.92 

Did Owaa may Z"wumm Mum” b»°a “haw UWQD Jfiaa eflba fiflcfl ‘#3: 

fiqm

_ 

Wdlzfim 

UZOZ 

Wfli 

QWbhWZO 

WPJDMNM 

>¢OP<KOUiH

. 

_

N 

. 

QFGD 

‘eke: 

HMOQD 

_b¥b& 

I 
Ob 

Pw> 

m@HQO*<¢OC<d 

6“. 

"&Z%tWMUZQ 

QOMUM 

ZO%b<1MZmUZOO 

5° 

Q 

HIOGGW 

WJ@fiklUUUé 

OHWGE 

9° 

Q:"Mo&¢W 

WJQGPQUQUQVQHMCQ 

ED 

Wwfi 

MOE 

b$Z~J 

EWIOJ

’

q 

wwhgz 

mm<M¢mmlzm 

Wl@mwmlmm@%mlm“m 

ZOHbQMm 

WQOIWWZ 

WUZfi13%W< 

>P~J€DU 

J\QD 

‘ 

IWQEOU 

fi@¢‘ 

Fmtflafit 

3 

WQ<l 

\~Q



QZ~N

W
d 

W 
QM 

QNM Qa QN Qfl 

<2

Q Q 

__s____H__% 

WHZRJ 

zO%POWFMO 

<2

QQ 

J\2___H__m 

‘M

W
fl 

%_=

$

_ 

QM QN Qd 

bH‘§J 

lO~PUWkMO 

cm"; %N_" 
q§“# “Maw QQQR ¢@_~ 

E916“ 
QQNO

/ 

€§

Q 

Q53 
I> I> 

_@§fl "°°*5 “mm _Hnfi 053a 
m¢fl 

"mo _wNfi _QmW 

lwaflmlllllllmmmmmw 

A_Q%M<EzO 

wFDkHE%ZM_IQm< 

~b(Z 

OQPUOQMQ 

IQHI 

oumfiflfl 

IUH: 

OWMQEQ 

“mm “mum Nvmfi 
____m"__ 

q§.¢fl 

$fl.o §.% 

JD 

_NN 

1} 

.m% 
=g=_~n 

J 
I,” "N" _> Hm ‘Q: "QM 

xzag 

_H~=m 

m:J§> 
OWBQQQUQ 

I>I$I>I 

>IIJ J’J J, 

I>I>I>I 

I>ZZ 
cmafl =5.’ Qmuw 

QQ 
Q°’”q “mum :M_m mfiuea fig.“ 

Q§ I3I
888J333 ._Q33 

QZHQU

J 

QUIZ 

MO 

>¢<Z%D% 

MWJ&Z‘W 

kxflflz

I€Q838Q"J 

Z“QO_J 

QWXZ 

lOQ>¢(Z&:m 

mWJlZ<M 

L%aOZ 

§"M 
‘BU ‘MM ‘an _~n ‘wm "§M mm _Nm 

zzfix 

W:J¢> 

NQM 

DUFQOEWI 

g9§QO §=@_#fl §@§.@fl 
Mmwufi MmO_Q 

Q 
N_U 

OmN_m &N@"€ §§§_# @NO_N 

QEQ

~ *2

Q 
WUGfi@>Q 

E; 

.0 

DN@j~ §¢§_: 
QQQ. 

mg 
“Mm” 

gmfi 

vUNW_O 

Ufluumnfi 

§m_~ Qm": ”M_"2 “WNW 
@Q‘Qfl 

Q
. 

=6‘ 
6=._ 

M_’¥z<¢ 

UQ<~w§é 

dJ<mU>° 

°§.#: 

D:M gum. 
fig 

¢w_§* 
§§_° J“R“W =°Um_ $$““N “m(NM Jaflum 

mg 
@'°% m_MN 

§§§.N§# 

“um” “%”fl 

I 
_mNfi 

_ 

j¢°fi 

nififl =6“

1 
“=N# 

Mk’: éflafl Qfiéfi “man @"°D Bkbi Jflxfi 

#0

D 0%‘:

U 
B: 

°OZ_@€J 

_ 

MH 

XZGM 

WQ(MM>G>JJ§QU>O 

bM.§fl 

“Wan “Nan Wmmm wfifi ¢#a§ 

62 

‘(J 

znmumm 
QQQD “~93

O 
:2 

bh§= @%G:

