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EXECUTIVE SUMMARY

Quality Assurance and Methods Section was requested by EPS-OR and
PWC-Toronto to set up a quality control study to evaluate the
analytical capability and performance of contract and government
laboratories for PCB and trace metal analysis. In Study DQC-4, l4
laboratories in Ontario, Quebec, British Columbia and Nova Scotia
participated. This report compiles, evaluates and interprets the data
collected for PCBs and eight trace metals. The performance of each
laboratory was statistically assessed for each parameter and the
results are to be used as one of the criteria.in the selection of

contract laboratories.



' RESUME ADMINISTRATIF

La Section de 1l'assurance de la ‘qualité et des méthodes a été priée
par le SPE-RO et TPC-Toronto de mettre ;u point une étude du contrdle de
la qualité afin d'évaluer la capacité d'analyser et le rendement des
laboratoires retenus 3 contrat et de ceux du-gouvernement pour l'analyse des
BPC et des métaux 3 1'état de traces. Quatorze laboratoires de 1'Ontario,
du Québec, de la Colombie-Britannique et de la Nouvelle-Ecosse ont
participé & 1'étude DQC-4. Le présent rapport fait le bilan, évalue et
interpr&te les données recueillies sur les BPC et huit métaux & 1'état de
traces. Le rendement de chaque laboratoire a fait 1'objet d'une
évaluation statistique pour chacun des paramétres; les résultats serviront
de critdre de sélection des laboratoires que 1'on retiendra 3 contrat.

‘ Titre : Etude de contrdle sur la qualité du dragage n© 4 (DQC-4) - Analyse
des BPC et des métaux a l'état de traces dans les matériaux étalons

des sédiments secs
par H.B. Lee, J.A. Abbott et A.S.Y. Chau



INTRODUCTION

The Dredging Quality Control Program (DQC) initiated and
supported by the Environmental Protection Service - Ontario Region
(EPS-OR) was implemented by the Quality Assurance and Methods Section
_(QAMS) of the National Water Research Institute (NWRI). This program
is part of a dredging project which ensiures that the organic and
inorganic contamin;nts in the dredged sediment is within the
guidelines set by the Ontario Ministry of the Environment and the
U.S. Environmental Protection Agency (1). The QC program was carried
out to ensure that potential contract laboratories used by various
government agencies such as the Department of Public Works, EPS,
Fisheries and Oceans, etc., gave reliable analytical results on the
dredged sediments. The continued use of interlaboratory QC studies
proﬁided an ongoing evaluation of a laboratory's performance for use
by government agencies as a selection criterion. Interlaboratory QC
studies are also used as a means for the laboratory to test the
quality of its own results compared to other laboratories. The
capability of these laboratories to pérform specific analysis can also
be determined b& these QC studies,

In this study (DQC-4), the quality of sediment data for total .
PCBs and trace metals, two of the major classes of parameters of

interest to the program, was evaluated.



STUDY PROFILE

From the returned questionnaires, a total of 17 laboratories
affirmed that they would participate in this study. By the time thi;
study was closed, 14 laboratories sent back results. Each laboratory
was provided six sediment samples: four of them were freeze-dried and
well charactérized reference materials developgd by QAMS, the rest are
certified marine sediment reference materials purchased from the
National Research Council of Canada. The name, sample number and
reference values for the concentration of PCBs and eight toxic trace
metals are given in Table 1. Note that reference materials TH-I,
HR-1, Sud=l and EC=3 are not yet fully characterized. The interim
reference values were based on a limited number of in?house and
external analyses. The trace metal contents in CRMs MESS-1 and BCSS-1
were determined by two or more independent analytical methods.
Participants were requested to analyze all six samples for the
following eight toxic trace metals: Cd, Cr, Cu, Fe, Hg, Ni, Pb and
Zn. In addition, total PCB analysis for samples 1 and 2 was also

requested.



RESULTS AND DISCUSSION

Analytical Methodology

In general, the dry sediment was extracted by a mixture of
acetone and hexane using a shaker, ultrasonic or soxhlet technique. A
few participants (DOB; D04, and D17) prewétted the sample .before
extraction. Water was then added to the orgahic extract to separate-
acetone and the aqueous layef was back extractéd with either hexane,
dichloromethane, or benzene. The concent?ated extract was then
cleaned up on an activated or deactivated Florisil column and the PCBs
were eluted by hexane. Lab D26 was the only one which used a
combination of GPC (Bio-Beads S~X3) and silica gel to clean up the
sediment extracts. Sulfur or sulfur compounds were removed by
activated copper or metallic mercury prior to GC-ECD analysis. All
but one participant used packéd columns for PCB analysis and several
methods of calculations including the Webb-McCall technique were
used. Lab D14 analyzed PCBs with a capillary column and the total
areas of PCB peaks were measured against Aroclor standards. See
Table 2 for details.

