
\\\ \-*~> C '<~,v\\ v~\\ \~\\ ix 
c\\f4\"'\j 

\_

u 

use s1 199, Ligv 
—___,‘ 

G» 
='€2§§’ % 

._ ‘%w<*w‘;”~*‘~*¥ @§=&,¥e%’§*~%§=~* ~ 

'3’ 
VA%*"s 

=~é< aw 

_ . 
_ 

. 
_ ,_ “QR §'z§3A» Mum 2, . $9 , 

_ ‘;*)\ 6 , M 
‘=** 1*‘ 53* ’$§?5*\é\ " 

" ., - 
. 1 1? 

‘ 
~\/ »;l,<~ - “;¢=N'W.'”§;;:;» , 

' '

. 

, M 
A 

afl‘ Y1 K». g. W _ 
’ §k,;¢ 

. ,§u Q Q,"- 
~ g , , I »w@ ~» - » » * 

, f 

4;,“ lw lg, 3%, z§§w§§w»§g}m‘_4;m3w§y: as 
‘ 

’»'"w :aV*‘*‘*§.w‘~V‘-‘;§ ff -%’w“f§ “‘-r'_ ‘,1,’ Z :‘ Q 
_ 

_ 
> 

_ > 5 V;;;,g?§> ..; >;,.~,‘=:~ 

;¥ gm V;/wz;; »i;»:» 
‘ 

= '< Ii” W“. “ *5 @~@;$§$F&§‘~ Q 

* 

' ' 

.; ; ,_ < 
* ’ Y; ,7 . ,, @ 45 7'? I - H W; .. ,;_ 1 

. - 
_ @€I{LHv{ §;§:~i~*rm,:4 @,.~;w;§" * .~ \ 

V .. . 
- P‘ 

L » 
J _ 

~* ~:*~ 
, 

“ 
T 

“ 
‘ . V » 

ask wiw $141.,-W 
' W , * * *~ + > 

~_ 

~' 

1 

— -»: 
1/ W Y» av, 7;. '1, -5; as ; Q » ‘B,’ WM-'Y 3:, A Xéw , 

* 
-‘,1 ,1. av -~.~ ;;'»~~»;1 ~'~ 

~* ‘ 
= 1* " 

“K;

y 

’*§‘M 

W‘ 

v»

a
é 

*~$<\ 

~ .
< 

v» < ,.. *1» W‘ > Q1’ ‘E r‘ I) Q5‘ W§””W’f N )1)! 
"1 , y g ‘K 1 "§*“”‘*~% My *””f“;”?§?*‘ ¢ > "A1 

4 5 ‘ 
A , qr. § ;, 

~ 
Q § 

3* *1 » » 
t 2 ; 

. . ,. ._» 4\\ 

K A m 
X 

~ 
‘x X; I V J x ’ K; Z’ 

U 5;‘ ‘ 
w?‘3;»>;J :;,- ~ 1, _; -;~ .:;~ 

I 

-7' ~/V, »& 

y ,§ Y é M 
‘ 

Y ~‘ A ~ ¢ » 
~ ' 

,“, _. W ‘,,¢,~,;W ,;>‘,,:,,, ’ ~ ,,,» . ,. ,~ Q: -~:».» 
. V 

» N w % 5" % %5,_,¢€;,_,,_‘ ‘ ,l ‘$ _, ,, . > 

_ ‘

. 

» y k §~ » 
I 

<5 ‘"1" ' 

4 
"P “ 

‘ ": ‘Ii ‘ 
Q 

’” 
I w ."@-'” R‘ ~” 

_: ,5 
1

- 

¢ ~ ‘* ‘» wd ‘ L .1 ;,1 ,2‘ X ; M ‘jg ~ w N 6‘ Ky , 
1% fig M . 1* 

Q 

V. 

‘ 

’ 
X ~ 

~ _ 

A 
Ky 

-hif» 
~ 

‘;,H M I 
ll A.

‘ 

5 
‘ 

‘ 

Q V . 
‘ 

‘ ~») ,;:;.,,,~n_~,; WW ' 

V
A 

3-. w ‘ 

TD
V 

226 
N87 ‘ 

No. 91- ' 

127 
c.1 

» ,1 >< ~ " ‘ ‘ 

“J, J“ 5 y ~ 
“ v ’ 

y _ _ , ._ { 
>< . 5.‘ -, w ‘W .. Mm mi,» # 

l 
4“ 

¢ 
‘ ‘ 

_ , 
» 

_ 
~ ' I‘, .. . .

' 

’ 
Q“ , 

lg 
,,,, ,3

‘ 

M 5, 
jg, 

\ 

,

‘ 

‘ J V 

§V';, 

$5; §=@fi¢§@~wwHVBRD€‘NRB NS§*I?i\l# 
&;a$m~§;¥»;,~@<.¢§¢~"‘*s;_§3» ~‘@W?»*€*;»~i‘!&*"'%?{¥‘ /5 *i»*-">;2"*:'*?¥*= *""@:"j“§.~g'¢?v4@~“1$§§“ ‘ '-‘*"~ 

. 
<

~ 
;7§§w~§ 

fix“ 
£5“? ..* r ; 

* 4‘ * 

A/0 ~ ~*' 
L 

M“ ‘I Ww»»~¢‘*1@,, ;,,»'Y~‘ 

;@,$§; wgé =~*?M§»m“»“¢;“§*‘§§;,,i§g§
- 

M-»~ 
,

’
. 

