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EXECUTIVE SUMMARY

The first national QC study for PAH analysis was successfully
organized and completed. Most of the participants in this study were
set up to analyze the 16 PAH listed by US EPA as priority pollutants.
By using naturally-contaminated sediment samples, the performance of
15 Canadian laboratories was evaluated under "real world" situation.
A large between-laboratory disparity in PAH results was observed for
all samples and, in many cases, interlaboratory relative standard
deviations were 40% or higher. Therefore, interlaboratory PAH data

should only be compared and interpreted with great care.




RESUME ADMINISTRATIF

La premi€re étude nationale portant sur le contrdle de la qualité
dell'analyse des hydrocarbures aromatiques polychlorés a été organisée
avec succds et menée 3 bien. La plupart des pafticipants 3 cette étude
étaient en mesure d'analyser les 16 hydrocarbures aromatiques polychlorés
qui apparaissent dans la liste de polluants que l'E?A des Etats-Unis a
déclarés prioritaires. Les 15 laboratoires canadiens se sont servi
d'échantillons de sédiments contaminés naturellement et leur rendement a
été évalué comme s'ilvs'agiSSait d'une situation réelle. On a noté un
énorme écart dans les résultats sur ces produits d'un laboratoire i
1'autre pour tous les échantillons ét, dans bien des bas, des déviations
relatives de 40 p. 100 ou plus. Par conséquent, il y a lieu de faire
preuve de la plus grande prudence en comparant et en interprétant les
données sur les hydrocarbures aromatiques polychlorés d'un laboratoire &

1'autre.

Titre : Etude interlaboratoires nationale portant sur le contrdle de la
qualité n® 34 - Analyse des hydrocarbures aromatiques polychlorés
dans des échantillons de solutions et de sédiments
par Hing-Biu Lee et Alfred S.Y. Chau




ABSTRACT

An interlaboratory round-robin study for PAH analysis in sediment
and solution samples was organized. Results from 15 Canadian
laboratories were received and evaluated. The interlaboratory results
on a standard solution of PAH revealed a surprisingly large degreé of
disparity with a median relative standard deviation (RSD) of 40%.
RSD's for PAH results in the two sediment extracts and two sediment
samples of relatively high PAH levels (ca. 1 to 20 ug/g) were very
similar. For most of the results the interlaboratory RSD was close to
100%. Various extraction and cleanup methods wére used by the
participants and identification and quantification of PAH were done by

either the HPLC, GC-FID or GS-MS techniques.



On a organisé une étude comparative interlaboratoires pour 1l'analyse
des hydrocarbures aromatiques polychlorés dans des échantillons de sédiments
et de solutions. Oh a recueilli et évalué les résultats de 15 laboratoires
canadiens.. On a noté un écart étonnamment grand dans les résultats de
laboratoires qui ont analysé une solution étalon d'hydrocarbures
aromatiques polychlorés, la déviation relative de la médiane étant de
40 p. 100. Cette déviation pour les résultats de 1'analyse des hydro-
carbures aromatiques polychlorés de deux extraits de sédiments et de deux
échantillons de sédiments dont la teneur en hydrocarbures était
relativement élevée (1 3 20 ug/g) étaient trés semblables. Pour la
plupart des résultats, la déviation relative de la médiane était prés
de 100 p. 100. On a eu recours @ diverses méthodes d'extraction et de
nettoyage et les laboratoires participants sé sont servi de
techniques HPLC, GC-FID ou‘GS-MS pour identifier et quantifier 1les

hydrocarbures aromatiques polychlorés.



INTRODUCTION

Polynuclear aromatic hydrocarbons (PAH) are ubiquitous environ-
“mental pollutants since they are both naturally occurring and formed
by pyrolysis of carbonaceous materials at high temperatures.
Occurrence of PAH in surface water, biota and lake, rivervOr ﬁarine
éediments have béen reported in 'many parts of the world. In
particular, relatively high levels of PAH are found in sediment
samples since they readily adsorb and accumulate PAH,

Numerous PAH and their nitro and alkyl derivatives are present in
the environment. Among them, 16 are identified by US EPA as priority
pollutants. Many lanalytical methods have been _dEVeioped for PAH;
these include HPLC methods using UV and/or fluorescence detectors, as
well as gas chrom;tographic hethods using a flamé or mass spectro-
metric detector with packed or capillary columns. US EPA Method 610
for the analysis of PAH in water and industrial discharge iavolves
both HPLC 4and GC methods for' determination. The identities and
quantities of PAH in the sample extracts are then confirmed by a GC-Ms
technique (Method 625).

Since the environmental samples are usually a complex mixture of
many PAH, and the fact that different laboratories employ different
analytical methéds, it is necessary to establish the compatability of
results generated by various laboratories. Thus the Interlaboratory

Study N34 for the analysis of PAH in solutions and in naturally



contaminated sediments was organized. This report summarizes and
evaluates the results contributed by 15 Canadian laboratories

participating in this study.
EXPERIMENTAL DESIGRN

The identities of the ampuie and sediment samples distributed in
Study N34 are Shéwn in Table 1. Sample Al is a standard solution of a
mixture of 14 PAH. The true concentrations of each parameter in Al
are given in Table 2. Samples A2 and A3 are extracts of sediments Sl
and S2, respectively, after appropriate cleanups. All ampule samples
were prepared in toluene and were suitable for direct GC-FID or GC-MS
analysis. After dilution with the mobile phase, these ampule samples
were also suitable for HPLC analysis. Three sediment samples, Sl, 52
and 83, were also distributed. These samples Qere subsamples of three
freeze-dried naturally contaminated certified reference materials or
reference materials. They had been analyzed for PAH, however, their
true concentrations were not known with abolute certéinty. Prepara-
tion of these sediment reference materials has been reported elsewhere
(1, 2). All participants were requested to analyze the following 14
PAH in the samples: phenanthrene, anthracene, fluoranthene, pyrene,
benZo[aJanthracene, chrysene, benzo[beluoranthene; benzo[hjfluor-
anthene, benzo[e]pyrene, benzo[a]pyrene, perylene, indeno[1,2,3-cdj—

pyrene, dibenz[ah]anthracene and benzo[ghi]perylene.



RESULTS AHD DISCUSSION

A summary of the analytical methodology employed by participants
in Study N34 is summarized in Table 3. Extraction of sediments was
mostly done by the Soxhlet method, although sonication, refluxing, and
shaking of the samples were also used by some laboratories. A variety
of solvents were used in the extraction, including acetone, acetone/
he#ane mixtures, methanol, ethanol, cyclohexane and dichloromethane.
Cleénup.of sediment extracts was mostly done by column chromatography
with either Florisil, silica gel, or alumina. Some participants also
tried GPC (Gel Permeation Chromatography) with either Sephadex LH-20
or Bio-Beads S-X3 for the cleanup of coextractives. Sulfur and sulfur
compounds were removed by metallic mercury or activated copper.
Detection and quantitation of PAH were done by HPLC, GC-FID and GC-MS
or a combination of the above techniques. In the case of HPLC
analysis, a system consisting of a reverse-phase column interfaced
with a uv and/or flgorescent detector was most often used. All
participants using GC-FID or GC-MS techniques analyzed PAH with
bonded-phase fused silica capillary colummns such as DB-1, DB-5,
DB-1701, and SPB-5. Quantitative analysis of PAH by GC-MS was done by
selected ion monitoring of the characteristic ions using either an
external standard method or a multiple internal standard method
involving several deqterated PAH or similar compounds. Injection of
samples in the HPLC systems were done by a loop injector and in the GC

énalysis by splitless injection.




All raw data received for Study N34 are summarized in
Appendix I. An existing computer pfogram was used to sort the data by
parameter and to arrange them by increasing laboratory and sample
number. Correction, updating, retrieving, and merging of data files
could be done without unnecessary manual inputting and calculation.
The mean, standard deviation, and median values for_each sample were
also given in the data summary. 1f a laboratory did not provide
results for all samples, for a particular parameter, then this
laboratory was not included in the data summary for that parameter.
If a laboratory did not.provide results for some samples, then blank
spaces were inserted in those places where no results were received.
If a laboratory analyzed a parameter and found it below their
detection limit, then an N code was used in the data summary. When a
laboratory provided two sets of results per sample, these results were
identified by their laboratory number with an A or B suffix.

Many laboratories analyzed for. all 14 PAH requested.. Since
Senzo[e]pyrene and pgrylene are not US EPA priority pollutants, some
laboratories did not analyze for them. A few laboratories were not
able to resolve some isomeric pairs. For example, phénanthrene and
anthracene were not resolved by laboratory N120, benzo[a]anthracene
and chrysene were not resolved by laboratories NO31 and N120,
.benzo[b]fluoranthene and beno[k]fluranthene were not resolved by

_laboratofies N090, N120, and N136. In these cases, they all provided



a result for the sum of unresolved isomers. Since these results could
not be statistically interpréted, they were not wused in tﬁe
preparation of data summaries and were not further evaluated.