R 
=3 

"IQ: dfifl =fl§D 

Q
D

_Q 
_““= 

wm“mlllllllllllMlm 

H¥‘<M 

WDd§> 

Oz;°flJ 

OWFflO&mU 

flaw

_ 

Wdlzfiw 

_@°D 

bQ8QmZwWwwM¢_mMw"MZOOwP~°WWMm>MwP€““‘CJ 

=fi_ 

nEZUzWMO2H‘ZOQZM 

ZO_k€GbZWUZOU 

mN_$ 

"MQGQM 

WJm€hlUUoa 

QHMid 

Q°°mfi"MOdmU 

wJQ<blWQO€ 

Q_w“@ 

MM 
WM: 

n“k 

b%m_*<mm"““

I 

lemmnmlwmfimmmmlmmlmflMmmmfmmflmmlmmm 

ZO$bOMm_WD°I_u: 

PHJQDU 

J\QD 

OZ%N 

fiflfi 

dFW;‘~§‘ 

m 

uqgm

Mn



IUWZQQQ 

éfl# Qfl

W
H

3 
Q“ N

Q 

A\$Z 

@N_ 

°J\Qt=N= 

P_z_J 

ZONPUWEUQ

fl §_M Q“ 

IOJ 

QWW<u@ 

J\@= 

“R1 

aJ\QZ§NQm 

:°J_Q@w<H@ 

Qfl

W
H

E 3% 

b%Z~J 

ZO%P°Wb@O 

J>J>J>J> 

QZ_OQ<J 

QUIZ‘

_ 

KO 

Pqfitlflm 

MWJlZ‘w 

kQ“OZ 

Afianw 

qmno

9 
_n 9m_° 

M@wHw 
punwfl 

I 

_“°Qda 

J3 

Q§Q_°@ 

ommw _Nw
.

> 

_§mH _w@ "§§fl MZfl 
_Q@ 

_NOH 

¥Z‘U 

W_ 

Qflw~“n@J¢ZO*h€Z 

W=J<> 
OWPGOQWN 

§§.fl §m_: _°¢"flH §=_n ““_“ QQHN 
ac

Q 
§§_‘ §@"; 

mmlmml.llllllllmml 

XZQM 

A”§@ 

GQ§°nM 

J> 

Nu“ 
_mm "Q5 _mW mm“ "mm 

wDJ<> 
OuhEOlmU

88JJJ3N

_

3J 

J>J>J>J>

a8JNI 3,Q'J 

ZHBQ 

Q 
ZZ 

EOD>¢§:&xm 

WwJl$‘& 

u%¢OZ 

§q§°Nn 

§§_fi

_ 

J, 

50%

_

'

G 

wank 

"Mm 

“m"%a 

_“m 

“h{~ 

"NM 

g$.Q 

‘Mn ‘mm 

§MHb

_ 

%N‘m# 

_mm 

XZCZ 

MSJ€, 

vflwbzflawz 

NQ@ 

@§Q_O Q?M5 
QU%.Q 

UN 

0Q 

WMMNN =mN.# mN@“€ m~fl_H °°@°N 

QBQ

3 xzmfi 
UQQMUDG 

§§Q.O §QB“fi 

$N@

J 
MN“ M 
H" 

WM; UNQ°@ ZZ 
WQ§Mm”< 

m°‘¢m>< 

Q
_
M 

DMHMM 

Q5 

mfi 
¢m“JM @@_NM G§.MN §B_Ofi Qmiflfl §m_Nfi 

QQ

Q 
§¢_J 

XZQU 
Jfibfib 

ua(¥W>C 

mmmmw mum“ §§""fi flmnmm “w_Mm Jana“ 
BB§.b@ 

§G.d 

J? 

UQNQ 

QG;m_ 

m_m@ 

Q=_##

G 

mi 

§=_M 

_° 

QM.“ 

.§§H 

”QHJ 

"MU 

Em 

id 

__;_% 

mmHw_'_' 

'_- 

_Mwd 

¥‘<U 

OWWDMNW 

#§m 

_

M

U 
UH 

¥Z4¢ 

JJ<fiU>O 

(“B3 %flQD Mu“ ~_QD Qfiefi BQQD “Qua w%@D ,5: 

‘Q2 

QQJ 

WM 

8218 

JJQQM

O “run $3 W” 
__ 

“WWW fig 
(fie: 

