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Quality Assurance Project Intercomparison Exercise Results
1991 - 1693

A. Y. Cantillo

Coastal Monitoring and Biosffects Assessment Division
Office of Ocean Resources Conservation and Assessment
National Ocean Service
National Oceanic and Atmospheric Administration

ABSTRACT

The NOAA National Status and Trends (NS&T) Program determines the current status
and any changes over, time of the environmenta! health of the estuarine and coastal
waters of the United States. Concentrations of organic and inorganic contaminants are
determined in mollusks, bottom-dwelling fish and sediments collected along the coast of
the United States. The quality of the analytical data generated by the NS&T Program is
overseen by its QA Project component, which is designed to document sampling
protocols, analytical procedures, and laboratory performance, and to reduce
intralaboratory and Interlaboratory variation. NS&T does not specify analytical
methodology. Laboratories can use any analytical procedure as long as the results of
the intercomparison exercises are within certain specified limits. All NS&T
laboratories are required to participate in yearly intercompatrison exercises. The
results of the trace organic and trace metals 1991 through 1993 intercomparison

exercises are described and discussed.

1. INTRODUCTION

The National Oceanic and Atmospheric Administration’s (NOAA) National Status and Trends
(NS&T) Program determines the current status of, and any changes over time in the
environmental health of the estuarine and coastal waters of the United States, including Alaska
and Hawaii. The NS&T Program consists of seven major components, two of which generate
monitoring data: the National Benthic Surveillance Project, and the Mussel Watch Project.

Concentrations of organic and inorganic contaminants in sediments and bottom-dwslling fish
taken in the same area are determined as part of the National Benthic Surveillance Project at
sites located around the nation. The analytes include 24 polycyclic aromatic hydrocarbons, 18
polychlorinated biphenyl congeners, DDT and its metabolites, 9 other chiorinated pesticides,
organotins, 4 major elements and 12 trace elements (Table 1). Toxaphene, DNA adducts, and
aryl hydrocarbon hydroxylase are measured at certain sites. The frequency of external disease
conditions and internal lesions (liver tumors) in the bottomfish are also being documented.
Currently, there are about 80 National Benthic Surveillance sites in estuaries and coastal
waters, including both urban and rural areas. Samples are generally collected biennially at
these sites. Sample collection and analyses for the National Benthic Surveillance Project are
currently done by the NOAA National Marine Fisheries Service (NMFS) Northwest Fisheries
Science Center (NWFSC), Seattle, WA, and the NMFS/Southeast Fisheries Science Center

. (SEFSC), Beaufort, NC.




" Table 1. Chemicals determined as part of the NOAA National Status and Trends Program.:

Polycyclic aromatic hydrocarbons Chlorinated pesticides other than DDT
Biphenyl Aldrin ' Dieldrin
Naphthalene . cis-Chlordane trans-Nonachlor
1-Methylnaphthalene Heptachlor gamma-HCH
2-Methylnaphthalene Heptachlor epoxide Mirex
2,6-Dimethylnaphthalene " Hexachlorobenzene
Acenaphthene
Acenaphthylene Polychlorinated biphenyl congeners (nomen-
1,6,7-Trimethylnaphthalene clature of Ballschmiter and Zell, 1980)
Fluarene
Phenanthrene PCB & PCB 18 PCB 28
1-Methylphenanthrene PCB 44 PCB 52 PCB 66
Anthracene PCB 101 PCB 105 PCB 118
Fluoranthene PCB 128 PCB 138 PCB 153
Pyrene PCB 170 © PCB 180 PCB 187
Benz[aJanthracene PCB 195 PCB 206 PCB 209
Chrysene :
Benzo{a]pyrene Elements
Benzo[e]pyrene
Perylens Al Si Mn Fe
Dibenz{a,hlanthracene Cr Ni Cu Zn
Benzo{bfluoranthens As Se Ag Cd
Benzo[4]fluoranthene Sn Sb Pb Hg
Indeno[1,2,3-cd]pyrene
Benzo[ghiperylena Tributyltin species

Tributyltin ~ [bis(tri-n-butyltin)oxide]
Dibutyltin (degradation product)
Monobutyltin (degradation product)

DDT and metabolites

2,4'-DDD 4,4-DDD
2,4'-DDE 4,4-DDE
2,4'-DDT 4.4'-DDT
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The same contaminants are determined in sediments and mussels or oysters as part of the
Mussel Watch Project. The bivalves are collected on a yearly basis from approximately 240
sites in the United States, while sediments are collected at the same sites ‘on a less-than-
yearly basis. Sample collection and analysis for the Mussel Watch Projects are currently done
by the Texas A&M University (TAMU) Geochemical and Environmental Research Group (GERG),
College Station, TX, and the Battelle Ocean Sciences (BATTELLE) laboratories at Duxbury, MA,

and Sequim, WA.

2. OBJECTIVES OF THE QA PROJECT

The quality of the analytical data generated by the NS&T Program is oversean by the QA
Project component, which has been in operation since 1985 and is designed. to document
sampling protocols and analytical procedures, and to reduce intralaboratory and
interlaboratory variation. Details of the NS&T QA Program can be found in Cantillo and
Lauenstein {1993). NS&T does not specify analytical methodology. Laboratories can use any
analytical procedure as long as the resuits of. the intercomparison exercises are within certain
spacified limits of the consensus values, This allows the use of new or improved analytical
methodology or instrumentation without compromising the quality of the data sets. The analysis
of reference materials, such as the National Research Council (NRC) of Canada Caortified
Reference Materials (CRMs) and National Institute of Standards and Technology (NIST) Standard
Reference Materials (SRMs), and of control materials generated for use by NS&T fabs as part
of the sample stream, is required. To document laboratory expertise, the QA Project requires
all NS&T cooperating laboratories to participate in a continuing series of intercomparison
exercises utilizing a variety of materials. The organic analytical intercomparison exercises are
coordinated by NiST, and the inorganic exercises by NRC Canada. Sampling and analytical
protocols used in the NS&T Program since its inception are documented in Lauenstein and

Cantillo (1993).

3. INTERCOMPARISON EXERCISES

All the NS&T laboratories are required to participate in the yearly intercomparison exercises
which began in 1986. The results of the exercises previous to 1991 are described in Cantlilo
and Parris (1993) and Valette-Silver (1992). The exercise materials used in the 1991, 1992
and 1993 exercises are listed in Table 2. The exercise materials are usually sent early in the

“ spring or summer, with complete handling instructions and data reporting format. The type and

matrix of the samples change yearly.

The results of the intercomparison exercises are not intended to be a reflection of the absolute
capability of a laboratory. Given time and budgetary constraints, the methodology used may not
be the one resulting in the lowest detection limits or best precision, rather, it is the one that
can be used to generate data of the quality specified by the NS&T Program.

In response to the needs of the NS&T Program, NOAA has partially funded the production of
eight NIST SRMs and seven internal standard solutions (Table 3). The SRMs are two natural
matrix materials and calibration solutions at two concentration levels of the three chemical
classes of analytes. The latter are used to facilitate the preparation of multipoint calibration
curves. The internal standard solutions were prepared at the request of the NS&T contract
laboratories and are provided free of charge. These SRMs and control materials have been and
continue to be used by NS&T contract laboratories.




Table 2. Materials used for the NS&T intercomparison exercises for 1991 through 1993,

Year Materials

Trace Metal Exercises

...............................................................................................................

1991 Sediment N Freeze dried sediment from Baie des Chaieurs
Mussei P Tissue homogenate from the Pacific Northwest
BCSS-1 Estuarine Sediment CRM
SRM 1586a Oyster Tissue CRM

1992 FishQ Spray-dried Nova Scotia flounder fillet
Sediment R Freeze dried sediment from Chesapeake Bay
DCRM-1 Dogfish (Squaius acanthias) Muscle CRM
BCSS-1 Estuarine Sediment CRM

1993 Sediment T Freeze driad sediment from Mississippi Delta
Tissue S Freeze-dried Mytilus edulis tissue from French coast
BCSS-1 Estuarine Sediment CRM

SRM 1566a Oyster Tissue CRM

Trace Organic Exercises

...........................................................................................................

1991 Tissue Control material 1l QA90TC Frozen bivalve tissue homogenate
Bivalve extract I QA91BE2 Extract of frozen bivalve tissue
homogenate*
1992  Marine sediment II] QA92SEDS -

‘Wetted marine sediment prepared using
candidate SRM 1941a
Mussel tissue IV QA92TIS4 Frozen' Mussel Homogenate from

Dorchester Bay

1993 Musssl Tissue V QA93TISS . Frozen Mytilus edulis homogenate from -
, ‘ Boston Harbor (candidate SRM 1974a) »
Fish Homogenate | QA93FSH1 Carp homogenate from Saginaw Bay

(candidate NRC CRM)

* Gravimstrically spiked with one analyte from each of the three chemical classes. The material was not
splked or enriched with the other 48 organic target analytes.
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Table 3. NIST SRMs and internal standards funded by the NS&T Program.

SAM 1491  Aromatic Hydrocarbons in Hexane/Toluene

SRM 1492  Chlorinated Pesticides in Hexane

SRM 1493  Chlorinated Biphenyl Congeners in 2,2,4-Trimethylpentane
SAM 1941  Organics in Marine Sediment

SRM 1974  Organics in Mussel Tissue (Mytilus edulis)

SRM 2260 Aromatic Hydrocarbons in Toluene

SRM 2281  Chlotinated Pesticides in Hexane

SRM 2262 Chlorinated Biphenyl Congeners in 2,2,4-Trimethylpentane

AH Naphthalene-dg, acenaphthene-d,,, benzo[é]pyrane-d12, perylene-d,,
PES 1,2,3-Trichlorobenzene, 4;4'-dibromooctafluorobiphenyi o
TCMX 2,4,5,6-Tetrachloro-m-xylene

* SRMs 1491 and 2260; and SAM 1492 and 2261 have the same suite of analytes at different concentrations. SAM 1493
conlains twenty PCB congeners, and SRM 2262 contains the same twenty congeners at different concentrations plus eight

additional congeners.

4, TRACE METAL INTERCOMPARISON EXERCISE RESULTS

4.1. 1981 Exercise

The fifth NS&T trace metal intercomparison exercise, NOAA/5, took place in 1991 and was
coordinated by NRC. The NS&T cooperating laboratories were SEFSC, BATTELLE, and TAMU.
Materials were sent to the other 37 laboratories that participated on a voluntary basis. Results
were received from the NS&T cooperating laboratories and 26 non-NS&T laboratories. The
materials used were Sediment N, BCSS-1, Mussel P and SRM 1566a. The results of the
analyses are listed in Appendix I. A detailed description of the exercise and the results of the
other participating laboratories can be found in Willie and Berman (1991).

4,1.1. Description of materials and exercise

Sediment N is a siliceous material collected in Nova Scotia Harbor, Canada, and is moderately
contaminated. Mussel P is a moderately contaminated tissue homogenate of Mytilus edulis
specimens collected off the northwest coast of the US by Battelle Pacific Northwest. Sediment
for BCSS-1 was collected in the Baie des Chaleurs, Gulf of St. Lawrence. The sediment was
fresze-driad, screened to pass through a 125-pm screen, blended, bottled, and radiation-
sterilized. BCSS-1 may contain sea salt. The certified values are listed in Table 4, and a more
complete description of the preparation, analysis and composition of BCSS-1 can be found in
NRC (1990). SRM 1566a was prepared using oysters obtained from a commercial source. The
oysters were shucked, frozen, and packaged in sealed plastic bags. The oyster material was
ground, freeze-dried, and powdered. At NIST, the material was jet-milled to pass a 355 um
screen, radiation sterilized and bottled. Certified and noncertified values are listed in Table 5,
and a more detailed description of the preparation and analysis of SRM 1566a can be found in
NIST (1989).

Each laboratory received 10-g samples of each "unknown® sample, and were asked to perterm
five replicate analysis of each of the two unknowns, BCS8S-1 and SRM 1568a, for Al, Cr, Fe,
Cu, Zn, As, Se, Cd, Sn, Hg, and Pb. Analyses of Si, Mn, Sb and T| were optional. The analysis of




Ag was also requested for biclogical tissues. All results, including outliers, are shown
graphically in Figures 1 - 13, and are listed in Appendix I. NRC provided benchmarks for
accuracy by analyzing Sediment N and Mussel P by two different methods. Whenever possible,

one of these methods was isotope dilution inductively coupled plasma mass specirometry,
which can produce very accurate results.

4.1.2. "Accepted" values

One purpose of the exercise was to arrive at an ‘accepted" value for each analyte
concentration in the unknown materials. The overall mean concentration for each metal was
calculated from the mean of laboratory replicates and the NRC data by Willie and Berman
(1981). These means were assumed to be normally distributed which may not be a valid
assumption at low concentrations. Obvious outliers were eliminated prior to statistical
evaluation, A successively applied Student ¢ test at the 85% confidence limit was used to
identify other outliers. The "accepted® values and uncertainties as well as the certified values
and uncertainties for BCSS-1 and SRM 1566a are listed in Tables .1 = 1.4 in Appendix I,

4,1.3. Results

4.1.3.1. Al, Si, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 1, 2 and 3 respectively. The
results of the five replicate analyses are shown in the figures including any outliers, Only three
laboratories and NRC reported Si results. No NS&T laboratory reported Si values for this
exercise. The means of the five replicate anaiysis of Al for Sediment N and BCSS-1 reported by
the NS&T cooperating laboratories were within the 85% confidence interval of each material.
The precision was better for Sediment N although the Al levels of the two materials were
similar, Aluminum analysis of tissues was not required. The Fe results of the Sediment N and

Table 4. Major and trace element certified concentrations and uncertainties available for BCSS-

1, Estuarine Sediment (Uncertainties represent 95% tolerance limits.) (ng/g dry weight unless
noted).

Element Value Uncertainty Element Value Uncertainty Eiement Value Uncertainty

(£) (£) ' (1)

Be 1.3 0.3 K,0 (%) 2.17 0.04 Cu 18.5 2.7
C (%) 2.19 0.09 CaO (%) 0.76 0.074 Zn 119 12
Na,O (%) 2.72 0.21 TiO, (%) 0.734 0.024 As 11.1 1.4
MgO (%) 2.44 0.23 Vv 93.4 4.9 Se 0.43 0.086
Al,O5 (%)11.83  0.41 Cr 123~ 14 Cd 0.25 0.04
8i0, (%) 66.1 1 Mn 229 15 Sn 1.85 0.2
POs (%) 0.154 0.016  Fo,0,(%) 4.7  0.14 o pg o0 008
S(%) 036 0.05 Co 1.4 2.4 . .
Cl (%) 1.12 0.05 Ni 55.3 3.6
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Table 5. Major and trace element cerlified and nohcartiﬁed concentrations and uncertainties
available for SRM 1566a, Oyster Tissue (ug/g dry weight unless noted). -

Cortified concenirations

Element Value Uncertainty Element Value Uncertainty Element Value Uncertainty

(£ " (%) (£)
Na (%) 0.417 0.013 Cr 1.43  0.46 Sr 11.1 1.0
Mg (%) 0.118 0.017 Mn 12.3 1.5 Ag 1.68  0.15
Al 202.5  12.5 Fe 539 15 Cd 415  0.38
P (%) 0.623 0.018 Co 057 0.1 [ 4.46  0.42
S (%) 0.862 0.019 Ni 2.25  0.44 Hg 0.0642 0.0067
Cl (%) 0.829 0.014 Cu 66.3 4.3 Pb 0.371 0.014
K (%) 0.790 0.047 Zn 830 57 U 0.132 0.012
Ca (%) 0.196 0.019 As 14.0 1.2
v 468  0.15 Se 2.21 0.24

Noncertified concentrations

Element Value Element Value Element Value
N (%) . 6.81 Cs 0.02 Hf 0.04
F 240 La 0.3 . Ta 0.003
Sc 0.08 Ce 0.4 Au 0.01
3 o] 3 Sm 0.06 Th 0.04
Sn 3 Eu 0.01

Sb 0.01 Tb 0.007

* Unceraintles represent 95% confidence limits.

Mussel P analyses by all three NS&T laboratories were within the confidence intervals of the
accepted value. Although the concentrations of Fe in the sediment materials and tissue
materials were similar, BCSS-1 and SRM 1566a have much smaller confidence intervals,
BATTELLE and SEFSC results were within the confidence interval for BCSS-1, while TAMU
reported slightly higher results. All three laboratories reported good results for SRM 1566a.
The precision of the Fe analyses was good for all three NS&T cooperating laboratories. The
results of the analyses of Mn in the sediment materials were within the confidence intervals
and the precision was good. The determination of Mn in tissues was not required. '

4.1.3.2, Cr, Cu, and Zn

The results of the Cr, Cu, and Zn analyses are shown in Figures 4, 5 and & respectively. No Cr
results were reported by SEFSC for sediment or tissue materials. The means of the Cr analyses
by BATTELLE and TAMU were within the confidence interval of all four materials, Willie and
Berman (1991) found that, in general, intralaboratory precision for Cr was worse than for
most analytes. The results of the Cu analyses by the three NS&T cooperating laboratories were
good for both the sediment and lissue materials, aithough the Mussel P mean for SEFSC was
slightly high. Similar results were obtained for Zn.
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Figure 5. 1991 NOAA/5 Cu intercomparison exercise results of five replicates of Sediment N, BCSS-1, Mussel

P, and SRM 1566a (Solid line is the cerlifiad value, if available, or the accepted value determined by NRC
using exetcise results. Dashad fine is £95% confidence limit.) (pg/g dry wt.).
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Figure 6. 1991 NOAA/5 Zn intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the cartified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence flimit.) (ng/g dry wt.). -
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4,1.,3.3. As, Cd, Ag, Hg, and Pb

The results of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 7, 8, 9, 10 and 11
respectively. The means of the As results reported by the three NS&T cooperating laboratories
were within the confidence intervals of the four exercise materials. SEFSC and TAMU reported
Cd means within the confidence interval of the two sediment materials, while the BATTELLE
mean for BCSS-1 was high. The certified BCSS-1 Cd concentration, 0.25 + 0.04 pg/g, is one
order of magnitude lower than that of the *accepted" value for Cd for Sediment N, 2.03 + 0.58
ug/g. The detection limit reported by BATTELLE for sediments is 0.12 ng/g, approximately
half of the certified value of BCSS-1 (Tables 4 and 6). The Cd results of the analyses of the
tissue materials by all three laboratories were good and within the confidence intervals. The
determination of Ag in sediments was not required. The results of the Ag analyses of the tissue
exercise materials by the three NS&T cooperating laboratories were within the confidence
intervals. The results of the Hg analyses of the sediment and tissue materials were also within
the confiderice intervals.” The results of the Pb analyses of the four exercise materials were
within the confidence intervals, except for those of SEFSC for SRM 1566a, which were slightly
high, and those of BATTELLE for the same material, which were slightly low.
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Figure 7. 1991 NOAA/S As intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.)(ng/g dry wt).

* BCSS-1 is no longer certified for Hg.
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Figure 8. 1991 NOAA/5 Cd intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.)(ug/g dry wt.)..
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Figure 9. 1991 NOAA/S Ag intercomparison .exercise resulls of five replicates for Mussel P and SRM 1566a
(Solid line is the cerlified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is +95% confidence limit.) (ng/y dry wt.). ’ : .
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.- Figure 10. 1991 NOAA/S Hg intercomparison exercise results of five replicates for Sediment N, BCSS-1,
* Mussel P, and SRM 1566a (Solid line is the cerlified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is + uncertainty. NA - Not analyzed.) (ng/g dry wt.).
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Figure 11. 1991 NOAA/5 Pb intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the centified value, if available, or the accepted value determined by
NRAC using exercise results. Dashed line is +95% confidence fimit.) (ug/g dry wt.).
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Table 6. 1891 Limits of detection for NS&T major and trace efement analyses of sediments and
tissues (ug/g unless noted),

Sediments : Tissues

BATTELLE®  SEFSCA TAMU® BATTELLE®  SEFSCaa TAMU*
(Mussels and (Fish livers) (Oysters)

oysters)
Al 1.3% 0.09 444 47 ND ND
Si 2.2% 0.8 ND 500 ND ND
Cr 16 2 0.11 0.37 0.05 0.12
Mn 220 ND ND 0.28 1 ND
Fe 0.04% 0.05% 40.5 33 5 12.8
Ni 8.5 2 0.72 0.98 0.1 0.17
Cu 6.4 0.8 0.44 3.7 1 0.25
Zn 15 5 2.2 37 2 1.9
As 4.3 0.8 0.29 1.7 0.3 0.17
Se 1.3 0.05 0.17 0.77 0.4 0.49
Ag 0.05 0.02 0.026 0.09 0.02 0.035
Cd 0.12 0.02 0.008 0.21 0.01 0.008
Sn 0.37 0.3 0.11 0.55 0.2 0.19
Sb 0.3 0.8 ND 0.01 0.2 ND
Hg 0.035 0.06 0.0075 0.005 0.05 0.034
Pb _ 2.2 0.5 0.35 0.04 0.1 0.12

¢ Battslte (1602), 4 Evans and Hanson {1893a). * GERG (1992). 44 Evans and Hanson (1993b). ND - Not determined.

4.1.3.4. Se, Sn, and Sb

The results of the Se analyses are shown in Figure 12. The calculated confidence interval for
Sediment N was large, +45%. All three NS&T cooperating laboratories reported mean values
within the confidence interval for this material. The certified value and confidence interval for
Se for BCSS-1 are 0.43 + 0.06 pg/g dry wt. The certified value was below the MDL for
BATTELLE, < 0.8 pg/g. Some of the Se values for BCSS-1 reported by SEFSC wers slightly
above the upper limit of the confidence interval, The values reported by TAMU were within the
confidence interval. The Se analyses of the two tissue materials were within the confidence
intervals except for some of the replicates reported by BATTELLE for SRM 1566a.

The results of the Sn analyses are shown in Figure 13. The three NS&T cooperating
laboratories reported mean values within the confidence interval of Sediment N, Mussel P and
SRM 1566a, except for SEFSC, which reported values below the confidence intervals for SRM
1566a and values below the MDL for the Mussel P material. The Sb concentration found in
BCSS-1 were much lower than those of Sediment N. Two of the NS&T laboratories reported
values above the confidence interval, and the other reported vailues below. The mean valuas of
each of the three laboratories, however, were not far outside the confidence intervals.