Table 2 summarizes the calculated % recoveries (reported vs.
design concentrations) of the PAH reported by each laboratory for
sample Al. The design values of most PAH in sample Al were within
+10Z of the interlaboratory medians, indicating that these values
could be usedv as true concentrations, Thus the calculated 2
recoveries in this sample provide a good estimate of tﬁe accuracy of
the participant's in-house PAH standard. With the exception of
laboratory N010, the results on Al provided by all laboratories were
not entirely satisfactory. For laboratory N116, five of the 14 PAH
present in Al were reported as not detected. As shown in Table 2, the
% recoveries of all PAH calculated for laboratory N053 were extremély
high (between 240 and 606%), indicating that their standard solution
was low by a factor of 2 to 6. Laboratories NO17 and N136 were likely
to have in-house PAH standards which were biased low since the
calculated Z recoveries in sample Al were consistently high for all
PAH reported by these two laboratories. On the other hand, laboratory
NO72 seemed to have a biased high in-house standard as the caI;ulated
%Z recoveries were low for all but one PAH. For the other laboratories
reporting results for Al, one or more of their results were erratic.
Apart from those biased results described above, the interlaboratory
data for Al tended to be more compa;able for the PAH with lower

~molecular weights than those with higher.



All ampule and sediment results ‘were evaluated (Appendix II)
using an established flagging technique (3). This technique utilizes
the interlaboratory medians, which are usually good estimates of the
true values in unknown samples, as a basis to provide a
semi~quantitative evaluation of the accuracy of each result. The
results are then classified into five groups, namely, VH (very high),
H (high), unflagged, L (low), and VL (very low). B The unflagged
results are closest to the interlaboratory median and are therefore
most accurate. On the other hand, VH and VL results are the least
accurate since they are farthest away from the median. (See Appendix
III for a more detailed explanation of this flagging technique.)

Since the ampule and sediment results provided by laboratory NO053
were distinctly different from the rest of the interlaboratory
results, this laboratory was declared as an outlier and thus its
results were not included in the flagging exercise.

The performance of a laboratory for the analysis of a certain PAH
can easily be eValuatgd from the tables included in Appendig II. A
glance at the summary of flags in the lower half of the table will
tell whether the results reported by a labbratory are satisfactory (no
flags), low (presence of muitiple VL or L flags), high (presence of
multiple VH or H flags), or erratic (presence of both VH and VL
flags).

In order to tell the overall performﬁnce of a laboratory on PAH

analysis, a summary (Table 4) of the total number of VH and VL flags



received by a laboratory for all samples was prepared. Since the
participants did not provide an equal volume of results, the
percentages of results flagged in each laboratory were also
calculated. These numbers can serve as a/'tough indication of the
overall accuracy of the PAH data in this study since lower percentages
of results flagged mean more accurate results and vice versa. In this
study, three laboratories (N0O10, N090, and N115A) had less than 10% of
their results flagged VH and/or VL and thus they were the most
accurate. Another group of six laboratories (N00O4, NO31, NO43, NO87,
N116, and N72B) had between 10 and 33% of their results flagged VH
and/ér VL and therefore they were less accurate than the first group.
A third group of seven laboratories (NO17, N024, NO42, N120, N136,
N72A, and N115B) had more thaﬁ 33%Z of their results flagged VH and/or
VL, and were, therefore, the least accurate in this study. Note that
laboratory N0O4 did not provide any sediment results, so its
performance on such samples was not assessed. Also, laboratory N115
provided tﬁb sets of results, one by fluorescence detection (N115A)
and the other by UV detection (N115B) but no ampule results were
submitted. It was obvious from Table 4 that the fluorescence results
from laboratory N115 wefe more accurate than the corresponding uv
results.

The interlaboratory relative standard deviations (RSD) of each
PAH in the six test samples are summariied in Table 5. The between-

laboratory disparity for saﬁple Al was apparently the smallest among



the -six samples. This was not unexpected since Al was an
injection-ready standard solution of PAH. waever; the median RSD for
this sample was still high (40%). The interlaboratory precision was
generally worse in the other two ampule samples, as reflected by the
larger RSD for A2 and A3. Since the latter are sediment extracts, it
was likely that sample coextractiQes were causing interference in the
- quantitation step. Interlaboratory RSD of PAH results for sediments
S1 and S2 were very similar to, and in a few cases, even smaller than
those of A2 and A3. Also, as shown in Table 6, the medians for the
major components in S1 and A2 (extract of S1) as well as those in S2
and A3 (extract of S2) were in good agreement with each other. These
results strongly suggested that, at least for Sl and S$2, the various
extraction and cleanup steps in PAH analysis were not likely to be the
major cause of disparity in interlaboratory data. It was probably for
the participants in this study that incorrect in-house PAH standards,
and to a smaller extent, interference by sample coextractives in the
quantitation step, were the major_causeg of inaccurate PAH results,
with the following exéeption. As shown in Table 4, laboratory N136
had 27 VH flags for the ampule results but none for the sediments.
Normally, a laboratory will be asgigned a similar number of VH or VL
flags if incorrect calibration standard was the major source of
error. Thus, it was speculated that laboratory N136 also had low
recoveries of PAH in sediment samples and this, combined with the

biased high standard, gave sediment results close to the inter-



laboratory medians (i.e. unflagged). The interlaboratory RSD for PAH
in sediment S3 were, however, close to 100% and thus much larger thanm
those for S1 and S2. This larger disparity of results was possibly
due to the lower levels (0.5 yg/g or lower) of PAH present in S3. In
this case, the extraction and cleanup steps might be playing a more

important role on the accuracy of results.
SUMMARY

This report compiles and evaluates the results of our first
national QC study organized for PAH analysis. By using naturally
contaminated sediment samples, the performance of 15 Canadian
laboratories for such analysis was assessed under ‘'real world"
situatiouns. Qualitatively, most laboratories were set up for the
determination of the PAH listed in Method 610 by US EPA, although a
few of them had difficulties resolving the closely-eluted isomeric
pairs. Results for .the standard solution sampleé indicated that,
except for one laboratory, the participants had at least one.or -more
erratic PAH results due to inaccurate in-house standards. For
sediment samples with PAH levels in 1 to 20 ug/g range, the median
interlaboratory RSD were betw’eeﬁ 40 and 55%Z. In those cases, the
extraction and cleanup steps were less likely to be the major source
of between-laboratory disparity as was the inaccuracy of in-house PAH
standard. Interlaboratory sediment results were less comparable iﬁ a

sample with PAH levels of 0.5 pg/g or less.
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TABLE 1 Samples Distributed in Study N34.

Sample No. Identity
Al - Standard solution of 14 PAH in toluene
A2 Extract of sediment sample Sl in toluene

(1 g to 1 mL)

A3 Extract of sediment sample S$2 in toluene
(2g to 1 mL)

Sl Sediment reference material EC-1

S2 Sediment reference material EC-2

S3 Sediment reference material EC-3




TABLE 2 I BRecovery of PAH in Sample Al.

Design Laterlab % Recovery

Parameter Value Median . 5

ng/ul ng/ulL 004 010 ©017 024 031 042 043 053 072 087 090 16 120 136
Phenanthrene 10.80 11.02 136 93 145 102 82 102 96 258 - 97 124 ND¢ - 16t
Anthracene 2.75 2.65 95 - - 109- 40 72 98 240 = 88 129 ND - 167
Fluoranthene 20.58 21.18 102 97 147 117 83 103 97 320 35 67 119 110 126 168
Pyrene 20.78 24.05 136- 96 149 53 85 105 96 335 - 128 116 115 125 166
Benzo[ aJanthracene 5.04 4.70 91 89 - 93 - B3 101 606 52 135 106 ND - 2i2
Chrysene 10.00 10.48 100 92 - 160 - 107 92 238 - 160 105 29 - 186
Benzo| b|fluoranthene. 8.50 8.40 -100 92 - 106 138 136 99 279 62 65 - 84 - -
Benzo| k| fluoranthene 4.50 4.80 107 109 - 98 114 159 123 528 S5 99 - 71 - -
Benzo] ei| pyrene 5.00 5.61 70 88 - - - 136 - - - 81 150 ND - 174
Benzo| a|pyrene 5.18 4.70 75 89 - 79 9% 116 98 4710 64 72 96 % 290 170
Perylene 5.00 6.20 72 - - - - 120 ND - - 64 124 ND - 182
Indenc| 123-cd)pyrene 3.98 3.8 55 95 - 98 88 - 108 - - 56 159 93 - 183
Dibenz| ah | anthracene. 2.90 2.51 7 - - 248 69 182 138 - 49 45 104 52 - 148
w&:ucﬂwrm perylene 4.27 3.80 47 94 - 208 84 - 66 - 141 14 119 7 - 164

8Results after rejection of Lab NO53.

v><onmma of two results.
CND = none detected.



TABLE 3.