~ 

*'
V 

UV» »a<=¢t~,§,,$s,¢$’E;¢_<:e,,*§$:%»@1L%=>‘1‘i1~..%€§l%§T~é@~4»/$7; aw, :2 W , ~ .,,,‘% ,. 
~ §i% , 

1' ~% R q ~ ,1‘ » _; $ ~*w§z=¢:g»»% fir T i~\<>%A, '$’é‘,”;,~§v§"*'?§‘»T5“l*Kii"§~’iY’»?>”§“f§?§¢~‘$§%M,?‘»3
' 

~ 
‘ 

'* ‘*3 *1»“““"""" ,5“? “fi"£'“ 
’ 

, 
Q 1 j“i1“rv 1755 ‘*5 

iw , ~i“§'“%f§*:L§'*§:§ig§§§£
‘ 

‘ 

.1 
‘Z 

. 

'. 3‘ ,» y » ‘:_ 4* 
*“\ 

’Xr~.*»~,-Y,» 
“ ~ »=,,;~- W ~, Y5? fl Jwi§§~@é. L 

'w Q1 ' ' 

‘*’F~*§i%f”5 Mjgwvi €‘§¢§§~.;\s!§%-. rmigéw 
i Z K; it )5‘ J m;,“3$\)\ 

2‘ .<»~ ‘Q ~ *1 ¢~ . 
'7' é :' . ww 1,5161% fig ;;;»r’§.3 3 §,'$§‘,a$w»$,e¢:M%¢g;k~»;@s K; ~§§~.w=1 

.m%~§:;¢=¢»:@@§@”=¢e=~%’};w@1§12@fi&:§1=Yw@>~,Z ”*@%‘**@4‘5§§§"?@*§’§1*@@§$s:"%i*?‘*‘%*\§-5*“ '3’ $2“ ’V§"'k¢ ii%*“%' Q‘ 5'1 :15?” 
' 

1 
‘ 

‘Y _.1h as 3 , ...>(z 

?~im 

égbw

W 3‘

Q 

*2 

@**~ 

nwléawm

* 

L111‘

%
E 

é‘: ‘X

- 
$5 

Q;

M . ~28; ‘. ‘ 
.>$;*»¢4

_ 

W?! 

%:% 
%¢<@ 

-=» ‘ 

WW

?
“ 

€Z~ 

35 
N < 

3&5‘

2 
*5? 

gwwm‘ 

‘*2? 

>~ 

>2 

wf 

¥é*‘r»€‘<E> 

@% 1% afi‘ 

*~’@<“‘*’ 

Wzfi‘



7

\ 

r

Y

\

E

i

i 

INTERLABORATORY STUDY NO. G-1: ANALYSIS OF 
SELECTED CHLORINATED HYDROCARBONS IN SEDIMENTS 

W.C-. Li, A.S.Y. Chau and I. Orchard ‘ 

Research and Applications Branch 
. National Water Research Institute 

» Burlington, Ontario L711 4A6 

1’ E_nvi_ronmen_t Canada 
Conservation & Protection 

Ontario Region 

Toronto, Ontario M4T 1M2 

_ 

NCWRI Contribution No. 91.-12-7



MANAGEMENT PERSPECTIVE 

Hexachlorobutadiene (HCBD), hexachlorobenzene (I-ICB) a_nd octachlorostyrene 

(OCS) were found to be present in the St. Clair River Delta during Upper Great Lakes 

Connecting Channels Study (UGLCCS). The follow-up study for the "clean up of 

contaminnated sediments form areas ofconcem was conducted under the auspices of Great 

Lakes Action Plan (GLAP). 

The successful implementation of the _GLAP isdependent on the availability of 
reliable scientific data. To assist project managers and regulating bodies to ensure the 
validity of analytical data, an interlaboratory study (G-1) for the analysis of selected 

chlorinated hydrocarbons, namely, HCBD, HCB and OCS in sediments was designed and 
conducted. This study will help to establish the degree of comparability of interlaboratory 

results among participating laboratories.



SOMMAIRE A L’INTE7NTION DE LA DI‘REC’I‘ION 

La présence d’hexachlorobutadiene (NHCBD), d’hexachlorobenzene (HCB) et 

d’octaehlorostyrene (OCS) a été relevée- dans le delta de la riviere St. Clair au cours_'de 
l’l§tude sur les voies fluviales interlacustres du secteur supérieur des Grands Lacs. 
L-’étude de suivi relativement a Passainissement des sédiments contaminés des secteurs 

préoccupants a été effectuée dans le cadre du Plan d’action pour les Grands Lacs. 

4 

Le succes du Plan d’action pour les Grands Lacs est. tributaire de la 
de dodnées scientifiques fiables. Dans le but d’aider les gestionnaires» dc projet et les 
organismes dc réglementation a ass'urer- la validité des données d’analyse, on a mené une 
étude interlaboratoire ponant sur le dosage de certains hydrocarbures chlorés 

(I-ICB_D_, I-ICB et OCS) dans les sédiments. ' 

Celle~ci pertfiettra d’éiablir le niveau de 

comparabilité des rééultats obtenus par. les différents laboratoires participants.



ABSTRACT _ 

As part of quality assurance/quality control (QA/QC) program for sediments under 
the auspices of the Great Lakes Action Plan (GLAP), an interlaboratory study (G-1) for 

the analysis of selected chlorinated hydrocarbons in sediments was designed and 

conducted. Twenty-six laboratories were sent seven test samples including two standard 

solutions and five naturally ‘contaminated sediments. Each laboratory was requested to 

analyze the three selected chlorinated hydrocarbons, namely, hexachlorobutadiene 

(HCBD), hexachlorobenzene (HCB) and octachlorostyrene (OCS) in all test samples. 