‘OZ 

U13 
)DZOU 

ZGHQNZ 

“ran @wdD N85: W%=D

N 
:3 

Gififl 8"°D “flu” ‘fie: 

OZ 

Q‘J 

UJLZGW 

4

_ 

I 
_

V 

>"

D 

QQQD 

_Q8:WZwmOwm4_mm“”wZOOWEHwWWMu»w“W<““Q““ 

=“_ 

“EZWZNMUZRVZOQRM 

ZOHE§¢_ZWOZOQ 

mN_m 

NMDRKW 

WJQ‘FlWUu€ 

UHMQQ 

°=_mM"Cc@lW 

WJ@€_LWOQ€ 

UHw¢@ 

BO 

Mm: 

UOE 

bH:_d<¢uIQd 

¢ub<I 

WQQEMDWHZH 

WJ<_WZ 

UQ§1b 

MIG 

ZOH_ 

MUZ<1DWW< 

> 

QJQSG 

d\QD 

lDQIOqU 

flfifi 

JFWZRQC‘ 

w 

Mu<l 

\RQ



W_mH

H 

b“Z%J 

zO%5

W 
Bi 

Vfl 

bHZBJ 

Zflfib 

O<uJ 

an QfiwM Q“ §H Q“ 
QMBMO 

Mi Qafl §%¢ ‘W Q“ Q0 Em 
Uwfifla

I 

°%M<_ZO 

zQF5Z*€ 

Mwfil 

>N°\hQ 
‘I'X‘|v|‘_' 

mam 

m_DbFPmZ~ 

IUm<W@U¢ 

1‘ 

<3 

JQZOWFQZ 

I

‘

_ 

ZOH% 

MM 

WDOIPWZ 

QZG 

mUZ<GDWW< 

>hHJ<DU 

J\QD 

O<uJ 

"Q: 

PWI<¢<l

_

\ 

é=_: 
q¢.N 

@Q.# 

anw 

‘ca: 

OM

_

.

. 
_flm, mmm "mm" .°Nm fin“ 

lmmnmlllllllmmwflml 

Du#QQLmz 

:U_I 

D@m(HD 

ISH J>J> 

Lflflnummamm 

IUHI 

Oflmfiufi

J 
J>JL 

:> 

UZHQQ<Ju 

MO 

>¢¢ZIDw 

§§¢.flOfi 

¢@.@

_ 

8% 

q__m 

_*wfi 

Q”_: 
$Q_ 

“§@fl 

Qqnm

J 
“MN” 

N“_M 

n» 
_“wM 

§.___-_'__mmW 

XZQM 

OMWumu@Q 

@§m 

g§°& 
QQ.~ Q§.‘ =__m Gun“ 

go

_ 
°°_b cahé 

cg

Q

f

83OI3N8J OWXZ 

@WJlI‘M 

k%a°Z

HJJu"8 
Qmxzfi 

MWJQZCM 

kcdQZ 

§§=°’°H 

_m:

J 
"Q0" _&mfi _”Mfi 

J3 

_°nfl .@@# "E 

l%&@%l 

lmmflmml 

OWh~OlWU 

Ng$ 

Q@@.m §§§°@ Qm~_“ 
¢@§' 

Q§@_0 ¢wN_U =§@": w»m‘m WNw6d 

muuumafl 

§§cJm §§m“' 

QGQ

O 
QQMHN BmN_m mkmim

N
fl 

Nmmum Q§Q_N 

Xgnfl 
WU<¢u>< 

QQU: 

QQ

m 
§§_# §@“M ¢@_O §§_~ @“_o m§_“ 

UQ<1m>< 

=§_mn ““"“N §Q,{m __:__H“W 

Q 
._H 

€%.%W 

éhw 

‘é 
Jana“ 

Wg(M@>fi 

aanum @Q.Qfi Ppw#A 
”m_m 

QQHQB ““_%m Jufluw 
@gQ.B@§ 

.9_8 ‘NE: "MM" Hum: _€MN
. 