For the analysis of trace metals other than mercury, digestion of
sediment samples was c0mp1eted.using aqua regia or a combination of
HNO3, HC1l, HF, and HC10, at about 100°C. This was then diluted with
water ahd analyzed using flame or graphite furnace atomic absorption

speétrophotometty (AAS). D10 was the only laboratory that did not



digest the samples. This laboratory formed sediment pellets and
analyzed the trace metals by X-ray flqorescence. However, cadmium and
mercury were not aﬁalyzed by this technique. See Table 3 for
details. Digestion of sediment samples for mercury analysis was done
by a combination of HNOj3, H,S0,, and HCl in the presence of KMnO“,
V505, or KyS,0g5. The digest was then reduced by SnCl,, hydroxylamine

hydrochloride or hydroxylamine sulfate. Mercury was analyzed by cold

vapor AAS. See Table 4 for details.

Data Evgluation

All raw data submitted by the participants are listed in the data
summary for each parameter (Appendix 1I). After reviewing the
preliminary interlabotatory data, laboratory D25 resubmitted revised
data for iron for all six test samples.

Each individual result in DQC-4. was evaluated by the Youden
ranking technigue (2) for the detection of biased statements as well
as a computerized flagging procedure (3) for a semi-quantitative
evaluation of data accuracy. Results of such evaluations were also
summarized in Table 5. For each trace metal, the  results of a
laboratory were judged biased, i.e. consistently higher or lower, if
its total rank was outside of a.statistically allowable range. No
biased statement was given to the PCB results since too few samples

were analyzed in DQC-4 for 'meaningful statistics. For a more



quantitative measurement of inaccuracy, erratic results were assessed
by the presence of very high.(VH), high (H), low (L) and very low (VL)
flags. For further explanation of the ranking and flagging
procedures, please refer to Appendix II.

Interlaboratory medians rather than the reference values were
used as evaluation criteria for data accuracy in the flagging
procedure since not all the reference values were finaliged. However,
laboratory performance evaluafed either by a consensus (medians) or a
subjective (reference values) standard would be valid since in DQC-4
interlaboratory medians for all parameters in every sediment sample
were in close agreement with the reference values. Only in a few

cases did the two values differ by $10% or more (Table 1).
SPECIFIC COMMENTS

Among the 14 participants, D04, D17, and D18 did not provide any
trace metal data and D02 provided data on four of the six test

samples. No results were received from D08, D09, and D10 for PCBs.
Total PCBs

" Samples 1 and 2 were both naturally contaminated with Aroclors
1254 and 1260 and were derived from typical dredging sites in Lake
Ontario. The interlaboratory PCB results for samples 1 and 2 were

‘generally satisfactory. After rejection of outliers, the relative



standard deviations for the two samples were both 33% and were
consistent with the results found in DQC-3 (4). PCB results from D14,
D20, and especially D25 were high, while those results supplied by DO7

an D18 were both low.
Chromium

The chromium results in DQC-4 were more erratic than all other
trace metals in the same study with the exception of cadmium. Half
(27 out of 54) of the reported results were fiagged and the interlab
RSD's were between 23 and 34% for samples in the 70 to 150 ug/g
range. Results from D20 and D25 were identified as biased low and
those from DO8 were biased high by the ranking procedure. After
rejection of the biased results, the interlab RSD's were between 10

and 15% for the test samples.

Iron

Other than the fact that the.results from D09 were biased high
and those from D25 were biased low; the interlab results fot iron are
satisfactory. A total of 18 out of the 64 results were flagged and
after rejection of the biased results, the interlab RSD's were between

7 and 15% for samples with 3 to 4% Fe content.



Rickel

A total of 21 out of the 64 reported results were flagged for
this metal. Results by D08 were biased high and those by D20 were
biased low. After rejection of these results; the interlab RSD's were
between 12 and 21% for sediment samples of 30 to 70 yg/g. Sample 3
was derived from Sudbury and contained an extremely high level of
nickel (ca. 900 pg/g). The interlab RSD of this sample was 16% and

was similar to the other samples at lower nickel concentrations.