Methodology for PAH Analysis.

.- ie- N

Cleanup Method

Lab No. Extraction Method and Solvent System Detection Analytical Column

NOO4 ) - - GC-MS ov-1

NOl10 Reflux with basic ethanol Alumina HPLC-UVD and FLD -

NO17 Sonication with 1:1 acetone/hexane GPC-Bio Beads GC-FID DB-1701

NO024 Polytron and acetone GPC-y-Styragel HPLC-UVD and FLD Vydac C,q

NO31 Soxhlet with- dichloromethane GPC-Bio Beads HPLC-UVD Ultrasphere ODS
$-X3, Florisil

NO42 Soxhlet with methanol Silica gel and GC-FID DB-1701
GPC-Sephdex LH20

N043 Reflux with basic ethanol Florisil HPLC-UVD Supelcosil LC~PAH

ZOmu Shaker with 1:1 momnosm\rmanm Silica gel GC-FID DB-5

NO72 Reflux with basic methanol and soxhlet Florisil HPLC~FLD Ultrasphere ocw

with cyclohexane

NO87 Soxhlet with dichloromethane Alumina GC-MS SPB-5

N090 Soxhlet with dichloromethane Silica gel GC-MS DB-5

N115 Soxhlet with 1:1 momnosm\rmxmnm Silica gel HPLC-UVD and FLD  Zorbax ODS

N116 - - - -

z-o Soxhlet with acetone/hexane Alunmina GC-FID and GC-MS DB-1, DB-5

N136 Reflux with basic methanol Florisil GC-MS DB-5




TABLE 4. Summary of Flags.

No. of No. of No. of Flags %2 of Results Flagged
Lab No. Sedimeng Ampule
Results™ Results Sediment  Ampule

VH VL VH VL VH VL Total
_ C+E D+F  C+D+E+F
(A) (B) (¢) (p) (E) (F) — e

A+B A+B A+B

NOO4 0 38 - - 2 8 5 21 26
NO10 33 33 1 1 1 1 3 3 6
NO17 7 9 4 0 2 0 38 0 38
NO24 34 36 17 0 14 2 44 3 47
NO31 25 29 4 o 10 1 26 .2 28
N042 31 29 13 1 7 4 33 8 42
NO043 36 36 6 4 6 4 17 11 28
NO087 36 36 2 3 4 13 8 22 3l
N116 28 35 6 0 3 2 14 3 17
N120 9 9 3 0 3 1 33 6 39
N136 36 36 0 0 27 O 38 0 38
N72A 21 21 4 0 1 10 12 24 36
N72B 21 9 4 0 0 2 13 7 20
N90A 35 36 0 2 3 0 4 3 7
N90B 26 12 0 1 - - 0 3 3
N115A 18 0 0 0 - - 0 0 0
N115B 22 0 6 3 - - 27 14 41

8Results that were given as a sum of 2 PAH were not counted.



TABLE 5. Interlaboratory Relative Standard Deviations (Z) of PAH
Results for Ampule and Sediment Samples.

Parameter Al A2 A3 81  s2 83
Phenanthrene 23 27 153 28 43 116
Anthracene 38 62 77 120 9% 164
Fluoranthene 32 45 36 32 39 89
Pyrene 26 39 19 28 38 92
Benzo[a]anthracene 42 40 47 36 40 82
Chrysene 41 32 25 87 116 185
Benzo|b | fluoranthene 27 63 79 45 30 119
Benzo| k|fluoranthene 29 50 61 75 31 102
Benzo| e |pyrene 37 48 46 27 27 104
Benzo| a|pyrene 58 90 93 103 88 146
Perylene 42 54 26 32 59 93
Indeno[123-cd]pyrene 41 34 19 27 23 22
Dibenz| ah|anthracene 72 117 137 83 99 84
Benzo[ghliperylene 69 72 113 89 58 58
Interlaboratory median 40 49 53 41 42 98
Note: These results were calcualted after the data from laboratory

NO53 were rejected. The very high RSD were likely due to the
presence of other outliers in the data set.



’ TABLE 6. Median Results from A2, S1, A3, and S2.

a
Parameter A2 51 .. A3 82

Phenanthrene 15.72 16.80 1.65 1.60
Anthracene 1.15 1.50 0.19 0.86
Fluoranthene 24,00 21.81 4.05 3.23
Pyrene 19.98 18.50 3.34 2.64
Benzo[ a]anthracene 8.70 7.60 1.10 1.05
Chrysene 11.00 8.80 2.03 1.94
Benzo| b |[fluoranthene 9.30 6.75 1.60 2.06
Benzo| k| fluoranthene 4.20 3.63 1.13 1.13
Benzo| e |pytene 6.00 5.36 2.14 1.37
Benzo| a|pyrene 4.90 4.50 0.88 0.67
Perylene 1.70 1.16 0.43 0.30
Indeno[123-cd]pyrene 7.25 4.90 1.98 1.40
Dibenz[ ah|anthracene 2.79 2.35 : 0.63 0.73
Benzo[ghi}perylene 8.50 4.73 1.91 1.50

8Values were divided by two since 2g of sample S2 was made up to 1 mL
of sample A3.
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Data Sumaries for Study N34
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DATA SUMMARY

ANALYS IS %ﬂ PAH®S IN SIZIOIMENT AND SOLUTICN
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STD DfV - 3.70252 « 42885 +30351
STD DEV 10.37712 8.75711 2.61055 20000 52000
MEDTAN ol 2000 00
MEDTAN 5.10000 9.35000 2.,40000 EDIAN 7.49950 1 :
ME AN . 5,39567 8.47220  2.19883 ME AN * 6e408.09 1.069862 «37390
STD DEV * 2.272¢€9 3.38783 1.02397 STD DEy* 3. 04055 +41970 430577
MEDT AN 4,70000 B.70000 2.19000 MEDIAN*® 7.68000 1.05000 .30000

* results after rejection of lab 53
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)

DB WIPE DO D0 NWN- & S8

ZZZ2ZZZEZZZZZZZZZZ ™
WL NNNINI = e O DG 000

ANALYS IS

PRINTOUT PREPARED?

DATA SUMNMARY

_Oﬂ PAH®S IN SEDIMENT ANC SOLUTICN

35/11726.

PARAMEZTERS BENZCCAIPYRENE

NN e -
£ WL LONGWIIE & 5w

-2
-
N

NFND O~ - ONWO

V<]
~n

® 5 ¢ 0 %e ® s oo

.
V]
0

TOTAL LABS REPORTING 16

TOTAL LABS USED

ME AN
ST8 DEV
MEODI AN

MEAN *
‘STO DEV*
MEOTANX

14
8.350¢6
T.417€3
4,89500

5.,68433
3,27362
4.70000

SAMPLE RESULTS

by >
* e s N
NO N W = WX

o
o

N

.

£
VI WOWOWER~N OrPes

e s 0 %o s

.
o
o

16

13
12,322400
14.,37889
5.66000

7.50782
6.76482
4+90000

* results after rejection of lab 53

A3

BTN N N
o o 0 ®

NN®NEEN OO SN
o

-
VN oo

16
15
496313
5.57409
1.90000

311900
2.89772
1.750400

NG /UL

MM EERTZZZZZZZZZZ T
2 PONNR R R eo000s &
VI ICON NWWN M DEE WN T
PO I2POOONWNF &

PARAMETERS BENZOCA)PYRENE

w
[%Y

N e

w
WENNES T VIO NN WR DF
o~

QYRS QNN O NWD WM

Voo Ne

"TOTAL LABS REPORTING 16

TOTAL LABS USED

ME AN
STD OtV
MEDIAN

MEAN %

STO DEv *
MEDTIAN *

15
6, 58247
6. 76695
4.50000

6,58247
6. 76695
4.50000

SAMPLE RESULTS
83

16

15

«33833
78254
«69000

«868¢3
T62€7
«67000

~
® o & 500

- W
* o o 000
A el I
G

w Nooos
U N e$

-~

O

16
13
«66792
« 89679
«37000

«63608
«932896
+ 36000

U676



N
VI N~ U100 1= b O N D

DAT

A SUMMARY.

ANALYSIS OF PAH®S TN SEDIMENT AND SOLUTICN

|

PRINTOUT PREPAREDS

PARAMETER?

[
[

N
=)

N BN PN
L

¥
o

TOTAL LABS REPORTING 12

TOTAL LABS USED
ME AN

STO DEV

MEDIAN

MEAN *
ST0 DEV®
MEDIAN *

11
11.11€27
Be 54795
8.50000

8. 31969
2.2819%
8.40000

BENZO(B)F

SAMPLE RESULTS

-
o>
~n

e
NOPONVINO O
® & &0 0 069° o s o
£ ONT NOWE W

& F

NN
w
[\M]

12

11
12445745
8.18437
9:.60000

9.,87022
6.17 331
9.30000

* results after: rejection of lab 53

85711726,
LUCRANTHENE

A3

o o

-
[l 28 VA2 My GO = (N

O D UID O $* N\

72
71
12
12
5.98192
2018745

4.20000

ke168310
3429190
3.20000

NG/UL

M PFFIIZZZEZZ T
NN OO0 DR >
VIVINMNIW I DEEWNE D
DI NWNIR O

TOTAL LABS
TOTAL LABS
ME AN

STD DEV
MEDILAN

MEAN *
STD OEV*
MEDIAN¥

PARAMETER? BENZO(3 )FLUGRANTHENE

W
P4

(O -
VIOWw Nasonceo
® & 8 & 0 & 5 0 9 9 00
N NWP O PN D
@ 7
org .