Sixteen out of twenty-six. laboratories submitted results. ln general, intralaboratory 

precision for duplicate sediments was good for most of the participating laboratories. 

lnterlabora‘t,ory precision for standard solutions was comparable to the previous 

interlaboratory studies for the analysis of chlorinated hydrocarbons. 

I-lowever,interlaboratory precision for sediments was more divergent since they involved 

more tedious sample preparation procedures for these selected chlorinated hydrocarbons. 

The agreement between the interlaboratory medians and the design values of HCBD, HCB 
and OCS in standard solutions was excellent. It suggests that in-house working standards 

and performance of instrumentation of participants were satisfactory. In contrast, the low 

recoveries ofthree chlorinated hydrocarbons especially I-ICBD, as obtained from sediment 

samples, were likely due to problems in tedious sample-preparation procedures as 

mentioned} earlier.

I

/



RESUME 

Dans le cadre du programme d’_assurance et de contréle de la qualité (AQ/CQ) 
pour les sédiments relevant du Plan d’action pour les Grands Lacs, on a mené une étude 
in_te‘rlaboratoire (G-1) ponant sur le dosage de certains hydrocarbures chlorés dans les 

sédiments. On a envoyé sept échantillons d-’ressai dont deux solutions étalons et cinq 

sédiments naturellement contaminés at vingt-six laboratoires. Chaque laboratoire devait 

doser les trois hydrocarbures chlorés choisis, soit l’hexachlorobutadiéne (HCBD)-, 

l’hexa_chlorobenzene (ll-ICB) et l’octachlorostyréne (OCS) dans "tous les échantillons 

d’essa_i. Seize des vingt-six laboratoires ‘ont présenté des résultats-. En général, la 

précision intralaboratoire concernant les sédiiments en double était bonne dans la pluipart 

des laboratoires participants. La précision interlaboratoire pour les solutions étalons était 
comparable aux études interlaboratoires antérieures de dosage d_’hydrocarbures chlorés. 

Toutefois, la précision interlaboratoire au niveau des sédiments différait plus étant donné 

que les mé(hOd6S d_e préparation des échantillons dc sédirnents en vue du dosage des ces 

hydrocarbures chlorés choisis étaient plus fastidieuses. La concordance entre les médianes 

relevées dans Chacutn des laboratoires et les valeurs nominales pour le HCBD, le ll-ICB et 
l’QCS dans les solutions étalons était excellente. Cette concordance senmble indiquer que 

les échantillons de» référence et le fonctionnement des appareils utilisés par les participants 

étaientvsatisfaisants. Par contre, les faibles récupérations de trois hydrocarbures chlorés, 

en particulier du HCBD, obtenues -5 partir des échantillons de sédiments, étaient 

probablement vattribuables a des problemes au niveau des méthodes de préparation 

fastidieuses des échantillons mentionnées nprécédengment.

/
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1 INTRODUCTION 

I-lexachlorobutadiene (HCBD), hexachlorobenzene (HCB) and octachlorostyrene 

(OCS) were found to be present in the St. Clair River Delta during Upper Great Lakes 

Connecting Channels Study (UGDCCS). The fOllOW.-up study for the clean up of 

contaminated sediments from areas of concern was conducted under the auspices of Great 

Lakes Action Plan (GIAP).
U 

To assist project mangers and regulating bodies to ensure the validity of analytical 
data, a QA/QC (quality assurance/quality control) program for sediments was initiated in 
September, 1990 upon the request from Environmental Protection - Ontario Region as part 

of Great Lakes Action Plan. The objectives of this program are (1) to prepare sediment 

reference standards and reference materials for hexachlorobutadiene .(HCBD), 

hexachlorobenzene (HCB) and octachlorostyrene (OCS) as well as any other significant 
sediment-associated contam_inants for the support of monitoring in the St-. Clair River 

. _
\ 

Delta; (2) to design and conduct interlaboratory studies specific to HCBD, HCB and OCS 
for the evaluation of contract laboratories. 

As part of this QA/QC program for sediments, a series of interlaboratory 

comparison studies, on a continual basis, will be designed and conducted by the Quality 

Assurance Project of the Research and Applications Branch at the National Water 

Research Institute. The goal of these studies is to assist analytical laboratories to generate 
accurate data. The present interlaboratory comparison study, G-1, was distributed on 
November 21, 1990, It involved the analysis of three selected chlorinated hydrocarbons, 

namely, HCBD, HCB and OCS, in standard solutions and naturally contaminated 

sediment samples. The original deadline for reporting results was set for January 25, 
1991. However, most laboratories were late in reporting, so the study was closed on 
February 15-, 1991. A preliminary data summary with a brief o'v'erv‘iew was prepared and 
distributed to those participants which had submitted their results. The summary allows 
participants to compare their results with those of their peers and also with the design



, ,2 

values; Thus corrective action can be taken if necessary in a timely manner. This final 

report provides more information on the data evaluation and laboratory performance of 
participants. T 

2 STUDY DESIGN i 

~

e 

An interlaboratory study (G-1) for the analysis of HCBD, HCB "and OCS in 
standard solutions and sediments was initiated in September, 1990. About 70 

govemrnent, industrial and private laboratories were invited to participate. From the 
returned questionnaires, twenty-six laboratories expressed interest to participate in this 

study. Bythe time the study closed, sixteen out of twenty-six participants had submitted 
their results. The list of participants is given in Table 1. 