_M¢J 

J¥“¢u 

mmmflml 

Oz 

m‘J 

GQ 

Dwbficlu 

’@ 

_

I 

WJEZGW 

UH 

¥ZCx 

JJ§EW> 

§a¢= @fi§= "Man Mg“ fin Jig: 

.92 

fifid 

M“ 

¥Z<“ 

JJ‘UU>O 

"wan M»“a Nflmu fiflafi “flan 

‘Q2 

OQJ 
‘D206 

Z‘%°%x 

m~e; GJQD Jfi¢: QflQ= “flux

_

:

_ 

V 

M

v 

I 

V 

_< 

A 

B553 

_QN=wzwmamm__wM%MMnOOMhHwWuMu»mm”Qmwmflu 

QH_ 

"kZWIW1Q2fi_¢°M¢U 

ZOQP‘¢bZWUZOU 

QQ.Qfi"MD1Em 

WJQQFQMUUC 

°HW<@_ 

§.=O#"MQw@W 

wJn<bLWQQ¢ 

°_M<@ 

ED 

“M: 

“Oh 

bH:_d 

QWSQJ 

l¢m_§:lw°nuMmw 

m_lWJ__m!lmuu“? 

mtg



APPENDIX III 

UGLCC INTERLABQRATORYMEERFDRHANCE EVALUATION STUDY 

gn-5: TRACE nsms IN suamcz HATER 

Laboratbry Agprai sal s



Amy 

NH-A 

xvipm 

§OWPL@QEOOgUPCH_m<Fm4 

EO&$ 

Cwxflh

* 

_Wm5_fl> 

UEDUQMZCD 

_HH 

MQ5_@> 

Cflsp 

WWUJ 

_HH 

._OLP§OU 

*0 

H3O 

MP 

WMUUO&Q|mmwEQL5W6UE 

Qmw|WQWUmm5w 

_30_ 

%LU> 

LO 

gmfig 

%LU> 

UUmmfi_$ 

MW 

PPUMQL 

UCO 

p_SmUL 

UEULHXU 

Mézp

_ 

Q_aE@w 

CO 

tUm@M_m 

_oH 

P35 

Ummflpn 

pOC 

M? 

pm“ 

Mpg“ 

Dip 

hpQ¥=ML 

Ugfi 

MPPZMUK 

‘OH 

_ 

_UPHflLLm‘QL@ 

_30€ 

%gU> 

UUmmM_$ 

Wp_5WUL 

UMUmP'_hmmq“||l"|| 

MQFQEMM 

CO 

30? 

%&U>

_ 

ULM 

mQ_ZMU& 

ULOE 

LO 

O3“ 

UCM 

gm?‘ 

%LU> 

UQmmM_$ 

UUmmM_$ 

USU

_ 

MUflQEflM 

CO 

gm”: 

»sU> 

uUmm~_m 

_m 

0&5 

MHPSMUL 

OLOE 

£6 

O3“ 

pfin 

QZUEUQMQM 

Mfl?n 

Oz 

_m 

‘UPpflLLU_%_pSmP_M 

ULM 

Wp_=MUL 

“M05?

_ 

UPQEMW 

_30_ 

%LU> 

W; 

LU:#O 

Q2“ 

_:m?; 

xLU> 

WP 

0:6 

_wmmm@fi$ 

CO 

30_ 

%LU> 

tCU_|l| 

Ufiaefiw 

CO 

zmvs 

%LU> 

uUmmU_m 

_w 

VULM 

Mpéfimwg 

Umhzg 

LO 

63“ 

pfln 

QCQEQPDHW 

wU+n 

Oz_ 

_w 

ll‘ 

'||"||_ 

_||lFMw_QE~m 

Co 

UQmm@P$ 

UCG

_ 

Q_aENw 

CO 

uQmmfl_m 

_fi 

_fiQmmMé$ 

0&6 

Mp_=W0&_¢EOm 

_N 

I 

“__uw£E

_ 

0&6 

Mwkjwflk 

MUp@Mkmmr.@m@¥:az

_ 

H||_ 

UFQEMM 

_tUMM%D 

WM 

CO 

twmmfiéu 

J

_ 

U_QEflW 

CO 

ummm@_m 

_© 

vUC&QUM+U 

W? 

“QM 

flpfit 

U5“ 

1UUmmM_$ 

ULM 

WPPSWQL 

GEO” 

_o 

_3OP\:mP: 

uflmmpn 

UL~ 

Mpéfiwwb 

WUpMUtU=P 

;O_ 

LO 

25?: 

vvmflpn 

mflvxflfik 

UQmm@_$ 

ULM 

MHFUMQL 

OC 

:m:O:p_<_ 

_m 

WM 

twfikppfiwwfi 

“WW 

flaflv 

P33 

vQmm@_$ 

ULQ 

Wp_:WUL 

Oz 

_m 

hmmkn 

Wmwwwfi 

Op 

mWmw|mmm*Up$%5%=H 

‘hmFaE~M 

CO 

uUmm@_% 

UCG

. 