Cogger

The interlaboratory results for copper were excellent and,only
nine out of 64 reported results were flagged. Among the few less
accurate results, those. from D25 were identified as' biased 1low.
Random érrors were experienced by D20 as both VH and VL results were
reported in this data set. After rejection of outliers, the inter-
laboratory RSD's were between 5 and 9% for samples with copper levels
higher than 80 ug/g and between 12 and 14% for samples at lower copper

levels (ca. 20 ug/g).
Zinc

Other than a few random high results, possibly due to sample

contamination, the results in this data set are precise. After



rejection of outliers, the interlaboratory RSD's were between 4 and 9%
for zinc level in the 120 to 2100 yg/g range. Although D20 was
‘identified as biased low for this metal, only one of its six results
was flagged VL. The other five results from‘DZO were only slightly
albeit cOnsistently lower than the medians.

Cadmium

Similar to the fin&ings'in DQC-2 (5), cadmium results were the
least satisfactory among all trace metals in this study. Déspite a
large BAE value (see Appendix) used in the flagging procedure, 19 out
of 41 results were flagged. For cadmium results, D08 was identified
as biased high and D21 biased low. Most laboratories reported cadmium -
levels to as low as 0.5 pg/g except D26, which did not report any
cadmium results lower than 10 ug/g. . For sediment samples with cadmium
in the 1.8 to 5 yg/g range, the interlab RSD's were between 20 and 407%
after réjection of outliers. There were not enough data to establish

interlab precision for sediments with cadmium less than 1 ug/s.
Mercury

Mercury results are generally satisfactory in this study except
for those reported by D08 which were erratic, i.e. presence of both VH
and VL flags. None of the eight reporting laboratories provided
biased meréury results. Interlaboratory RSD'Q were between 7 and 26%

for mercury levels in the 0.1 to 2.5 yg/g range.



Lead

The lead results in this study are again satisfactory and only 14
of the 60 results were flagged. Results from D08 were identified as
biased high and three of the six results provided by D21 were very
high. On the other hand, results given by D03 were judged biased low
by a small margin. The interlaboratory precision for this metal was

between 12 and 20% for lead levels‘in the 25 to 250 yug/g range.
OVERALL PERFORMANCE OF TRACE METAL ARALYSIS

The accuracy of trace metal results in this study was summarized
in Table 5. In this table, the number of results reported excluding
those with a < sigg.as well as the number of results flagged VH, H, L,
and VL for all metals were summed. The percentages of results flagged
were calculated and the most accuraté laboratories have the lowest %
.of flagged results. Laboratory DiO did extremely well in the present
study since only ome of the 36 (or 3%Z) results was flagged. However,
D10 did not analyze cadmium and mercury. On the other hand,
laboratories D08, D21 and D25 which had over 40% of their results
flagged were among the least accurate‘ laboratories in DQC-4. The
statements of biased results included in the same table are strong
evidence of systematic errors and those are the areas that the above

laboratories may want to look into for improvement.
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OTHER COMMENTS

Laboratory D20 indicated that significant inhomogeneity was noted
in samples 2 and 3. The same comment, however, was not reported by
other participants for any sample supplied in DQC-4. For each test
sample, all participants received a subsample derived from the same
bulk material randomly, it was then unlikely that the same laboratory
would receive two inhomogeneous samples ‘while the rest of the
laboratories all received homogeneous samples. Comparison of interlab
RSD's for all trace metals and PCB results did not indicate
significant difference between the suspected samples (2 and 3) and the
other samples when the levels were similar. Thérefore, inhomogeneity

among and within subsamples in test samples 2 and 3 was ruled out.
SUMMARY

Other than the biased results described above, satisfactory and
accurate data were obtained from participants from iron, nickel,
coppet, zinc¢, mercury, and lead. Sediment results for chromium and
PCBs were slightly more erratic than the other parameters. Cadmium

results were unreliable and not comparable at 1 ug/g or lower.
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TABLE 1 Reference values and interlaboratory medians (in brackets)
for PCBs and trace metals of the six test samples
distributed in DQC-4. All vaues in ug/g (dry weight basis)
except for Fe (in Z). Note that reference values for trace
metals in Sud-1 and EC-3 are preliminary