The study consisted ofseven test samplesfor the analysis of selected chlorinated 
hydrocarbons, namely, hexachlorobutadiene (HCBD), hexachlorobenzene (HCB) and 
octachlorostyrene (OCS). Description of samples is given in Table 2. Briefly, samples 

#1 and #2 in sealed glass ampules were mixtures of standard solutions of HCBD, HCB 
and OCS in iso-octane at various concentrations. The sample #2 is a ten times dilution 
of sample ‘#1. These standard solutions were used to evaluate the performance of in- 

hou_se calibration standards and instrumentation of participants. Samples #3 -to #7 were 
freeze-dried naturally contaminated sediment samples for the evaluation of accuracy and 
precision of analytical procedures used by participants. To assess reproducibility within 
the same laboratory, two pairs of blind duplicates were included as shown in ‘Fable 2. 

- / 

3 RESULTS AND DISCUSSION 
3.l Analytical “Methodology 

; . 

The participants were instructed to analyze the test samples using their in-house 

analyticalmethodology and standards. However, a_ known standard solution of OCS 
(100.0 ,ug/n1'L) was also provided to each laboratory for the preparation of OCS 
calibration standards.

'
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In general, a wide variety of analytical methods, sample extractions and cleanup 

procedures were used by pa;ticipants. Of the methods used in t-he extraction of HCBD, 
HCB and OCS from sediments, which included soxhlet, sonicator and shaker methods, 
the soxhlet was most commonly used. The solvent system included mixtures of acetone 
and hexane, acetone and dichloromethane-, or dichloromethane al_o_ne. Solvent was 

evaporated by using rotavap, Kudema-Danish evaporator, Snyder column, Turovap or 

nitrogen with a water bath. Cleanup of sediment extracts was achieved by adsorption 

chromatography using silica gel or Florisil. Mercury and activated copperwere also used 

to remove sulphur interferences. All participants used either single or dual capillary 

columns for the separatlion of the l-ICBD, HCB and OCS. Electron capture detection for 

sample analysis was used by all pa_rticipa_nts. Analytical methodology used by participants 

is summarized in Table 3. ' 

3.2 Data Evaluation. 

The data submitted by all participants for I-ICBD, I-ICB and OCS in standard 
solutions are summarized in Tables I-"-V1 to 1+3 in Appendix I, respectively, while the data 

for HCBD, HCB and OCS in sediments are summarized in Tables I-4 to I-6, respectively. 
Interlaboratory means and standard deviations of these samples were calculated after 

outliers (marked with a "‘-) were removed by using Grubbs’ test (1). One laboratory 
(G033) submitted data after the closing date. Their results were not included in the final 

data summary but their data and methodology can be found in Appendix V as late 
results. To determine accuracy of interltaboratory results, median values were used to 

compare with the design values. The design values and interlaboratory medians for 

I-ICBD, HCB and OCS in standard solutions and sediments are summarized in Tables 4-1 
and 4-2, respectively. The design values for HCBD, HCB and OCS in standard solutions 
(samples #1 and #2) were continued by comparison with standard solution (_M_ISA-2,30) 

obtained from Ultra Scientific (North Kingstown, RI, USA). The design values of sample 

#3 (sediment CRM #EC-3) were established by extensive in-house analysis and results
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from a previous interlaboratory study QM.-6 (2). The design values of samples #4 and 
#7 (sediment RM #EC-7) and samples #5 and #6 (sediment? RM #EC-6) were obtained 
from our in-house analysis by using an anatlytical method developed by Lee et alt. (3). 
These two sediment R_Ms_ (#EC-6 and _#EC-7) had not been used in any previous 

interlaboratory studies. The accuracy of interlaboratory results for HCBD, HCB and 
OCS in test samples was evaluated by the percent recovery of interlaboratory medians. 
The percent recovery was calculated by dividing the interlaboratory median by the design 
value and multiplying by 100% as follows. ' 

% Recovery = (lnterlab. Median / Design Value) x 100 

For the interlaboratory -studies of the QA/QC program for GLAP, values 

determined for test samples in an interlaboratory study, were considered to be satisfactory 

if they fell within a window of t25% of the design value. These criteria of :25% are 
somewhat arbitrary but have been used in other QA/QC programs (4,5). For standard 

solutions without matrix effect and at the higher concentration levels, these cri_teria could 

be a little generous whereas at sub ppb levels and in the presence of a large amount of 
co-extractive (sediments), these criteria are quite demanding. For the present study, these 

criteria are used for the evaluation of interlaboratory results for the three selected 

chlorinated hydrocarbons (namely, HCBD, HCB and OCS) in both standard solutions and 
sediments. 

Comparison“ of the interlaboratory medians with the design values for standard, 

solutions (Table 4-1) showed that agreement for all three parameters was excellent with 
the deviations within 15% of the design va_l_u_e$_. lnterlaboratory results for the sediment 

samples showed that wide deviations existed while the magnitude of the deviations varied 

for the different sediment samples and for the different parameters and in all casejs were 

greater" than those for the standard solutions._This was to be expected because analysis of 

sediment samples involved more tedious sample preparation steps such as extraction, 

coneentratijon,- and cleanup. Table 4-2 shows that with the exception of samples #5 and



l

l 

»: 