14

LOLOLLOLOLLVOVOLLLOOVOOOVLOLOOVOVOVLUVLVLVLLOOL




COOCOOOOLOCOOOOCOLOOOOCOOOLOOOCLOOOOCOOOOLOOOOOOL

3+ 1+
MDL CERTIFIED
n
oL <0.8 pag/g .
- PF B T TTESERERE
g @ fremmmrommomememesmomsmsmess :
o= Sediment N BCSS-1
o 0 y N 1 0 } L 1
‘g BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
=4
P ER CERTIFIED
-3
4 i L L R R R i 2 - [ e T L LY Freccwee=
[ ] - n
N i
n
2 i cawemmamamammmemam = 1+
Musssl P SRM 1566a
o L L [ 0 L 1 1

BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU

Laboratory Laboratory

Figure 12. 1991 NOAA/5 Se intercomparison exercise results of five replicates tor Sediment N, BCSS-1,
Mussel P, and SRM 1566a. (Solid line is the certified value, if available, or the accepled value determined by
NRC using exercise results. Dashed line is + uncertainty. MDL is the method detection limit.) (pgfo dry

wt.).
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Figure 13. 1991 NOAA/5 Sn intercomparison exercise results of five replicates tor Sediment N, BCSS-1,
Mussel P, and SRM 1566a. (Solid line is the cerlified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.} (pg/g dry wt.).
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The analysis of Sb was optional, and BATTELLE was the only NS&T laboratory that reported Sb
results. Only six laboratories reported results for the analysis of Sb in Sediment N, and no
accepted value was calculated. Four laboratories reported results for BCSS-1. The results
reported by BATTELLE were within the confidence interval for the CRM.

4.1.4. Performance evaluation of NS&T laboratories

Willie and Berman (1991) summarized the results of the 1991 NOAA/5 exercise using an
accuracy and precision scale (Table 7). The same information is shown graphically in Figures
14 and 15. Accuracy was judged to be excellent if all the replicates were within the established
confidence interval, or good if the mean of the replicates was within the established confidence
interval but one or more of the replicates was outside the interval. Low or high results, being
lowser or higher than the confidence intervals, were also evaluated. The intralaboratory
precision was judged to be good if the percent relative standard deviation (%RSD) of the five
replicates met the following criteria for various analyte concentrations: for concentrations
greater than 10 ug/g, the expected RSD was t10%; for concentrations between 1 and 10
Hg/g, the expected RSD was £15%; and for concentrations lower than 1 pg/g, the expected
RSD was 120%. The expected %RSD for Al and Fe in sedimenls was +5%. Precision was judged
to be poor if the %RSD requirements describad above were not met. The accuracy and precision

achieved by three NS&T cooperating laboratories was rated good to superior in the NOAA/S
exercise,

4.1.5. Performance evaluation of "core" and "new" laboratories

There is an apparent correlation between level of performance and previous experience in

intercomparison exercises. Willie and Berman (1991) compared the results of “core®

laboratories that participated in one or more of the four previous NOAA intercomparison
exercises with the results of those of laboratories participating for the first time. The means
and standard deviations of the two |aboratory groups are listed in Tables 8 and 9 for sediment
and tissue analyses respectively. Conspicuous outliers were not included in the calculation of
the means. The new participants produced lower means and worse precision for both sets of
analyses than those produced by the core laboratories. The results of the sediment analysis
may be the results of incomplete dissolution of the sample. It is essential to incorporate HF in
the dissolution procedure. The reason for lower means for the tissue analysis was not apparent.
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Table 7. Laboratory parformance evaluation for NOAA/S (First letter is the evaluation of the
accuracy and the other of the precision.).

Accuracy:

Mussel P SRM

Precision:

BATTELLE

Al
Si
Cr
Mn
Fe
Cu
Zn
As

SEFSC

Al
Si
Cr
Mn
Fe
Cu
Zn
As

TAMU
Al
Si

Cr
Mn

As

?

o

mmmm'*

mmIm'
[oRoNoRo N

m

mmmm

' HoOOn ' o' o

w

OO ©

I r om

mmm 'm' "

ol oRoN0]

mmIm'’*
[oRoRoNo N

m ]

Wmmm

1566a Sed. N BCSS-1

o' o

G

HOOme

Excellent accuracy. All replicates were within the established confidence interval.
Good accuracy. The mean of the replicates was within the established confidence
interval but one or more of the replicates was outside.

Low results. The mean of the replicates was less than the lower confidence
interval.

High results. The mean of the replicates was greater than the higher confidence
interval,

Accuracy could not be established.

Good precision, The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration =10 pg/g, expected RSD 110%
(5% for Al and Fe in sediments); concentration >1 - <10 pg/g, expected RSD
+15%; and concentration <1 pg/g, expected RSD #20%

The intralaboratory precision was not within the criteria described above.

No results or a *less than" value submitted.

Mussel P SRM 1566a Sed. N BCSS-1

EG G G Se EG G G EG - -
EG GG Ag E G E G - - - -
G G  EG Cd E G E G EG HG
E G E G Sh E G EG GG HG
E G E G Sb - - - - - - G G
E G E G Hg E G E G EG - -
H G L G Pb E G LG GG E G
EG EG

E E Se E G E G EG HG
- - - - Ag E G E G - - - -
- - - - Cd EG EG E G E G
EG GG Sn - - LG G X E G
E G L G Sb - - - - - - - -
E G E G Hg EG GG EG G G
G G E G Pb. EG HG GG E G
EG GG

E G E G Se E G E G E G E G
- - - - Ag E G EG - - - -
E G E G cd E G E -G E G E G
E G E @ Sn E G E G EG HG
EG HG Sb - - - - - - - -
E G E G Hg EG E G E G E G
E G E G Pb EG G G EG G G
E G E G
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Figure 14. 1991 major and trace element sediment determination performance evaluation.

18

0L«

OOOOLLUCOLLLOOVOLCOO0VOOO0LOOCOOOTVLVLOOO



CCOO0OLOLOOOOCCOOOOOOOOOOOOOOOOCOOOOOOLOOOOOOL
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An accepted value coukd not be calculated,

Figure 15. 1991 major and trace element tissue determination performance evaluation.
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Table 8. Comparison of 1991 sediment analysis results of previous participants and new

participants (ug/g unless noted) (number of means used in the calculation are in parenthesis)
(from Willie and Berman, 1991).

Element

Sample

Al (%) Sediment N

Cr

Mn.

Fe (%)

Cu

As

Se

Sn

Pb

BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Sediment N
BCSS-1

Core*
laboratories

5.37 £ 0.56 (9)
6.28 + 0.41 (7)

62.1 = 7.2 (11)
115 + 17 (8)

491 + 43 (11)
228 + 10 (8)

2.95 + 0.21 (10)
3.04 + 0.44 (9)

132 + 11 (11)
18.8 + 2.3 (9)

336 + 16 (11)
131 + 60 (9)

21.2 + 4.4 (9)
10.4 + 1.5 (7)

1.47 + 0.23 (6)
0.48 + 0.06 (4)

2.31 + 0.44 (10)
0.279 + 0.128 (8)

63 + 14 (9)
1.93 + 0.44 (7)

1.47 £ 1.32 (8)
0.163 + 0.044 (7)

193 + 69 (9)
229 + 2.1 (9)

New
laboratories

2.72 + 2.18 (12)
3.12 + 2.41 (11)

41.9 t 16.7 (13)
59 + 29 (13)

369 + 139 (9)
201 + 31 (9)

2.67 + 0.37 (12)
2.74 + 0.47 (10)

115 + 28 (15)
16.8 t 5.4 (14)

311 * 35 (12)
105 + 19 (13)

18.5 £ 3.1 (11)
9.02 + 3.57 (10)

1.10 + 0.61 (9)
0.45 + 0.13 (4)

2.16 + 0.67 (14)
0.269 + 0.128 (11)

54 + 15 (4)
1.41 £ 0.67 (7)

1.24 £ 0.26 (14)
0.179 + 0.057 (13)

196 + 55 (14)
228 + 6.4 (14)

Accepted or

certified value

5.27 + 1.30
6.26 *+ 0.41

63.1 £ 15.7
123 * 14

495 £ 103
229 * 15

2.97 * 0.40
3.28 £ 0.14

129 + 26
18.5 £ 2.7

325 + 55
119 + 12

19.8 + 5.8
1.1 £ 1.4

1.54 + 0.70
0.43 + 0.06

2.03 + 0.58
0.25 + 0.04

65.4 = 19.1
1.85 + 0.20

1.34 + 0.47

0.174 + 0.081

211 £ 46
22.7 + 3.4

* Laboratories that have participaled in one or more of tha former four NOAA, intercomparison exercises.
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Table 9. Comparison of 1991 tissue analysis results of previous participants and new
participants (ung/g) (number of means used in the calculation are in parenthesis) (from Willie
and Berman, 1891).

Accepted or
certified value

Element Sample Core * New
laboratories laboratories

Al Mussel P 645 + 276 (8) 307 + 125 (8) -
SRM 1566a 95 + 62 (6) 62 + 30 (6) 202.5 + 12.5
Cr  Mussel P 2.55 + 0.79 (9) 1.20 £ 0.33 (7) 2.52 + 0.75
SRM 1566a 2.24 + 0.47 (9) 1.58 + 0.75 (13) 1.43 £ 0.46
Fe  Mussel P 567 + 109 (8) 460 + 127 (11) 575 + 172
SRM 1566a 511 1+ 64 (7) 464 + 96 (7) 539 + 15
Cu  Mussel P 6.93 £ 2.24(10) 8.02 + 1.91 (11) 7.81 + 3.07
SRM 1566a 65.5 + 6.1 (8) 61.5 £ 2.0 (9) 66.3 + 4.3
Zn Mussel P 151 + 17.5 (10) 140 + 16 (14) 146 + 19
SRM 15662 807 £ 72 (7) 787 + 81 (9) 830 &+ 55.7
As  Mussel P 9.33 & 2.45 (8) 8.79 + 3.06 (13) 8.56 t 5.0
SRM 1566a 12.6 + 2.3 {8) 11.4 + 2.2 (8) 14 £ 1.2
Se Mussel P 3.21 £ 0.78 (8) 2.79 + 0.74 (10)° 2.86 = 1.20
SRM 1566a 2.16 = 0.10 (6) 1.93 + 0.48 (6) 2.21 t 0.24
Ag  Mussel P 0.621 £ 0.093 (9) 0.535 0.15 (B) 0.587 + 0.257
SRM 1566a 1.64 + 0.11 (7) 1.38 & 0.62 (6) 1.68 £ 0.15
Cd  Mussel P 4.30 + 0.44 (9) 3.73 = 0.53 (14) 3.96 + 1.14
SRM 1566a 410 + 0.34 (8) 4.01 + 0.40 (10) 415 + 0.38
Sn  SRM 1566a 1.82 + 0.74 (7) 2.72 1.12 (3) 2.18 0.27
Hg  Mussel P 0.165 + 0.075 (8) 0.222 £ 0.182 (14) 0.159 + 0.065
SRM 1566a 0.0616 + 0.0115 (7) 0.0634 + 0.0238 (9) 0.0642 + .0067
Po  Mussel P 1.77 + 0.29 (10} 1.87 + 0.54 (11) 1.75 £ 0.67
SRM 1566a  0.335 + 0.049 (8) 0.318 + 0.041 (5) 0.371 + 0.014

* Laboratories that have paricipated in one or more of the former four NOAA intercomparison exercises.

21




4.2, 1992 Exercise

The sixth NS&T trace metals intercomparison exercise, NOAA/6, took place in 1992 and was
coordinated by NRC. The NS&T cooperating laboratories were SEFSC, BATTELLE, and TAMU.
Materials were sent to 39 other laboratories, some of which participated on a voluntary basis.
Results were received from the NS&T cooperating laboratories and 32 non-NS&T laboratories.
The materials used were Sediment R, BCSS-1, Fish Q and DORM-1. The resuits of the analyses
are listed in Appendix |Il. A detailed description of the exercise and the results of the other
participating laboratories can be found in Willie and Berman (1 992),

4.2.1. Description of materials and exercise

Sediment R is a freeze dried sediment from Chesapeake Bay donated by the NIST. Fish Qis a
spray-dried sample of filleted flounder collected off the east coast of Nova Scotia, Canada, and
prepared for NRC by the Technical University of Nova Scotia. DORM-1, Dogfish Liver, is
composed of dogfish (Squalus acanthias) liver containing 5% fat. The livers were cleaned and
frozen for storage, thawed, homogenized and extracted with acetone to produce a partially
defatted protein powder. This powder was screened through a 24-mesh nylon screen, mixed,
bottled, and radiation sterilized. The certified vatues are listed in Table 10, and a more
complete description of the preparation and analysis of DORM-1 can be found in NRC (19889,

As for the NOAA/S exercise, each laboratory received 10-g samples of each "unknown"
sample, and were asked to perform five replicate analyses of each of the two unknowns, BCSS-
1, and DORM-1, for Al, Cr, Fe, Ni, Cu, Zn, As, Se, Ag, Cd, Sn, Hg and Pb. Analyses of Si, Mn,
Sb and Tl were also required for Sediment R and BCSS-1. The results are shown graphically in
Figures 16 - 30, and are listed in Appendix . NRC provided benchmarks for accuracy by
analyzing Sediment R and Fish Q by two different methods, including IDICPMS when possible.

4.2.2. *Accepted” values

*Accepted” values were calculated from the mean of laboratory replicates and the NRC data as
described in Section 4.1.2. The "accepted” values and uncertainties as well as the certified
values and uncertainties for BCSS-1 and DORM-1 are listed in Tables 1.1 - 1.4 in Appendix 11,

Table 10. Major and trace element certified concentrations and uncertainties available for

DORM-1, Dogfish Muscle (Uncertainties reprasent 95% tolerance limits.) (ng/g dry weight
- unless noted).

Element Value Uncertainty (1) Element Value Uncertainty (+)
Na (%) 0.800 0.060 ' Cu 522 0.33
Mg (%) 0.121 0.013 Zn 21.3 1.0
Cl {%) 1.13 0.03 As 17.7 2.1
K (%) 1.59 0.10 Se 1.62 0.12
Cr 3.60 0.40 Cd 0.086 0.012
Mn 1.32 0.26 Hg 0.798 0.074
Fe 63.6 5.3 Pb 0.40 0.12
Co 0.049 0.014 .
Ni 1.20 0.30 Methyl Mg 0.731 0.080
22
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4.2.3. Resulis
4.2.3.1, AI, 8i, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 16, 17 and 18, respectively.
The means of the three NS&T cooperating laboratories for Al were within the 85% confidence
interval of Sediment R and BCSS-1, although the mean reported by BATTELLE for BCSS-1 was
slightly high (Figure 16). Aluminum analysis of tissues was not requited. The analysis of Si in -
tissues was not required and only one of the three laboratories reported Si values in sedimsants.
The Si results for BCSS-1 were within- the certified range for the CRM. Although there were
insufficient data to determine an accepted value for Sediment R, the results of the three
reporting laboratories were comparable. The Fe results are shown in Figure 17. BATTELLE and
TAMU reporied means within the confidence interval of Sedimant R and BCSS-1. SEFSC
reported a mean value of 2.22 + 0.03% for Sediment R, higher than the accepted value of 1.88
+ 0.25%, and outside the confidence interval. The confidence interval for Fish Q was large,
approximately £ 47%, and the three NS&T laboratories reported values within the confidence
interval. The confidence interval of DORM-1 was * 8%. BATTELLE and TAMU reported mean
values within the confidence interval. The mean value reported by SEFSC was 70 + 3 pg/g,
slightly above the certified value and confidence interval of DORM-1, 63.6 + 5.3 ug/g. The Mn
results are shown in Figure 18. The determination of Mn in tissues was not required. The mean
values reported by BATTELLE and SEFSC were within the confidence intervals for Sediment R
and BCSS-1. No Mn resulls were reported by TAMU.

4,2.3.2. Cr, Ni, Cu, and Zn

The resulls of the Cr, Ni, Cu, and Zn analyses are shown in Figures 19, 20, 21, and 22,
respectively. The mean Cr values reported by the three NS&T cooperating laboratories ware
within the confidence intervais of each of the exercise materials, except for the SEFSC result
for BCCS-1 which was low, 92 pg/g, compared to the certified value of 123 pg/g, and the
BATTELLE resuit for DORM-1 which was high, 4.2 ug/g, compared with the certified value of
3.6 pg/g. Low Cr values for sediment samples may be indicative of incomplete dissolution. The
BATTELLE mean value for DORM-1, 4.2 pg/g, was slightly higher than the upper limit of the
confidence interval, 4.0 pg/g. Nickel was not a target analyte for previous exercises. The
results of the Ni analyses of the four exercise materials by BATTELLE and TAMU
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[T T AL °
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214 2
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) } { 0 } } ;
BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
Laboratory Laboratory

Figure 16, 1992 NOAA/E Al intercomparison exercise rasults of five replicates for Sediment R and BOSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise

resuits. Dashed line is + uncertainty.) (% dry wt.).
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Figure 17. 1992 NOAA/6 Fe intercomparison exercise results of five replicates for Sediment R, BC88-1, Fish
Q, and DORM-1 (Solid line is the cetified value, if available, or the accepted value determined by NRC using
exercise results. Dashed line is +95% confidence limit.) (percent or pg/g dry wt. as noted).
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Figure 18, 1992 NOAA/6 Mn intercomparison exercise results of five replicates for Sediment R and BCSS1

{Solid line is the certified value, if available, or the accepted value determined by NRC -using exercise
tesults. Dashed line is + uncertainty. NA - Not available.) (ug/g dry wt.).
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Figure 19. 1992 NOAA/6 Cr intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (Solid line is the cerlified value, if available, or the accepted value determined by NRC using
exarcise results. Dashed line is +95% confidence limit.) (ng/g dry wt.).
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Figure 20. 1992 NOAA/6 Ni intercomparison exercise results of five replicates for Sediment R, BC8S-1, Fish
Q, and DORM-1 (Solid line is the cartified value, if available, or the accepled value determined by NRC using
exercise results. Dashed line is £85% confidence limit.). {(ug/g dry wt.).
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Figure 21. 1992 NOAA/& Cu intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
@, and DORM-1 (Selid line is the certified value, if available, or the accepted value determined by NRC using
exercise rasuils. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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Figure 22 1992 NOAA/6 Zn intercomparison exercise resulls of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (Solid line is the certified value, if available, or the accepted valus determined by NRC using
exercise results, Dashed line is 195% confidence limit.) (ug/g dry wt.).
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were within the confidence intervals. The mean Ni value reported by SEFSC for DORM-1, 0.084
pg/g, was slightly lower than the lower limit of the confidence interval, 0.9 pg/g. The mean Ni
reported by SEFSC for Sediment R, 24.7 ug/g, was slightly above the higher limit of the
confidence interval, 23.5 pg/g. The SEFSC results for the other materials were within the
confidence intervals. The mean Cu values reported by the three NS&T cooperating laboratories
were within the confidence intervals of each of the exercise materials except for the BATTELLE
results for DORM-1, 6.2 pg/g, compared to the upper limit of the confidence interval, 5.55
ug/g (Figure 21). The mean Zn values were within the confidence intervals except for the
SEFSC mean for DORM-1, 19.7 pg/g, which was just below the lower limit of the confidence
interval, 20.3 pg/g (Figure 22). The confidence interval for DORM-1 was only + 10%, which is

very hnharrow.

4.2.3.3. As, Cd, Ag, Hg, and Pb

The results of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 23, 24, 25, 26, and
27, respectively. The means of the As results reported by the three NSA&T cooperating
laboratories were within the confidence intervals of the four exercise materials (Figure 23).
The means of the Cd results for Sediment R and BCSS-1 were within the confidence intervals of
the exercise materials (Figure 24). Similar results were reported for Fish Q and DORM-1 by
SEFSC and TAMU. The Cd results reported by BATTELLE for Fish Q and DORM-1 have %RSDs of
43% and 42% respectively, and the mean values are outside the confidence intervals. The
reported MDL for BATTELLE for tissues is 0.21 pg/g (Table 6), which is higher than the
accepted value for Fish Q and the certified value for DORM-1. The results of the Ag analyses
are shown in Figure 25. The Ag concentration of Sediment R was quite low, 0.40 & 0.022 1g/g.
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Figure 23. 1992 NOAA/6 As intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ng/g dry wt) (Solid line is the certified value, it available, or the accepted valua
determined by NRC using exercise results. Dashed line is 195% confidence limit.). .
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Figure 26. 1992 NOAA/6 Hg intercomparison exercise results of five replicates for Sediment R, BCS8S-1, Fis.h
Q, and DORM-1 (ng/g dry wt) (Solid line is the certified valus, if available, or the accepted value
determinad by NRC using exercise results. Dashed line is + uncertainty. NA - Not available.).
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Figure 27. 1992 NOAA/6 Pb intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (pg/g dry wt.) (Solid line is the cerlified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is +95% confidence limit.).

29




0.4 + 0.6 T

Sedlvent B . o ol e B e ?%FT:H_:IFP_
. -
"""""""""""""""" e N SR FE TN )
0.2 + MDL -
= 0 - :
3 <0.16 & . 0.2 1
o DT T T BCSS-1
o 0 } } } 0 } } '
= BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
d.s 10 T 2 -T
....... E"""'!""".’.""'"
............................. 1.5 4 = illrecr e nncnn e cccaan=
= . . s 2 CERTIFIED
Fish Q %% T DoRM-1
0 ] 1 1 o 1 1 '

BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
Laboratory Laboratory

Figure 28. 1992 NOAA/6 Se intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (pg/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is +95% confidence limit.).

There is no certified value for BCSS-1. The results of the three NS&T laboratories, however,
were within the confidence interval of both materials. The mean values reported for the Fish Q
were also within the confidence intervals. The accepted Ag value for Fish Q is 0.18 + 0.022
1g/g. BATTELLE reported a slightly high mean value of 0.19 pg/g for DORM-1, and TAMU a
slightly high one of 0.23 + 0.02 pg/g. The Hg content of Sediment R was quite low, only 0.038
+ 0.027 ug/g. The results of the three NS&T cooperating laboratories were within the
confidence interval of this material. Similar results were reported for BCSS-1, although no Hg
data were submitted by BATTELLE. The results for the tissue materials were also good. The
BATTELLE Hg mean, 0.092 pg/g, was slightly high compared to the upper limit of the
confidence interval, 0.872 pg/g. The performance of the three NS&T cooperating laboratories
was very good for all four exercise materials for Pb. The Pb level in Fish Q, 0.42 + 0.24 nglg,
was very low so the precision of the results was lower than for the other three sets of
analyses. Overall, the best results for all the laboratories participating in NOAA/6 were for
Pb.

4.2.3.4. Se, Sn, and Sb

The results of the Se, Sn and Sb analyses are shown in Figures 28, 29, and 30, respectively.
The Se concentration of Sediment R was quite low, 0.17 pg/g, and this was close to the MDL
for BATTELLE, 0.16 pg/g. The results reported by SEFSC and TAMU were within the confidence
intervals for this material. The mean of the results reported by SEFSC for BCSS-1, 0.28 pg/g,
was below the lower limit of the confidence interval, 0.37 ng/g. The results reported by
BATTELLE and TAMU were within the confidence interval for BCSS-1. The results of the Se
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Figure 29. 1992 NOAA/6 Sn intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 {ug/g dry wt) (Solid line is the certified value, if available, or the accepted valua
determined by NRC using exercise results. Dashed line is $95% confidence limit. No certified or accepted

value were available for Fish Q and DORM-1.).