Sample
Parameter . e
1 2 3 4 5 6
(TH-1) (HR-1) (sud-1) (EC-3)  (BCSS-1)  (MESS-1)
Total PCBs 0.552 0.544 - - - -
(0.531) (0.501)
Cr 139 138 99.7 146 123 71
(127) (141) (91.0) (139) (106) (66.0)
Fe 3.70 3.36 3.46 4.58 3.29 3.05
(3.65)  (3.14)  (3.20)  (4.10) (3.21) (2.94).
Ni 42.0 36.4 933 72.0 55.3 29.5
(42.1) (40.4) (896) (69.0) (53.0) (29.9)
Cu 106 80.5 579 90.4  18.5 25.1
(105) (80.3) (562) (97.0) (18.5) (26.0)
Zn 1601 1157 825 2117 119 191
(1582) (1155) (801) (2111) (117) (192)
Cd 5.9 4.3 1.8 3.0 0.25 0.59
(5.1) (4.1) (1.9) (3.1) (0.28) (0.60)
Hg 0.44 0.35 0.094 © 2,76 0.129 0.171
(0:41) (0.30) (0.100) (2.46) (0.135) (0.168)
Pb 260 146 53.4 144 22.7 34.0
(250) (141) (63.5) (140) (25.6) (33.0)
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TABLE 2 Analytical methodology for PCBs.

Lab #

Extraction

Cleanup

GC and Quantitation

D03

D04

DO7

D14

D17

D18

D21

D25

D26

141 acetone/hexane,
shaker

141 acetone/hexane,
shaker

41+59 hexane/acetone,
soxhlet

Acetone extract added
to water, CH,Cl,
back extraction

Acetone, ultrasonic
CH2C1 2 back
extraction

1+1 acetone/hexane,
shaker

Acetone/hexane,
ultrasonic hexane

back extraction

Acetone /hexane
extract, hexane back
extraction

1+1 acetone/hexane,
benzene back

extraction

Activated Florisil;

hexane elution,

activated Cu

Deactivated Florisil,
hexane elution

Deactivated Florisil,
hexane elution

Florisil, hexane
elution

Florisil, hexane
elution

Deactivated Florisil,
activated Cu

Florisil, hexane
elution

Activated Florisil,
hexane elution

Bio-Beads S$-X3 Silica
gel, hexane elution,
Hg

3% 0V-1, ECD Webb-McCall

Packed columm ECD. Sum
of 8 peaks.
0vV=17/QF-=1, ECD

Capillary column, ECD,
total area of PCB peaks

Packed column, ECD,
total area of PCB peaks

ECD

ECD, Webb-McCall

ECD, Webb-McCall
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Analytical methodology for trace metals except mercury.

400°¢C, cool and redissolve.

TABLE 3
Lab # Digestion Analysis
D02 HC10,/HNO; at moderate heat t111 -
white fumes, cool and dilute with DW
D03 HNO3/HC1/HF in polyetheylene containers Fe, Zn: flame AAS, other five
@ 100°C elements graphite furnace AAS
D07 Aqua-regia AAS with background
correction
D08 Open digestion in Teflon containers Flame AAS
D09 HNO3/HC1/HF in Teflon beakers, boil AAS or DC plasma
to dryness, add HZO/HCI/HNO3/H20
boil to 10 mL, make up to 30 mL
D10 None X-ray fluorescence analyser
D14 Reflux with HNO3/HC10, till white fumes Pb (AAS), other elements ICP
in Teflon beakers, add HF and heat to argon plasma emission
dryness, redissolve in 107 HC1 spectrophotometer
D21 Aqua-regia in Teflon beakers @ 90°C Flame or graphite furnace AAS
for 2 hrs. Silicious residue treated background correction
with HF/HC10,/HNO3. Fractions
combined.
D25 §/H20 boil to dryness, heat @ AAS
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TABLE 4 Analytical methodology for mercury.
Lab # Digestion Analysis
D03 HNO ,/HC1/KMnO,, in polystyrene Cold vapor auto-analyser
containers @ 80°C for 1 hr
D07 H,80,/HNO 3/HC1, after digestion Varian VGA76 hydride
cool and add KMnO,/K,S,04, leave generator
overnight and add hydroxylamine
sulfate/NaCl
D08 Open digestion in Teflon containers Cold vapor mercury monitor
D09 V,05/HNO3 in tube @ 160°C for 10 min, Fisher mercury monitor
cool, add HNO3 and heat till fulmes.
Transfer to BOD bottle, add water,
NH,0H.HC1 and SnCl .
D14 HNO 3/H 250 ,/K S 20 g/ KMnO,, @ 90°C for Cold vapor AAS

@ ..