‘R

I 
ll

l

1

l

I

i

1

l

i

l 

-s

5 

#6 for HCBD the percent recoveries of interlaboratory‘ medians for the three chlorinated 
hydrocarbons were low. However, the percent recoveries for HC-B and OCS in sediment 
samples #3, #4 and #7 were within t25% of the design values. For sediment samples #5 
and #6 (RM #EC-6), the concentrations of three parameters were in general low or near 
the detection l‘i'm_it, the interlaboratory results was less _sati_sfactory with the deviations 

more than 225% of the design values. Of the three parameters studied, _l-ICBD is more 

volatile than the othertwo parameters (l-ICB and OCS) so some HCBD could be lost 
during sample processing. Thus this could account for recoveries of HCBD for different 
sediments varying more widely than those for HCB and OCS-. The range and average 
values of percent recoveries of interlaboratory medians for HCBD, HCB and OCS in 
standard solutions and sediments are summarized in Table 5-1. 

interlaboratory precision for the three selected chlorinated hydrocarbons,,expressed 

as the relative deviation (RSD) is given in Table 5-2. As can be seen from the table, the 
interlaboratory precision for- standard solutions was better than those of the sediment 

samples. Results of the unknown standard solutions indicate that of the three parameters 

studied, only the results for HCBD have RSD outside the 125% range. On the other 
hand, results for all these three parameters in sediment samples have RSD outside the 
range of 125%. 

A 

Intralaboratory precision (within-lab precision) of three selected chlorinated 

hydrocarbons for the two pairs of sediment samples are summarized in Tables lll-1 and 
III-2 in Appendix Ill. As expected, the interlaboratory precision was usually lower (i.e. 
larger standard deviation) than the intralaboratory precision since interlaboratory 

precision involved different laboratories, analytical procedures, instrumentation, and skills 

of personnel. However, a few laboratories had poor 'intralaborator;y precision and poor 

accuracy. It is suggested that these laboratories carefully review their internal QA/QC 
procedure to pay particularly attention to both their calibration standards and analytical 

procedures.
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3.3 Comparison of Laboratory Performance 

For detailed data evaluation of each laboratory, submitted results were compared 
with the design values. The result of each laboratory for a given parameter in a given 
sample was treated as "recovery" and the design value for that parameter in "the sample 
was taken as the "true" value. Percent recovery for each parameter in a sample was then 
calculated. These results are summarized -in Appendix II. As ‘described previously, the 
i~25% of the design value was set as the satisfactory range. Outside the satisfactory 

range, the results were flagged very high, high, low or very low accordingly. In addition 

to the flagging of individual sample results, bias was evaluated for each individual 

parameter on all test samples. An average recovery for all results in a study for the same 
parameter in a given matrix regardless of sample concentrations was calculated and the 
same designation scheme as above was used to define bias for each individual parameter 
on all test results in a given matrix. Thus, the recoveries were designated as very low, 

low, satisfactory,,high or very high based on the ranges listed below. 

Average or 
Individual ' Individual Result" Multiple Result 
% Recovegg Designation (Flag) Designation (Bias) 

=1so% lVery high (vn) Very High (vn) 
149% - 125% High (H) High (H) 
124% - 76% Satisfactory (S) Satisfactory (S) 

75% - 51% Low (L) 
A 

Low (L) 
s 50% Very low (VL) Very Low (VL) 

The results for each laboratory’s appraisal for flags and bias is given in Appendix 

IV. Summaries of flags and bias in standard solutions and sediments for the study G-1, 

obtained from the Tables in Appendix IV, are given in Table 6-1 and 6-2, respectively. 

In the calculation of the number of parameters biased and number of results flagged in 

Table 6-'1 and 6-2, a very high (VH) or very low (VL) bias was counted as one bias while '

i 

l

l

l

l

|

i

I

1

l
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a high (H) or low (L) bias was counted as half of a bias. Similarly, a VI-I or VL flag was 
counted as one flag while H or L flag was counted as half of a flag, 

To compare the overall laboratory performance in this study, the key step was the 
selection of an acceptance criterion. The criterion used. for this report was the average 

of % bias and % flags within a study and this criterion was designated as the‘ performance 
index. This criterion was used in the UGLCCS (Upper Great Lakes connecting Channel 
Study) and CEPA (Canadian Environmental Protection Act) QA programs for comparison 
of the relative laboratory performance for organic parameters (4,5). It provides a simple 

way to evaluate laboratory performance as shown below. 

' ~ 

Performance Index Comment 

' s 25% Satisfactory 

26% - 50% Moderate 

z 51% Poor 

Results of performance index for each individual laboratory in this study are also 

given in Tables 6-1 and 6-2 for standard solutions and sediments, respectively. For the 

standard solutions, nine out of sixteen participating laboratories had satisfactory 

performance and only one laboratory had poor performance (Table 6-1). For the sediment 

samples, in contrast, only two out of sixteen participating laboratories had satisfactory 

performance and three laboratories had poorperforinance (Table 6-2). As expected, the 
laboratory performance of the sediment samples which involved more tedious sample 

preparation steps was less satisfactory than for standard solutions, It is suggested that use 

of available sediment reference materials such as EC-3 in in-house and interlaboratory 
quality control studies should prove to be beneficial in data quality on a long-term basis.
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Table 1. List of the participating laboratories. 

1. Environment Canada 
National Water Quality Laboratory 
Burlington, Ontario 

2. .Environment Canada 
C&P (BPS) Laboratory Services 
Wastewater Technology Centre 
Burlington, Ontario 

3. Environment Canada
_ Lake Research Branch 

National Water Research Institute 
I Burlington, Ontario

i 

4. Dept. Fisheries & Oceans , 

Contaminants and Toxicology Research Division 
Freshwater Institute 
Winnipeg, Manitoba 

Provincial Governments: 
5. Environment Quebec 

Ste-Foy, Quebec 
6. 'Alberta Agriculture H Food Laboratory Services Branch 

Edmonton, Alberta 
Private Laboratories: 
7. Novalab Ltd. 