~N DO W

REPORTING 12
USED 12
7T.47167
4. 05272
6.49000

8.07545
3, 64072

6., 75000

SAMPLE RESULTS

wn
n

DSV N NSO - (RS
Q00N & N
&S

4 N PO G N 1= 1o G O

12

12
2415917
69233
2.11300

2.04909
«b0607
2.06000

N:

~N
. 08 & 00

WOIEY mEons

VIS  ~NNN

3

N

12
10

e 72540
«78521
«45100

«69600

« 82698

«40200

U6 /G



LAS
NODL
‘NO10
N0 42
NGa7
Nile
N13%6
N30 A
‘N308
TOTAL LABS
TOTAL LASBS
ME AN
STO DEV
McOIAN

DATA SUMMARY

ANALYSTS OF PAH®S IN SEBIMENT AND SOLUTICN

PRINTOUT PREPAREDS

|

85/11/7256,

PARAMETER® BENZO(SYPYRENE

NG OEW

UN omswm
O

=

REPORITI NG 8
USED 6
5.83000
2012727
5.60500

SAMPLE

NUWOWNW NS
we

OO e £ OM
e e e 0 o0
w

8
7
6.60657
3.17829
6.00000

KESULTS
A3

OO E NI~
v

& ENN N
® e vee oo
£\

8
8
3.84000
1.75014
4.27500

NG 7UL

PARAMCTSRS BENZO(Z)PYRENE

@
—

wZZzZZrzzr
OO0 ™
NOCWN—®F~ B
DV BO NN
SR w N

s e 0000 e
LR e
NON T N

TOTAL LABS REPORTING 8

TOTAL LA3S USED 8
ME AN 5.55125
STD OEV 1.500€6
MEDI AN 5. 360.00

SAMPLE RESULTS

§2 s3
1.4 .50
1.57 2.60
.99 N
1,3 N
1.9 «5
130 caz
1.31 Lu7
2,28
8 8
) 5
“1.51125 .9.0300
0% 28 .94598
1.37000 +50000

UG /6



ODNNUHDEWNNHD D

ZEZEZZZZZZZZZZ
OO NN OoOooO0S T
DI POONUH O 5

DATA SUMMARY

>z>r<m~m OF PAH®S IN SEDIMENT ANC SOLUTION

PRINTOUT PREPAREDS
PARAMETZRE BENZO(G,Hy TIPERYLENE

>
[

Vi v N &N
¢ 6s cet 00
8 SoWNINVoO

TOTAL LABS REPORTING 12

TOYAL LABS USED

MEAN
STD DEV
MEDTAN

10
4, 02920
273237
3.80000

N s

Ly )
~N OO NN

SAMPLE RESULTS

>
5 0 0 n

W NN oo uis

37
7

12

9
9.62300
6.92578
8.50000

85711726,

A3

L
W W

LR R R N
D NWNANNNE® O
~NAY

W E W
S0

12
12
be 34492
“e915631
3.81600

NG 7UL

PARAMETERT SENZO(G,Hy IVPERYLENE

SAMPLE RESULTS

s1 s2

tAB

NG10 7.1 1.6

NO24 16. 3e?

NO31 bo? 1.2

NO43 . 45 1.5

NuAs7 1. 16 .w»

Ni16 6.0 .

Ni 36 4.9 1.4

N7 2A 20,305 3.523

N72B 18.144 3.080

N9OA 3.78 «99

N90B 3.77 1.09

1158 4. 73 2.10
TOTAL LABS REPORTING 13 13
TOTAL LABS USED 13 13
MEAN 7+31531 1.778€9
STD Dev 6. 47562 1.02368
MEDIAN 4, 73000 1.,500090

S3

* e s e
[l 50
~

(2]

WE FNIN
& oo
~Nw

13
10
«50700
23226
«46000

ue/s6



ANALYSTS, OF PAH®S IN SEOIMENT AND SOLUTICN

DATA SUMHMARY

PRINTOUT PREPAREDET 85/11/26.
PARAMETZR® BENZO(K)FLUCRANTHENE

>
[

Vi~

NN
NS NNE & &

o600 4000 0

EON & e O

]
w

TOTAL LABS REPORTING 12

TOTAL LABS USED 11
ME AN 8413482
STD DEV 7T.81300
MEDIAN 4.90000
MEAN * L.66478
STD NEV * 1.33914
MEDIAN * 4.80000

SAMPLE RESULTS

>
N

-
n

N

N
NSO WD OSN

WAL D N W NS N

(%]
~

12
11
8.62513
7.93125
6.12000

5,35300
2.68414
4.20000

* results after rejection of lab 53

A3

NE NN -
~

s

rapa £l

® @ 0 ¢ 0 006000 s
O SO P WIWFE N
oW Vi

> w

12
12
Le47008
4e73651
2.35000

2,53410
t.55650
2.25000

P4
==
-

o

M ZZZZ2ZZ2E
Lot il 1T~
NI DN T S Tand 2 o8 o]
WP ONWNH L

PARAMETERS BENZO(K) FLUCRANTHENE

ta
-

oS
W n DI W W
e s e e et os e e

e N VTWET OO

WWwhoo o™

-

[ oF

TOTAL LABS REPORTING 12

TOTAL LABS USED

MEAN
STD D&V
MEDIAN

MEAN %
STD DEV =%
MEDTAN %

11
5. 58136
4e17173
3.63000

5.58136
4,17173
3.63000

SAMPLE RESULTS

NG e N & DD N ~N
[Ye) o
oo

WOENT N

A A e e b s

12

12
1.20958
«35833
1.17800

1.2059¢
«37558
1.12600

zZ

S3

~

UL PR
U R

e o 8 0
L Lt ]
O EW®
T owm

12
9
«55611
78708
« 24000

«52813
«83663
«23000

uG/s6



DATA SUMMARY } 8

ANALYSIS OF PAH®S IN SEDIMENY ANO SOLUTICN
|

PRINTOUT PREPAREDS 65/711/26.

PARAMETERS CHRYSENE NG /UL PAPAMETERS CHRYSENC UG /G
SAMPLE RESULTS SAMPLE RESULTS
At A2 A3 S1 s2 83
LAB LAB
NOD & 10, 11. 3.9 N010 6.7 1.0 31
NO10 9.2 4.9 3.3 NO2 b 4y, 14, 11.
NO26. 16, 13. Bel NO042 7.51 2.36 2.51
HO42 10.71 668 3.71 NO43 8,3 1.6 .37
N0y 3 3.2 3.7 3o NO87? 10. 6 1.68 *25
NOB7 16.0 7.81 3.03 N116 1244 2.2 N
VEL It 1 B . Moo ¥
N . . Do V5 3. +« 58 1.7 .
N5 34 23.7 3643 pm.w N3OA 7. 06 p.mw p.mm
N6 38 23.8 30.2 13.7 N303 6.92 1.58 B9
N30A 10,48 11.81 k.38 1158 24.18 5.70
N3OR 4450
TOTAL LABS REPORTING 11 : 11 11
TOTAL LABS REPORTING 12 12 12 TOTAL La se
8S USED 11 11 9
TOTAL LABS USED 11 11 12
. - MEAN 12.50455 3.24455 1.90333
MEAN 13,69000 14.25455 5473500 0
DEV 11.9227 3.7767 8
STD DEV 6.53251  10.04058 3.58477 mqo~>7 Hw wwmaw : HM”.” u.M:M“”
’ Y . ! 0
MEDIAN 10.71000 11.10000 4429000 € * *
HE AN * 11,4540 9.97778 26200 MEAN X 13.69700 3.39400 2.00875
STD DEV % 4o 73479 3.18277 1.07770 STD OEV % 11.85615 3494665 3.70723
MEOIAN * 10.648000 11.00000 4405000 MEDIAN * 8.80000 1.94000 «52000

* results after rejection of lab 53



DATA SUMMARY 9

>2br<mmm_ov PAH*S TN SEDIMENT ANDO SOLUTICN

PRINTOUT PREPAREDS 85/11/26.