0.86T 0.8 ]
- n
;S U IR CE P e ammemm e L SRR
> 0.44 . R f -------
] - |
* - 0.4+
-g ' CERTIFIED
B 0. 2
0 ' 0.2+
73] Sediment R NA BCSS-1 NA
0T } { —t 0 } } $
BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
Laboratory Laboratory

Figure 30. 1992 NOAA/6 Sb intercomparison exercise results of five replicates for Sediment R, BCSS$-1, Fish
Q, and DORM-1 {ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determinad by NRC using exercise results. Dashed line is + uncertainty. NA - Not available.).
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tissue analyses were within the confidence intervals of Fish Q and DORM-1. The results for
Sediment R for Sn reported by BATTELLE and SEFSC were within the confidence interval. The
mean Sn reported by TAMU for Sediment R, 0.94 pg/g, was slightly lower than the lower limit
of the confidence interval, 0.97 pg/g. The Sn means reported by BATTELLE and TAMU for
BCSS-1 were within the confidence Interval. The mean Sn reported by SEFSC, 1.6 pg/g, was
lower than the lower limit of the confidence interval, 1.85 pg/g. The concentrations of Sn in
Fish Q and DORM-1 were very low and ciose to the tissue MDLs of the three laboratories {Table
6). Few laboratorias reported results for these materials so no accepted value was calculated
for Fish Q. DORM-1 is not certified for Sn. SEFSC did not submit results for Sb. The means
reported by TAMU for Sediment R and BCSS-1 for Sb were within the confidence interval,
Those reported by BATTELLE were within the confidence interval for Sediment R but slightly
high for BCSS-1. The BATTELLE mean for BCSS-1 was 0.71 ug/g, and the upper limit of the
confidence interval was 0.65 ug/g. The determination of Sb in tissues was not required.

4.2.4. Performance evaluation of NS&T laboratories

Willie and Berman (1992) summarized the results of the 1992 NOAA/6 exercise using the
accuracy and precision scale previously described in Section 4.1.4 (Table 11). The same
information is shown graphically in Figures 31 and 32. The performance of the NS&T
laboratories was rated good to superior, although the precision of the BATTELLE resuits could
be improved. : .

4.2.5. Performance evaluation of “core” and "new" laboratories

As for NOAA/S, the performance of the "core® laboratories that had previously participated in
intercomparison exercises was better in most cases than that of laboratories participating for
the first time. For example, the resuits submitted for NOAA/5 and NOAA/6 by a non-NS&T
laboratory that participated in the intercomparison exercises for the first time in 1991 show
improvement in analytical performance over a year's time. The mean absolute’ percent errors
(absolute percent difference from the consensus mean} for Al, Cr, Fe, Cu, Zn, As, Se, Cd, Sn,
Hg and Pb for each of the four exercise materials in each intercomparison exercise are shown
in Figure 33. It is apparent that, overall, the mean absolute percent errors are smaller for the
1992 exercise than for the 1991 exercise, although there is still room for improvement. Only
one material was common to both NOAA/5 and NOAA/S, BCSS-1, and with some exceptions,
the mean absolute percent errors were also smaller for the CRM. This type of evaluation should
be interpreted with caution since errors magnify as values decrease. Analytical errors also
increase as analyte values approach MDLs.

4.3. 1993 Exercise

The seventh NS&T trace metal intercomparison exercise, NOAA/7, took place in 1993 and was
coordinated by NRC. The NS&T laboratories were SEFSC, BATTELLE, and TAMU. Materials were
sent to 56 other laboratories including 16 Canadian laboratories participating for the first time.
The materials used were Sediment T, BCSS-1, Tissue S, and SRM 1566a. The results of the
analyses are listed in Appendix lll. A detailed description of the exercise and the results of the
other participating laboratories can be found in Willie and Berman (1993). -
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Table 11. Laboratory performance evaluation for NOAA/6 (The first letter is the evaluation of
the accuracy and the second of the pracision.).

Accuracy: E -  Excsllent accuracy. All replicates were within the established confidence interval.
G -  Good accuracy. The mean of the replicates’ was within the astablished confidence
interval, but one or more of the replicates was outside. ‘
L - Low results. The mean of the replicates was less than the lower confidence
interval.
H - High results. The mean of the replicates was greater than the higher confidence
‘interval. :
? Accuracy could not be established. ‘
.Precision: G Good precision. The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration >10 pg/g, expected RSD +10%
(5% for Al and Fe in sediments); concentration >1 - <10 pg/g, expected ASD
+15%; and concentration <1 pg/g, expected RSD +20%.
X - The intralaboratory precision was not within the criteria described above.
- - No results or a "less than" value submitted.
FishQ DORM-1 Sed. R BCSS-1 Fish Q DORM-1 Sed. R BCSS-1
BATTELLE
Al G X E G E X H G As E G E G E G G G
Si ?7 G E G Se E G G G - - E G
Cr E G H G E G E G Ag E X E X E G E G
Mn - - - - E X G G Cd H X L X E G G G
Fe E G G G G G E G Sn 7 X 7 X E G E G
Ni E X E G G G E G Sb - - - - E G H G
Cu G G H G E- G G G Hg E G H G E G “ =
Zn EG GG E G E G Pb E G E G E G E G
SEFSC
Al - - - - E G E G Se E G G .G E X L G
Cr E G G G E G L G Ag E G L G G X G G
Mn - - - - E G G X Cd E G E G E G E G
Fe E G H G H G E G Sn ? X 17X G G L G
Ni E G L G H G E G Sb - - - - - - - -
Cu E G E G E G E G Hg E G G E G E G
Zn E G L G E G E G Pb G G E X E X E G
As E G G G EG E G
TAMU
Al CES - - E G E G Se E G E G E G E G
Cr E G E G EG E G Ag E G H G G G G G -
Fe E G E G 'E G E G Cd E G E G H G E G
Ni E G  E G E G E G Sn ? X ?7 G L G E G
Cu E G E G E G E G Sb - - - - E G G G
Zn E G E G E G E G Hg E G E G E G E G
As E G E G E G E G Pb E G E G E G E G
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Figure 31. 1992 major and trace element sediment determination petformance evaluation,
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Figure 32, 1992 major and trace element tissue determination performance evaluation.
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Figure 33. Absolute mean percent errors of the resuits of 1991 and 1992 intercomparison exercises of a

laboratory participating in the exercises for the first time in 1991 (Order of elements; Al, Cr, Fe, Cu, Zn, As,
Se, Cd, Sn, Hg, and Pb.}, '

4.3.1. Description of materials and exsrcise

Sediment T is a freeze-dried Mississippi Delta sediment donated by TAMU. Tissue S is a freeze-
dried Mytilus edulis tissue homogenate collected by the International Atomic Energy Agency in
the Mediterranean off the coast of France and further processed and boitled .by the SRM
program at NIST. Since the flounder tissue used for the NOAA/6 exercise contained low levels
of contaminants, the Tissue S material was selected since it was expected to. have higher
levels. The control materials, BCSS-1 and SRM 1566a, were described previously.

Each laboratory received 10-g samples of each "unknown® sample and were asked to perform
five replicate analysis of each of the unknowns, BCSS-1 .and SRM 1566a for Al, Cr, Fe, Ni, Cu,
Zn, As, Se, Ag, Cd, Sn, Hg, and Pb. The sediment materials were also to be analyzed for Be, Si,
Mn, Sb and TI. All results, including outliers, are shown graphically in Figures 34 - 47-and are
listed in Appendix lll. As in previous exercises, NRC provided benchmarks for accuracy. -

4.3.2. "Accepted” values

Accepted values were determined as in previous exercises (Section 4.1.2),

4.3.3. Resulis

4.3.3.1. Al, Si, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 34, 35 and 36 respectively. The
means of the Al results of the three NS&T cooperating laboratories were within the 95%
confidence interval of Sediment T, BCSS-1 and Tissue S. The resulls of the SRM 1566a
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Figure 34, 1993 NOAA/7 Al |nlarcompanson exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, it available, or the accepted value determined by
NRC using exarcise results. Dashed line is 195% conhdenca Ismlt )(% dry wt.).
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Figure 35. 1993 NOANT Fe mtorcompanson exeicise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1586a (Solid line is the cerlified value, if available, or the accepted value determined by
NRC using -exercise results. Dashed line is +95% confidenqe limit.) (% or pg/g dry wt. as noted).
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Figure 38. 1993 NOAA/7 Mn intercomparison exercise results of five replicates for Sediment T and BCSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is +95% confidence limit.) (ug/g dry wt. as hoted),

analyses were low for BATTELLE and TAMU, SEFSC did not report results for Al in tissues. The
results of the Fe analyses are shown in Figure 35. All the mean values were within the
confidence interval except for those of SEFSC and TAMU for SRM 1568a. The Mn results are
shown in Figure 36. The SEFSC results were low and outside the confidence interval. No Mn
analysis of the tissue materials was required. Only BATTELLE reported Si values for the

sediment materials and the resuits were within the confidence intsrvals. Analysis of Si in the
tissue materials was not required.

4.3.3.2. Cr, Ni, Cu, and Zn

The results of the Cr, Ni, Cu, and Zn analyses are shown in Figures 37, 38, 39, and 40,
respectively. The Cr results for the sediment materials were within the confidence intervals,
except for the SEFSC results for BCSS-1. The calculated concentration for Gr in Tissue S was
low, 0.5 pg/g, and the confidence interval was high, + 60%. The results of SEFSC and TAMU
were within the confidence interval, and those of BATTELLE were high. For SRM 1566a, which
has a comparable concentration to that of Tissue S, the BATTELLE and TAMU results were
within the confidence interval and those of SEFSC were slightly low. The Ni analyses results
were within the confidence intervals except for the SEFSC values for BCSS-1 and SRM 1566a
(Figure 38). The mean results of the Cu analyses of all the exercise materials were within the
confidence intarvals, except for the mean of TAMU for Tissue S which was low. The Zn results

are shown in Figure 40. The means were within the confidence intervals except for the TAMLU
results for Sediment T and Tissue S which were high.
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Tissue S, and SRM 1566a (Solid line Is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.J(ng/g dry wt.).
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Figure 38. 1993 NOAA/7 Ni intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified valus, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.)(ng/g dry wt.).
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Figure 39. 1993 NOAA/7 Cu intercomparison exercise results of five replicates of Sediment T, BCSS-1,

Tissue S, and SAM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exeicise results, Dashed line is 195% confidence limit.) (ug/g dry wt.).
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4.3.3.3. As, Cd, Ag, Hg, and Pb

The resuits of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 41, 42, 43, 44, and
45, respectively. The means of the As resuits reporied by BATTELLE and TAMU were within
the confidence intervals of the four exercise maferials (Figure 41). The SEFSC results were
within the confidence interval for Sediment T, but low for the other three materials. The
results of the Cd analyses are shown in Figure 42. All the BATTELLE means were within the

confidence intervals. The SEFSC results for Sediment T and BCSS-1 were within the confidence

limits, but outside the confidence limits for the tissue materials. Two of the TAMU means were
just outside the confidence intervals. That for Sediment T was high, and that of SRM 1566a
was low. The Ag results are shown in Figure 43. BATTELLE and SEFSC reported some values
below the limit of detection. The mean of the SRM 1566a analyses by BATTELLE was slightly
high. The precision of the SEFSC Ag analyses was low. The Hg analyses resuits for BATTELLE
and TAMU were within the confidence intervals (Figure 44). The mean reported by SEFSC was
high and outside the confidence interval for Sediment T, and low and outside the interval for
SRM 1566a. The precision of the SEFSC results was low. The means of the Pb analyses were
within the confidence intervals (Figure 45). The precision for SEFSC for SRM 1566a was again
low,
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Figure 41. 1903 NOAA/7 As intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise resulls. Dashed line Is £85% confidence limit.) (ug/g dry wt.).
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Figure 42. 1993 NOAA/7 Cd intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the acce
NRC using exercise results. Dashed line is +95% confidence limit.) (ngfg dry wt.).
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Figure 43. 1993 NOAA/7 Ag intercomparison exercise results of five replicates for Tissue 8 and SAM 1566a

(Solid line is the certified value, if available, or the accepted value detemmined by NRC using exercise
rasults, Dashed line is $95% confidence limit.) (ng/g dry wt.).
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Figure 45. 1993 NOAA/7 Pb intercomparison exercise results of five replicates for Sediment T, BCSS-1,

Tissue S, and SAM 1586a (Solid line is the cerlified value,
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Figure 46. 1993 NOAA/7 Se intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is £95% confidence limit.) {pg/g dry wt.).

4.3.3.4. Se, Sn, and Sh

The Se results are shown in Figures 46. The means of the five replicates were within the
confidence intervals, except for the BCSS-1 mean by BATTELLE which was slightly low and the
SEFSC means, which were low and outside the confidence intervals for the Sediment T and
BCSS-1. The Sn means for Sediment T, BCSS-1, and SRM 1566a were within the confidence
intervals, except for the means of SEFSC, which were slightly low (Figure 47). The level of Sn
in Tissue S was very low, 0.08 + 0.053 ug/g. The TAMU results were low and SEFSC reported
values below the limit of detection. Of the NS&T cooperating laboratories, only BATTELLE and

TAMU reported results for Sb, and the results were within the confidence intervals (Figure
48), '

4.3.3.5. Be

Beryliium was analyzed for the first time as part of an NS&T exercise during NOAA/T,
Analysis of Be in the tissue materials was not requested. Only BATTELLE reported Be analyses
resufts and these were within the confidence intervals of Sediment T and BCSS-1.

4.3.4. Performance evaluation of NS&T iaboraiories‘

Willie and' Berman (1993) summarized the results of the 1993 NOAA/7 exercise using the
accuracy and precision scale previously described in Section 4.1.4 and listed in Table 12. The
same Information is shown graphically In Figures 49 and 50. The performance of the NS&T

laboratories was rated good to supetior in most cases, although that of SEFSC could be
improved,
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Figure 47. 1993 NOAA/7 Sh intercomparison exercise results of five replicates for Sediment T and BCSS-1
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4.3.5. Performance evaluation of "core” and "new" laboratories

As for the previous exercises, the performance of the "core® laboratories that had previously

participated in intercomparison exercises was better in most cases than that of laboratories
participating for the first time.

5. TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

5.1. 1891 Exercise

The 1991 trace organic intercomparison exercise was organized by NIST. The materials used
- were prepared by NIST and were Tissue Control Material Il (QC90TC) and Bivalve Tissue
Extract Il (QA91BEZ2). The NS&T cooperating laboratories were NWFSC, BATTELLE, and TAMU,
Tissue Control Material IIl was sent to 27 other laboratories, and Bivalve Tissue Extract H to
21 other laboratories. These laboratories participated in the exercise on a voluntary basis.
Results were received from 9 and 10 laboratories respectivaly, in addition to the NS&T

cooperating laboratories. The results of the NS&T cooperating laboratories are listed in
Appendix IV,

5.1.1. Description of materials and exetcise

The Tissue Control Material Il .(QC90TC) was prepared by NIST in 1990 but not used by the
NS&T cooperating laboratories until 1991. This material was a frozen bivalve tissue
homogenate still containing its endogenous water. Bivalve Tissue Extract I (QA91BE2) was an
accuracy-based material prepared by NIST, and was a concentrated extract of SRM 1974,
Organics in Mussel Tissue. Each ampoule contained approximately 4 mlL. of the dichloromethane
extract, equivalent to 2.36 g dry weight (19.2 g wet weight) of SRM 1974. Gravimetric
amounts of one analyte of each of the three chemical classes were added to the extract to yield
the following: 300 ng/ampoule of 1-methylphenanthrene (consensus value 284 ng/ampoule);
41.5 ng/ampoule of mirex (consensus value 40 ng/ampoule); and 86.6 ng/ampoule of PCB 209
{(consensus value 89 ng/ampoule). The entire contents of each ampoule was used for each
analysis. The results were based on the total contents of each ampoule. The weight of material
in each ampoule was determined by NIST.

Each laboratory received three ampoules or jars of each unknown, and was asked to exiract the
materials and perform triplicate injections of the extract of a sample from one of the ampoules
or jars, and single injections of the other two. Two ampoules each of concentrated PCBs {SRM
2262) and pesticides (SRM 2261), and PAHs (SRM 2260) calibration solutions were also sent
to each participant, A computer diskette accompanied the samples to facilitate data reporting.
The analyles determined were the organic compounds listed in Table 1. The participants were
unaware of the identity of the material extracted to prepare the Bivalve Tissue Extract I,

5.1.2. Consensus values

For each analyte, the laboratory analyte means were evaluated for outliers, using the Dixon
Test, and by the use of NIST expert chemical judgement after viewing both normal and log plots
of the data (R. Parris,'NIST, personal communication, 1984). This judgement utilized knowledge
of potential cosluters based on reported analytical methods, The consensus mean was calculated
as the mean of the individual laboratory analyte means with the identified outliers excluded. In
a few instances in which the analyte conceniration was below the detection limit of most
participating laboratories, no consensus value was calculated. The exercise coordinators
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Table 12. Laboratory performance evaluation for NOAA/7 (First letter is the evaluation of the
accuracy and the second of the precision.).

Accuracy: E - Excellent accuracy. All replicates were within the established confidence interval.
G - Good accuracy. The mean of the replicates was within the established confidence
interval, but one or more of the replicates was outside.
L - Low rasults. The mean of the replicates was less than the lower confidence
interval.
H - High results. The mean of the replicates was greater than the higher confidence
interval.
? - Accuracy could not be established.
Precision: G - Good precision. The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration >10 pg/g, expected ASD 110%
{£5% for Al and Fe in sediments); concentration »1 - <10 pg/g, expectad RSD
+15%; and concenttation <1 pg/g, expectad ASD +20%.
X - The intralaboratory precision-was not within the criteria described above.
- -7 No results or a "less than" value submitted.
Sed. T- BCSS-1 TissueS SRM Sed. T BCSS-1 Tissue S SRM
1566a 1566a
BATTELLE
Al E G G X L G E G As E G E G E G E G
Si E G G G - - - - Se E X L. G E G G X
Cr E G E G E G H X Ag E G E G H G G -
Mn E G E G - - - - Cd E G E G E G E G
Fe E G E G G G E G - 8n E G G X E X E X
- Ni E G E G E G. E G Sb E G E G - - - -
Cu E G E G .E G G X Hg E G E G E G EG
Zn E G E G EG . EG Pb E-G E G G G E G
SEFSC
Al E G E G - - - - As E G G G - - - -
Si - - - - - - - Se L X LX - -
Cr E G L G - - - - Ag E X E X L G G -
Mn L G L G - - .- - Cd E G E G - - - -
Fe E G G G E G G G Sn L G L X - - - -
Ni E G L G - - - - Sb - . - - - - - -
Cu E G E G EG 'L G Hg H G E G E G E G
Zn E G E G E G E G ‘Pb E G E G G - H G
- TAMU
Al E G E G L G E G As E G E G E G EG
Si - - - - - - - - Se EG E G E G E G
Cr EG E G E G E G Ag E G E G E G E G
Mn E G E G - - - - Cd H G E G E G E G
Fe E G E G L G E G Sn E G E G E X L X
~ Ni E G E G E G E G Sb E G E G - - - .
Cu E G E G E G L G Hg E G E G E G E G
Zn H G E G E G H G Pb E G E G E G E'G
47




BATTELLE SEFSC TAMU
Sed.T BCSS-1 SedT BCSS-1 Sed.T BCSS-1
Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. .
~ HE BZ HE EN HEHEN ER
Si .. ..
'« HN HE EE ZH HE BN
w HE BN ZH ZR HEHE ENR
. HIll HE BN EN HEE BN
v Il HH HN ZE HHE ER
c« HN NN HE NN BN BN
» HE EE HE EN EE EN
» N HE HENE HE EHE EEN
s HA AN HE
~ HE HR HZ HZ HEN
« N HE EE EER BN
ss» A Znl ]
ss [l HH - HN
'+ HE EN EN EE EE
Il HE HEN BN NEN
. Accuracy Precision

. Excellem accuracy

mean is within
. Low results, Mean is below range.

E High resulis, Mean Is above range,

! Good accumq; One or more replicates outside range,

. Good precision. ASD varies from 5% 1o
ranges.

0% depending on concentration
] Poor precision.

Figure 49. 1993 major and trace element sediment determination performance evaluation.
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s [ HH EN -~ HA En
.y BEH HO PZH EO0 HE EHN
'« HH HE . 'HE N
« WA BZ2 . WA
sb . : e
w HH HE HE HE HEE BN
o M HE B . HR NN
Accuracy ' Precision
. Excallent accuracy. . . Good precision, ASD varies-from 5% to

- +40% depending on concentration ranges.
! Good accuracy. One or more replicates outside range, ‘ n "

mean is wihin. . Poor precision,
Low results. Mean is below range. .

E High resuits. Mean is above range.

Figure 50. 1993 major and trace element tissue determination performance evaluation.
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recognize the limitations of ‘using a consensus mean as the "assigned value" for evaluation of
exercise results. Concurrent reference material analyses have been required for a number of
years in the frace metals exercise program and have proved to be quite useful in the
assessment of results. The lack of availabiiity of appropriate CRMs or SRMs has precluded
their use in this manner in the trace organic exercises, but this approach will be utilized in

future exercises. The materials used in the Mar

Fish | (1993) exercises were candidate CRMs,
comparison with the consensus values for the

5.1.3. Results

5.1.3.1. Tissue Control Material Il {QCa0TC)

ine Sediment lll (1992), Mussel V {1993), and
and certified concentrations will be available for
majority of the analytes of interest.

The results of the intercomparison exercise reported by the NS&T cooperating laboratories are

shown graphically in Figures 51 - &6,

The results of determinations of the 2- and 3-ring PAHs (low molecular weight) and the 4- and
S-ring (high molecular weight) PAHs are shown graphlically in Figures 51 and 52. The
compounds in each of these classes of PAMs are listed in Table 18. In these two figures and

others in this section, the solid line is the

consensus value calculated by NIST using the

exercise results, not including outliers. The dotted line is the range defined by plus or minus
one standard deviation of the consensus value, and the dashed line is +35% of the high and fow
limits of the consensus value range. This is the limit of acceptability defined by the NS&T
Program for organic compounds when the concentrations in the samples are 10 times higher

than the MDL of the laboratory. The results of the laboratories were within

the NSA&T specifiad

range, and most were within the smailer range defined as plus or minus one standard deviation
of the consensus value. it is also important to note that the concentrations of most analytes
were at low ng/g dry weight range, which makes it especially difficult to produce precise and

accurate data,

The results of the PCB congener determinations are shown in Figure 53. Similar results to
those of the PAHs were obtained, Except in a few instances, the results were within the NS&T

Table 13. Polycyclic aromatic hydrocarbons molecular weight categories used in the NS&T

Program.