Lachine, Quebec 
8. Mann Testing Laboratories Ltd. 

Mississauga, Ontario 
.9. Enviroclean 

London, Ontario 
10. Enviro-Test Labs 

Edmonton, Alberta 
11. Eli Eco Logic International Inc. 

Rockwood, Ontario 
12. Zenon Environmental Laboratories 

Burlington, Qhtarib 
13. ASL Analytical Services Laboratories Ltd. 

. Vancouver, 5.0. 
14. Bondar-Clegg & Company Ltd. 

‘ Ottawa, Ontario ~

/ 

15. Barringer Laboratories Ltd. 
Mississauga, Ontario 

16. Environmental Protection Labs 
Mississauga, Ontario 

4
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Table 2. Sample distributed in study G—1. 

Sample No. Description Design Yalfls? 
HCBD HCB OCS 

1 ’ Mixed standard solution, C5-1S 200.0 200.0 200.07 

2 Mixed standard solution, CH-25 26.6 20.0 20-0 

p 
3 Freeze-dried sediment CRM, EC- 3 59 254 45 

4 Freezeidried sediment RM, EC-7 10.5 59.57 1a.sa 

_ 5 Freeze-dried sediment RM, EC-6 0.75 4.45 3.15 

6 Same as sample #5 » 0.75 4.45 3.15 
1 H 

7 
4 

Same as sample #4 
V _mW 10-5 59.67 18.83 

Note: * The design values for samples #1 and #2 are in ng/mL and foi 
samples #3 to #7 are in ng/g.
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APPBNDIX I 

DATA SUMMARY



‘ / 

Table I-1. Results £9: ECBD in standard solutions. 

tab co G6 
sample Results (ng/mn) __ 

1 2 

G001 .314_ v1s.0 
G002 209.09 29.34 
V0003 27Q.~ 27 
G005 135.3 20,5 
sous -0 no

1 

16 
H669’. 216 17 
G014 197.59 19.59 
GO1§A“ 181 

_ 

19.5 
G019 160 
sozs

_ 
206 23 

G024 A260 Z5-0 
.392? 181 0'9 

G035 50.0 
GQ3QW 204 16 
G040 54.56 15,3; 

‘ 3°43, 220 A 21 

185.53 18.69 
B.D. 71.74 6.09 
Madian 200.80 19.55

I



Lliab Cbde

1 

Table I=2. Results for HCB in Standard Solutions. 

Sample 
1 2 

G001
7 

145 14.6 
coo: 184.86 20.05 
G003 220’ 25 
3995 ,_ 250.02 2.4* 
G006 120 15 
egos 198 Zl 
G014 183-51 19.11 
39153 M 225 18.9‘ 

G019 19° 24.0 
G023 251 25- 

G024 H200 30.0 
keozs 291 30.6 
G035

\ 

173,5 17.7 
G039 205 
G040 72-15 

1s 
19.19 

0042 200 18 

HERD 194.32 21.08 
8CD. 52.28 4.87 
Median 199 1.9-l9



Table I=3. Results for OC8 in Standard Sclutions. 

sample Results (ng/mL) 
~Lah Ccde 1 2 

.... 248 23.0 
cooz _ i§e.1s 22.39 
G003 230 22 
soos

_ 194.7 25.3 
3.... 140

‘ 19 
44:55 20 

G014 176.61 18.43 
G016A 194 18.4 

1 @519 211 25.7 
G023 410* 23 
>G024 300 3@o* 
G029 224 
G035 184.4 18,3 
G039 ZQZG. 18 
3°49. "58.35 16.66 

|ea4z
A 

200 19 
- H8831 . 197.65 20.91 

Gs.»-‘G 1 52.36 2.86 
Median 30°



Table I—4. Results for HCBD in Sediments. 

Samp 1e Results (ng/g) 
Lab 
eode

3 4 S 7 D.L. 

.5170 6.20 1.12 0-86 8.03 
coo: 61.64 10.59 7.60 6.03 15.27 
G003 19 4.7 3.4 3.3 3.6 
G005 33.1 3C9 0C9 'o.a 4.0 
cops 36 8 .2 3 8 

G009 14 4 '1 1 6 
G014‘ 35.23 9.21 1.23 1.21 6.46 
G016A 37 7 0.9 1 7 

G019
7 

109* 13.0 13.5* 3.2 27.88 
e023’ 3 2 ND ND 2. 

39341- .39 . 11 1-Q. 1.0 _11 
G029 33.5 7.77 1.00 1.19 7.29 
G035‘ 6.5 2.1 0.4 0.5 1.7 
G039 53 10 <2 <2 <2 
G040 45515 1.15, 1.51 6.89 
G042 43 13 0.48 
Mean - 31.05 7.44 1.706 

1.1 

1.84 
3',4_ 

5:47 
s.n. 17.58 3.53 1.927 1.53 3.622 
Median 35.23 6.75 1.00 1.15 6.675

\



Table I-5. Resfilts for HCB in Sediments. 