UFQEGM 

CO 

UUmmM_l 

_¢ 

_vUmmM_$’mLM_mp_5%UL 

UEOW 

p=n 

‘M 

EUQH 

MG 

wsflw 

_¢ 

_uUmm@_$ 

MpeBWUL 

QC

‘ 

_WdPn 

mwmmwfi 

OH 

Mpfiu 

HCUPU$$$5MCH 

,m 

_MU_aEfi% 

Q3“ 

$0 

%Pfl:_Cfl:p 

WWO? 

CO 

UQHLOQUL 

Mafia 

_m 

_vU“LOQUL 

MPFZMUL 

Oz 

_N 

_%LOp~LOnflF 

xn 

UUQLOQUL 

Mpf5MUL 

SO 

Mpfiv 

Oz 

__N

_ 

UFQEUW

_ 

CO 

mM_* 

:mP:\30_ 

LO$ 

PQUUXU 

%LOHUfl$MPp@m 

An 

‘AA 

SO 

zv 

m@_$ 

LOCfiE 

H 
AFCO 

_MMwn 

Oz 

an 

xLOpUfl%W@pfim 

ABM 

_pUm 

QQQU 

Us“ 

CF 

mfipn 

OC 

_Wmflé$ 

Oz 

Asa 

V 

AHHH 

XHu:UQm<M 

AMm_Fm 

UpGQ_' 

HH 

X$t§Q&m< 

Op 

Lmwwmv 

_MWPULQa< 

Ci 

UUU5°O&ll¢=QEUQMpm 

Mafia 

$0 

Mfiuflpm 

_I> 

LO 

A> 

_: 

_4 

UNmmM_$ 

Un_Op 

pkfiwws 

uUpLOaob

M 

WPCMLLM; 

gasp 

M=OvpFUCOUWUCfl 

COPPMFZUFMU 

USE 

An 

vflfi 

“QM 

GHQ“ 

%gOpflLOn@_ 

M 
Cfi 

MUPQ 

CEUUMTU 

Op 

U_nfl 

WP 

m=FxCML 

“Q 

MWUUOLa 

UPLQUEflLMa'COC 

wig 

30: 

AM 

FD 

CO*a@CfleaXm 

CM 

LOF 

WUU=mLU$QL 

tMpflPUOmWU 

UCM 

=MELUh 

$0 

%LM%WOeo= 

U5“ 

Op 

Lv$oL 

Umfiwpl 

QUQOZ 

WJfiW_<¢L&< 

>¢GP<¢Q@‘A 

@=P 

ZQR 

W 

P<PW 

u¢<§@¢& 

QP 

GuW= 

<HZuP_2Q



LABORATORY APPRAISAL FOR UGLCC STUDY QM-5 

Your Laboratory CQde_is;_U00lA 

I' 0 

Appen. 111.2

\ r... , 

iParamete Y‘ Comments 

_.Iron 

iCoba1t Satisfactory 

iNicke] ‘Satisfactory 

iCopper Satisfactory 

-Zinc 

i \ 

4' 

Satisfactory 

lCadmium Satisfactory 

Lead Satisfactory



LABORATORY APPRAISAL FOR UGLCC STUDY QM—5 

Your Laboratory Code is: U001B 

Appen. III.3

I 

‘Parameter Comments 

Iron Satisfactory

i

F 

ifiobait Satisfactory 

iNiCke1 Satisfactory 

Copper Satisfactory 

Zinc Satisfactory 

;Cadmium Satisfactory 

‘Lead Satisfactory

I



Appen. III 

LABORATORY APPRAISAL Foa UGLCC 

Your Laboratory Code is: U010
‘ 

I’ "' I 

.4 

Parameterp Comments 
ix 

F . ._ .‘ _ 

‘Iron lSatisfactory, except for H flag on sample 501.

fi 

‘Cobalt Satisfactory 

‘Nickel Although no results are flagged, ranking indicates results 
tare biased high. 

‘Copper Satisfactory 

‘Zinc Flagged H on samples 501 and 502, and flagged VH on 
sample 504. ' 

;Cadmium Satisfactory 

‘Lead

w

1 

Flagged VH on sample 503. Ranking indicates results are 
biased high.



LABORATORY APPRAISAL FOR_UGLCC STUDY QM-5 

Your Laboratory Code is: U014 

Appen. 111.5 

'
. 