Low molecular waight PAHs
(2- and 3-ring structures)

1-Methylnaphthalene
1-Methylphenanthrene
1,6,7-Trimethylnaphthalene
2,6-Dimethylnaphthalene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene

Biphany|

Fluorene

Naphthalene
Phenanthrene

High molecular weight PAHs
(4- and 5-rings)

Benzol[a]pyrene
Benzo[b)fluoranthene
Benzo[e]pyrene
Benzo[ghilperylene
Benzo[k]fluoranthene
Benz[a)anthracene
Chrysene .~
Dibenzo[a,hlanthracene
Fluoranthene
Indeno[1,2,3-cd]pyrene
Perylene

Pyrena
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JTIENR R E I E L
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thhthalene 2-Methyl= 1-Methyl= Biphenyl 2,6-Dimathyl= Acenaph=
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® Values <MDLs or not reported
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FIE
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®
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5 5 é i Egh

Fluorene Phenanthrene Anthracene 1-Methyl=
phenanthrene

Compound

Figure 51. 1981 Tissue Control material (QAS0TC) intercomparison exercise results of low molecular weight
PAHs {Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 52. 1991 Tissue Control material (QAQOTC)'intarcomparison exercise

results of high molecular weight
PAHs (Solid line is the consensus value calcuiated by NIST using exercise

‘results. Dotted line is the rangse

range. Circles Indicate

defined as plus or minus one standard deviation of the consensus value,
values below the MDLs or not submitted.) {ng/g d
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Figure 53. 1991 Tissue Control material (QAS0TC) intercomparison exercise results of PCB congener
analyses of three samples (Solid line is the consensus value caiculated by NIST using exercise resuits.
Dotled line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.} (ng/g dry
wt).
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Figure 54, 1991 Tissue Control material (QAQOTC) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise rasults.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The

dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
wt.). .
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& g ‘ 2 E :
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Laboratory

Figure 55. 1991 Tissue Control material (QAS0TC) intercomparisen exarcise results of cyclopentadiene
pesticide analyses of threa samples (Solid line is the consensus value calculated by NIST using exercise
results. Dotted line is the range defined as plus or minus one standard deviation of the consensus value.

The dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
wt.).
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Figure 56. 1991 Tissue Control material (QA90TC) intercomparison exercise results of gamma-HCH,
hexachlorobenzene and mirex analyses of threa samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus valua. The dashed line is #35% of this range. Circles indicate values below the MDLs or not
submitted.) (ng/g dry wt.),

specified range and most were within the smaller range defined by the consensus value, plus or
minus one standard deviation. The results of DDT and metabolites are shown in Figure 54. All
results were within the NS&T specified range except for those of 2,4'-DDE for TAMU. The
2,4'-DDT levels in the tissue control material were very low, and NIST and TAMU reported
values below the MDL. The resuits for cis-chiordane, dieldrin, heptachlor, heptachlor epoxide
and trans-nonachlor are shown in Figure 55. These cyclopentadiene compounds. have similar
structures and thus are shown together. All results were within the NS&T specified range. The
results of analyses of the other pesticides in the NS&T analyte list, gamma-HCH, .
hexachlorobenzene and mirex, are shown in Figure 56. The levels of these pesticides in the
tissue control material were low and several laboratories reported values below the MDL. The
results were ‘within the specified range expect for those reported by TAMU for' gamma-HCH. To
determine if there is any blas in the analyses, the ratios of the analytically determined mean
values to those of the consensus values are shown in Figures 57 - 53. The order of the analytes
is the same as those in Appendix IV. TAMU results are biased low for PAHs, PCBs, and
chlorinated pesticides. BATTELLE and NWFSC results are biased high for PCBs.

5.1.3.2. Bivalve Tissue Extract il (QA91BE2)

The Bivalve Tissue Extract Il (QA1BE2) sample had a large number of potential interfering
compounds so the participating laboratories had to remove the interferences and perform a
class separation prior to measurement. This exercise follows the 1990 Enriched Bivalve Tissue
Extract {QA90E1) which was intended as an intermediate step ofcdifficulty between a
gravimetric solution and a ‘real® sample (Cantillo and Parris, 1993). Concentrations were
reported on a per ampoule basis, and can be converted to ng/g dry waight by dividing the per
ampoule value by 2.36. ; :
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Figure 57. 1991 Tissue Control material (QAS0TC) intercomparison exarcise PAHs ratios of analytically
determined mean value of three samples to consensus value {Order of analytes same as in Table IV.1,

Appendix IV, Dotted lines are +30% of consensus value. Circles indicate values balow the MDLs or not
submitted.). .
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Figure 58. 1991 Tissue Control material (QA90TC) intercomparison exercise PCB congener ratios of
analytically determined mean value of three samples to consensus value (Order of analytes same as in

Table V.1, Appendix IV. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs
or not submitted.).
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Figure 59. 1991 Tissue Contral matarial (QAS0TC) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table IV.1,
Appendix IV, Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.). .

The results of the low and high molecular weight PAH analysis are shown in Figures 60 and 61,
respectively. Most of the results submitted by NWFSC were slightly high, with the mean of the
replicates above the consensus value range defined as the consensus value plus or minus one
standard deviation. The mean value reported by NWFSC for naphthalens, however, was
considerably higher than the consensus value. Slightly high values were also reported by
BATTELLE for phenanthrene. Slightly low means were reported by BATTELLE for 1,6,7-
trimethylnaphthalene; and by TAMU for phenanthrene and anthracene. These values were above
the MDLs listed in Table 14. :

The resulis -of the PCB congensr analyses are shown in Figure 62. Relatively higher values
wera submitted by BATTELLE for PCB congeners 44, 52, 66, 101, 153, and 170. Apparent
mean absolute percent errors ranged from 12 to 42%, except for the PCB 170 results which
had a percent error of 73%. The concentration of this congener in the bivalve extract was very
low in comparison with the levels of the other congeners. The consensus value for PCB 170 was
7.8 ngfampoule. Only PCB 195 and PCB 206 were pressnt at lower levels, below the limit ot
detection of BATTELLE and NMFSC (Table 15). The mean submitted by TAMU for PCB 206 was
slightly high. The consensus value for this analyte was low and close to the MDL. The absolute
percent errors of these results were less than 27%. ‘

The results of the DDT and metabolite analyses are shown in Figure 63. Typical MDLs for the
participating laboratories are listed in Table 16. Only four means were below the consensus

~value range. The means submitted by TAMU for 2,4-DDT and 4,4'-DDD were low, and the mean

submitted by TAMU for 2,4'-DDD was below the NS&T limit of acceptability. The mean
submitted by NWFSC for 4,4-DDE was low. The concentration of 2,4'-DDE in the extract was
below the MDLs of BATTELLE and TAMU. The results of the cyclopentadiene {aldrin, cis-
chlordane, dieldrin, heptachlor, heptachlor epoxide, and frans-nonachlor) pesticides are shown
in Figures 64. The concentration of of aldrin and heptachlor were below detection for BATTELLE
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Figure €0. 1991 Bivalve Extract Il (QA91BE?2) intercomparison exercise results of low molecular weight PAHs
(Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range.) {ng/ampoule.}.
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Figure 81. 1991 Bivalve Extract Il {(QA91BE2) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is £35% of this
range. Circles indicate values below the MDLs or not submitted.} (ng/ampoute).
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Table 14. 1991 limits of detection for NS&T polycyclic aromatic hydrocarbon analyses of
sediments and tissues (ng/g dry weight).

Compound Sediments Tissues
- BATTELLE NWFSC  TAMU BATTELLE NWFSC TAMU
1991- 1993 * 1989- 1982 + 1993 * 1991-
1992 1 1992 ¢ 1992 8
1-Methylnaphthalene 0.86 2 to <8 0.8 5.7 03-<2 0.71
1-Methylphenanthrene 1.7 | 0.6 9.3 -  0.64
2-Methylnaphthaiene 0.87 I 0.8 5.5 | 0.63
2,6-Dimethylinaphthalene 1.2 | 2.4 B.6 I 0.46
1,6,7-Trimethylnaphthalene 1.4 I 2.4 5.0 | 0.54
Acenaphthene 1.1 | 4.5 3.8 | 0.66
Acenaphthylene 1.4 | 3.7 10 I 0.55
Anthracene 1.3 | 4.1 5.5 | 0.92
Benz[a]anthracene 1.5 | 1.4 8.6 | 0.37
Benzo[a]pyrene 2.6 | - 1.2 6.7 I 0.70
Benzo[b]flucranthene 1.4 | 1.8 7.2 | - 0.59
Benzo[e]pyrene 0.99 | 2.4 3.6 f 0.57
Benzo[ghilperylene 1.7 i 0.3 4.6 | 0.61
Benzo[kjflucranthene 1.4 ! 1.9 9.8 | 0.69
Biphenyl 1.5 | 2.0 4.3 | 1.6
Chrysene 1.2 | 0.5 8.8 I 0.68
Dibenz{a, hlanthracene 12 | 2.6 9.9 | 0.39
Fluoranthene. 2.7 | 0.4 9.5 l 0.53
Fluorene 0.83 | 2.5 6.4 I 0.87
Indeno[1,2,3-cd]pyrene 2.4 l 1.6 7.9 | 0.61
Naphthalene 0.48 I 0.5 11 l 1.4
Perylene 4.6 | 3.3 5.1 | 3.2
Phenanthrene 1.4 | 0.5 7.1 | 0.61
Pyrene 2.4 v 3.1 6.8 vV 0.66

0 Brooks et al. (1990). t Battella, 1992. 5 GERG , 1992b. t SIM deteclor, mussel samples. Battelle (in press). )
* The actual detection fimit for an individual analyls in a sample depends on factors such as the procedure used 1o analyze tha
sampie, the sample weight, the percent dry weight, the smallest GC peak area of any detected analyte in the appropriate GC
calibration solution with the lowesl concenfration analyzed with the sample, and the GC detector response to the individual
analyte relative to the GC intenal standard, Approximate 1993 detaction limits for sediments based on a 10 g sample size and
a 60% dry weight are 2 to <8 ng/g for PAHs. Stomach conlents detection limits for a sample of 3 g and 20% dry weight were
0.3 to <2.ng/g for aromatic hydrocarbons (C. Sloan, NOAANMFS/NWFSC, Seallle, WA, parsonal communication, 1993.).
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Figure 62. 1991 Bivalve Extract Il {QA91BE2) intercomparison exercise results of PCB congener analyses of
three samples (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is
the range defined as plus or minus one standard deviation of the consensus value. The dashed line is 35%
of this range. Circles indicate values below the MDLs or not submitted.) (ng/ampoule).
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Table 15. 1991 Limits of detection for NS&T PCB congener analyses of sediments and tissues
(ng/g dry wt.).

Compound Sediments Tissues
BATTELLE NWFSC TAMUS BATTELLE NWFSC  TAMU
1991- 1993 * 1989- 1990 + 1993 * 1991-
1992t 1992 ¢ 1992 8
PCB 8 0.87 02-<2 0.08 0.99 05-<5 0.84
PCB 18 0.48 [ 0.25 1.1 I 0.52
PCB 28 0.23 I 0.09 0.92 I 0.35
PCB 44 0.67 | 0.09. 2.0 I 0.24
PCB 52 0.26 | 0.09 1.4 I 0.92
PCB 66 0.43 | 0.14 1.7 | 0.39
PcCB 77° 0.80 | | 1.1
PCB 101 0.49 | 0.13 2.6 | 0.51
PCB 105 0.60 | 0.10 2.0 i 1.9
PCB 118 0 45 I 0.12 2.4 | 0.47
PCB 126° 0.60 I I 0.72
PCB 128 0.34 | 0.13 1.0 I 0.40
PCB 138 0.45 | 0.18 3.7 I 5.9
PCB 153 0.82 | 0.12 5.8 | 1.6
PCB 170 0.67 | 0.81 0.66 I A
PCB 180 0.49 I 0.16 1.6 | 0.36
PCB 187 0.58 I 0.14 1.1 I 0.71
PCB 195 0.61 I 0.25 0.44 | 0.89
PCB 206 ‘ 0.96 | 0.09 0.88 | 0.59
PCB 209 0.63 v 0.78 0.88 v 0.59

t Battelle, 1992 GERG, 1992a. ¥ Brooks ef al, , 1990. TBattalle, 1991. -
4 Not reporied due to intarference, of phthalates.

" The actual detection limit for an individual analyte in a sample depends on factors such as the procedure used to analyze the
sample, the sample weight, the percent dry weighl, the smallest GC peak area of any detected analyle in the appropriate GC
calibration solution with the lowest concentration analyzed with the sample, and the GC detector response to the individual
anaiyte relative to the GC inlemal standard. Approximate 1993 detection limits for sediments based on a 10 g sample size and
a 60% dry weight are 0.2 to <2 ng/g for chlorinated hydrocarbons. The approximate 1993 detection limits for livers based on
a 3 g sample size and a 30% dry weight are 0.5 to <5 ng/g for chlorinated hydrocarbons, Stomach contents detection limits for
a sampie of 3 g and 20% dry weight were 0.5 to <5 pg/g for chlorinated hydrocarbons (C. Sloan, NOAA/NMFSNWFSC, Saeatile,
WA, personal communication, 1993.). .
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Figure 63. 1991 Bivalve Extract Il (QA91BE2) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise resulis.

Dotted line Is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line Is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/ampoule).

and NWFSC; and of heptachlor epoxide for BATTELLE. The BATTELLE means for ¢is-chlordane,
dieldrin, and trans-nonachlor ware higher than the consensus values. Slighlly high means were
also submitted by NWFSC for heptachlor epoxide, and trans-nonachlor. The level of heptachlor
epoxide in the Bivalve Tissue Extract Il was low and was not detected by one of the
participating laboratories. The results of the mirex and hexachlorobenzene analyses are shown
in Figure 85. High means were reported by NWFSC for mirex and by BATTELLE for
hexachlorobenzene. The concentration of aldrin in the Bivalve Tissue Extract |l was below the
limit of detection of the three NS&T cooperating laboratories.

To determine if there is any bias in the analyses of this material, the ratios of the analytically
determined mean values to those of the consensus values are shown in Figure 66 - 68. The
order of the analytes is the same as those in Appendix IV. TAMU resulls are biased low for
PAHs, but most of the tesults are within £30% of the consensus values, NWFSC PAH resuits
are biased high and about a third of the resulls are above 30% of the consensus value. The low
concentration range of PAHs, however, presented analytical difficulties and the bias observed
in the analytical results of one set of samples is not representative of the bias of the
laboratory results overall. The PAH results for BATTELLE were within the +30% range with
only one exception. The BATTELLE results for PCB congener analysis were biased high with
some results higher than 30% of the consensus value (Figure 67). The results for NWFSC and
TAMU were within the 30% range with only a few exceptions. The concentrations of
chlorinated pesticides in the Bivalve Tissue Extract were very low and many of the
laboratories reported values below the MDLs. All three cooperaling laboratories reported some
values outside the £30% range of the consensus value (Figure 68), and the results reported by
TAMU seems to be biased low,
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Table 16. 1991 Limits of detection for NS&T pesticide analyses of sediments and tissues (liglg dry wt),

Compound ' Sediments Tissues -
BATTELLE  NWFSC TAMU BATTELLE  NWFSC TAMU
1991-1992% 1993 *  19mo-1002 ¢ 1991+ 1993 *  1991-1092°
2,4'-DDD 0.49 02-<02 013 0.69 05-<05 064
2,4-DDE 0.32 ! 0.28 1.1 l 0.30
2,4-DDT 0.37 | 0.25 1.1 I 0.47
4,4-DDD 0.58 | - 7.1 I 0.38
4,4-DDE 0.25 | 0.85 6.4 I 0.76
4,4-DDT 0.62 | 0.24 1.7 l 0.38
Aldrin 0.42 ! 0.25 0.39 [ 0.49
cis-Chlordane 0.39 | 0.23 1.3 | 0.75
Dieldrin 0.40 | 0.16 2.9 | 0.66
gamma-HCH 0.20 ! 0.22 1.9 [ 0.33
Heptachlor 0.54 I 0.20 1.3 7l 0.52
Heptachlor epoxida . 0.46 | 0.186 1.4 I 0.57
Hexachlorobenzene 0.28 ] 0.37 0.74 l 0.54
Mirex 0.49 | 0.17 0.86 | 0.54
trans-Nonachlor 0.42 v 0.10 0.99 \' 1.9

T Battelle 1992. GERG , 1992b. * Battella, 1991. * Brooks et al, 1990,

* Approximate 1993 detection limits for sediments based on a 10 g sample size and a 60% dry waight are 0.2 to <2 ng/g for
chlorinated hydrocarbons. The approximate 1993 detection limils for livers based on a 3 g sample size and a 30% dry weight
are 0.5 1o <5 ng/g for chiorinated hydrocarbons. Stomach conlents detection limits for a sample of 3 g and 20% dry weight

wera 0.5 to <5 pgfg for chlorinated hydrocarbons. (C. Sloan, NOAANMFS/NWFSC, Sealtle, WA, personal communication,
1993.). . ’ -
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Figure 65. 1991 Bivalve Extract |l {QA91BEZ2) intercomparison exercise results of gamma-HCH,
hexachlorcbenzene, and mirex analyses of three samples {Solid line is the consensus value calculated by
NIST using axercise results. Dotted line is the range defined as plus or minus one standard deviation of the
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Figure 88. 1991 Bivalve Extract || {QA91BEZ2) intercomparison exercise PAHs ratios of analytically
determined mean value of thres samples to consensus value (Order of analytes same as in Table IV.2,

Appendix |V Dotted lines are $30% of consensus value. Circles indicate values below the MDLs or not
submitted.),

Ratio of analytically determined
value to consensus value

# Values <MDLs or
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5.1.4. Performance evaluation of NS&T laboratoriss

An accuracy and precision scale similar to the one devised by Willie and Berman (1991, 1982,
and 1983) in Sections 4.1.4, 4.2.4 and 4.3.4 was used to evaluate the performance of the
NS&T cooperating laboratories. Accuracy was considered excellent if all replicates were
within the range defined by the consensus value calculated by NIST using exercise results plus
or minus one standard deviation, and good if the mean of the replicates was within the defined
range but one or more of the replicates was outside. Further, results above or below the NS&T
limits of acceptability are noted. Results were considerad low or high if the mean of the
replicates was lower or higher than the defined range, Precision was evaluated using the
following criteria for various analyte concentrations: for concentrations 250 ng/g, the
expected %RSD was +10%; for concentrations >20 - <50 ng/g, the expected %RSD was +20%:
and for concentrations <20 ng/g, the expected %RSD was +40%. The resulls of this evaluation
are shown in Table 17. The same results are shown graphically in Figure 69 - 71. This
graphical presentation does not fake into account the concentration of the analyte in the
exercise materials when compared to the MDLs of the participating laboratories. Typically, as
the analyte concentration approaches the MDL of a method, the error increases.

The PAH analyses results reported by NWFSC for the Bivalve Extract Il (QA91BE2) were biased
high (Figure 66) and this is again shown in Figure 69. Some of the PAH analyses results
reported by TAMU for the Tissue Control Material il (QC90TC) were low, and this was also
shown in Figure §7. NIST was unable to quantitate many of the PAHs in the Tissue Control
Material 1ll since the concentrations of many of these compounds were below the detection
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Figure 67. 1991 Bivalve Extract || {(QA91BE2) intercomparison exercise PCB congener ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table V.2,
Appendix 1V Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Figure 68. 1991 Bivalve Extract Il (QAS1BE2) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value {Order of analytes same as in Table IV.2,
Appendix 1V Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).

OO0

COO0COOOO0O0OLOOCOOOOL

67



Table 17. Laboratory performance evaluation for 1991 trace orga'nic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the pregcision.).

Accuracy: - E - Excellent accuracy. All replicates are within the range defined by the consensus
vajue calculated by NIST using exercise results plus or minus one standard
deviation.

G -  Good accuracy. The mean of the replicates is within the range defined by the

consensus value plus or minus one standard deviation, but one or more of the
replicates is outside.

L - Low resuits. The mean of the replicates is lower than the defined range.
L- - Results lower than -30% of the lower limit of the defined range,
H - High results. The mean of the replicates is larger than the defined range,
H+ - Results higher than +30% of the higher limit of the defined range.
Precision: G - Good precision, The intralabératory precision is within the following criteria for

various analyte concentrations: Concentration »50 ng/g, expected RSD +10%:
concentration »>20 - <50 ng/g, expected RSD 1+20%; and concentration <20 ng/g,
expected RSD £40%

X - The intralaboratory precision is not within the criteria described above.
- - No results or a "less than" value submitted.

Tissue Contrd! Material Bivalve Extract I
(QA90TC) ‘ (QAZ1BE?2)

Compotind BATTELLE NAWFSC TAMU BATTELLE NWFSC TAMU
PAHs

Naphthalene
2-Methyinaphthalene
1-Methylnaphthalene
Biphenyl
2,8-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
1,6,7-Trimethylnaphthalene
Fituorene '
Phenanthrene
Anthracens -
1-Methylphenanthrene
Fluoranthene

Pyrane
Benz[a)anthracene
Chrysene”
Benzofluoranthenes
Benzo[slpyrene
Benzo[a]pyrene
Perylene
Indeno[1,2,3-cd]pyrene
Dibenz[a, h)anthracene
Benzo[ghilperylene
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Table 17. Lab'oratory performance evaluation for 1991 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.) (cont).

Tissue Control Material Bivalve Extract 1l
(QA90TC) . (QA91BE2)

Compound BATTELLE NWFSC TAMU  BATTELLE NWFSC TAMU
PCBs '

PCB 8
PCB 18
PCB 28
PCB 44 =~
PCB 62 .
PCB 66
PCB 101.-
PCB 105
PCB 118
PCB 128
PCB 138 "
PCB 153 --
PCB 170
PCB 180
PCB 187 _
PCB 195
PCB 206 --
PCB 209 -
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2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT

Aldrin
cis-Chlordane
Dieldrin
gamma-HCH
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Mirex
trans-Nonachlor
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BATTELLE NWFSC TAMU
QAS0TC QA91BE2 QA90TC QA91BE2 QA90TC QA91BE?
Acc. Prec.  Acc, Prec. Acc. Prec. Ace, Prec. Acc. Prec.  Acc. Prec
Naphthalene HE EE EE OR [ uE
2-Methylnaphthalene B
1-Methyinaphthalene [ |
Biphenyl |
2,8-Dimethyinaphthalene ||
Acenaphthylene
Acenaphthens [ |
1,8,7-Trimethylnaphthalone [ ]
Fluorene
Phenanthrene B
Anthracene - -

1-Mathylphenanthrene

Fluoranthene

Pyrene
Benz[a)anthracene
Chrysene
Benzofluoranthenes
Benzo[elpyrene
Benzo[a]pyrene
Perylene

Indenof1 .z,a-bbjpyrano
Dibenz[a, flanthracene
Benzo[ghiperylene

EEENECEAENNE EEEEERNEEEEN
ENEEENNEENENNENE ENEEENEENEEE

Accuracy
Excelert accuracy.

maarn |s within.

BENEN

HEEENEENEEEN EEEENNEENEEEN
EENNENEESENNEE EENEENREEEEN
ENCEENNNEEED BERODENEEEER

HEEZNEEENNEEE EENREREEGENR
ENEEENENESEE EEENEEEEEER
AEESEENNEEN ENNEEEENEEN

NEENEEEESEE

Precision

- Good precision. RSD varles from £5% 1o
+40% depending on concentration ranges.
Good accuracy. One or mora replicates outside range,

Poor praclsion.