6 hrs, SnCl, reduction

H,S0,/HNO/HCL @ 50-60°C for 2-1/2
hrs. Cool, add KMnO,/K,S;0g/hydro-
xylamine sulfate/SnCl,.

AAS
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TABLE 5 Summary of trace metal results by lab.

No. of Results

Lab # No of Elements Flagged
Results not A— % Flagged Comment s
Reported*® Analyzed VB H L VL
D02 23 Cr, Hg 1 0 0 1 8.7 .-
D03 48 none 0 2 3 1 12.5 Pb (biased low)
D04 nil all - - - =~ - -
D07 46 none 3 0 2 1 13.0 -
D08 47 none 22 2 2 4 63.8 Cr,Ni,Cd, and Pb
. (biased high)
D09 48 nione 4 5 0 0 18.8 Fe (biased high)
D10 36 cd, Hg 0 1 0 0 2.8 -
D14 45 ‘none 5 2 1 3 24.4 -
D17 nil all - - - - - -
D18 nil all - - - - - -
D20 47 none 2 0 9 34.0 Cr,Ni, and Zn
(biased low)
D21 35 Cr, Hg 8 2 0 5 42.9 Cd (biased low)
D25 46 none 3 1 6 14 52.2 Fe,Cr, and Cu
(biased low)

D26 39 none 1 2 3 & 25.6 -

*Excluding results with a < sign.
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APPENDIX I

Data Summaries
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. £6/63/17 PAGE 2
(" PARAMETERS 24001 CHROMIUM - UG/G QUALITY ASSURANGCS AND METHGDS SICTION
- NATIONAL WATER RESEARCH INSTITUTE
: y _ BURLINGTCN ONTARIC
DQCeiy JOTAL PCBS - AND _TRACE-METALS- IN_SEDIAENT -
B_LIMIY FOR USE OF.. . BASIC ACCERPIABLE ERRQR=50,0C Dbnﬂw; ACCEPTABLE HOD.;.DI;&!D: CONCENTRATION ERROR _INCKE Mo NT= 1+ 4 K
 LABORATORIES YET TO REPORT? © Iy
.. | LABORATORY RESULTS OMITTED ARE NONE :
- SAMPLE 1 2 ) 3 R 5 . B 6
Uﬂ—vDDdﬂ: REPORTEN REPORIED |UDH_._,1D REPORTED REPORYED
LAB N0 VALUE RANK VALUE RANK VALUE RANK VALUE RANK VALUE RANK
no3 145, 7.00 1€9, H . 00 113. H 700 : 110, 6.50 69, 6. 0h
007 133, 6..00 1ul. 16 g1 500 139, 5,00 106 5.00 Elis e (0
DOA 177. VH 9.00 169, VH 9, G0 125, WH 3,50 180 . VH 9, 00 125, H 8.00 88, VH 9,30
D09 123, 4.00 132, 4o 00 13, 6400 135, w.ob 102, 4,00 66 5,00
010 127, 5. 00 149, 600 61, G406 154, 7.08 128, H 9.00 70. 7 .00
D,a.r 174, VH 8,00 181, VW A.a0 A,_w \H B.00 Hm.m» H 8.00 116 6.50 71 B...00
D20 100, L 2,00 107, VL 2.00 404 VL 1.00 87.2 VL 2.00 51.3 VL 2.4 29.3 VL 2400
D25 BlheB VL 1.00 87.9 VL 1..00 570 VL 2450 75.5 VL 1.00 35,5 VL 1,00 ,m».c VL 100
mmmu>z 111, 3.00 112. L 3,06 76.7 3.00 130, 3.00 100, 3.00 23.8 VL 3.00
CONC. 127.060 , 161,000 31,0030 139,000 166.000 66. (00
TOTAL AMERAGE NO.OF SAMPLES . SUMMAEY OF :
| LAB NO.  RANK RANK RANKE D FLAGGING METHOD CODING
D03 39,540 6.583 6 HH
007 33,0 5. 000 6 :
D08 53,00 8. 833 6 VHVHVHVHHVH BTASED HIGH
nig 36400 bo 33" 6 H
01 LB 5 7250 & VHAHAVHH :
n20 11.00 1.833 6 LVLVLVLVLVL 8IASEQD LOW
1 o078 7,00 1.167 6 VLVIE VLVLVLVL BIASED LOW
| 026 18,00 3. 000 6 LVL
| OVERALL AVERAGE
] RANK IS 5. 000
TOTAL  AVERAGE  NO,OF mpzvrmm SUYMMARY OF _
, LAB NG, RANK RANK RANKED FLAGGING : MZTHOD CODING
I D25 7.00 1.167 6 VLVLVLVLVLVL BIASED. LOW
| D28 11,00 1,833 3 LVL VL VL VLVL BIASED LOMW
| nee 18,00 3.000 6 LvL
0o 2r.00 4,500 6 .
| po7 30.00 5. 000 6
| Dte 38.00 6. 333 6 H
-1 003 39,50 6.583 6 HH
014 46,50 7,250 6 VHYHVHH
008 53,00 B. 833 f VHVHYHVHHVH BIASED HIGH -
. OVERALYL AVERAGE
RANK 18 5.-000
- J