Parameter Comments 

‘Iron Flagged VH on samples 503 and 504. 
Ranking indicates results are biased high. 

‘Cobalt jSatisfactory‘

l 

r A 

Nickel Satisfactory 

‘Copper Satisfactory 

F“. 

‘Zinc Satisfactory 

‘Cadmium Satisfactory ‘ 

L_ 

Lead jFlagged VL on samples 502 and 503.

J

4



LABORATORY APPRAISAL FOR UGLCC STUDY QH*5 

Your Laboratory Code is; U049 

p '1» _ I 

Parameter‘ Comments 

Appen. 111.6 

Iron Satisfactory 

Cobait Satisfactory 

Nickel 1Satisfactory 

fCopper Satisfactory

I 

Zinc iSatisfactory 

Cadmium Satisfactory 

{

. 

iLead ‘Satisfactory, except for L flag on sample 503

1

L 

J
I1



LABORATORY APPRAISAL FOR UGLCC STUDY QM-5 

Your Laboratory Code is:_U057y 

| __r 
Parameter Comments 

Appen. III.7 

‘Iron Flagged L on 
Ranking indi 

sampie 504. 
cates results are biased low. 

iC0ba1t Satisfactory 

;Nicke1 Fiagged L on samples 501, 502 and 504.

F 

iCopper Satisfactory 

‘Zinc Satisfactory 

Cadmium Satisfactory 

‘Lead

\

L 

‘No resuits r eported

H



Appen. III.8 

LABORATORY APPRAISAL_FOR_U6LCC STUDY QM-5 

Your Laboratory Code is: U075 

r._ * ' 

Parameter Comments 

‘Iron §Flagged VH on samples 502 and 503. 

y 

‘Ranking indicates results are biased high. 

Cobalt ‘Flagged H on sample 502, and flagged VH on sample 503. 

r 
I 

_—\> _ 

1

\ 

;Nickel ‘Satisfactory

l 

r 
_ 

._. 

Flagged 
Copper 502 and 

l ‘Ranking 
503. 
indicates results are biased high. 

H on samples 501 and 504, flagged VH on samples 

H on sample 501, and flagged VH on samples 502 
504. 
indicates results are biased high. 

Flagged 
‘Zinc 503 and 
l 

‘Ranking 

<Cadmium iSatisfactory 

;Lead Satisfactory 

l 

, 

We
F



LABORATORY APPRAISAL FOR UGLCC STUDY QM—5 

Your |.a,uo_.r_atory code is: uo77 

F '
‘ 

;Parameter‘ Comments 

Appen. III.9 

Iron Satisfactory 

‘Cobalt ‘Satisfactory 

‘Nickel 
‘ 

are biased high. 
Although no results are flagged, ranking indicates results

l 

r . .
_ 

‘Copper ‘Flagged VH on samples 501 and 504 
Ranking indicates results are biased high. 

‘Zinc 1Satisfactory 

Cadmium ‘Satisfactory 

‘Lead Satisfactory

I



LABORATORY.APPRAISAL FOR UGLCC STUDY QH-5 

Your Laboratory Code is: U079 

Appen. III.10 

I I 

Parameter Comments 

-1 ron Satisfactory except for L flag on sample 503. 

Cobalt ?Satisfactory 

;Nickel ‘Satisfactory 

‘Copper §Satisfactory, except for L flag on sample 501 

‘Zinc Flagged VL on sample 503. 

lCadmium' Satisfactory 

,Lead ‘Satisfactory



LABORATORY APPRAISAL FOR UGLCC STUDY QM-5 

Your Laboratory Code is: U091 

\Parameteri Comments 

Appen. III.1l 

ilron
< 

Satisfactory, except for H fiag on sample 503 

jCoba1t Satisfactory 

iNicke1 ‘Satisfactory 

Copper Flagged L on sampies 501 and 504. 

‘Zinc Satisfactory A 

[Cadmium Satisfactory 

;Lead Satisfactory, except for L fiag on sampie 502

! T



0 

Appen. III.12 

LABORATORY AI_’PRA_ISAL_ FOR u_s_Lc_c _s1ubrqn-_s 

Your Laboratory Code is: U096 

’ W . .. .| __ I _ ‘. - W » or » ———- 

Parametery Comments 

‘Iron 1N0 results reported. 

‘Cobalt ‘Flagged L on samples 501 and 504. 