Hsagple Results (ng/g) 
Lab ’ 

cade
3 4 7 DILI 

G001 208-" 51.5 2.76 3.30 603
/ 

G002 203.95 43.39 3.26 4.16 45.60“ 0.50 
G003 H-210; 56 3-8 3.1 60 0C2 
G005 580.5* 156.4* 3.0 2.8 O03‘ 
cooé 130 33 A2 '3 33 1. 
G009 1.. -as 3 ,.42 .1 0.5 
G014 185.;1 _37.05 3.52

3 

3.45 45.15 0.07 
6016A 274. 61 3 4 es.“ 1 
G019 329 7519. 3-2 s2.o' 3.0 
G023‘ 285 75 5 4 

A 
31

_ 

G024 
_ 
170 52 .513“ 6.0 53 

A1 

0.05 
.3929 M :11 77.8 5.50 5.15 63.9 0.3 
G035 149.8 39.4 13.3% l1~°* 34.3 1.0 
3°39- _1243 64 3.1 4.9 35 2 
6040 ' 

136.12 26.92 1:195 1.83 37.39 
G042 
M8811 

220 
214.532 

57 3,2’ 3.2. 
52.537 3.449 3.673 

54 
50.37 

0.20 

8.D. 62.630 16.202 l-293 1.055 13.69 
Median 208 56.0 3.10 3.30 4s.ao



Table I-6. Results far 068 in Sediments. 

Sample Results (ng/g) 
'i'—_1 

Lfib 
code 

3
. 

4“ 5 6 7 DILI 

G001 '56.? 125.8 1.43 2.11 18I5 2.7 
G002 40.84 16,47 3.68 4.07 19.30 0.50 
G003 28 422 <12 <25 26 0.2 
.9... 55.3 34,1 2.6 2.3 17.4 1.7 

32 15 ND ND 14 1 

G009‘ 26 ll 2 2 . 13 0'5 
G014 23.09 11.06 1.65 10.15 0.07 A 

G016A _26 -17 2 2 17 2 

G019 28.2 15.5 <4.0 <47. O - 14.9 4191 
G023 57 30 13 9 34* 4 

G024 40 22 22 8.8 ' 22 0.07 
G029’ 34.4 15.3 1.49 1.57 13.4 0.3 
G035 32.5 16.1 4.4 4.2 11.3 
G039 20 20 <2 <2 16 2 

G040 47.40 14.51 2.52 2.60 15.1 
G042 
MEIR 

39 

36.65 
14 

18.74 
0.70 
4.80 

0.76 14 0.10 

3,42 __ _16.137 
BID. 12.09 6.56 6.31 2.74 4.122 
Median 36.7 16.29 2.26 2.21 15.1 —



' APPENDIX II. 
PAERCENT RECOVERY OF HCBD,,HCB 
AND OCS IN STANDARD SOLUTIONS 

AND _snnIuiam's
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APPENDIX III 
INTRALABORATORY PRECISION 

(wnnrill-LAB PRECISION) -
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APPENDIX IV 
LAB-=-SPECIFIC APPRAISAL FOR 
BIAS All Q "F-LAG s'1'Am1ms

\



coges 
VH: 
iVL: 

.H: 

L: 

S: 

ND:
_ 

very high 
very low 
high 
low 
satisfactory 
not detected 

GLOSSARY OF TERMS



\ 

- Lab—specific Appraisal for Flag and Bias Statement 

Lab Code: G001 

Parameter _>_hStandard_solutions 
‘ 

Sediments
l 

Flags Bias Flags _M A _ Bias 
HCBDH 1 VH;1 L S 1 H;l VL;l L S 

HCB 2~L LL * 3 L L 
OCS S 8,. _ ..2.H;.1_- VI.-:1 L S



Lab Code: G002 

Lab-specific Appraisal for Flag and Bias Statement ~ 

Parameter Standard salutiéns 
' 

Sediments
I 

Flags Bias 
_ 

Flags Bias 
HCBD 1 H H 2 VH’ VH 
HCB s s_‘__ _2_L s_ 
OCS S S 1 H S



Lab-specifie Appraisal for Flag and-Bias statement 

Lab Code: G003 

Parameter Stanqa;d_so1utions Sediments 
Maa Flags Bias ZWAFlags Bias 

HCBD " 2 H 
V >H_ H - 2 VH;3 VL 

HCB 111 1L s 
OCS 

. 
'5 5 1117114, ' 5



Parameter _ Standard solutions ;J Sediments 
L 

_J 
Flags Bias Flags Bias 

‘HCBD 1 L S 1 VL;2. L L 

Lab—specific Appraisal for Flag and Bias Statement 

Lab Code: G005 

HCB 1 H;l VL L 2 VHF2 L H 
OCS 

A l H ‘ S 1 VH 
_ 

;1 L S

\



Lab-specific Appraisal for Flag and Bias Statement 

Lab Code: GO05_ 

Parameter Stanflar&‘aoIurions 
D 

Z 

Sadimenrsw ‘UH’
I 

_r_1~"1ra<1smr ;Bias 
L 

Fiééé L Bias 

ocs .11, v_ > 

's 2L 

HCBD 1 L - L V2 VH'1 L 
HCB 

_ ~M._ *" 2 L L 
_ 
1 VL;4 L



Lab—specific Appraisal for Flag and Bias Statement 

Lab Code: G009 

Parameter Standard solutions" 
I 

Sedimehts “I 
Q I é 

Fiags Bias 
_ 

Flags ”_ Bias 
new V 

' 

L 
s s 2 1~1;2 VL;1 L s 

nca . s 
Y y W 

s‘ 
I 

5 L _ L 
ocs s 

I _s_ _ A 
s L L



Lab—specific Appraisal for Flag and Bias Statement 

Lab Cqde:_§014 

HCB M 7__ S S 2 L L 
OCS 

Parameter Sianaard solutions ‘- Sediments
I 

, Flags ‘_ "Bias Flags 
_ 

.Bias 
.3351) 

. 
5 3 ~ .2 2 L S 

S S 5 L L

u (



. 
Lab-specific Appraisal for Flag and Bias Statement 

Lab Code: G016A 
7 t 

Parameter Standard solutions Law Z-V» 
Sediments. 