. Low results. Mean Is below rangs.
High results. Mean is above range.

Figure §9. 1991 PAH determination performance evaluation.
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BATTELLE NWFSC TAMU

QAS0TC QA91BE2 QAS0TC QA91BE2 QAS0TC QA91BE2
Acc. Prec. Acc. Prec.- Acc. Prec, Acc. Prec. Acc. Pec.  Acc. Prec.

PCB 8
PCB 18
PCB 28
PCB 44
PCB 52
PCB 66
PCB 101
PCB 105
PCB 118
PCB 128
PCB 138
PCB 153
PCB 170
'PCB 180
PCB 187
_PCB 195
PCB 206
PCB 209

BEAEEENNEEEEENRR
EENEEEEEEEENENEN

*

RECEEEEENENEENN N
EEENEEEENEEEEEENEN

*

ENEEENEEEENEEEEER
FEEEENEEEEENEENNNEEDR

Accuracy
Excellent accuracy.

Good accuracy. One or more replicatas outside range,
mean Is within,

Low results. Mean is below range.

ESEEN

High results. Mean is above range.

Figure 70. 1991 PCB determination performance evaluation (* - Consensus value low and standard deviation

EESEEEENEEENEN
EEEENEEEEEEENEN
EESEEENEEEERERSR
NEEENEEEEENENEERN
NEEEEEEEENEEENEEN
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Precision

. Good precislon. RSD varies (rom 5% 1o
+40% depending on concentration ranges.

Poor precision.

high, so lower limit of accepted concentration range is negative.).
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BATTELLE NWFSC TAMU
QA0TC QA91BE2 QAPOTC QAS1BE2 QAS0TC QA91BE2

Acc, Prec. Acc. Prec.  Aocc. Prec, Acc. Prec. Acc. Prec.  Acc. Prec

2,4-DDD B E N BN Em BHE n
2,4-DDE HE H N | |
2,4-0DT *HH HER *E0 EN nE
4,4-DDD HE NN EN BN BN BN
4,4'DDE BEE NE BB | H BN
4.4'-0DT NN EE EE EE EE EBE
Aldin o C
cis-Chlordane A0 BN EN BEN ZN ENR
Diekdrin ZHEN BN EN EER BNE EE
gamma-HCH R [ N ] |
Haptachlor . [ | s B | HE
'Haphchloropoxide ) ' Eﬂ. N |
Hexachlorobenzene | A | W R | N
Mirex . . N . [ | . .
wmshoacor @M HME EE EN ZE NN
Accuracy Precision

Ml Excovent accuracy. Il Good precision. RSD varies |rl%m % to

[l Good accuracy. One or mora repiicales outside range, ##40% depending on concenirallon ranges.

mean is within, Poor precision,
Low results. Mean Is below range.
[.3 High results, Mean is above range, -

Figure 71, 1991 Chlorinated
standard deviation high so |

pesticides determination perfénmnce evaluation (* - Consensus value low and
ower [imit of accepted concentration range is negative.).
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limits of the analytical method used by that laboratory. Overall, the PAH analyses results were
good. All results were within £35% of the concentration range defined by plus or minus one
standard deviation of the consensus value, except for the naphthalene results reported by
NWFSC for the Bivalve Extract 1l (QA91BE2).

The results of the PCB'congener analyses are shown in Figure 70. The consensus value
calculated for PCB 206 for the Tissue Control Material Ill (QCS0TC) was low and standard
deviation high, so the lower limit ,c:)f the accepted concentration range was negative. Several
laboratories reported no values or values below- the’ MDLs for several congeners. Many
BATTELLE results were high for both materials in the 1991 exercise. The results reported by
NWFSC werse high for the Tissue Controf Material Iil. Those reported by TAMU for the same
material were low. All results were within +35% of the NS&T concentration range defined by
plus or minus one standard deviation of the consensus value, except for the PCB 66 results
reported by NWFSC for the Tissue' Control Material lll (QC90TC).

The results of the chlorinated pesticide analyses are shown in Figure 71. The concentrations of
these compounds in-the exercise materials ‘were low, and the lower limit of the concentration
range defined by plus or minus one standard deviation was negative. The results reported by
TAMU for 2,4'-DDD and gamma-HCH for the Tissue Control Material Ill, and for 2,4'-DDD for
the Bivalve Extract Il were outside the NS&T +35% of the concentration range.

The overall précisions of the triplicate extraction analyses were very good.

5.2. 1992 Exercise

The 1992 trace organic intercomparison exercise was also organized by NIST. The materials
used were prepared by NIST ‘and were Marine Sediment Il (QA92SED3) and Mussel Tissue |V
Homogenate (QA92TIS4). The NS&T cooperating laboratories again were NWFSC, BATTELLE,
and TAMU. Marine Sediment Il was sent to 30 other laboratories and Mussel Tissue IV
Homogenate to 29.

Results were received from 16 laboratories, in addition to the NS&T cooperating laboratories.
A sediment was chosen for the exercise since none had been used since 1987. The resulis of the
NS&T cooperating laboratories are listed in° Appendix V.

5.2.1. Description of materials and exercise

Marine Sediment [ll was a wetted marine sediment prepared using candidate SRM 1941a and
water (NIST, 1992 and 1993a). The material was issued wet to more closely match the matrix
analyzed by the laboratories. This material was uncharacterized prior to its use for the 1992
exercise. NIST ceriified and noncertified values became available about a year later (NIST,
1994a). The sediment for candidate SRM 1941a was collected in the Chesapeake Bay near the
Francis Scott Key Bridge using a modified Van Veen-type grab sampler with the assistance of
NOAA. The sediment was stored in Teflon-lined containers at approximately 5°C until the
material was freeze dried. The material was then sieved and the -60 to +100 (250 - 149 pm)
mesh fraction was collected, blended, and radiation sterilized. The resulting material was
hemogenized and bottled, with the exception of the material needed for Marine Sediment |lI,
which was stored in bulk in a Teflon-lined container. Exactly 8.00 g of the marine sediment
were weighed into each glass bottle, and approximately 4 days before shipment of the sample
to the varlous laboratories, 8.02 + 0.02 g of water were added to each tared bottle. The
masses of sediment and of the water in each bottle were accurately recorded. Trials showed
that 9 g of water could moisten 8 g of sediment and only a very small amount of water was
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observed on top of the sediment sample. Each botlle of material was stored at -80°C until
shipped in dry ice to participants.

The mussels used for the Mussel Tissue |V Homogenate (QA92TIS4) were collected at
Dorchester Bay, MA, by NOAA personnel in conjunction with Battelle New England (NIST,
1993b and 1993c). The mussels were shucked and cryogenically homogenized and stored in a
tefion bag in a liquid nitrogen freezer at NIST. Approximately 15-20 g (wet wt.) portions of the
mussel homogenate were aliquoted into precooled bottles. All subsequent manipulations of the
bottles were performed in the liquid nitrogen freezer to avoid warming of the samples. The
bottles were stored at -80°C until shipment on dry ice via overnight delivery to the
participating laboratories. As for the 1991 exercise, each laboratory received thres ampotlles
or jars of each unknown, and were asked to extract the materials and perform triplicate
injections from a sample from one of the ampoules or jars, and single injections from the other
two. Two ampoules each of concentrated PCBs (SRM 2262), pesticides (SRM 2261), and PAHs
(SRM 2260} calibration solutions were also sent to each participant analyzing the Marine
Sediment lil, and only of SRM 2262 to those analyzing the Mussel Tissue |V Homogenate. A
computer diskette with appropriate files accompanied the samples to facilitate data reporting.

Several sets of coeluting or unresolved PAHs and PCBs were noted by NIST. These were:
chrysene and triphenylens; benzofb]fluoranthene, benzo[jfluoranthene, and benzo[k]fluor=-

anthene; dibenz|a, hlanthracene and dibenz[a,clanthracene; PCB 66 and PCB 95;: PCB 101 and ‘

PCB 90; PCB 138, PCB 163, and PCB 164; PCB 170 and PCB 190; and PCB 187 and PCB 182.
Coelution and lack of resolution in chromatography are functions of gas chromatographic
analytical conditions, such as column type and size, and oven temperatures. Some of these
coeluting or unresolved analytes may also have occurred during analyses by the cooperating
laboratories. Some matrix interferences were noted during the exercises.

5.2.2. Consensus valuas

Consensus values were calculated as described in Section 5.1.2.

5.2.3. Results
5.2.3.1. Marine Sediment ll| (QA925ED3)

The results of the Marine Sediment Il (QA92SED3) intercomparison exetcise are shown
graphically in Figures 72 - 77. The results of analyses of the 2- and 3-ring PAHs {low
molecular weight) and the 4- and 5-ring (high molecular weight) PAHs are shown graphically in
Figures 72 and 73. The compounds in each of these classes of PAHs are listed in Table 13. As
before, the dotted line is the range defined by plus or minus one standard deviation of the
consensus value, and the dashed line is +35% of the high and low limits of the consensus value
range. With few exceptions, the results of all NS&T laboratories were within the specified

range, and most wera within the smaller range of plus or minus one standard deviation of the
consensus value.

The results of the NS&T cooperating laboratories PCB congener determinations are shown in
Figure 74. Several laboratories reported values below their MDLs. The resuits reported by
BATTELLE for PCBs 8 and 118, by TAMU for PCB 128 and by NWFSC for PCB 170/190, were

higher than the NS&T limit of acceptability. The rest of the results were mostly within plus or
minus one standard deviation of the consensus value,
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PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is £35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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exercise resuits. Dotted line is the range defined as plus or minus one standard deviation of the consensus
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The results for DDT and metabolites are shown in Figure 75. The levels of these compounds in
the Marine Sediment il material were low and several laboratories reported values below their
MDLs. Good results were obtained for 4,4-DDD and 4,4'-DDE, except for a low mean reported
by BATTELLE for 4,4-DDD. The results reported by TAMU for 2,4'-DDD were within plus or
minus one standard deviation of the consensus value. The mean reported by BATTELLE was high,
and that reported for NWFSC below the MDL. The results of the analyses of the cyclopentadiene
pesticides are shown in Figure 76. The results reportad for cis-chlordane and dieldrin were
good. All laboratories reported values below the MDLs for aldrin and heptachlor, and some also
reported non-detactable concentrations for heptachlor epoxide and trans-nonachlor. Values
below the MDLs were reported for gamma-HCH and no conclusions could be made (Figure 7.
The values reported for hexachlorobenzene were good, although the TAMU results were slightly
low. The results of the analyses of the DDT and metabolites and the chiorinated pesticides were
difficuit to judge since the levels of these compounds in the exercise material were low.

The ratios of the analytically determined mean values to those of the consensus values are
shown in Figures 78 - 80 and these are indicative of bias. The order of the analytes is the same
as that in Appendix V. The results for BATTELLE and NWFSC for the PAHs are mostly biased
high {Figure 78). TAMU had little bias or error for the PAHs except for the results of 2,6-
dimethylnaphthalene and 1,6,7-trimethylnaphthalene analyses. The ratios of the PCB analyses
are shown in Figure 79. Most of the NWFSC results are biased high. The levels of chlorinated
pesticides in the Marine Sediment lIl were very low and the participating laboratories reported
values below the MDLs for many analytes (Figure 80). BATTELLE results appear to be biased

high.
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not submitted.),
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5.2.3.2. Musse! Tissue IV Homogenate (QA92TIS4)

The results of the Mussel Tissue |V Homogenate {QA92TIS4) are shown in Figures 81 to 86. The
results of analyses of the 2- and 3-ring PAHs (low molecular weight) and the 4- and 5-ring
(high molecular weight) PAHs are shown graphically in Figures 81 and 82. As for previous
exercises, the PAH results are mosily within the range defined as plus or minus one standard
deviation of the consensus value. Larger variations in performance were cbserved for the PCB
analyses (Figure 83). The results submitted by NWFSC were consistently high. NWFSC later
determined that the high results were a result of a problem with the standard used to calculate
the concentrations. The overall precision and accuracy decreased for PCBs 170/180, 180,
195, and 209, that are present in low concentrations in this material. The resuits for. DDT and
metabolites are shown in Figure 84. The standard deviations of the NIST-calculated consensus
values were high for this material. With the exception of the TAMU result for 2,4'-DDD, all
mean results were within the range defined as plus or minus one standard deviation of the
consensus value. The same observation generally applies for the cyclopeniadiene pesticides
(Figure 85). TAMU reported low resuits for cis-chlordane, and BATTELLE high results for
dieldrin. The consensus values caiculated for heptachlor and heptachior epoxide were low and
standard deviations high, so the lower limits of the accepted concentration ranges are negative.
The results for three other low-level chlorinated pesticides are shown in Figure 86. The levels
of gamma-HCH and hexachlorobenzene were very low and the standard deviations of the
consensus values high. The means of the results for mirex were within the range defined as
plus or minus one standard deviation of the consensus value. '

The ratios of the analytically determined mean values to those of the consensus values were
again used as indicators of bias and are shown in Figures 87 - 89. NWFSC results are mostly
low. No other clear bias could be observed in the PAH analyses results (Figure 87). The results
submitted by NWFSC for PCBs were biased high (Figure 88). No clear bias trends could be
determined for the other PCB analyses or for the chlorinated pesticides except for the TAMU
results for pesticides which are mostly low (Figure 89).
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Figure 82. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus valus calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is 35% of this
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83




1000T @ Values <MDLs or nol reported

3100-

o

5

>

£

c 101

0

<

=

3

S P

O Jerensrcinns

0.1 L , ‘
u.|8 5“8: r:ma:: Em&;: 558: |_-_-u.|8: ':""83 Emg:} Em&}:
1 HE HE MG RE 5E BhE R an
3 & = - & & & = &
PCB PCB PCB PCB . PCB PCB PCB PCB PCB
8 18 28 44 52 66/ 101 105 118

1000+ . 95 /90

® Values <MUOLs or not reported

1004

iy
o
1

Concentration (ng/g dry wt.)

1_- ----------- -.- "_;_
All values
below
0.1 ® o oo MOLs oo
l-u8:3 w |.|.|8= Emg:) E—Lu =W Ema: Em&;: u.|8

PCB PCB PCB PCB PCB PCB PCB PCB  PCB

128 138/ 153 170/ 180 187/ 195 206 209
163/164 190 182
PCB congener

Figure 83. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of PCB congener analyses of
three samples (Solid line is the consensus value calculated by NIST using exercise results, Dotted lins is
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Figure 84. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of DDT and metabolite
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Figure 85. 1992 Mussel Tissue 1V (QA92TIS4) intercomparison exercise results of cyclopentadiene pesticide
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results,
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Figure 85, 1992 Mussel Tissue 1V (QA32TIS4) intercomparison exercise results of gamma-HCH,
hexachlorobenzene, and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
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Figure 87. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise PAHs ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table V.1,

Appendix V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submittad.). :
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Figure 88, 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise PCB éongener ratios of analytically
determined mean value of three samples 1o consensus value (Order of analytes same as in Table IV.1,
Appendix V. Dotled lines are 130% of consaensus value. Circles indicate values below the MDLs or not
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Figure 89. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise pesticides ratios of analytically
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5.2.4. Performance evaluation of NS&T laboratories

The accuracy and precision scale described in Section 4.1.4 was used to evaluate the
performance of the NS&T cooperating laboratories in the 1992 exercise. The results of this
. evaluation is shown in Table 18. The same results are shown graphically in Figure 90 - 92, This

"graphical presentation does not take into account the concentration of the analyte in the
exercise materials when compared to the MDLs of the participating laboratories. Typically, as
.. the analyte concentration approaches the MDL of a method, the error increases. The accuracy
of the PAH analyses were mixed with some results outside the accuracy criteria reported by
all three laboratories (Figure 90). High results for the PCB congensr determinations were
reported by NMFSC for the Mussel Tissue IV (Figure 91). The evaluation of the results for the
chlorinated pesticides is shown in Figure 92. As for previous exercises, when the analyte

levels were low, the laboratories were unable to measure concentrations. The precision of the
results was good.

5.3. 1993 Exercise

The 1993 trace organic intercomparison exercise was organized by NIST. The materials used
were Mussel Tissue V (QA93TISS5) and Fish Homogenate | (QA93FSH1). The NS&T cooperating
laboratories were NWFSC, BATTELLE, and TAMU as in previous years. Materials were sent to
additional laboratories that participated on a voluntary basis. Mussel Tissue V samples were
sent to 40 additional laboratories, 25 of which submitted results. Fish Homogenate | samples
were sent to 41 additional laboratories, 22 of which submitted results. The results are listed in
Appendix VI. In previous years, NIST participated in the intercomparison exercises primarily
as a participant, reporting the results of analysis of three samples obtained using one analytical
method. With the addition of a number of new laboratories to the QA Program and the use of
natural, unspiked matrix materials, the determination of the accepted concentrations became
more difficult. Therefore NIST analyzed the exercise materials using at least iwo methods

5.3.1. Description of materials and exarcise

The Mussel Tissue V (QA93TiS5) was candidate SRM 1974a {NIST, 1994b). The material was
prepared using mussels (Mytilus edulis) collected in Dorchester Bay, Boston, MA. The mussels
were collected by hand during low tide, rinsed, stored in polyethylene bags, frozen, and shipped
to NIST. The mussels were subsequently shucked, cryogenically homogenized, and blended
following protocols of the NIST National Biomonitoring Specimen Bank. The blended, frozen
material was stored in Teflon bags in a liquid nitrogen freezer prior 1o bottling. Portions of
approximately 15 g (wet weight) of the mussel homogenate were aliquoted into pre-cooled
cleaned and labeled boitles. All manipulation was done in the liquid nitrogen freezer to avoid
warming of the homogenate or condensation in the frozen material. Approximately 400 botiles
of the homogenate were labeled as Mussel Tissus V.

The Fish Homogenate | (QA93FSH1) was NRC candidate carp CRM and the first fish matrix to be
used as part of the NS&T intercomparison exercises. Ampoules of the candidate carp CRM were
purchased by NIST from NRC. The carp were harvested in Saginaw Bay, Lake Huron. The carp
were comminuted and high-pressure homogenized. A small amount of water was added to raise
the moisture content to 85%, and ethoxyquin (0.02%) was added to this slurry as an
antioxidant. The. material was dispensed into ampoules, sealed, and heated for a short time at
121°C to destroy the enzyme that promotes rancidity, Each ampoule contained approximately 9

g wet weight of the carp homogenate. The material was relabeled and shipped to the exercise
participants. ' ’
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Table 18, Laboratory performance evaluation for 1992 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.).

Excellent accuracy. All replicates are within thé range defined by the consensus

Accuracy: E -
value calculated by NIST using exercise results plus or minus one standard
deviation.

G - Good accuracy. The mean of the replicates is within the range defined by the
consensus value plus or minus one standard dewatlon but one or more of the
raplicates is outside.

L. - Low results. The mean of the replicates is lower than the defined range.

L- - Results lower than -30% of the lower limit of the defined range.

H - High results. The mean of the replicates is larger than the defined range.

H+ - Results higher than +30% of the higher limit of the defined range.

Pracision: G - Good precision. The intralaboratory precision is within the following criteria for
various analyte concentrations: Concentration »50 ng/g, expected RSD £10%;
concentration 20 - <50 ng/g, expected RSD +20%; and concentration <20 ng/g,
expacted RSD +40%.

X - The intralaboratory precision is not within the criteria described above.

- - No results or a "less than" value submitted.

Marine Sediment Il Musse! Tissue 1V
- QA92SED3) (QA92T1S4)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC  TAMU

PAHs

Naphthalene EG 'EG E G H G - - E G

2-Methylnaphthalene EG E X E G E G G G E G

1-Methylnaphthalene E G E X G G H G G G E G

Biphenyl E G E X E G H X L G E G

2,6-Dimethylnaphthalene E G - - “H G E G E G E X

" Acenaphthylene E G - - E X H G E G E G

Acenaphthene EG - - E G G G G G G G

1,6,7-Trimethyinaphthalene E G - - E X L G E G E G

Fluorens E G E X E G E G G G G G

Phenanthrene E G E G E G E G G G G G

Anthracene L' X E G E X E G E G E G

1-Msethylphenanthrene E G G X E G G G E G E G

Fluoranthens EG  EG E G E G E G G G

Pyrene E G E G E G E G E G G G

Benz[a]anthracens E G H G G X E G E G E G

Chrysene + triphenylene E G H G E X EG E G E G

Benzofluoranthenes E G H G E G E G G G E G

Benzo[e]pyrene . E G E G E X E G L G E G

Benzo[a]pyrene H X G G E X G G G G E G

Perylene ) EX GX E X E G E G E G

Indeno[1,2,3-cd]pyrene E G E G E G H G G G E G

" Dibenzanthracenes E G E X E X - - E G E G

Benzo[ghi]perylene E G E G E X E G G X E G
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Table 18. Laboratory performance evaluation for 1992 trace organic intercomparison exercise

(First letter is the evaluation of the accuracy and the second of the precision.) {cont.).

COO:

o

Marine Sediment I} Mussel Tissue IV

QA928ED3) (QA92TIS4)
Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU
PCB congeners
PCBs8 H+ G - - E G E G - - E G
PCB 18 - - - - E G E G H G E G
PCB 28 L G H G E G E G H G E G
PCB 44 EG H+ G E G EG H+ G E G
PCB 52 E G H G E G E X H+ G E G
PCB 66/95 E G G G E G E G H G E G
PCB 101/90 EG HAG E G G G H G- E G
PCB 105 - - E G E G E G H G G G
PCB 118 H+ G HG EG E G H G E G
PCB 128 E G E G H+ G - - H+ G. E G
PCB 138/163/164 LG E G E G E G H G E G
PCB 153 E G H G E G EG H+ G E G
PCB 170/190 E G E G H+ G GG H: G - -
PCB 180 GG " EG E G LG H+ G H+ G
PCB 187/182 E G E G E G EG H+ G E G
PCB 195 E G EG HG - - E G - -
PCB 206 E G E G E G - - - - - -
PCB 209 G G E G G G - - H+ G G
Chlcrinated pesticides
2,4'-DDD . . - . . E G G G L G
2,4'-DDE - - - - - - G G E G - -
2,4'-DDT - - - - - - E G - - E G
4,4'-DDD L G E G E G E G E G E G
4,4'-DDE E G E G E G G G G G G G
4.4'-DDT . EG EG E G H G E G E G
Aldrin - - - - - - - - E G G G
cis-Chiordansa E G E G E G E G G G L- G
Dieldrin G G E G G G H+ G E G E G
gamma-HCH E G - - - - - - - - E G
Heptachlor - - - - - - E G E G - -
Heptachior epoxide G G - - H G E G - - E G
Hexachlorcbenzene EG EG E G - - - - E G
Mirex - . - - - - H X E G E G
trans-Nonachlor - - - - - - E G H G E G
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BATTELLE

" NWFSC TAMU

QAS2SED3 (QA92TIS4 QA92SED3 QAS2TIS4 QA92SED3 QAS2TIS4
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.”