1Nickel jFlagged VL on samples 501, 502, 503 and 504. 
‘Ranking indicates results are biased low. 

‘Copper ‘Satisfactory 

‘Zinc ‘Satisfactory, except for L flag on sample 503. 

Cadmium Flagged VL on samples 501, 502, 503 and 504. 
‘ ‘Ranking indicates results are biased low. 

‘Lead 1N0 results reported. 

5 

R F 

L i ~
L



APPENDIX IV 

YOUDEN'S TNO SAMPLE PLOTS 

Legend for Youden P\ots 

Cl 

' [:10 

El 

Laboratories 

Design va1ue 

M Interlaboratory median

I 

1 
' i10% of the design va1ue



‘aired Sample Plot -‘ Samples 501 & 504 

IIIIRPOO 

KO 

Paired Sample Plot - Samples 502 8: 503 

IU- 
nu- 
570' 

*9- 
50.. 

“O- 
530' 

5”.- 

510- 

Q0- 
U9‘ 
OD" 
47°- 

45}- 

459'
7 

--~ 
210 -» _ 8" 

210' 

100“ U01 ""73 

Iurhplo 

SOS 

150 - 
10D 

1:0 - _____ -- 

1- 

CUB‘-‘

F 6 um 17° -" 

I ‘IO 40 
U51 n 

tung- 

mu - °" Q77 

150-" _____
W 

tun-0900 

S04 

Paired Sample Plot - Samples 501 8: 504 
no , 

llnalllllllllllli 
460 460 48!! 500 520 540 MD . 580 500 

1§u.zziBEfl 

p 70 , .. 
' 

. "9 
| 

1’ £ r~ 
| 1 I | I 

’ 

140 150 1:0 Zon 220 
sunple5ll1 

mple 502 

Framer. Cohan up/I 
“of 

Paired Sample Plot - Samples 502 & 503 

Jill- 

my- 

I801 

250-P 

170' 

115"
o 

120 -w nu 

‘I15 - ran 1 

DI" n 
3 umn flu 8 ‘"9 '“

g 

1lD Q 

U7. 
--_-_ -- nu

3
u 

, use 
51: 

--_--

D ~4 ~4 

--__ D0 ~a 
~4 ~4 

D15 

13 

ED 1 u_ ____ _ i

D
l F a 

1 1 - 

1 -- 
l I

S 

Z70 290 :10 E 
nmlefifll “WW”: 

7 1 T ‘I 
| 1 I | I i5 105 115 125



narnplo 

504 

Iaincucflluelw/I 

560' 

£50- 
ma 
SID- 

llll ' 

an - 
80.0 - 

an - 

an - 
410 - 

an - 

4:0 - 

“U - 

an - 

420 - 

410 — 

‘Q0 - ?._ _a_5.nd O5, 
I I | I 

1o 

100 1: O11 
D14 

I Dr: 
In na" 
00 

Qirea Sample Plot - Samples 501 a 504 

B9‘ 1 
J9 

OOIf\plO 

504 

O" 

Paired sample PM _ samples 501 & 504 Paired Sample Plot_- Samples 502 8c 503 
150 

140 ' 

110 ° 

120 - 

110 - 

100 - 

O 410 430 

ample 501 

Pnmeten 

||I|II||lI||II 
45D47U4ID51flS.'lD55D57D 

-I.§_

_ 

D13

D 

Q49 0° 

IA 

Q1 

-_,
O 

m O14 
s1 

75 

uw¢Ie501 

Oar-nplc 

X3 

Iovhplo 

508 

Paired Sample Plot - Samples 502 & 503 
‘IIU 

krwnm-zllflulug/I 

up - 

no - 

fen - 

150 - 

140 - 

110- 

12:: I4, 

um all 

° nu 

D" 40 

79: 

1:! 

I‘i Di 

E77 

120 140 160 

fivple 502 

Pumice Ogpar ug/I 

I 
* 

I I 

180 

50 _. 

Q- 
46- 

“_ 
42' D 

‘Q.- 

,5‘- 

34-
' 

32- aopifln
I 

30- 14' 

‘DB6 

"1157: 
Ii - 

/=5.-1? 