PARAMETERS DIBENZ (A,H) ANTHRACENE NG /UL PARAMETERS DIBENZ (4,H4)ANTHRACENE UG /G
SAMPLE RESULTS SAMPLE RESULTS
AL A2 A3 s1 52 53

LAS LAg

NOO & o2 N N NO2Y 11. 4,0 N

NO24 7.2 17, 16, NO31 .6

NO 31 2.0 7.8 NO42 1.30

NOG2 5,28 1.23 NOG3 3.6 1.2 .49

N0 3 LoD K JUN 3.1 NOB7 1.4k N N

NOBY 1.30 N N N116 2.5 N N

NL16 1.5 2.2 N . N136 242 o o1

N136 43 2.8 1.8 N724 5. 049 .766 o015

N7 2A 1.012 1.980 .672 N728 5,646 .561 272

N7 28 W61k N3O A 1.49 .33 N

N9O A 3.01 2.78 1.26 N0 B 147 .38 N

N3O B 1.21 1158 < 9,54 2.48
TOTAL LABS REPORTING 12 12 12 TOTAL LABS REPORTING 12 12 12
TOTAL LABS USED 10 6 9 TOTAL LABS USED 10 8 5
NE AN 3.02020 5.,026€7 3.74289 MEAN 3.61950 1.30213 «295410
STD DEV 2.16092 5.887 01 5411126 ST DEV 3.00137 1.29123 «24900
MEDIAN 2.50500 2.,79000 1.2600.0 MEDLAN 2. 35000 .73300 «27200



>z>r<mnw OF PAH®*S IN SEDIMENT ANC SOLUTICN

DATA SUMMARY

PRINTOUT PRCPAREDE

Al
LAR
NOD& 21.
NO10 208,
NOL7 30.28
NG24 24,
NO31 17.1
N0 42 21.18
NOGL3 20.0
NOB7 13.8
N116 22. 6
N120 26
N136 34.5
NG 3A bb.l
N538 67.3
N7 2A 7.180
N72B
N9 QA 2hel9
N9 08B

TOTAL LABS REPORTING 17

TOTAL LABS USED 15
MEAN 27.58867
STD OEV 16.804 07
MEOIAN 22.60000
MEAN * 21.70231
STD DEV * 6.89669
MEDIAN * 21.18000

SAMPLE RESULTS

>
n

SNE WIS =N
NOMOVIONSFWNO W N

17
15
33.09327
22.06423
25.40000

25.76915
11.47811
24.00000

* results after rejection of lab 53

[

O Pt
X NNDU O DONIVINTD & NI

85/11/726,
PARAMETERS FLUORANTHENE

A3

o - -

FUNMMO~N FUIR N 0RO
(%208

wWwou

17
17
3.13882
L.B824ES
8.33000

7.69067
2473838
8.10000

MZZFTRZIEZFIIZZZZETZ
= OONVNIIH=RR OO0 DG0 >
VIS DN WWNMNE DL S WN = D
DTS PR OORNGNF & O

PARAMETERS FLUCRANTHENE

st
23.
19,6
29,
260
21. 81
45,3
16. 3
2645
26,
26.5

.79
14,871
18, 430
18.52
18. 44
21,12

TOTAL LABS KEPORTING 16

TOTAL LABS USZ=D
ME AN

STO DEV

MEOIAN

MEAN *
STOD DEV *
MEDIAN *

16
22.03631
9.114611
21. 46500

23, 45273
7.36969
21.,81000

10

ueG/sG6

SAMPLE RESULTS

w
~n
- o (7]

NUNIO @O O®NN OO
=173

@ o686 % 000 s b0 0 a0

IO G F RN NI O N

T8

16
15

3.17787
1.13023

3.26:000

3.11843
1,211 84
3.23000

s3

~N
o2

rew
& N

- -
® & 069 ® 0o 00 & o8 e

NNNOND  WNNGN Ul

Vi & O
“weo

16

15
1.02193
«86178
«75000

99779
«88903
«73000




DATE SUMMARY

.>2>F<MHM OF PAH+S IN SEDIMENT ANC SOLUTICN

PRINTOUT PREPAREDE 4&5/11
PARAMETERS INDENO (1424 3CDYPYRENE

Al

LAB

NOO& 242
NO10 3.8
NO24 3.9
N0 31 3.5
NO43 be 3
NO87 2022
Ni16 3.7
N1 36 7.3
NSOA 64 .34
N308

TOTAL LABS Rz PORTING 10~

TOTAL LABS USED 9
MEAN 4,14000
STD DEV 1.,69844
MEDIAN 3.80000

SAMPLE

>
~nN

%S
DO N NOW

-
® o o 0
=T oo

10

8
7449375
2.521€8
7.25000

/726,

RESULTS
A3

LI
WD NOE~

FFENWN Fuwww
oW

10

8
4.11625
« 79775
3.95000

NG/UL

PARAMETERS INDENO(1,2,3CO)PYRENE

S1

LAB

NO10O 4.7
NO24 3.5
NO31 5.4
NU&3 7.2
ND87 Je12.
N116 7.6
N136 5.7
N0 A 4,53
N9 Q8 4 90
115A he 49
1158 4,97

TOTAL LABS REPORTING 11

TOTAL LABS USFO 11
MEAN 5. 10091
STO DEV 1.36030
MEDTAN %. 30000

DN 1 o b i N b o et <

SAMPLE RESULTS

w2
n

coﬂnunu$~®:w

Foro”

11

11
1.54818
35991
1.40000

s3
«Sh
.3
o
62
+6
52
51
b2
11
8
+ 48875
«10816
«51500

1

UG/6



LAS
NGO04
Now2
NOJT7
N11b
N1 36
N3.0A
LED 1Y
TOTAL LABS
TOTAL LARS
MEAN
STD DEV
MEDIAN

DAT

£ SUMMARY

ANRLYSIS OF PAH®S IN SEDIMENT AND SOLUTICN
|

PRINTOUT PREPAREDS

PARAMETERS PERYLENE
S
Al A2
3.6 1.2
6e23
3.22 «25
N 1.7
9.1 ﬁ.w
6,20 2+35
KEPORTING 7 7
USED 5 5
567000 1.48200
2437943 «80475
620000 1.,700040

845711726,

AMFLZ RESULTS

A3

Do
wg

7

3
1.00333
«25697
86000

NG /UL

LAB
NO42
NNR7
N116
Ni 36
N3gA
N304
1154
1158
TOTAL LASS
TOTAL LABS
ME AN
STD O£V
MEDIAN

PARAMETERT PERYLENF

st
1.05
”Io
1.9
1.16
1.15
». “Q
2.19
REPORTING 8
USED 7
1. 49286
48241
1.16000

SAMPLZ

s2

o1l

2h
.ww

3
, 4
33500
*198 24
+30000

AZ

RESULTS
83

. » . o
ON

Mo O

[+ 2

8
I
« 387540
« 35957
«235080

UG/G

12
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OV NmeEScaesSos P

ODWWNHOS S WNRAS @
PPN WNRE NG

DATA SUMMARY

>z>r<wﬁw OF PAH®S IN SEDIMENT AND SOLUTICN

PRINTOUT PPEPAREDS
PARAMET ER®

>
-

v

w

[t Lt o T ol d ot
WP NN DorRenos
SFweE Voo o

TOTAL LABS REPORTING 13

TOTAL LABS USED

MEAN
STD 0%V
MEDTAN

MEAN *
STD DEV*
MEDTANX

12
14.83167
6+ 57567
12.21500

12.22800
2. 75446
11.01500

PHE NANT HRENE

SAMPLE RESULTS

&

~N
N

~N

® e 00 s0e 00000 e

NS WMOF NP pabs b e Y
QOO OOOUTI

13
13
20.641%4h
10.10096
19.00000

16, 89455
4.5765%3
"15,72000

* results after rejection of lab 53

BE5/711/26.
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w
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WO D FNANINNAWNE & NN
s e essbocee s 00

[— ]

-
FOOWONO NS MO

-]

13
13
6h.68692
8.59529
3.48000

5.08455
3,276848
3.30000

NG /UL

ZZZ
e
-
o

zZ2ZZ
(= E=-T7-]

s B & F Wi
B D0 v N WA~

PARAMETERS PHENANT HRENE

w0
(%Y

\n

9

- e D) e s AP
~

=W OPOVONDS O
e ® e0 s o000 e

QEERNDODDNE WO

w

TOTAL LABS REPORTING 12

TOTAL LABS USED
MEAN

STO ocv

MEDIAN

ME AN
STO DEV *
MEDT AN *

12
15.22833
€. 38245
15.90000

16.57000
4.58785
16480000

SAMPLE RESULTS

S:2

.
[o-4
[Ve]

et N\ b e b e g
~n

rﬂrm;@wh:

Py

12
10
1.75800
70787
1.66 0080

1.75556
«T5077

1.60000

s3

LA ]
2000800 00
~&

U £ GO O
Y

~No

12

11
1.03091
1L.21666
«47000

1.08800

1.26685
47000

13

UG/s6



DATA SUMMARY

hz>r<mmmwoﬁ PAH*S IN SEDIMENT AND SOLUTICN

PRINTOUT PREPAREDT A% /41/726.