Naphthalene N " BN HEE NN
2-Methylnaphthalene HEH EBEHE N EE BN ENR
1-Msthyinaphthalene BN B BEZ BE EBEE BRE
Biphenyl HE B | H HNE EN
26-Dimothyinaphthaiene | I I M BN BN B#Z
Acanaphthylene EE EN EE N N
Acanaphthene HE EN AN EER BB
1,8,7-Trimethyinaphthaiene [l I || AN B H N
Fluorene HEE EN EZ EEH EHE EBN
. Phenanthrene EE EE EN EN EBEE BN
Anthracene BN ENE EE = HE
tMathyphernanthrene Il B EH B EEH EN ER
- Fluoranthene HEE EE EN NN EE BB
Pyrene EN EE EN EE EER EN
Benz{ajanthracene EE EN N EEN BEZ EN
Chysane+tiprenyione I I W W N B B BE BN
Bonzoforanthones  H B HE S M ENW EE EHN
Bonzolslpyrene EE ENEN EN ZH B |
Benzolalpyrene EZ BN EHE BN EBEEZ EN
Perylane HEZ BNl EBFZ EEN EREZ EHN
Indencf123-cdpyene R I EH HEHHEH HE HHE HBE
Dibenz{a,tlanthracene I [l H EE N | N |
Benzo[ghiperylene EEH BN EER BZ R o
Accuracy Precision
. Excellent accuracy. Good preclsion. RSD varies from £5% lo
+40% depending on concentration ranges.
. mmﬁﬁy.mormmreplwesoumWa. !
. Poor precision.
] Low results. Mean Is below range.
EZ] High resuks. Mean Is above range.

Figure 90. 1992 PAH determination performance evaluation,
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BATTELLE . - NWFSC TAMU

O

)

QAS2SED3 QAS2TIS4 QA92SED3 QA92TIS4 QA92SED3 QA92TIS4 Q :

Acc. Prec. Acc. Prec, Acc. Prec. Acc. Prec. Acc. Prec.  Acc. Prec, ,)'
L

O

PCBE | BN AN mn 1

pCB 18 N BN EN EN

PCB 28 ZEH EE EN EEER EN NN

= EN NN N EEN NN NN O

PcBS2 EN NP BN BCR EN NN O

Peceesios - HH HE HEN BH ENE NN oF

oo HE HE EN BN EE EE Ol

PCB 105 . HEH ENE EH EN EH O

PCB 118 EE BN ER EN EN EH Oi

PCB 128 EE BN EN B0 BEN EN

PoBissitesnes Il = 2 HME EH EN NBE o

PCB 153 HEE EN EN EN ENE EBHE O

Peeionso B EE NN BN BN O

pceieo  HE EZN HER EN EBEE B E O

pceieziez MM HIE HHE EER NN EHE O

PCB 195 H N AN AN BN O

PCB 206 H N NN | | 9 5

PCB 209 |} | AN «xE22NH BEER AN O

Accuracy Pracision () ;
. Excellent accuracy, - Good preclsion. RSD varias from 5% 1o

. mmﬁﬂ.abeormorempucalesoumde range, +40% deplendlng on concandration ranges. O

5 Poor precision, O :

Low results. Mean Is below range. :

E5 High resuts. Mean is above range. O :

- | O

Q.

Figure 91, 199@ PCB determination perrorrpance eval_uation (f - Consensus value low and standard deviation O

high so lower limit of accepted concentration range is negative.). (j :
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Q.

Y
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BATTELLE:  NWFSC TAMU
QA92SED3 QA92TIS4 QAS2SED3 QAS2TIS4 QAS2SED3 QA92TIS4

Acc. Prec.  Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.  Acc, Prec,

2,4-DDD H N HN |
2,4'DDE HE N | ‘
24'DDT o N - 0N
4,4-DDD H BN EE ENR EE EBR
4,4'DDE HEE EE EN BEE EEN EHNR
44-DDT E N HN HE
Aldiin | HE N
cls-Chiordane EE EN EE BN ENE R
Diekirin BN EE ENE WHE EE NN
gamma-HCH *. . ' . - 7
Heptachlor *H W *H i
Heptachlor epoxide | ] N | N ] N
Hexachlorobenzene H B . B [ | - *. [ |
Mirex E3 H N HE
tmns-Nonachlor H B E N . .
Accuracy : Precision ‘

' B Excorent accuracy. B Good precision. RSD varles from 5% to

. Good accuracy. One of more replcales outside range, , :HO% dap-ej-udlng on concentration ranges.

mean is within. 4 Poor precision.
Low results. Mean is below range,
E H&mﬁls. Mean s above range.

Figure 92. 1992 Chlorinated pesticides determination performance evaluation (No consensus values could
be calculated for 2,2'-DDT, aldrin, heptachlor, or mirex.) {* - Consensus value low and standard deviation
high so lower limit of accepted concentration range is negativa.),
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‘Each laboratory received three ampoules or jars of each unknown, and were asked to extract
the materials and perform triplicate injections of the extract of one sample, and single
injections of the other two. Two ampoules of concentrated PCB solution (candidate SRM 2262)
were also sent to each participant. As for previous exercises, a computer diskette with
appropriate files accompanied the samples to facilitate data reportlng The analytes determined
are the organic compounds listed in Table 1.

5.3.2. Consensus values

The consensus values were calculated as described in Section 5.1.2. In addition, NIST analyzed
the exercise materials using two different analytical methods in order to obtain reference
values for comparison.

5.3.3. Results
5.3.3.1. Mussel Tissue V (QA93TIS5)

The results of determinations of the 2- and 3-ring PAHs (low molecular weight) and the 4- and
5-ring (high molecular weight) PAHs by the NS&T cooperating laboratories are shown
graphicelly In Figures 93 and 94, respectively. The results of the laboratories were within the
NS&T specified range, and most were within the smaller range defined as plus or minus one
standard deviation of the consensus value. BATTELLE reported several concentrations as below
the MDLs. The results of the PCB analyses are shown in Figure 95. All laboratories reported
results for some PCB congeners that were higher than the consensus values plus or minus one
standard deviation, The resuits submitted by BATTELLE for PCB 180 and by NWFSC for PCB
170/190 were higher than the NS&T limit of acceptability. The differences between the
consensus values and the two reported means for these analytes were not very large and
within reasonable analytical error for low concentration ranges. BATTELLE results were high
for the low chlorination PCB congeners (PCBs 8 through PCB 105). The results for the DDT and
metabolites analyses for the Mussel Tissue V are shown in Figure 96. The levels of some of
these compounds were low and the accuracy and precision of the analyses were low. The levels
of 4,4'-DDD and 4,4'-DDE were the highast of this group of analytes and the results for these
were within the range defined by plus or minus one standard deviation of the consensus value.
The levels of the cyclopentadiene pesticides were also low and onhe or more of the laboratories
reported vaiues below the MDLs for aldrin, heptachlor, and heptachlor epoxide (Figure 97).
Except for the results submitted by NWFSC for cis-chlordane, the results submilted for cis-
chiordane, dieldrin and trans-nonachlor were within acceptable limits. The levels of gamma-
HCH, hexachlorobenzene and mirex were low and several values below the MDLs were reported
by the laboratories (Figure 98). The means reported for these three compounds, however,
were within the limits of acceptability.

The ratios of the analytically determined mean values to those of the consensus values are
shown in Figure 99 - 101. The order of the analytes is the same as those in Appendix V.
BATTELLE results for the high molecular weight PAHs were biased high. TAMU results for the
low molecular weight PAHs are biased high, and those for the high molecular weight PAHs low
(Figure 99). No other pattern in the bias distribution could be found. The ratios for the PCB
congeners are shown in Figure 100 and the results for BATTELLE and NWFSC are biased high. No
cbvious pattern could be found in the bias of the chlorinated pesticides (Figure 101).
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Figure 93. 1993 Mussel Tissue V (QA93TISS5) intercomparison exercise results of low molecular weight PAHs
(Solid fine is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is $35% of this
range. Circles indicate values below the MDLs or not submitted.) {ng/g dry wt.).
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Figure 94. 1993 Mussel Tissue V (QA93TISS) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise rasuits. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range, Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 95. 1993 Mussel Tissue V (QA93TIS5) intercomparison exetcise results of PCB congener analyses of
three samples (Seolid line is the consensus value calculated by NIST using exercise results. Dotted line is

the range defined as plus or minus one standard deviation of the consensus value. The dashed line is +35%
of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 96. 1993 Mussel Tissue V (QA93TISS) intercomparison exercise results of DDT and metabolite
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Figure 97. 1983 Mussel Tissue V (QA93TIS5) intercomparison exercise results of cyclopentadiene pesticide
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results,
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Figure 98. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of gamma-HCH,
hexachlorobenzene, and mirex analyses of three samples {Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is t35% of this range. Circles indicate values below the MDLs or not
submitted. Consensus value for gamma-HCH was low and the standard deviation high so lower limit of
acceptability range is negative.) (ng/g dry wt.).
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Figure 99. 1993 Mussel Tissue V (QAS3TIS5) intercomparison exercise PAHs ratios of analytically
datermined mean value of three samples to consensus value (Order of analytes same as in Table VI.1,
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.). .
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Appendix VI. Dotted lines are +30% of consensus value. Circles indica
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Figure 101. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table VI.1,
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.). : ‘
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5.3.3.2. Fish Homogenate | (QAS3FSH1)

The resuits of the intercomparison exercise are shown graphically in Figures 102 - 105. The
levels of PAHs in tish flesh are exiremely low due to metabolism of the compounds.. Therefore,
analysis of these compounds in the Fish Homogenate was not required. The concentrations of
PCBs and pesticides for the Fish Homogenate | were reported on a wet weight basis, hence the
PCB concentrations are 3 to 60 times higher than those found in the Mussel Tissue V material,
and the paesticides are 3 to 15 times, and up to 100, higher in the Fish Homogenate than in the
mussel material. The Mussel Tissue V concentrations were reported on a dry weight basis.
Despite the difierence in concentration, the relative percent standard deviation of the
consensus means were similar for both materials.

The results for the analyses of PCBs are shown in Figure 102. The results submitted by
BATTELLE are high for the low chlorination leve! congeners (PCB 8, 18, 28, 44, 52, 66/95,
101/90, and 105). Some of thase resulis are above the NS&T limit of acceptability defined as
135% of the high and low limits of the consensus value range. The means submitted by NWFSC
for PCBs 206 and 209 were above the NS&T limit of acceptability. The results of the DDT and
metabolites analyses are shown in Figure 103. The results reported by NWFSC and BATTELLE
for 2,4-DDD were good, although the BATTELLE results were slightly low. The TAMU resuits
were below the NS&T limit of acceptability. The results for 4,4'-DDD and 4,4'-DDE were good
for NWFSC and TAMU. The BATTELLE results were slightly high for 4,4'-DDD and outside the
upper NSA&T limit of acceptability for 4,4-DDE. BATTELLE results for 2,4-DDE were very
high. The results of the cyclopentadiene compounds are shown in Figure 104. All three
laboratories reported values below the MDLs for aldrin and heptachlor. The standard deviation
of the consensus values of heptachlor epoxide and trans-nonachlor were high, so the lower
limits of the accepted concentration range are negative. Overall, the results were good
considering the analyte levels in the exercise material. The results of the analyses of gamma-
HCH, hexachlorobenzene, and mirex are shown in Figure 105, The results were good.

The ratios of the analytically determined mean values to those of the consensus values were
again used as indicators of bias and are shown in Figures 106 and 1G7. The BATTELLE results
for the low chlorination level PCB congeners are biased high. The results reported by NWFSC
for the high chlorination level PCBs are biased slightly high. No clear bias could be observed for
the TAMU results. No clear biases could be discerned from the pesticide results exercise
results (Figure 107). :

5.3.4. Performance evaluation of NS&T laboratories

The accuracy and precision scale described in Section 4.1.4 was used to evaluate the
performance of the NS&T cooperating laboratories in the 1993 exercise. The results of this
evaluation are shown in Table 19. The same results are shown graphically in Figures 108 -
110. This graphical presentation does not take into account the concentration of the analytes in
the exercise materials when compared to the MDLs of the participating laboratories. Typically,
as the analyte concentration approaches the MDL of a method, the error increases. The resuits
of the PAH analyses were mixed (Figure 108). BATTELLE reported many values below the MDLs
and the accuracies of the results reported by the three laboratories were variable, This may
be, in part, the result of low analyte concentrations in the exercise materials. Many of the
BATTELLE PCB analyses results were high, some exceeding the NS&T limit of acceptability
(Figure 109). The results for NWFSC were high for the Mussel Tissue V and good for the Fish
Homogenate, The results for TAMU -were good for both materials, but the precision could be
improved. The evaluation of the results for the chlorinated pesticides is shown in Figure 110.
The analyte levels in these materials were low and many laboratories were unable to measure
concentrations. It is difficult to make an overall assessment. The results of the analyses of
some analytes such as 2,4'-DDD, dieldrin, trans-nonachlor, cis-chlordane, and gamma-HCH
were good. ‘ ' '
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Concentration (ng/g wet wt)
O

0.01

TAMU

8 18 28 44 52 66/95 101/90 105 118

100 5

Concentration (ng/g wet wt.)

TAMU
TAMU

2 82 2 2 2 YB3 483 483
PCB PCB PCB PCB PCB PCB PCB PCB :CB

128 138/163 153 170/190 180 187/182 195 2086

/164 Congener

Figure 102. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of PCB congener
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this rarge, Circles indicate values below the MDLs or not submitted.} (ng/g wet
wt.). .
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Figure 103. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is £35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g wet

wt.).
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Figure 104. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of cyclopentadiene
pesticide analyses of three samples (Solid line is the consensus value calculated by NIST using exercise
results, Dotted line is the range defined as plus or minus one standard deviation of the consensus value.
The dashed line Is £35% of this range. Circles indicate values below the MDLs or not submitted.) {ng/g wet

wt.).
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,Figure 105. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise tesults of gamma-HCH,
hexachlorobenzene and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the

conhsensus value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not
submitted.) (ng/g wet wt.). .
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Figure 106. 1993 Fish Homogenate | (QAZ3FSH1) intercomparison exercise PCB congener ratios of
analytically determined mean value of three samples to consensus value (Order of analytes same as in
Table VI.2, Appendix VI. Dotted lines are +30% of consensus value.). NA - Not available.
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Figure 107. 1993 Fish Homogenate | (QA93FSH1)} intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table VI.2
Appendix V). Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).

5.4, Overall evaluations
5.4.1. HORRAT values

Horwitz (1993) observed _ézthat similar relative standard deviation (RSD) values are obtained for
similar analyte levels regardless of the nature of the analyte, matrix, or analytical method.
The Horwitz equation resulting from that emperical observation is:

RSD (predicted) = 2(1 - 0.5 log C) = pC-0-1505

where C is the concentration expressed as a decimal fraction. The HORRAT value is the ratio of
the observed versus the pradicted RSD, :

RSDpg (observed)
RSD (predicted) °

HORRAT =

An analytical procedure can be considered acceptable if the HORRAT values are less than 2.
This criteria has been adopted by the International Union of Pure and Applied Chemistry (IUPAC)
and is found in the harmonized protocol for the adoption of standardized analytical methods.
This is considered as acceptable precision of method performance among laboratories. Within-
laboratory precision is often one-half to two-thirds of these values.

To evaluate the precisions achieved by the NS&T cooperating laboratories, the predicted RSD's
were calculated for the results submitted by BATTELLE, NWFSC, and TAMU for PAHs, PCBs,
and chlorinated pesticides in Mussel Tissue IV (QA92TIS4) and compatred to the observed RSDs.
Several of the other exercise materials contained very low levels of the analytes of interest
resulting in many results below the MDLs of the laboratories so these results could no be used
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Table 19. Laboratory performance evaluation for 1993 trace organic intercomparison exercise

(First letter is the evaluation of the accuracy and the second of the precision.).

Compound
PAHs

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
1,8,7-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene
1-Methylphenanthrene
Fluoranthene

Pyrene
Benz[a]anthracens
Chrysene + ftriphenylene
Benzofluoranthenes
Benzo[s]pyrene
Benzo[a]pyrens
Perylene
Indeno([1,2,3-cd]pyrens
Dibenzanthracenes
Benzo[ghiperylene

Chlorinated pesticides

2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4.4'-DDE
4.4'-DDT

Aldrin
cis-Chlordane
Dieldrin
gamma-HCH
Heptachior
Heptachlor epoxide
Hexachlorobenzene
Mirex
trans-Nonachlor

Musse! Tissue V
{QA93TISS)

BATTELLE NWFSC TAMU

EG - - E G
E G H G E G
E G E G G G
- - E G H G
- - E G E G
- - G G H G
- - E G E G
- - E G H G
- - H G H G
E G E G E G
E G E G G G
E G E G E G
- E G H G L G
E G H G L G
G G E G G G
L G E G E G
H X E G L G
H X E G E G
E G E G G G
E G G G G G
G G E G G G
- - E G G G
H G H G E G
EG. EG L G
H+ G E G E G
- - - - H G
H G H G E G
H G E G E G
- - E G E G
- - E G - -
E G H G E G
E G E G G G
- - - - E G
E G - - L- G
H G - - G G
- - E G E G
E G E G E G
106

Fish Homogenate |
(QA93FSH1)

BATTELLE NWFSC TAMU

PAH determinations of this
material not

required
G G E G L- X |
H+ G L G H G
- - - - E G
H X E G E X
H+ G E G G G
E G E G E G
E G E G E G
- - E G E G
E G H G G G
G G H G E G
- - E G E G
E G E G E G
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Table 19. Laboratory periormance evaluation for 1993 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and tha second of the precision.) {(cont.).

O

O

O

O

O

¢ Mussel Tissua V Fish Homogenate |

O

5 (QA93TISS) (QA93FSH1)
Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

QO

O PCB congeners

O PCB 8 HG - - L G "HG - - L X

O PCB 18 HG HG GaG@ H+ G EG EG

O PCB 28 HG HG E G HG EG EG@
PCB 44 HG H G E G H+ G EG EG

O PCB 52 HG HG E G H+ G EG G X

O PCB 66/195 HG HG E G HG EG& EX
PCB 101/90 HG GG E G H+ G EG G X

@) PCB 105 H+ G E @ E X HG EG EX

O PCB 118 EG HG E X HG EG EX
PCB 128 EG HG E G EG EG L G

O PCB 138/163/164 EG EG E X GG EG EG

N PCB 153 EG HG H X GG HG EGa
PCB 170/180 EG HG .. EG HG EG

@) PCB 180 H+ G G G H @ EG EG EGa

@ PCB 187/182 EG HG E G EG EG EG
PCB 195 .- - . - - EG EG GG

O PCB 206 - - - - - - EG H+ G EG@
PCB 209 - - . . EG H+ G GG

O

@)

O

O

O

O

O

O

Q

@)

Q

O

O

O

@

O

O

O

O
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BATTELLE

Acc. Prec.  Acc. Prec,
Naphthalene HE
2-Methyinaphthatere ~ IR W
1-Methylnaphthalene BN
Biphenyl
2,6-Dimethyinaphthalone
Acenaphthylene
Acenaphthene
1,6,7-Timethylnaphthalene
Fluorene
Phenanthrene
Anthracene

1-Methylphenanthrene

Fluoranthene

Pyrene
Benzlajanthracene
Chrysene + iphenylene
Benzofluoranthenes
Benzo[elpyrane
Benzo[alpyrene
Perylene
Indeno{1,2,3-cd]pyrene
Dibenz[a,hlanthracene
Benzo[ghilperylene

EE HENEENSENEE ENEN
H EEESNEEEN EEN

Accuracy
Excellent accuracy.

mean is within.
Low resuXs. Maan |s below range.

ENEN

High resuits. Mean Is above range.

Figure 108. 1993 PAH determination performance evaluation (QA93FSH1 was not analyzad for PAHs.).

EENREEENEEREE EEEEENEEEEN

Acc. Prec. Acc. Prec. Acc, Prec,

NWFSC

Good accuracy. One or more replicates outside range,
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Pracision

. Good precision. RSD varies from +5% to
+40% depanding on concantration ranges.

Poor precision.
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TAMU
QAS3TISS QAS3FSH1 QA93TISS QAS3FSH1 QA93TISS QA9S3FSHI
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BATTELLE NWFSC TAMU
QA93TISS QAS3FSHi QAS3TISS QAS3FSH1 QAS3TISS QAF3FSH1
Acc. Prec.  Acc. Prac, Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.
PCB8 “w
PCB18
PCB 28
PCB 44
PCB &2
PCB 66/185
PCB 101/90
PCB 105
PCB 118
PCB 128
PCB 138/163/164
PCB 153
PCB 170190
PCB 180
PCB 187/182
PCB 195
PCB 206
PCB 209

351
|
&
|
|
|
N

BEEEEEEREEEBREERERE
EENEEENEEENEEEERN
EEENEENNESNGEEE E S E
ENIEEENEREERN
HEl EENEEEEEEENEN
AEESAENEEEESENENREREEE

EEENEENEEEEEEENERN
BEENEENEERENEGEAESES

AENEEENEEEEENEER
8 0§ Nzl B A B 0 0 R OB

EEEEEEREESSSNSHENEER

Accuracy Precision

Excellent accuracy. . g?&z g;eclmn. RSD varie's ;:&m 5% to
on conceniration ranges.
Good accuracy. One or more replicates outside range, rpending 90

mean Is within. 7] Poor precision.
Low resulls, Mean is below range.

High resulls. Maan is abova range.

BENEN

Figure 109. 1993 PCB determination performance evaluation,
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BATTELLE NWFSC TAMU

QA93TISE QAS3FSH1 QA93TIS5 QA93FSH1 QA93TISS QAS3IFSH1
Acc. Prac. Acc. Prec. Acc. Prec, Acc. Pec.  Acc. Prec.  Acc. Prec.

2,4-DDD HEH EE BN EBR [ |
2,4-DDE BEENH BER ENEH EEH EHEN EN
24'-DDT , EEH EHN
4,4-DDD BE B H BN BEE B
4,4-DDE 280 N EE NE EE ENR
4,4'DDT H R ' [ B |
Aldtin H N
cis-Chiordane HEE BB H BN EE ER
Dieldrin HEE EE BN EEN EE BN
gamma-HCH HE EE BN
Heptachlor
Heptachlor epoxide HNE E B x4 M H A N
Hexachiorobenzene [ . N | EH HE HEBR
Mirex HEN +x<ENE NN xHEN
trans-Nonachlor HEN«sx<E N BEE«xEH EN:EN
Accuracy Precision

I Excorent accuracy. | Sood precision. ASD varies  Irom £5% to

] m;ﬂﬁcny.mmmomrepucuesouhuwm. i eponding on concen ranges.

3 Poor precision.
Low results. Mean is below range.
High results. Mean is above range.

Figure 110. 1993 Chlorinated pesticides determination performance evaluation (* - Consensus valua low and
standard deviation high so lower limit of accepted concentration range is negative.). :
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O RSD (predicted)
s RSD (observed)

1 L
L]

200 300 400 500
Concentration {ng/g)

Figure 111, Predicted and observed relative standard deviations of results submitted by BATTELLE, NWFSC
and TAMU for PAHs, PCBs and chlorinated pesticides in Mussel Tissue [V (QA92TIS4). {Predicted RSDy were

calculated using the Horwitz equation. Values below. MDLs were removed from the data set prior to
calculations.).

in these calculations. In most instances, the NS&T observed RSD were lower than the predicted
RSD (Figure 111).