D I 

: 
"D 01 

77 

I_m.¢nis 

all 

25: I I I I ‘I 
I I I I I I 

I 1 1 
Y I I I I 3 3; 35 40 44 4; III 100 1211 140 

Iinple 502



Ian-epic 

504 

llma/' 
fired Sample Plot — Samples 501 & 504 

130 - 

120 - 

110 — 

100 - 

75 

10 U 13

A ' flu 

705 bl HO D67 

’ 

id 
0 Du" 

99,' 
| 1 1 1 "l 

ldVI\plO 

504 

Pair ed Sample Plot — Samples 501 8: 504 

an 110 um 

ournplo 

5133 

Paired Sample Plot —' Samples 502 8: 503 
Plvmrzlhemrg/I 

Efagfilflgfififififi 

ua,a||||-111*

8

E E9?‘ 

1° 

D u. 51 
as D1! ,, 

it 9
0 

_.-onus 

5' .. 

'32-" 

#55358‘:

_ 

;l 

| 

IJI 
B8 

Q79 

A—<w 
’..’, |__

8 ,5: 
,,I 

.5; g 
_.

8 U 6 6 t 
|l~1|1|ll 

dame $01 ' MWm 

Pdrbheten mm ll;/I 110 

ma - 

we - 

104 - 

102 - 

150 - 

B‘?-‘$833223 

a||||-|'|| 

, , (1_2_1.n.Q 

_
/ 

db 

ilfl 

flan 
IA

I 
N 75 

BB U10‘ 

'nfi"u=1 

some 501 

1 l I I I I I | l c l 1 I 
'1 IIII U I4 B I2 N IUD 104 WI 

XIHQIO 

13 

Paired Sample Plot - Samples 502' 8c 503 
Pnruneferriodmiumug/I 

‘O _ 
,, 

.. __l 
"- 
ll- D10 

:7‘
. 

3‘ ' 
‘F 

Q5 - nu *3 01:5
| 3 t I 

S3 - I575 n 
U91 19 

‘:3 
1| 

..Tl,_-_-S I 

20-l on 
a_

. 

37-. 
D0681.-52) 

:5 '1 
| ’ 

I I I I I I I 1 ' 

I I I 16 >28 I I2 S4 5 3! 

milefifll '

|

40



krnplc 

504 

Pai red Sample Plot — Samples 501 & 504 
Pdmmtenhodug/I 

$30 

520' 

510' 

QU- 

490' 

489- 

go- 

4509 

455' 

I1 

U15 On Um 

Q49 

IL 

t 

3‘in.$_zQ
0 

awe 501 

Q11 

| | | 1 

' 

1 

I 

1 | | 1 | 

MD 460 480 500 520 

Pai red Sample Plot — Samples 502 & 503 
Pummetpnuoqug/I 

U0 

‘IOU ' 

‘IIU ' 

17D " 

‘ISO - 

150 " 

‘I40 - 

D01 

-_-.§_

U 

S

+ 
L"Iwe:.:s5) 

100/ 
75 
” Du in ‘WU 

flu 

-_. ._ _ 
O45 

13"‘ S I 
' 

I I I | I 

130 ‘ISU ‘I70 ‘IUD 

9.l"9'@5PZ



APPENDIX V 

LATE DATA SUBMITTED FOR 

UBLCC INTERLABORATORY STUDY 

_Q!4;5.



LATE DATA SUBMITTED BY LABORATORY U013 

(Received on October 17, 1986) 

Sample (ug/l) 
501 502 503 504 

Detection 
Limit 

iron 

cobalt 

nickel 

copper 

zinc 

cadmium 

lead 

Nd * 

288.8 

584.9 

99.9 

127.4 

101.0 

08 

Nd * 

115.0 

165.2 

49.0 

434.8 

35.19 

165.4 

Nd * 

86.09 

165.2 

32.0 

484.8 

35.19 

254.9 

Nd * 

288.6 

524.9 

133.9 

119.7 

101.0 

523.3 

Nd * 

Nd * 

2.04 

3.95 

'16.47 

2.07 

5.57 

* Nd - not determined 

Methodology 

50 ml simple acidified with 5 ml concentrated nitric acid. 

Reduced to ~ 3 ml on water bath and diluted to 50 ml with distilled 
deionized water. 

Extracts were analyzed by an Atomic Absorption Spectrophotometer - 
flame.



cnanass T0 mm suammzn BY ,|.AaoRAIoRY_uQ13 
(Received on December 2, 1986) 

Sample (ug/1) Detection 
- ~~ Limit 

501 502 503 504 

Zinc 127.4 43.5 43.5 119.7 16.47