PARAMETERS PYRENE NG /UL PARAMETER S P YRZNC wG./6G
SAMPLE RESULTS SAMPLE RESULTS
Ay A2 A3 s1 s2 83
LAB LAB
NOO & 28, 26 7.8 NO10 18, 2.7 52
N010 20, 19, 5.6 NG17 13.0 1.89
NO17 30.87 19.36 7.33 NO 24 26. 2.2 N
NO 24 11. 14, beb ND 31 18.5 2.1 .5
NO'31 17.7 20.6 6ol NO42 16. 43 g:a7 325
NO42 21.75 11.32 5046 NG 3 25.1 6 <69
NO43 20.0 2141 5.9 : ND87 242 3.32 i
NOB7 26.5 2841 6eb7 N116 21,0 3u1 o2
N116 23.3 18.8 740 N120 22. 2% 1.
N120 26, 3, 10, N136 196 3.3 o7
N136 34.5 31.6 3.7 NG 34 .55 2.06 1:16
NG 34 68,4 74.2 13.6 N90A 13.13 ge26 .60
N5 38 70.6 76,1 19. 4 N30B 12.97 14 «66
N9DA 24. 20 23.61 hebp 1158 9.58 606
N30B 6.67
v TOTAL LABS REPOKTING 14 14 16
TOTAL LABS REPORTING 15 15 15
Tor SeD TOTAL LABS USED 14 13 12
AL LABS USE 14 14 1 .
L LABS US 3 MEAN 17147164 2.377€9 .97000
ME AN 30, 24429 27.66357 8.75600 ‘
; , STD DEV 6.91908 1.10405 . 83842
ST 5992 21.3183 54510
PEV 17.599 21.31839 “ 10 MEDIAN : 18.25000 2.57000 «67500
MEDIAN 25.10000 20.85000 5090000
MEAN * 23.70167  19.70817 , ‘ MEAN* ‘ 18. 42385 2.94583 95273
Me ’ 1 . : § X
v * 3 - 10077 STD DEV * 5.20980 1.12423 «87710
STD DEVH 6.24086 7.65613 1,37558
MEDIAN * 18.50000 2.63500 +66000
MEDIAN* 24, 05000 19.98000 5.67000

* results after rejection of lab 53



APPENDIX 11

Flagging of Ampule and Sediment Results
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85/10/0:4 PAGE 12
PARAMETERS PAH20 PERYLENE o R - Z 2 N GUALTTY ASSURANCE AND HMETHGDS SECTION
NATIONAL WATcR RESEARCH INSTITUTZ
_ BURLINGTCN ONTARIC
ANALYSIS OF PAH*S IN SEOIMENT AND SOLUTION . .
>-LOHER LIMIT FOR USE OF BASIC ACCEPTABLE ERPOR= 1.00  BASIC ACCEPTABLE ZRRCR= ,50 . _ CONCENTRATION ZRROR INCREMINT= .20 N
LABORATORIES YET TO REPQRT? O .
LABORATORY RESULTS OMITTED ARE NONE
MPLE S1 | S2 S2
SAMPL v ' 2
e . REPORTED . __ __REPORTED . . REPORTED . _ - . I e
LAB NG VALUE RANK , VALUE
NOG?2 0.00 32 H
ZMHO Po@ I WUWD IZDI
N136 1.9 H 5.50 <41
NQOA 1.16 400 .18
___N9pR_ 1,15 3.00 R I e
1154 1.10 2,00 186 _
1158 2.19 VH 7.00
MEDIAN _
CONC'» 1.160 2180
TOTAL AVERAGE NO.OF SAMPLES  SUMMARY OF
.LAB NQ.. RANK RANK RANKE O FLAGGING - . . METHQOD CCOING
N2 5.00 5. 000 1 H INSUFFICIENT DATA
NO87 6.00 2. 000 3 A
N116 5450 5,500 1 H_ INSUFFICIENT DATA
N136 10.50 3. 500 3 H o
NGO A 9,00 3,000 3 S
N9DB 3.00 3.000 1 INSUFFICISNT DATA
1158 7.00 7. 000 1 VH INSUFFICIENT DATA
NVERALL AVERAGE
__RANK_TIS 3.313 _ _ I e
JOTAL  AVERAGE NC.OF SAMPLES  SUMMARY OF . ]
LAB NO,. RANK RANK RANKE D FLAGGING METHOC CODING
NDB7 6400 2. 000 3 . v
1154 700 2.333 3 e e
N908B 3.00 3. 000 1 INSUFFICIENT OATA o
N9DA 9,00 3. 000 3 :
Ni36 10,50 3.500 3 H
ND%2 5.00 5. 000 1 H INSUFFICIENT DATA
N116 5450 54500 1 H INSUFFIGIENT DATA
1158 7.00 7.000 1 VH INSUFFICIENT DATA
__OVERALL AVERAGE . .. . e e e - B
RANK IS 3.313

PERYLENE

P



MY LNYNIHY

INT

SI XNVY

39va3Ay 11qaano

££5°9

]

i
ZZZZZZZ2ZTZrZ
OO OMD e \DEY i
o 5N OO £ S ES TR
NN ENO WO PO

|
|
i

NN NINI= o
[ 2 XN g7 T8T- T XY
sSescvosehose

ooonoeSinaoco
ecaaaeapaca

|

aachwﬂ&kJWMVw
.l".....

\maamamuHmou
0o UWN oW
SORDONWNNOW

'
P
i

i
TN $N G KN N S R Gl e Oy

}
i

A
MA

Viv0 IN3IIDIJ4NSNI

*ON g¥v7

IONICOJ QOHI3INW

££6°S

!

nzzézzzzzzz
redMmSooct o
O e 0 8 £ Ll NI 1=
TDOVDINUNF S~ND

[t d ot L T IA
NN NS £ O 5
se s poesosoene o
POooORoOOoOOORD

e
NE NENESONEO -
® e ®ob oo o vae
Okt QNG S NI
OOQMNa NG e
DNOWOoONO~wNO oW

)
|
K L N TN b
i
i
!
i
|
|
|

< T I <r<c<
~ T TXII
<<r.
I
i
:
I
]
‘
I
-
z
[%2]
c
"
m
-t
(34
=
m
=z
)
=]
>
-
>

1

*ON 8V7

=
>0
=

1

ANV Y
39V83AV

03NNV S

S37dWYS 40°ON

ONTIQ03 JOHI3NW

009°1

L%

TD PR~ F N

I B ot ) o e = e 12
WO SIWONID O
9 000 ePose ooew

OFONOONE N
(2] 0

[
NS0V D MO N e
® 200 aPe e .

Loooobooooo

168°

S WES NN Dor

..‘Q.......

QQQQQQOQQQ:,

coooooonooo |
;

i

1

[}

. N W

@ s 090000 |
£ 8 NN WD
~ N0 ~G®
i < )

< T

[

i ]

] ]

| '

! ’

. -
QUV%N”:@O“DDNl

R s o ae §
amacm======-
uncaaconcaal

ON 8V

TUI1E04IE T

15

3NTyA
FTdRYS

ANVY

INTVA

031390438 o

zsA

. _3N0TYA
s G31¥0d434°

~
t.

MY

HONT HOEST NOTLTNIN

Youy: 3 WYLd43IIV

00t

3718V 14300V JISve

I W 3

og*

ONOT

P

ES eI e

02°*

NOTLINI3S ONV IN3IWIOQ3S NI S+HVd 40 SISATUNY

o )

v

INIUHINYN IHd TZHVd E¥ILINVY

979N

20/061/7¢9

39vd

1



ANZdAd

g28°9

'o.o‘.bo..o-oo»

i H
ZZZ2ZTZrM2Z2ZZZZ.
OOk D e () pa DO @O
ENUNDEN Vs o e D WO
N#@NNBQNQQDMQE

|

i
S NI NI NI 0 1t b (b e ot |
© A NI W D ~NEF N

i
!
)

ooooobonoonO!
cochoboohooo!
i
! i
| |
- H
QOGNNU‘O“OOU‘&‘&N
o 8 00 0 LN
c\nuo\ummmnmmam
DoWO WMo NP O
CRUNWNO O SNNON

g 3NV A

TN Gl N Gl NI N o N Gk G

HHA
HAIA
HA

9ONTIE0D O0HLIZW

ST

8259

ANV

39Va3AY 1Iva3A0

|

!
- ZZZI2Z2I2ZTEZZZ
OO R0 O
VG €3 G NI =+ OO (8~ £t N\ b b
WWDC\OO\N fror PN

i
|
|

G £ N0 L NN NN
ss60eccobacsens

0oOtoDobOBOnS
oaanaocpocena

|
l

Oukﬂmoﬂ?ﬂ:@mm
X EE] R

VIO N NN O VD NS I

M wWhobwao oo

=~~uw=ﬂbw===ﬂ
1

i
1

i
NG wNWMNNWMNNW

INTQ0D _JOHLI3W

*ON_8V1

ANVY
TViol

ANV
JIVIIAY

e 3NV Y
S3TdWYS 400N

Vi3
Wh

9
]