R. L CRAIN'INC.
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......... DQC=4. TOTAL .PCBS. .AND _TRACE METALS IN-SEDIMENT

D L b R L Lo T R

BURLINGTCN

Eb/U3/17 PAGE 5
[ 'PARAMETER: 29301 COPPER UG/ G QUALITY ASSURANGE ANB ME THGDS SEC TION)
NATIONAL WATER rm%mwmmﬁmmnmqnqC4m

IT FOR USE OF 8ASIC bmon:".oﬂh.»_ £ ﬂ.u.uDOI)_.,la: EBASIC ACCEPTIALLE CRACR= 5.00 CONCENIRLATICON ERRPOK uZﬁEﬂszHIl 10
v LABORATORIES YET T0O REPORTS 0
LABORATORY RESULTS OMITTED ARE NONE
SAMPLE 1 _ 2 2 4 . 3 6
Uﬂbbﬁ.ﬂﬂb REPORTICZD REPCORIED REPORIED REPORIED REPORIED
LAB NGO  VALUE RA MK VALUZ RANK VALUE RANK VALUE FANK VALUE RANK VALUE RANK
po2 0. 00 0,00 616, 11.00 : 19, 7.60 . 27. 8409
N0l 107 £.50 80 8...4G0 5314 8 nb 37 65..00 20 9..00 2 AN 800
Dor 102, 4.50 80,5 .00 538. 260 101, 9. 00 18,5 6.0 23.8 3. 00
D08 104, 8. 00 Bise 9. 00 548, 3. 00 1°1. 9,00 23. 11.00 40s VH 11400
D9 101. 3,00 79,2 ke 00 538, §.00 36 o4 5,00 228 1d.60 32.1 H 10,00
pig i00 2.00 18 3.00 510 .00 m,? 3.40 17 VIR 2D 80
014 1049, 9,00 81, 2 8.00 610. 16.40 101, 3,00 19.2 a. 0l 2507 5. 00
029 115, 16.00 237. WH 1020 447, VL 1,00 107 . 11.0¢ 17.8 «.00 27 8,00
D21 162, 4,50 81, 7.00 562, €4G0 9. 7.00 18+ 5.00 25. 4400
nN2s 89,31 ». 00 m,N, Q.1 1..00 48,2 ol 78 1 2,010 i6 1.834 13 1 1400
mmmH»z 107. 6. 50 75.6 2.00 557, 5.5 6146 VL 1.00 i7.1 3,00 21.8 2.00
CONCe 1044500 804256 562, 00 . 97 . 000 18,500 264000
TOTAL  AVERAGE «OF SAMPLES  SUMMARY OF
LAB NO, RANK RANK RANKE D FLAGG ING METHOD COBING
002 3C.00 7.500 4
DO3 42,50 7,083 6
067 30.50 50083 6
Dos 51.00 8,500 & vH
009 41,00 6.833 6 H
n1o 23.00 3.83% €
014 43,00 B.167 6
:Vb INN ..—n.— 2,322 6 VHAL
D21 33,50 54563 6
D25 10,00 1,667 6 LLLL BIASED LOW
N26 19.50 3,250 6 "
OVERALL AVERAGE ’
RANK IS 5,844
TOTAL  AVERAGE »OF SAMPLES  SUMMARY OF o )
LAB NCs  RANK RANK RANKE O FLAGGING METHOO CODING
p2% 10,00 1. €67 6 LLLL BIASED LOW
nz6 19,50 3,250 6 Vi
Dig 23.00 3,833 6
007 30,50 6,023 6
D21 33.50 5,583 6
no9 41,00 6o 833 6 H
0g 3 4250 7.083 6
D20 Lo 0D 7,333 % VHUL
p02 30,00 7. 500 I
D14 49,00 Be167 6
008 51.00 8.500 6 VH
OVERALL AVERAGE
RANK IS 5,844
. /