Z fm 

HCBD 
ace; 

L L ‘L 

QCS
. 

Flags Bias Flags Bias 
s As N I ll;-3 L~ 

L

s 

S SH 1 L S 

‘HSN S 3 LU 
'7

I L



Lab—specific Appraisal for Flag and Bias Statement 

Lab Code:.GO19 

Parameter Standard solutions J _“_MvmSediments 

HCBD 1 VL L “_“vm 4 VH VH I 

HCBW 
_ S S 2 H;2 .L 

__ SM 
.OCS 

V 7 V S “ 1L A

’

/ 

- 

_ H Flags Flags ' 

Bias

L



' Lab-specific Appraisal for Flag and Bias Statement 

Lab Code: G023 

Pifémefiefw Z$tandar@ solutions II Sédimenfis 
I

I

\ 

. 
Flaqs 

A 

~.Bi1as 
. 

Flags 
. 

Bias 
1-1cB1> s s ~ 3 VI. 

" 

v1. 

ncs 2 n 
_ 

n 2 n sm 
Iiocs 1 vn H VHA _ M 4 ‘v1-1;1 n



Lab-specific Appraisal for Flag and Bias Statement 

Lab Code: G024 / 

>
1 

Parameter Standard solutions .| Sediments
I 

- Flags Bias Flags Bias 
.H¢BDaaahWa it .wQ2_H,. W . 15 2 Hil L l

5 
HCB 1 VH H 2 H;l L S 

|<>cs i zvn vn 
m 

zvn vn



Lab-specific Appraisal for Flag and Bias Statement 

Lab Code: G039 

Parameter Standard solutions 
I 

_Sediments 

HCB _flA M 1_VHil Hm H 1 H S 

ocs_ _m s 
' 

s 2 vL;1 L L 

_ HZ _Flags Bias Flags 
l 

Bias 
HCBD s s 1 VH;1‘H;3 L 

_ __ sM



K 

Lab-specific Appraisal for Flag and Bias Statement 

Lab COde=,§Ql§_ 

Flags B135 _ Flags A Bias 
HCBD__ 

_ 2 VL VL 3 VL;2 L VL 
HCB S S ___ 2 VH;3 L H 
OCS - 2 H, 

Parameter 
_ Standard seiafions 

M 
Sediments »

I

S



Lab—specific Appraisal for Flag and Bias Statement 

Lab Code: G039 

Parameter Standard solutions 
‘ 

Sediments
l 

VHCB S S 2 L~ S 
1 VL 

-__ __ H __ Flags Blas Flags Bias 
HCBD S S S S

S

I

v



Lab—specific Appraisal for Flag and Bias Statement 

Lab Code: G040 

~ F1695 Bias 
4 Flaqs Bias 

dHCBD_ 1 VL ' L ’ 2 VH;2 L ' 

-S 

HCB 1 VL ‘H ' 

_ > 
3 VL;2 L VL 

ocs’ 
f 

IV L 
_, 

'Paramete;v Qstandaffinéaifléiofié 
| 

Sediments
I 

1 VL S

7



I

V

\

7

\

\

>

}

>

>

F

1 

vLab-specific Appraisal for Flag and Bias Statement 

Lab Code: G042
\ 

Parameter Standard solutions 
U 

Sediments Q

I 

Flags . Bias Flags Bias 
HCBD _ D S ' S 1 H;1 VL;2 L S 
SCB S S V 2 L S 

OCS S S 2 VL;2 L L
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LATE DATA SUBMITTED BY LABORATORY.GO33
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A 

§LAP Igggrlaborggory Study Nq, G-1 
Results Report Form 

f 

Sample Concentration Parameter 
< HCBD _ 

HCB 
7 _w>_OCS ~~ ::|=> | \ 

5' 

1 DD5§/ma 160 1 00 <500 
’_2 _ 

ng/mL ~ ‘ND ND ND
' 

3 
' 

ng/g Defies 1+ 
26 ND 

_ 
M4 D ng/9' zsa DD. 86 ND 

s nq/q 248 36 ND 

H6 _ 

4 ng/g 264 28 ND ' 

7 ng/9 284 24 ND 

D.L. ng/9 
I for 
i Sediment

. 

140 20 500 

Maae Irom recovevec mitenals Fag! ce pap-evs vecuaéves 
‘¢I 5353"” Efififimmm 

£35; 
(3anad5



Detailed Analytical Methodology on Selected Chlorinated ' 

' BydrocarbOno in Sediments 

y 

ghlinintorlaboratgry study No, 6-1 

‘Please describe your analytical procedures including extraction, 
cleanup and methods of detection. 
1. CALIBRATION 

The method was calibrated for the 3 target compounds over the 
range 1 to 50 ug/ml using 6 calibration levels. ,_ 

2. SAMPLE PREPARATION 

5g of soil was soxhlet extracted with CH2C12 for 17 h, the 
extract washed with alkaline water (pH12); dried over Na2S04 
and evaporated. A blank soil was extracted at the same time. 

3» ANALYSIS 

Surrogate recovery was low (average 20~30%). 
1 ug/1 of the sample extract was injected (units ng) 
The result was divided by S (ng/9) ,
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