INI9
30 ANV

3

’ONOO

005°8%

099°

5£9°2

|
1
i

22222 Z2ZZ2Z2Z

Prelvkewsnscdos
o numo-cncb‘u'\»-n-
B0t B oGO N &~
= :

|
o e NN NI N e A TN b b
&DNW\DN“J‘U’!C\GG‘ND
.c...oo...ol.
IO b O aNP:m o
BN <
xr

IK
<~ x
=

wh -
F‘NS'DQ\DPNUINMNO‘I
®e s 2000800000 |
CoOocOoDoOROSoOo |
Soscooooeaoooo

[}

) ]
ONINNNWWWNINNN N
se toesesness o
O NG HWOUNEN N
[s 8 e )} N o~ [}
e o ]

< ]
T 1
t

1]

]

(]

[}

N(d\ﬂ@&.@ﬂho\l\)tcﬂl
L R RN
Coobuobouoooo )
QDDQQQQQQDQQEI

1]

[ W Zre
® o 00 s 000 Deo
ON NE NV W
oo ~NLOAND [YoLy¥)

< <
X x

comcesrscemcsanmaa

MN YR

- .
SOV D NN WoOs
e ® & 5 0% 0 P00 e o0
otoobooDoeHeo
aaccacmaaanacn

ON_8v1
FRETEAS

3NIVA
T U3T¥0dIY

1S

ANV

INTIA
03140d38~

28

ANy

B0°T =¥04¥3 378V1d309Y

319¢ 14330V DISVE

o

=HHY

bga*

THOINT M0A¥T NOILVEINTINGD

=INIW

0z

T TNGTIN10S 0NV IN3H1G3S NI SeHvd 40 SISAIVNY

)/

vd

3IN3¥AD 22HYd s¥31l3WyNy

9/9n

0/01/7¢%

d

19v

748



/" PARAMETERS PAH2E ANTHRACENE NG/ UL
ANALYSIS OF PAH*S IN SEOIMENT AND SCLUTION
“-LOWER LIMIT FOR USE OF BASIC ACCEPTABLE ERROR= 1400 . BASIC_ACCEPTABLE ZRRCR= .50  CONCENTRATLON SRROKR INGREMENT= .20
LABORATORTES YET TGO REPORTT O
LABORATORY RESULTS OMITTEQ ARE NONE
_
SAMPLE Al A2 ) Al
. o __REPORTED.__ . _____ REPDRTEOG. . . REPQRIED o — e . R
LAB NO  VALUE RANK VALUE RANK VALUE RANK
NBOW 2.6 4,00 1.1 4o 00 .2 2.510
ND24 3.0 6+ 00 3.8 vH 8.00 29 H 7.0C
NO31 1.4 VL 1. 00 .8 1.00 o1 1.00
ND42 1.98 2.00 0,00 G.00
ND&3 2. 5.00 1.0 3:28 .2 2.5¢
. N087 2. 42 e 8000 1.00 058 bHE . 6000 __ _— e e e
N116 ~ND=- 0,00 1,2 5,00 1.1 H 8.0 -
N136 4.6 VH 8.00 2.1 VH 7.00 o 5,00
N30 354 H 7.00 181 H 6.00 .33 4.0
MEOIAN
CONC , 2.650 1.150 +3E€5
TOTAL = AVERAGE  NO.OF SAMPLES  SUMMARY OF o
LAB NC., RANK RANK RANKED FLAGGING METHOO COD ING
NOOG 10,50 3.500 3
NO24 21.00 7,000 3 o NMML .
NO31 3.00 1,000 3 VL
NBGL2 2.00 2.000 1 INSUFFICIZNT DATA,
Ng43 10,00 3.333 3
NO8T 11,50 . 3.833 3
NI1G 13.00 64500 2 H
N136 20,00 6e 667 3 VHVH
N30 A 17.00 6. 667 3 HH
| OVERALL AVERAGE ’ ) - T T
RANK IS 4,500
TOTAL AVERAGE NO,OF SAMPLES SUMMARY OF
LAB NO, RANK RANK RANKEE . FULAGGING METHOG CCDING
nmmW wﬂw“ 5000 | H vt ‘ o o INSUFFICIENT DATA |
. ! g g
ND4 3 10,00 uuuum 3 su e
NOD& 10.50 3.50 3
NOB7 11,50 3.833 3
NIDA 17.00 5, €67 3 HH
Ni16 33400 6.500 2 h
NiZ6 0.00 6667 . 3 . NWVH_ .. R _ -
N024 21,00 7. 000 3 VHH
OVERALL AVERAGE
RANK IS 4,500

ANTHRACE NF
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85710704 FAGE 19
"PARAMETER? PAH30 mmzNo.m.v<nmzm o CONGZULT T e e T T QUALITY ASSURANCE AND METHOOS SEC TION
NATIONAL WATER WESEARCH INSTITUTE
JURLINGTCN ONTARIC
ANALYSIS OF PAH*S IN SEDIMENT AND SOLUTION
~ LOMER. LIMIT FOR USE OF BASIC ACCEPTABLE ERROR= 1,00. = .BASIC ACCEPTABLE TRRCK= ,50 __ CONCENTRATION ERROx INCKEMENT= .20, ‘ A
/ LABORATORIES YET TO REPORT1 0 :
LABORATORY RESULTS OMITTED ARE NONE
A _ A . A
SANPLE 1 2 2
e REPORTED... . . ... ___ REPORTED ‘ . _REPORIED _ " ___ . U o SR
LAB NO  VALUE RANK ~ VALUE RANK VALUE RANK q
NOO& 3.5 L 1.00 64 0 4,00 2.2 VL 2400 |
NO19 Yol 3.00 9,7 VH 6. 00 3.7 4,00 “
NO4 2 6.81 4,00 4,30 L 2.00 5.59 H 8.00 :
NO87? Lo06 L 2.00 1.33 VL 1.00 «Sh VL 1.00
Niié6 -ND= Mumc 5.9 3.00 3.5 3.00
I Zpﬂm-l‘c _Bal. <I » ..= - N VH - OQ e Sie R .N.PQ Q. _ DU _— e e e+ e B _
‘N9OA 7.51 H 5400 3,73 VK 7.00 4485 5.00
N9OB D.00 0.00 4,94 6.00
MEDIAN _
CONC. 5.605 650000 4,275 m
W
TOTAL  AVERAGE  NOL.CF SAMPLES  SUMMARY OF ”
LAB NOs. RANK RANK . RANKE C FLAGGING METHOD. CODING
NOD4 7.00 2.333 3 LyL m
NOL0 13.00 4,333 3 VH A
__ NO&2 1,00 Lo 667 3 R - o
NO87 4,00 1,333 3 LVLVL o
N116 6400 3. 000 2 ;
N136 18.00 6. 000 3 VHVH i
CN9DA . 1T7.00 . . 5,667 3 HVH. _ B . . w
N30 8 6.00 6. 000 1 INSUFFICIZNT OATA
QVERA{L AVERAGE
:;n>zwlwn LeO48 .. . . .. o . I R _ - e
TOTAL AVERAGE  NO.OF SAMPLES  SUMMARY OF .
LAB NO.  RANK RANK RANKE D FLAGGING METhOO CODING
NOB7 4,00 1,333 3 . LVLVL |
___NDD4 7.00 2,333 3 Lyt . o - . _
Ni16 6.00 3:.000 2 "
NO10 13.00 4333 3 VH i
NDL2 14.00 m.mou 3 LH _
N9OA 17.00 2667 3 AVH
N136 18.00 6. 000 3 VHVH
NS08 6.00 6..000 1 A INSUFFICIENT DATA
COVERALL AVERAGE . S
RANK IS 4o 048