PRINTED (N CANADA
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(" PARAMETER?! L8001 CADMIUNM - UG/6

| DOC=4 TOTAL PCES AND_TRACE METALS IN SEDIMENT

£ ERROR= 1,40 BASIC ACCEPTABLE ERR(P= 53

LABORATORIES YET TO REPORTT 0
LABORATORY RESULTS OMITTED ARE NONE

SAMPLE 1 , 2 3 4 , 5 6
Nﬂ‘:ﬁﬂnb REPORTIED Dﬂﬂbnu“: REPORTIED REPUGRIED REPLRIED
LAB NO  VALUE T RANK VALUE RANK VALUE RANK VALUE PANK VALUE RA NK VALUE RANK
- ng2 0.00 0.00 1.7 3.50 2.9 400 <.5 .00 "l
Dol 5..29 5400 3.87 3.00 1.88 5e 50 3043 600 0z 1.00 63
007 5.6 6. 00 hed 5,00 2.1 6e00 %+9 VH 8700 <. U a0 <1
D08 10.8 VH 8400 8e5 VH. 8.00 4.8 VH 8400 8ely VH 9. 00 2.8 VH 3.00 <5:5
009 5.78 7200 bed2 400 2:48 H 7100 3765 7790 28 2:00 1:29 ¢
Bi4 Ioh VL 2.04 2.8y 24040 <5 0.00 2.2 3. 00 <5 .08 <.5
| ONQ H48 N &G0 Wl@ VH NQDQ Anu VL 1.00 3.1 mooc <,3 0.00 om
D21 1.28 VL 1,00 c92 VL 1400 Tau VL 2400 v32 VL 1,00 <ol G.00 36
03% %01 L 3.00 4029 6.00 1.7 3.t 1.7t 2.00 <.5 6.60 <5
D26 <10 - .0 ?: h*Di 0..00 <10 090 <40 0..00 €186 43.00 <140
MEDTAN .
CONC. 5,045 4,060 1,790 3.100 .260 «600

TOTAL AVERAGE NO.OF SAMPLES SUMMARY OF
LAB NO. RANK RANK RANKED FLAGGING METHOD CGCDING
ng2 10,50 3. 500 3
. D03 24400 4o 000 6
nor 25,00 6,250 s VH
moa 36,00 ﬂ.mmw. 5 VHYHVHVHVH 8IASEN HIGH
a9 32.010 8 : 6 HH
Di& 7.00 24333 3 VLvLL
D240 13,00 3.800 5 VHVL :
D21 €s00 1.200 5 VLVLVLVL BIASED LOW
p2s 1L.50 3.-£25 Ly ol
b26 0,00 0. 000 0 INSUFFICIENT DATA
OVERALL AVERAGE
—RANK IS helhihs

TOTAL AVERAGE ZD-DM SAMPLES SUMMARY BF

PRINTED 1N CANADA

LAB NO, RANK RANK RANKE D FLAGG ING o METHOD CODING
D26 000 9. 060 0 : . INSUFFICIENT DATA
D21 £.00 1,200 5 VLVL YLV 8IASED LOW
D14 7.00 2,333 3 vovLL .
B92 10450 3.500 3
02 14,50 3,625 & LVL
Do .00 2.830 {8 VHV
003 24,00 G4, 000 6
009 32,00 5. 333 6 HH
no7 25,03 6,250 4 VH
0ns 6400 1.200 VHVHURVHVH BIASED HIGH
OVERALL AVERAGE
RANK IS be 244
. J

CADMIUNM

R. L CRAIN INC.



$6/03717 PAGE 3
ﬂ, PARAMETERS 80001 MERCURY ; UG/G . QUALITY ASSURAGNCS AND METHOOS SECTION)
NATIONAL WATCR RESEARCH INSTITUTE