[tll.lli.i:.l||’.li..‘;.:r:.\ . . . . e - ‘ . R FR S C I

SENZULEIPYRENC
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85/10/04 PAGE 21
"PARAMETERY PAH32Z BENZO(K)FLUORANTHENE CNG/ZUL . ) T T T QUALTTY ASSURANGS AND M THCBS- SECTION
NATIONAL WATCR RESEARCH INSTITUTE
. ‘ BURLINGTCN ONTARIG ”
ANALYSIS OF PAHeS IN SEDIMENT AND SCLUTION .
P TG RRTN GG GRED EG BE G DO "SRR P EETTOCEEE DRSS e . {
LOWER LIMIT FOR USE OF m>mHn ACCEPTABLE ERROR= 1,00 BASIC. ACCEPTABLE ERNCR=. 450 _ CONCINIRATIGN. ERROK INCREMINT= .20
/ LABORATORTES YET TO REPORTH s
LABORATORY RESULTS OMITTED >nm NONE
_ ;
SAMPLE 1 m 2
. . __REPORTED. ;>‘ . ... REPORTED. > .. mnuomqmoi‘w;; L e e
LAB NG  VALUE RA MK VAL UE RANK VALUE RANK
NOD& 4.8 5,00 2.7 L 1.00° 1,7 4,00 :
NB10 4.9 6.00 b, 2 5.00 2.2 5.00 :
NOZ4 Yol 3.00 6.7 VH 7.00 2.4 7.00 g
ND31 5.1 7..00 10.5 VH 9,00 4¢3 VH 8.00
NO&2 Q.wq VH 9, 00 6.12 VH 6.00 4497 VH 10,00
NO&3 Se 800 3e3 . 300 2.3 __ . " 6.00. . _ i I —
Znnw 3.2 L 2,00 8,1 VH 8.00 Leb VH 9,00 ‘
N7 2 2.463 WL 1.00 3.337 4.00 1.133 L 3.00 i
N728 0..00 0.00 1.088 VL 2.00 ;
MEDI AN
CONC . 4.800 4o 2:00 2.250
_ TOTAL  AVERAGE NO.OF SAMPLES SUMMARY OF ;
LAB NO. RANK RANK RANKEL FLAGGING METHOC CCOING -
____NOD4 10,00 3,333 x S o o o
ND10D 16.00 5.333 3
ND24 17.00 5. 667 3 VH ;
ND31 24,00 8,000 3 VHVH |
~NOL2. . ...25,00. .. 8,333 3 VHVHVH ; B _
NDG3 17.00 5667 3 _ »
NB&7 7.00 2.333 3 VL
Ni16 19,00 6,333 3 L VHVH
N72A 8.00 2.667_ . .. 3 LoVLL- e SR S
N728 2.00 2.000 1 VL INSUFFICIENT DATA
OVERALL AVERAGE m
RANK IS 5.179 .
.‘:_;e};taou>rasibkmm»mmwlxszbmrwbnmwmmfszm:z:>m«‘om_s‘;;;};ie:‘:.. e e . R a
"LAB NO,  RANK RANK ANKE 0 FLAGGING o METHOE COOING _
N728 2.00 2. 000 1 VL INSUFFICIENT DATA
NO87 7.00 2.333 3 VL _
N72A 8,00 2.667 3 VLL ;
NO9& 10,00 3.333 3 L
ND1D 16,00 S.333 3 !
_ _NOGL3 17.08 6e667.... 3. : e S R :
NO824 17.090 5,667 3 VH
N116 19,00 6e 333 3 LVHYH
zaum 2400 m.aaa k] VHVH
NOL2 25.00 «333 3 VHVHVH
,o<mn>¢m AVERAGE
RANK 54179

BeENZO (K} FLUORANTHENE
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//.ii,:. SUUES :.

\vtbxpzmquu PAH37 INDENOQO(1,2y3CD)IPYRENE NG/UL
ANALYSIS OF PAH*S IN SEDIMENT AND SCLUTION
- LOWER LIMIT FCR USE OF BASIC ACCEPTABLE ERROR= 1,00 . BASIC ACCEPTABLE ERRCE= . ..50 . . CONCENTRATLCMN ERROF INGREMENT= .20
LABORATORIES YET TO REPORTSs 0
LABORATORY RESULTS OMITTED ARE NONE
AMPLE At _ A2 A2
SAMPL 2
. _REPORTED_._ __ _____ REPORTED . . _REPORIED. . . . L L ) o
LAB NO VALUE RANK VALUE RANK VALUE RANK
NOD&4 2.2 VL 1.00 3.2 VL 1.00 -NO=- 0.00
NO1D 3.8 5. 00 6.0 2.00 3.7 4,00
ND24 3.9 6.00 745 5,00 3.4 1.00
NDL3 4e3 w.cm 7o 0 w.ab 4,2 5.00
NO&a?7 2222 L 2400 “ND=_ _ D6 0:0: .. .=ND-_ .. 0,08 _ e —
Zb.u.m N..\ so- QO Oom ui QQ N-O Nch
N136 7.3 VH 3.00 10.%4 VH 7.00 5,9 _VH 8.00
N9OA 6.34 VH 8.00 8.15 6.00 “e23 6.00
N30B 0.00 0,00 4,30 7.00
MEDIAN
CONC, 3,800 7+250 3.350
TOTAL AVERAGE NO.OF SAMPLES SUMMARY OF )
LAB NC, RANK RANK RANKED FLAGGING MZTHOC CCDING
NOD & 2.00 1.000 2 e MONL
NO10 11.00 3. 667 3 .
NB24 12.80 4e 000 3 )
NO31 13,50 4,500 3 VH
ND&3 16.040 . 94333 3 )
Nos7? 2.00 2,000 1 L INSUFFICIENT DATA
N116 9,50 3,167 3
N136 mroaa 8.000 3 VHVHVH
NalA 0.00  @.067 . 3 NH _ .
N9os8 7.00 7. 000 1 INSUFFTICIENT DATA
OVERALL AVERAGE
RANK fm . 4,680
- _ T0OTAL AVERAGE _ NO.OF SAMPLES __ SUMMARY OF __ _ —
LAB NC. RANK RANK RANKE D FLAGGING McTHOC CCOING T
N 004 2,00 1,000 2 VLVL
Npa7 2.00 2.0090 i L INSUFFICIENT DATA
Niie 9,50 3.1€7 3
NO10 11.00 3. 667 3
. NB31 13,50 4,500 SERDR. MH e et et e e e . R
NOL3 16, 5.333 3
zwcb 20. 00 6.667 3 VH
N9OB 7.900 7.000 1 INSUFFICIENT BATA
N136 264,00 8,000 3 VHVHVH
OVERALL AVERAGE
RANK IS 4,680

INOcNC(1,243CD)IPYRENE




. 85710704 PAGE 26 .
(" PARAMETERY PAH39 PERYLENE ) NG/UL ‘ ‘ _ B " TQCALITY ASSURANCE ANT ME THGDS SECTICN
NATTONAL WATER ESEARCH INSTITUTE -
] BURLINGTCid ONTARIC :

ANALYSIS OF PAH®S IN SEDIMENT AND SGLUTION -

: i
vvroxmw LIMIT FOR USE OF BASIC ACCEPTABLE ERROR= 1.00.. .. BASIC ACCEPTABLE ZRRCR=. .50. . CONGCENTRATICN €RP0% INCRLMINTz .20 ¥

LABORATORIES YET 7O REPQORTS 0 L

CABORATORY RESULTS OMITTED ARE NONE :

SAMPLE. 1 2 2 M

::z;;yxaixxmwoxam.s!»i;|liie5:1 reporten. A2 _REPGRIED . A e R N . .

LAB NG VALUE RANK VALUE RANK VALUE TIANK - _
NG04 3.6 VL 2.00 1.2 2.00 -ND- Q.00 . W
NOGL2 623 . 4e 0D _ 0. 00 . 0.904¢ . ;
NOA7 3,22 VL 1,00 $25 VL 1.00 ~NO- 0.00
N A A o I pie!

NSk &k 3Bl Be3ew o 280 Y B0 o _
N30 B 0.00 : 0.00 .85 1.00 W

MEQIAN _ |

CONC, 6.200 1.700 +860 |

TOTAL AVERAGE  NO.OF SAMPLES  SUMMARY OF

LAB NC, RANK RANK RANKED FLAGGING METHOO GCDING
NOOGL beDD 2.000 2 VL
NOG2 4,00 4o 0.00 i INSUFFIGIENT DATA
NOBT 2.00 1. 800 2 vLVL

____N116 3200 .nan 1 - L e e ____INSUFFICIENT_DATA .
N136 12,00 4. 000 3 VH D
NGDA 10,00 3. 333 3 H
NG0B 1.00 1.000 1 INSUFFICIENT DATA
OVERALL AVERAGE ‘
RANK IS 2,769
TOTAL  AYERAGE  NO.OF SAMPLES SUMMARY OF :

LAB NO, RANK ANK ANKE D FLAGGING METHOO CEOING
NOB7 2,00 1.000 2 vLVL
zw=m 1,00 1.000 1 INSUFFICIENT DATA
NOG, 4,00 2.000 2 VL

__N11B 3.00 3..000 . S . . . INSUFFICIZNT DATA

‘N3 A 10.00 ‘3,333 3 H -
NO&2 by 00 4,000 1 INSUFFICIENT DATA
NL36 12.00 4,000 3 VH

OVERALL AVERAGE

RANK 1S 2.769

o 1’ o | N - - N - Q ) - - o ‘ ;

PERYLzNC
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APPENDIX III

Flagging

When the true values of constituents in tesﬁ.samples are unknown,
individual results can be evaluated in terﬁs 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 this flagging technique, all results are 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 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. According to our previous
interlaboratory studie; 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 results are evaluated according to the following

formulae:
Absolute difference between _
- £ BAE : acceptable
sample and median results
Absolute diffence between '
BAE < £ 1.5 x BAE : Hor 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 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 formulate except that

the augmented BAE is used instead of BAE.