, . _ ~ BURLINGTGN ONTARTC
.,;Il.,.DDpwtiﬁoh.brl.mw.gW!bz,vpl.Hmﬁ.ﬁmlkn TALS _IN_SEDIMENTY - e e e e o ot eeeeeet e eee e e
. _ LOWER LIMIT FOR USE OF BASIC ACCEPTABLE REOR = 0 BASIC ACCEPTABLE ERR(R= 10 CONCENTIRATION hhbbb INCREMENT= 1d \
ﬂ, LABORATORTES YET TO REPORTE 0 _ : —

LABORATORY RESULTS OMITTED ARE NONE

SAMPLE _ 1 2 K] 4 ] 5 6

REPALRKTED REPORIED UTUDD.:...D REPOARTED EEPCRIED REPORIED

LAB NO  VALUE RANK VALUE RANK VAL UE RANK YOH RANK VALUE RANK

003 c 463 7,00 , 2.67 5400 180 be00 176 7.00
__ D07 51 8.080 +59_\t 1..00 11 1.00 T 2..00
I oo0s .19 VL 1,00 W07 VL 1.00 o1 .81 vl 2.00 .33 VH 7.00 .06 L 1.00

p09 JuD2 e Q0 .m@ 3.6C <075 2.24 4,00 «13 3.50 .185 8400

n14 «332 2.00 232 2.00 . 070 1.96 VL 304 JI1 2.00 .175 6 J0

021 o 41 5.00 o b 10 «02 2.99 \H 7. 010 o1 % I Hodd ol6 3.00

D25 .39 3.00 «309 5,00 <110 2.754 H 6,00 .555 VH 5,00 . 165 4,00

mMo~>z 2 6.00 «35 8.00 o1 3. VH 8.0C ‘13 3.56 17 5400

_":mﬁl oALl6 3208 130 2 . uB5 136 168

OTAL AVERAGE NO,OF SAMPLES  SUMMARY OF

- LAB NO,- eMsz RANK RANKED ELAGGING METHOD CCOING .

003 39,00 6450 6

DoA 16,50 2,750 6 VLV LA VHL

n09 25,50 e 250 6

014 16650 2. 750 6 VL

D20 77450 4,583 5 VH

D2S. 32.09 5,333 & HUH

D26 35,00 5,833 5 VH

OVERALL AVERAGE
_ RANK e 500

TOTAL AVERAGE MNOLCE _SAMPLES. — SUMMARY OF B

LAB NO, RANK RANK  RANKED . FLAGGING . METHOO CODING

D08 1645 2. 750 _ 6 VLVLVLVHL

0Ot 4t 16,5 2. 72510 B —q:

no7 24400 4 000 6 VL
< 009 w«.ma 4e 250 6

nzs 32.00 5,331 [ HUH

026 35,00 5,833 6 VH

003 33,00 64500 6

OVERALL AVERAGE

RANK IS 4, 500
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'APPERDIX II

Glossary of Terms

(1) Ranking

Ranking is a ﬁon-parametric statistical technique used for the
detection of pronounced systematic error (bias) in interlaboratory
studies. According to Youden's procedure, rank 1 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
rank on each samples. In the case of six test samples and ten
laboratories, the 5% probébility limits for ranking scores are 14 and
52. A laboratory with 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 vprovide 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 rathér than in the extreme ends. However, laboratories
with middle raﬁks do not necessarily mean that they provide more

consistent results since very high results (high  ranks)
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and very low results (low ranks) would average oit 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. Mediﬁns are
chosen rather than means since they are not influenced by a
moderateanber of extreme values. By this flagging technique, all
results a?e graded into the 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
BasicAcceptable 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 tmdiansvin the test samples.
According to our previous interlaboratory studies on PCBs, a 30% error
at LLBAE is considered reasonable and thus this is used as BAE. For
samples whose medians are at or below LLBAE, the reuslts are evaluated

according to the following formulae:
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Absolute difference between
BAE

..

I

_ acceptable
sample and median results

Absolute difference between

BAE < S.I.S x BAE : Hor L
sample and median results
Absolute difference between

>1.5x 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 BAE. This increment is
calculated by multiplying the CEI by the difference between the sample
-median and LLBAE values. In this study, CEI is set at 0.2. 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.