5.4.2. Z scores

7 scores can be used as an assessmant of accuracy and are calculated using the formula,

(x - R)

Z= s

where X is a laboratory cencentration, R is the consensus mean conceniration, and s is the
target standard deviation. For well-behaved analytical systems, the z scores are normally
distributed with a2 mean of zero, and the z scores will be outside Iz} < 2 in about 5% of the cases
and outside Izl < 3 only in about 0.3%. When s is defined as 0.25 X, z scores, with due caution,
can be used to compare results among analytes, test materials, and methods. When the target
standard deviation is set to 0.25 X, the International Organization for Standardization (I1SO)
(1993) guidelines suggest that z scores can be classified as foliows:

lzl<2 Satisfactory
2«<lzl <3 Questionable
zl = 3 Unsatisfactory
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Z scores were calculated for two of the exercises using the standard deviation of the conserisus
value and 0.25 X as the target s8's. The latter z scores are noted as 25% z scores in Appendix V
and VI. When using 0.25 R as the target 8, the laboratory mean is <50% from the assigned value
when Izl < 2 (ISO, 1993). The laboratory mean is <75% from the assigned value when Izl > 3.

The 25% z scores calculated were for all possible cases and are listed in the Appendices. No z
Scores were analyzed for values reported as below the MDL.

An example of the distribution of the 25% z scores is shown in Figure 112 using the 1982
Mussel Tissue IV (QA92TIS4) exercise results for all analytes. Values Izl > 3 are not shown in
the figure. Values 1zl < 2 are considered satisfactory. BATTELLE z scores were mostly within
the acceptable range, only 7 results are outside. There were many z scores for NWFSC above
2, indicating high resuits. There were 6 TAMU Z scores less than -2, and two above three. The

observations of the z scores distribution are similar to those of the ratios of the analytically
determined valuss to the consensus values (Figures 87 - 89).

The ISO classification and summary of z scores for the trace inorganic and organic
intercomparison exercises are summarized in Tables 20 and 21. All the z scores for the
inorganic intercomparison exercises were in the acceptable rangs, except for the results of
BATTELLE for Fish Q. More than 80% of the z scores of the trace organic intercomparison
exercises for all three laboratories were within the satisfactory range (Table 21). The
percentages of the z scores that were within the satisfactory range for the NWFSC results for
the Tissue Control Material 1| (QCTCQ0) and for the Mussel Tissue IV Homogenate (QA92TIS4)

ware 74% and 69%, respectively. Considering the difficulties in analyses, it is encouraging
that most resuits were in the satisfactory range. .

6. CONCLUSIONS

The NS&T QA Project is an essential part of the NS&T Program as it ensures data quality,
dociments the performance of the laboratories and ensures a continued high leve! of
performance. The level of analytical performance for the trace metal intercomparison
exercises is good, although problems are stil| encountered in the analyses of some elements.
There are still problems in the analyses of'some organic compounds. Some of these problems
are related to analytical limitations, such as coelution of compounds and others to the low
leveils of analytes present in the exercise materials. Overall, the performance of the NS&T

cooperating laboratories continues to be acceptable as evidenced by the results of these
exercises,

112

LV

OO0

]

CLOLUTOOOCLO0VOVO000OOVOVOLOO

CLLOLLOOLOO




COOLOOCOOOCOOOOOOLCOOOOOOOOOOOOOLCOOOCCOOL

O

LCOUUO

. 3 B
T BATTELLE

Z Scores

to I.'.'.'.'.]}.}}}i{m'\"\l\""

O 11N LLLLLLERARLAS

Flgure 112. z Scores (25%) calculated for Mussel IV {QA92TIS4) intercomparison exercise resuits of all
analytes above the MDL {z Scores hlgher than 3 or lower than -3 not shown. Z Scores were sorted by

increasing value.).
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Table 20. I1SO classification and summary of z scores for inorganic intercomparison exercises.

Basic statistics

and percent of

resuits in each
category

Mean z scora
Minimum
Maximum

n

lzlg2
2<zl<3
1zl » 3

Mean z score
Minimum
Maximum

n

zlg2
2<lzl<3
lzl >3

Mean z score
Minimum
Maximum

n

izl<2
2<lz2l <3
Izl» 3

BATTELLE NWFSC TAMU  BATTELLE NWFSC TAMU
1991
Sediment N BCSS-1
-0.1 0.1 0.2 0.1 0.2 0.1
-0.8 -0.4 -0.5 -0.5 -0.3 -0.9
0.6 0.6 1.0 0.8 1.6 0.6
13 11 12 12 11 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
Mussel P SAM 1566a
0.3 0.5 0.0 -0.4 0.0 0.0
-0.6 -0.1 -0.8 -2,0 0.9 -0.3
1.2 1.9 0.8 0.1 0.4 0.3
11 9 11 12 10 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
1992
Sediment R BCSS-1
0.2 0.2 0.1 -0.1 0.2 0.0
-0.7 -0.7 -1.8 -0.3 -1.4 -0.3
0.6 0.8 1.6 0.8 0.7 1.6
13 14 14 15 14 14
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
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Table 20. ISO classification and summary of z scores for inorganic intercomparison exercises

(con.t.).

Basic statistics

and percent of

results in each
category

Mean z score
Minimum
Maximum

n

1zl <2
2<Izl<3
izl=3

Mean z score
Minimum
Maximum

n

Izl g2
2<lzi<3
Izl 3

Mean z score
Minimum
Maximum

n

Izl 2
2<121<3
Izl = 3

n is the number of reported results that were above the MDLs.

BATTELLE  NWFSC

BATTELLE NWFSC TAMU TAMU
1992
Fish Q DORM-1
0.6 0.1 0.2 0.1 -0.2 0.1
-1.2 -0.5 -0.2 -0.8 -1.2 -0.2
6.1 1.4 0.7 0.8 0.4 1.1
12 11 i1 12 11 11
a2 100 100 100 100 100
0 0] 0 0 0 0
8 0 0 0 0 0
1993
Sediment N BCSS-1
-0.1 0.1 0.2 0.1 0.2 0.1
-0.8 -0.4 -0.5 -0.5 -0.3 -0.9
0.6 0.6 1.0 0.8 1.6 0.6
13 11 12 12 i1 12
100 100 100 100 100 100
0 0 1] 0 0 0
] 0 0 0 4] 0
Mussel P SRM 1566a
0.3 0.5 0.0 -0.4 0.0 0.0
-0.6 -0.1 -0.8 -2.0 -0.9° -0.3
1.2 1.9 0.8 0.1 0.4 0.3
11 9 11 12 i1 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 Q
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Table 21. I1SO classification and summary of z scores for organic intercomparison exercises.

BATTELLE I\IWFSC- TAMU  BATTELLE NWFSC TAMU

Basic statistics 1991
and percent of o :
results in each Tissue Control Material 111 " Bivalve 'Tis_sue Extract 1l
category e (QATCo0) (QAB1BE2) __
Mean z score 0.54 0.95 -1 0.46 0.84 -0.52
Minimum -2.9 -2.9 -3.6 - -1.6 -2.2 -2.8
Maximum 5.3 5.2 3.5 3.4 13 1.7
n 53 53 46 48 49 54
lzl < 2 87% 74% 85% 94% 86% 93%
2<lzl<3 6% 15% 9% . 4% 8% 7%
2l » 3 B% 11% 7 %. 2% 6% 0%
1992
Mussel Tissue {V Homogenate Marine Sediment ||
_______ (QA92TIS4) __(QA92SED3) _____
Mean z score 0.6 1.4 -0.25 5.8 0.88 0.29
Minimum -2.1 -2.5 -3.86 -3 - -1.8 -2
Maximum 11 23 8.9 248 - 7.1 7.2
n 50 48 51 43 40 46
Izl <2 86% 69% . 849 B86% 85% 81%
2<izl <3 6% - 10% 6% 9% . 8% 2%
Izl » 3 8% 21% 10% 5% 8% 7%
1993 ,
Mussel Tissue V Homogenate Fish Homogenate |
_______ {QA33TIS5) (QAS3FSH1) ___
Mean z score 1.3 0.86 o 1.9 0.38 -0,11
Minimum -1.7 -3.1 -3.8 -0.7 -1.2 -1.7
Maximum 12 5.7 . 4.5 - 29 3.3 2.2
n 40 47 50 27 28 30
lzlg 2 80% 85% ' 86% 81% 96% 97 %
2<izl <3 10% 9% 10% 7% 0% 0%
izl > 3 10% 6% 4% 11% 4% 3%

n is the number of reported results that were above the MDLs.
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APPENDIX |

1991 TRACE METAL INTERCOMPARISON EXERCISE RESULTS

NRC: National Research Council of Canada

BATTELLE: Battelle Ocean Sciences

SEFSC: NOAA/NMFS/Southeast Fisheries Science Center
TAMU; Texas A&M University/GERG

Cases in which outliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe (').

Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

81, 82, 83, S4, S5: Results from five independent sample preparations and analyses.

$1-56 Mean: Mean of the five replicates.

SD: Standard deviation.

%RSD: Percent relative standard deviation.

Accepted value: Certified value or NRC-calculated consensus value for exercise material and
uncertainty.. <

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-5 mean, and 25% of the accepted value as
performance criteria,

N R : Not reported.
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APPENDIX II

1992 TRACE METAL INTERCOMPARISON EXERCISE RESULTS

NRC: National Research Council of Canada

BATTELLE: Battelle Ocean Sciences

SEFSC: - NOAA/NMFS/Southeast Fisheries Science Center
TAMU: Texas A&M University/GERG

Cases in which outliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe ().

"Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

81, 82, 83, 84, 85: Results from five independent sample preparations and analyses.

Mean: Mean of the five replicates.

8D: Standard deviation.

%RSD: Percent relative standard deviation. .

Accepted value: Certified value or NRC-calculated consensus value for exercise material,

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the $1-5 mean, and 25% of the accepted value as
performance criteria. '

N R : Not reported.
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APPENDIX Il

1993 TRACE METAL INTERCOMPARISON EXERCISE RESULTS

NRC: National Research Council of Canada

BATTELLE: Battelle Ocean Sciences

SEFSC: NOAA/NMFS/Southeast Fisheries Science Center
TAMU: Texas A&M University/GERG

Cases in which oulliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe ().

Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

S1, 82, 83, 84, S5: Results from five independent sample preparations and analyses.

Mean: Mean of the five replicates.

SD: Standard deviation.

%RSD: Percent relative standard deviation.

Accepted value: Certified value or NRC-calculated consensus value for exercise material.

Z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-5 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.
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APPENDIX vV

1981 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Institute of Standards and Technology
BATTELLE: Battelle Ocean Sciences

NWFSC: NOAA/NMFS/Northwest Fisheries Science Center
TAMU: Texas A&M University/GERG '

S1-A, S1-B, 81-C: Results from three gas chromatographic analyses of S1.

81, 82, S3; Results from three independent sample preparations and analyses.

S1 Mean: The mean value of the reported S1 replicates, S1-A, S1-B, and S1-C.

$1-3 Mean: The mean concentration of the three samples, S1, $2, and S3, in which the mean
value of the three GC replicates was used for the S1 concentration.

S1 %RSD: The percent relative standard deviation of the 81 replicates, S1-A, §1-B, and 81-C.
S1-3 %RSD: The percent relative standard deviation of the 81 Mean and the reported samples,
S2 and S3.

Consensus value; NIST-calculated consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, S2 and S3 relative to the exercise consensus valua.

Z Score: The ratio of a bias estimate to a performance criterion. The difterence between the
laboratory mean and the accepted mean was used as the bias .estimate, z Scores were
calculated in two ways, using the SD of the $1-3 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.

Z R : Zero or below MDL,
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APPENDIX V

1992 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Insfitute of Standards and Technology
BATTELLE: Battelle Ocean Sciences
NWFSC: NOAA/NMFS/Northwest Fisheries Science Center

TAMU: Texas A&M University/GERG

S1-A, 81-B, $1-C: Results from three gas chromatographic analyses of S1.

$1, §2, S3: Results from three independent sample preparations and analyses.

S1 Mean: The mean value of the reported S1 replicates, S1-A, S1-B, and $1-C.

81-3 Mean: The mean concentration of the three samples, S1, S2, and 83, in whlch the mean
value of the three GC replicates was used for the S1 conceniration.

S1 %RSD: The percent relative standard deviation of the S1 replicates, S1-A, S1-B, and 81-C.
$1-3 %RSD: The percent relative standard deviation of the S1 Mean and the reported samples,
82, and S3.

Consensus value: NIST-caIcuIatad consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, S2 and S3 relative to the exercise consensus value.

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-3 mean, -and 25% of the accepted value as
performance criteria.

N R : Not reported.

Z R : Zero or below MDL.

177




Y00000000C000000000000000000000000000000000C




£}
o't

1’0
L0
o
o
e'L-

enjea ‘desoy Ueaw

%Se

a0 6L el 9s5%
g0 92 '8l gri
80 (01 cll £9¥
S0 6l 6¥L  £6¢
ol ce 5L §iF
80 £eC shL asd
[ 6¢ god 6VLEL
g0 4 WL 02%
€1 gt Lot jo10) 4
g0 ¥c Lee LEL
L0 k4 98E  PEw
L'o A 0L 9'¢B
90 8l £°95 LL)
£0 (] 82l cEY
00 c @2y 066
9'0- o¢ ver 964
€0 61 g8'sg g/t
00 [ L6y €92
20 Zt 5°9g 62t
£0- S '8l 996
Lo ¥ 2'1s 8EL
90 £e viLL ige
670 8€ 00e giL
gL el aes
lolw 9, s anjep
g-1g ‘sqeuesy —  peydesoy—

eloog 2

L oL
vz 9l
oL €0
¢ S0
'z 80
gL Lo
TE L
gL 2o
I'e €0
oL 2o
rr 90
L o
60 I}
1z Lo
L 90
z?z €0
€z 60
12 60
ge 60
se L't
L Ll
80 €0
oL €0
10
e1s 1S
Qsd% Qsd%

444}
OLL

+09

cev
429
669
c09t

629

SES
116
690L
c's8
B80T
(VFA 4
Lol
¥'ss

5°95

19L
143"

B'L6
144"

L4
86

LLs

£-iS
uesiy

LSS
201

16§

2144
oL9
cL9
c8s

29

LLS
126
060
o8
90¢
65t
0oL
¥'¥S

£°SS
L
oLt

S'é8
51 58
eve
866

IS
uespy

¥rs LES
FEL il
s09 609
=(0] 4 FAR 4
€£9 6E9
65 cES
L gLol 209L
629 LE9
6ES [53:4°]
€i6 oLé
3 PSOL $90L
68 £'+8
802 oLg
Liv Siv
rAa] } oot
1°gs g8'ag
8’95 8°/5S
VAL 6°9L
Sl LY
6°56 668
arl 548
gte FA 4%
286 086
L'ig L°LS
£s 2s
T~ saidwes T
usamieq

=117 Lsg 1gs  eusjirediyflozueg
601 201 901 susdsesyiue[s'e]zueqip
pue -[y‘e]zueqig
969 669 S6S euaiid
_ =[pa-¢'g’ | Jouspu|
Sh gy vy susjled
509 LLO 518 sueiid[e]ozueg
809 L9 alLg eusifd[e]ozusg
€65L 0854 295t Or++q)
ssuayluelon(jozueg
29 129 (44 aue|Auaydin
+ suasfiyn
6lS alg 91§ suaoeyiue[e]zueg
526 626 926 euslid
£801 9601 o]0] § euayjuelron|d
£ L'o8 g'og auatyjueusydjiylepy-t
502 60¢ =111 ausoeIUyY
68Y 65 85¥ suayueusyd
Lot 0oL o0t euslon)4
A4 o8 451 9vS asuseyydeu
=jAyieuin |-2'g'L
6'%S 1’65 855 susyydeusay
6L rA A 9'EL suajAyjydeussy
LiL 601 oLl suseyiydey
=lAytew)q-0'2
588 506 568 [Ausydig
jadt =1 8 ¥ eusleyiydeujdyioy-L
eve ave Ive  eusjeyiydeujAylon-2
866 1001 S66 sus[eylydeN
SHvd
HZ HZ 01§ (o) 101ep
Ols g-1s V-1S punoduwos

ajdures’

uiLtm

1SIN

)OOCOOCOCOOOOOOOLO00O0OOOCO0COOOLOOOCOOLOOOOCOO

‘(ybrem Aip B/6u) synses esioiexe uospedwodisiul (€GISTEVD) (Il Jusunpes eulel 2661 “L°A o|qeL

179

O

O C



paeieieiolelojviolelolelvlolololololcloiololelolviololololelolololololololo oo oo le)e

e g1 14°] svb et L'k 6'0 05's er's I5'g §56°S 8PS Ibg 6e's 6§02 90d

glL- 40 = 4 i8¢ 85¢ L'y 2L or'e 98¢ 9E'e iv'e 95°¢ 65c £5°2 90¢ 650d
80 g0 0¢ 6l°Lt oee 09 +0 FAo e 15¢ St'e EL'E gle ere S61 90d
€0 20 FA 45°€  S0'8 £ o 9’8 EE'R €L°8 188 g8 9e°8 £e's c8l/i8L d0d
90 ¥ Sl gl'y L'gl 1'e Lt ovL eyl L'El g'el 5 48 t'rL LA 4" 08l g2d
ge- 9°0- 89 Sl SLL 0e o'l L' 68 % 8L L9 98 L8F S6 v 06L/0L1L 80d
A o0 7} 8E'9 o8l 9'0 A oLl 691 AL oLl 6'91 6'9l 6'91 €51 90d o
20 90 gl ¥o'e LEL 02 90 £9} 65l =] a1t 851 69t o9l +oL/€91/8EL ADd @
L0 €0 gl Li'e  Ile a'g €L sl'e lse +8°E 68'E gb'e gbe o5'e 821 80d -
£'0- 5'0- 6l e Ll 80 6'9 £5°6 9¥’'6 256 19'6 ol's 28’6 Sg'6 8L g0d
S0 v'o el Bt 68V 9t 4y 8g°g SP'S 85°G c9’s oF's S¥'s g 501 90d
€0 c'0 L 8Ly Svl L'g 80 S'gl oSt LGl g'sL L'sL 6'tL 'St 06/101 g80d
(A} 6'0 Fx4 Li'e £0lL e 60 el oer 6°¢i el 62t 5] L'EL $6/99 §9d
g0 20 Ll 18% 90l c'E g0 SEL L gl 8L L FEL o't eSS g0d
6°0- Lo £e 69°'L 6E£'S 6% S0 SL¥ Ly LE% ie'e 60F% ey (35 4 ¥ a0d
90 o 9l 18°G S0l o'l 0 S6'B ¥0'6 S6°8 ig'e 50’6 00°6 80’6 82 80d
g0 ¢0- 9 96'C P8R 8¢ L0 1g'e e 98’ £8°E [4-4 ive e 81 90d
8¢- 8'0- LL L2 i2e Li ‘0t 9670 8’0 oL 660 68°0 vL0 880 8g0d
SHINIONCD 80d
enjea ‘deooy  uesw sous % s anjep €18 IS £-18 K] £5 28 oIS 818 w-is punoduion
°LGe £ 1S ‘sqeuesly T peydecoyT T asH%  OSH% uespy ueepy T se|dwes T sjdwes .
TTT oelosgzTT ‘ uaemiog TTTETY
1SIN

"(u00) (yblem Aip B/6u) synses esprexe uosyedwosiepul (eQ3s26VD) 11l Wswipeg sunew 661 “1°A e|qe)




‘peindwon 10N - O N

00 0’0 G 290 L1 . v'g 60 8L°L oLt 5Tt 6L°L (NN} oLl 60°1 JojyoruoN-suey
I9N ' > o> o> et > xXaly
£l 60 e gog VIS g1 80 0'ss gol Lvd 7 9'6L 99l PV auazueqolojyoexeH
le- bL- 89 00l €91 2t o £5°0 o0 550 150 5H'0 0 8¥'0 apixade iojyoeideH -
T N L> 1> L 1> 1> loyyaeiday ©
52 g°0- €9 £’ 56°L Sy £'¢ LL'0 89°0 $2°0 240 99'0 890 690 © HOH-ewurehb -
50- £0- zl 98’0 IIL'Z 6L P! 98°L 98'L £8°1 06°L 8t 88l z28'tL uupialg
20 L0 g 80'L  €£9°C +'9 'l 6.2 592 2Le 662 892 99'2 19°2 BUBRIOYD-Sf
aON ‘ [ & S 1> 1> T uLply
S1- 9'0- =1 ov'L LLe §'g A oe'L 8E°1L FrAlt s2'L §8°1 681 'L 1aa-+'v
£0- £0- 8 €8'L 08’2 FA L0 68'9 9.9 86'0 +6°9 18’9 2.9 529 300-¢'v
ol 9'0- 92 2L’z s8le 6 ¥ L0S ols 80°S 8y 20's SIS AR aaa-#'v
9N Z> > > 2> 2> 1aa-¥'2
61" Lo of 82k  ¥5°2 89 Gl oL 68°L 2 d! 92'1 or'L X S Al 3aa-+'2
9'0 0 5l 050  I¥'L gt 81 £9°L oL'L 65°L 65°1 F1-gt 69°L £2°1L aaa-+'z
S3AILS3d
enfea “degoyueaw  JOMB % s enpeA €15 1S £IS 1S €S 2s I8 @18 v-18 punoduwog
oG £-1S§ sqeuespy —peldesdyT T (OSH% (ISH% usd  uesyy T se|dwes ~ 7 a|dwes
- 81035 Z - usemieg UM
1SIN

‘(quos) (yblem Aip B/6u) synsel esiolexs uosuedwooleiul (£AISEEVD) IIi WuswWipes sulelw 2661 “L°A 8|qel

VOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOO




wmmdooaooooQoooooooooooo@dooooQOQOQQQQJQQQ31

ol 8'0 S2 kL 95y ¥2 g2 045 22s £85 £09 00S (1)) 995 eusjlied[iyblozueg
20" L'o- 9 '8 gkl 28 69 ol Fri 144" 6¥1 1z €21 LEL eusdesjue[selzueqip
© pue -[y'vlzueqiq
! ol 9e 2LL B9 TL ¥ 629 415 959 559 2es 655 6i9 euelAd
: : =[pa-g*2*1]ouepuy
- Lo 62 6¢lL  €5¢ PR 252 00e gLe L¥2 562 £62 gle . ouejllied
¢l (N} L8 IS Si¥ ZL 601 6¥9 el £29 Z65 908 rL g9 eualhdlz]ozueg
90 . S0 Sl S¥L 88F BE TE 295 8ES 695 645 2ES +2S 255 suelidfsjozuag
0l L0 +Z 80F - 6¥Ll ¥ 82 9eFL . ISEL - OSPL  Di¥L  OVEL. OEEL  OOFL , (y++q)
seuayjuelonjjozuseg
50 t'o Al vk o028 2L £t o8s €45 08s 885 1458 €9s  alS ousjAuaydiy
. + auesliyn
€0 £0- L oL S0 o¥ PO 1i8 ¥6€ 99¢g gL v6t +6E 96€  euedriyjuefe]zusyg
10 1o ¥ g2 8L 9§ TP ¥52 zos £EL 2L 6£8 g6l vil sualid
£0 z0 z 9EE PER L€ S 168 6286 viB . 0.8 596 £26 106 sueyuelony)
¥0 £0 oL 022 9¢8 9s 12 I'e6  L16 9.8 L6 0L  £'S6 896 eusigueusydihyiep-1
Y R A 8 P25 £'9s LLL 2 o¥ ZLL vl 668 1ol 0slL  srl 6EL euesBRIUY
€0 £0 g g2l - 2EF 0SS 6F 9% e6¥ £9¥ Fiad ¥ig 681 Siy auelyjueueld
Lo 00 ¥ 9'2r 066 & 9t Lol 80l t86  §./6 LL 01 0L auason|4
FAC 80 zr v'Er §6L £z 9 sy  ELy  6Sh I'st g9y @St L'6b euaeyydeu

_ . T =jAyewiL-2'gt >

z0- L'o- 8 8'Se Siv L8 L'E Svk 98 Ovr  60F L0S @iy Vi euayiydeuasy . - v
el 50 e sy €9l A 1'e 00t . #OL ool 96 801 voL 2oL sualdyiydeusoy
£l 50 e s98 621 1’9 L 68 S6 18 S 0S6 le6 ['SE auaeyydeu
’ =Mylewiq-9'z
Lo z0 ¥ '8l 996 0§ 8L 066 286 SO0L 'S 00l g6 898 lAueydig
S0 €0 £l z'ls BEL 2 L1 951 Lol 5L 251 91 z9l 851 eusjeyydeuAuiepn-1
90 0 a1 vLL 182 g€  ®1 128 6E€ 2ze 0z2€ Ste o¥e eee  susjeyydeufyiow-z
50 £0 £l ooe 9L 62 b3 808 ¥E8 062 664 958 FA: gig sus[eyiydeN
SHYd
00 90 L 0Es Lo L'ES 8€5 - L€ 00 00 B'es (%) 101EMm
enjea "deooy ueaw Jole 9% ) enjep £-15 LS £-1s LS €S A oS g-is v-1§ puncduion

%Ge €15 ‘sqeuesy — peydesoyT " (SH% QSH% Uespy uespy <~ seidwes — a|chues
TTT es0ogzT ueamleq UIYMM

113 LIVvE

"("uo0) (1yblem Aip 6/6u) sinse: esiolexe uosuedwosselul (€QISZEVO) (Il WEWLPES BULEW 2661 "L°A SIGEL




1o L1'o g 514 L'et Ll 6'S €<t 6el 6Ll Ll =) J N & 4 o'ct 602 d0d

gl g'0 L8 18T €5¢ €L '8 S29 €29 IS OLL BLS S¢9 €LY 902 80d
g0 £0- ¥L  6L'L 0872 Z. S WwZ S¥g 992 geT 652 vre eeT S61 Bod
¥i- g'0- ¥e  IS® 508 89 §5 €86 956G 1S5S 16¢ 65’ §8'C  +2'G Zs1/28L 92d
£l ol ¥ 81 12l 66 o¢ £0B /62 988 [TL sg8 86L 891 08l 82d
oe- Lo sl SIL It zL £l /B2 SEE 09 §L¢ 89FE SE 182 o6L/041 80d
A Lo 9 g’ o8l 6L gl TLL ¥IL O SBL @SE L L L €51 90d ™
9'L- o'l W o vl S6 @2 ¥E'B  epE- G066 6bL €98 198 12’8 $9L/E9L/BEL E0d o
g'o- o TR b A & > gL TS 99 69T 96T €T €88 0LT 5§ . 821 89d
&'s of vl IEY L1 gL € 682 P62 @0C ¥9E €0¢ V6T §BZ - gL a%d
€Ly 68% Hz HZ HZz 4z Hz 501 80d
#'0 £0 1L 8L¥F  §FL e &) 6L s91 g¥Lk 69k g9l t9L &9l 06/101 §9d
20 zo S e ol TS £5 80l ¢ €0 Z0b 02 #iL g0l £6/99 A0d
£ Lo- e 18y Bl I8 58 89 ¥OL LG gL 99 oL  sse - - 26 80d
20 §'0 Ll 691  BE'S ZL 81 IE'9 96’0 SP'S  €5'9 0L 8% 169 ¥ 89d
5g- e o 18S90l PL ¥L VP B E6't 99t FOS  SEV 0B 82 89d
96°0 ¥8'€ HZ = Hz HzZ "z HZ 81 82d
o'sve V'EL . 0029 LL'T  l2E 89 |4 90¢ €86 6S€E 091 90l €2 §96 882d
. SHINTFONOD 80d
enjea "decoy ueew Joue % s enep €18 18 IS I8 £S5 28 ol gis vLs punodwo)
%Se - €1 ‘sqeuesy T pejdesoyT  (QSW% QSu% Ueely  ueely T sepdwes T ojdures™ :
TTT ew00gzT : ueemieqd ) UIYUM
InaLive

‘(u02) (wbem Aip 6/6u) synses esjolexe uosuedwoslaiul (£QISZEVD) |l WsWipes sullel 2661 “I°A elqel

YOOCO00000CO0OOOOCOOOOOOO0OOOOOCCOOOoOOCOOOOOC



Y000 000000000000000000000000000000C0NAAAOAMCC

‘pendwos JoN - O N

290 LLL HZ HZ HZ HZ HZ lojyoeucN-suei}
. IN "z HZ Hz "z HZ e
0 1'Q S 80 1'/S 0e L} 8'65 +'65 689 19 6°85 L°6S L'09 8uezueqoiojyosexeH
€¢ . 60 LS 00t £9°L 2’8 L'0 957¢g S92 cE'e Lz voe 292 ¥9e epixode Jojyoridey
ON : HZ HZ HZ HZ "HZ Jojyoeidey M
¥ 0- L0- ol gl'e  S6°L L9 9's LLL 88’} 9l g9 ;7 A 66°1 98°L , HOH-ewuwreb —
60 90 £C 98’0 L' £¢L 29 19°¢ 29¢ 262 82'C LLe co'e SP'e uuplelg
£0- c0 G 80°t g€9¢ 8't? 8L {¥e 18°L G662 95°¢g £0°e S6°L 44 8 aueplolyg-sio
ON HZ HZ HZ Hz HZ uuply
) o¥'L  LLe HZ HZ HZ HZ HZ 19a0-+v
1o 0] 9 £8't 052 ¥'9 gt 69°L 20’8 els 882 Li'g gi'8 e6'L 3a0-+'v
8L bt 144 ¢l'e 8L9 it ¢ 8L 6L°¢E oy 1 > 08°E 06°¢ 99°e aga-+'y
ON Uz HZ HZ HZ HZ lag-+'e
8l°'L $5°¢ Ce vz HZ HZ HZ HZ 3Qa-+'e
c'e 9’1 a5 oS0 L'l rA¥ A ¢l 0g'¢C 80T gE"e 454 682 18°} 86°L QQq-t+'e
S3GI0ILS3d
anjea "deody uesw Joua % s onjep 200 £33 1s €18 s - €9 43 s g8 ¥-LS punoduog
%S¢ E-LS ‘sqeuesiy T peldesoyTT T (SH% (SH% ueely uesly — sedwes T — e|dwes — :
TTT el00gzT : usemlog TTLTEF YN
IT3iivg

"(u0a) (ybrem Aip B6/6u) synses esiorexe uosireduiosselul (03SZ6VD) JIl USWIPES euLE 2661 "L'A S|qeL




80 L0
8°0- ¥o-
<t 80
§L- 60
(A 8 80
Ll 6°0
gl S8
¥l <l
Al [
oL 80
£l g0
g0 S'o-
€0 20
20 L0
£1- L0
£0- £0-
Lo L'
9’0 ¥o
gL 60
20 0s-
enjea ‘desoy uesw
%S¢
TTT eloog zTTT

0c
0c

e

6E
L3
FX
144

e

o
s¢
ce
oeg
ol

A

il
61
St
g8t

oue o,

(4 43
La°7

il

(43
LGl
St
30 4

548

101
LET
otE
0'Le
£'95
BeL
9'er
v'er
g8'se
L'ey
s'o8

18l

LS
tiLL
00t

2’1

s

asvy
skl

£9¥

£5€
Siv¥
88
6¥iLL

028

S0
y1-71
¥e8
9'ES
LLL
et
0’66
S'62
N-J1
£a/
621
9'96
8EL

9:74
.9t

oes

anjep

5t
6l

1'g

9l

¥l
£e

B8°L
L9
LS
8¢
L's
82
1

vi

v

L
g¢c

g0

£-1g

S'e
55

14

9’8
£'S

LS

€-tS ‘sqeuesp] T pejdesoyTT QsH% dSH%

055 0S5
gLl 2eL
509 I8¢
0z 8Ll
109 $45
619 119
gs9l  tvo
169 0zl
925 - 96%
616 888
8601  £50
zoL el
06l  8LL
oSy . 22
v'i9 049
906 . 98L
eVl . 8yl
see /g€
686 . 966
0Ly
&S 18
ueaiy Ueay

euejlied[iySlozueg

8EL eusdeiyjue[s'e]zueqip

pue -[y‘e]zusqig
ousJAd

=[po-g'g' L]ouspuj
eusjlied
eusiidle]ozuag
eualid[e]ozusg
(r+/+q)
seusyuelonfozZuey
eusjAuaydiy

+ suesiiyn
susoriyjue{e]zusg
euaify
aueyjueronj}

9’8 euelyueusydiAgiopN-1

euaseIyUY
eusiyjueusyd
eualon|4
euajeyiydeu
=fAyewini]l-2'9'L
eusyydeuaoy
susiAyydeusoy
auajeyjydeu
=lAylew)g-9'z
JAusydig

sueeyiydeujlAgiopW-1

£se  susjeqiydeufuie -z

+.5 4141 oL 6ES 8es
gelL 916 el ¥el
8vo 188 LBS 965 055
ree ove BLL el vLL
Lag’ 639 +95 Si8 £8%
8co 8L9 48} EL9 609
1 gaLLl SLol Ivat §l91 0L9l
689 189- S69 1372 £cl
£45 ols L6v LOS S6¥
066 088 198 ¥EG 08
L [sFANE 0.01 0901t 001 115018
g6t 1'68 69/ 808
161 00¢e o8l 661 9gt
6EY (41534 Sh¥ 1or . 1ev
9'gg 194 L'gL joie]e] g'99
929> 909> £ 19> 619> S LG
L'eg> 1G> L'vg> 9bs> m.omv
69>  f'gE> ag> £'9e> g'ee>
L'0g> L'gg> 201 0’98 ¢'69
206 BOL 0% 1S9 086
201 tLl 651 Sel oSt
£8e 43 gee toe
OLOL 096 LEG ool oLoL
L2y LY L9 Loy Loy
€S s o8 g-1s V-IS
7 sadwes T o|dwes
uaamjag uyum

suajeyiyden

SHYd'

(%) 1e9Epm

punhoduon

OS5IMN

“(ubrem Aip 6/6u) synsa. esioiexe uosiredwosseiut (eQ3SZEVD) Il JusWIpes OULEW 2661 "I'A elge]

YOO00COOO0O0OOCOOLCO00O0

CO0O0QO

e

.

O

185

O
O
O




DO0CO0CO0000000000000CO00N0ONON

9’0 0
¥i- 9'0-
ol 6°0-
0 ¥'0
9’0 ¥'0
vz 2’1
€2 9l
20 8’0
0e L0
0 Lo
Lo S0
Le gt
(A8 60
gt 6L
9’9 £'e
L2 et

onjea "dasoy  ueaw

%S¢ £l 'sqeuesyy —~ pejdesoy

81008 2™

el 21 4
1 182
68 611
8l L5°8
91 8L'¥
8l S°LE
8% 8E'9
L2 9'e
6¥ FA i
6 LY
6l eL'1L
LS 8Lv
6¢ LL'E
€8 18y
S8L 6971
19 18's
96°0
LL'g
loue o $

el
85¥
08¢
s¢'8
L'ge
Sl
0’8t
L'¥l
e
L1l
€87
S'vi
€01
0L
ge's
9’0l
¥8'e
lee

anjea

¥t o odl
£'8 6l 16°2
oy A ) 0Lt
§'t gt FAM
iy 5’9 ovl
L't ¢0 6'lE
g'e ¥y £'8e
o'e g0 oLl
6t o€ Ly
S°L i €32l
v Sy 66°E
I'e €0 o'ee
o'g ¢l cel
oL 8'8 S6l
L& 20 el
¥ ¥y 8L

ol & IS €S

asd% Qasd%  ueep

§°G1
le'e
- TANS
oL'e

Lyl

S'ge

c'ge

€Ll
ey

FArA"
€6c

¥'ee

Fel

502

Syl

'8l

£
uespy

Lk g¥L
cl'e B86°¢
£9°1 69°L
60°6 £96

el 6l

PLe g'LE

¥ie VAT

£ai vl
Fin S9v

¢t 62l
18°e aLy

FA ¥4 £'ge

92t o'ei

A 0’02

s'vi 6El

g9l gl
L6°6> cSoL>

HN HN
€5 es
T sepdwes T

usamjeg

g'sl 51 'Sl
St g2¢ 2e
LEL 08'L 18’
$5'6 26 ¥E6
Pl Fad! g'sl
et 52e G'2Ze
892 882 1'62
L £l il
b0’ 96" Sid
Lot sel g'El
gLe 10 Ly
z'ee 28 9Ee
€2t Pl t'si
'8l g1e v'iIe
4! o¥l ¥yl
gL 6l 0’6l
BT =11 R T
HN UN HN
oIS 8IS VIS
a|duwres
UM

602 80d

902 §0d

S6t 80d
2811281 80d
08t 80d
061/04} 80d
€54 80d
tol/gol/ecl 80d
8¢} §0d

8L1 80d

S0k 80d
06/101 G9d
$6/99 90d
25 89d

¥ 80d

82 60d

8 80d
880d

SHINIONOO 80d
punodweoer

JS4MN

"(u09) (ubiem Aip B/6u) synse. espiexe uosyedwooisiul {ea3se6vD) lil weuwnpeg suuew 266t “1'A oiqe)

186




‘pejndwios JoN - 3 N

¢a'0 LI} g§9°'L> gL'l> Ssg'l> g9l 9> 10JyoRUON-sUEY}
ON 567> 50> 96'L> €6k~ 8E'L> XaJIN
el &0 ot 802 1°4S e €0 oGl 8LL 8'eL 2'9L 9lL 8L 0'8L euezuaqolojyvexahy
00l €9 , go'e> ¥L'e> v0e 0T 90T epixode - Jojyoeidey

ON 14 %4 2o I'e> L02> 21> Jojyoeidey W

€l'e  S6°L S6°1>  t£0'e> EEL> 61> 961> HOH-ewreb -
L0 0 g1 98’0 Ll'g £l t'e 8i'e 692 194 Ww'e €9°¢ 9l'g 89°¢ uuplelq
Lo +0- FA S 80°L £9'¢2 5L +9 gl'e cl'e 202 1872 gee a0e £0'¢ QUBPIONT-§10
ON 907> at'g> 90¢e> £0¢> BQ'g> uuply
or'L  LLe 21594 6e's> 8¥'e 19°2 - @5°¢ ) lag-+'v
6'0- ol- £e £€8°'L 0581 g'c 2 § gl's €6°S 69'G £9°S +8°S 96°G 6679 qa-r'y
[ Lo ge el'e 8.9 8y £g 68y SL's Ly ogvy 8LV LE'S LE°S aaa-+'v
N LLre> g8¢> sLeg> Lig>  gLe> laag-r'e
81°L ¥se 00'e>  gl'e> 00'e> 98¢ vOE> 3aa-+'c
0570 8 481 o0'e> Sl'e> 00'e> 962> toE> . aaq-+'e
S3AAI1S3d
enjeA "deady UeslW Jole s onfeA LS 18 eSS 1S £S cs o o 11 g-1s Y-S punodwoy

%Ge £-1S ‘"sqeuesyy —  peldedoyT T (OSH% (OSH% Ueel] ueey — seidwes o|dwes
T eogzT usemjeg uIyum

054N

'(uoo) (ubrem Aip B/Bu) synses esioiexe’ uosuedwoosteiul (£Q3SZEVD) Il WOWIPeS sulel 2661 LA ©iqel

JOIGIOIOIGI0L0I0I0L0I0I010LCL010101010101010101010101010101010101010101010101010101010



COCOO
£0 A
N Lo
FAY ¢0
¢ L'G-
¢ io-
2’0 20
0’0 00
co- 0
60 60
rA e'0-
L0~ 1o
¥'0- £0-
c'o- L"0-
£'0- g0
c0 1’0
L'E L
vo- g'o-
+¥'0- g0
¥y &
o £0-
St 0l
60 g0
60 50
2'0- £
enjea *dedoy uesw
%S E-1S
TTT eloog zT

ol
L
1148

FA>
€¢
44

Jole %

(243
v'el

el

6%
151
St
80v

(348

lot
1£g
oee
022
£'o8
821
oz
v'eb
g's2
L6y
5'og
'8l
AL
vLL
0oe

'k

-8

oSt
sl

€9t

€5t
Siv
88y
6¥L1

0es

sor
LeL
ves
o'
L1
(454
0’66
g6l

SLiy
£9L

- 821t

g'96
-8EL
I8¢
alLL

0'es

) anjep
'sqeueopy —  pejdaocoy

CO000000000000N00

L
¢l

Sl

vi
‘8’8
o'e
6L

vi
FAV A

.51
28
i'g
LE
0’5

e
S0

£'0

E-IS 18
asH% QsH%

QOC

200000000

DR WY

{3} 4 555 Liv 6vv 555 eusjlied[iyflozueg
I'vé 0L  ®'I6 o'v8 f01 ausselyuefo'elzueqip
pue -[4‘e]zueqiq
L&t 9e¢g 1414 iy g9es auelid
=[ps-g'g* 1 Jouapuy]
see 06€ L2e €62 06¢ auollieg
a5+ Les ey 184 LES ‘euslhdle]ozueg
29 L2 BIF  ied 125 eusJAdfe]ozueg
LPLL 1821 ZELL . £FOL 192t . Or+f+q)
sousyjuelonyozuag
68t 045 FA oLy 0.5 auajAueydin
+ auasAiyn
008 945 i8F octy 9.8 eusseigue[elzueqg
c0L 8ss 1N VA 0g9 85. sualid
glg £68 £i8 €8/ £88 eusyjueION)
65 £G4 51L =4 7 £6L suaiyueusydifyien-1
691 18 a9i vl ¥61 susoseIjuY
g6¢ BeY oor £9¢ gevy ausiyjueusyd
E0L cll  B'86 ¢'86 <LE aualon|4
Sl F Egl 1SL LL1 suajeyydeu
, =|Ayiewi -2 gL
8°2r L'5F 6'8¢ o'v L'y sueydeusoy
089 S'EL ¥'29 1’89 SEL sue|Ayiydeusay
bie ¢oe ave 99¢ 2ot eusjeyydeu
. =tAyiewng-9'z
S'16 L'96 +'68 £'eg 2796 [Ausydig
- 061 Log 981 28l 10¢ sueleyjydeujAgien-t
ore 0se Sbe vee -09€ osueeyudeujAtpew-z
18 Sl8 olg 198 Gl8 - ausleyyden
SHYd
6Lp o8y Ly 8 ¥ (%) 1e1em
E-Is 1S €S 4o ols g-1s Y-8 punodwoy
uesjy ueap — sedwes ~ 8|dwes
usemleg [FIL TN
NIAV.L

"(yblem Aup B/Bu) s)nses esiotexe uosiredwodlelul (EQISZEVD) iI| Wewipes euuel Z66L 'L'A ejqel

188

- S~




00
FA
9'0-
i'o
£0
1o
A
10-
S L0

LAY

9'0-
ALY

02-

anjea ‘decoy  uesw
E-1S ‘sqeueey T pejdesoy
810082~

%52

Lo
Ay

1o-
80-
Lo-
90-

20

e'0-
Lo
90

B8E 2148
gl 18'2
8y 6L°L
[ gL
641 L€
st FA*R
14 ¥9'E
L ELL
€ 8£'0
ot (> 4
L4 gL'y
FAS g
g 69°L
Ll 83 4
vi [3: 0]
Ll 96'0
05 LL'e
lole <, s

et
B8S°Y
0ge

Let
LG
s0'8

(N 4
68°¥%

0Bl

Ll

Svi

€0l
6e’s

€olL

901
¥e'e
lee

en[ep

ee 9'91

LS oe's
L' SL¥
L'e L'gL
Ly 58'8
58 88’9
kg 9'cl.
o'l §25
4 Vil
o'y 228
e ovl
62 £5'8
6% 65'S
s'v + 11
9 216
2’8 FAN
cl 2oL

els I8 €18
asH% 0sd%  uesly

o'si
S6'¥
g8°e

PN
69’8
¥5°9

oel
62°S

90l
1674

LEl
68°8
82°'S

601
418
£g'e
ve'l

s
uespy

il

¥il

EV'S es's
e 62'¥
IN IN
gel £2t
ce6 ¥s'e
21 A LL'g
LA el
6L'S 12's
o8l 9Ll
65'8 Li'g
SFL el
9z'8 7N
9.L'g £L's
6L 'L
oo'é 09'6
gL't oo'e
Vi 651
ES [43]
T sapdwes T
usamjeq

‘gauslepelur Xxmew - | W

0’5l 602 89d
S6Y 902 80d
8s’e S61 89d

W 06L/0ZL 80d
¥5'9 28181 80d

O'El ¥oL/eoL/gel g0d
62's S0t 80d

ool €51 504
L6°L 8LL 80d

L€l 067101 80d
658 56/99 894
8e’s ¥ 80d

60t 2580d
LL'8 8280d
£e'e g1 80d
pe'L e84

SHINTONCD 80d
a-1s V-15 punodwon
e|duwes _
TTITHYYY
NINVL

0000000000000 0O00000CCO00OCOO0OOAD

"("luos) (ybiem Aip

6/6u) synses esplexe uosuedwoslelul (EQISZEVO) Il WUewWIpes oULBW 2661 ‘L'A 8Iq8)

189

OC

“y
S

O

—~
A

s

¢



SR GGG IGE SNSRI I I R R R AR RS R AR AR EED RO RAD RUD AR KSR RUR RAD K
‘poindwiod JoN - O N
£ - 9'0- ze 290 LV} 99 080 80 2WO0  ¥LO v8'0 lojyseuoN-sueJ)
ON HZ HZ 124 b |
A 80 1€ gog LS '8 9'6E 96E  2eE  6eP 9'6e aueZuaqoiojyoexaH
82 4! 1L 00l €91 9t 6.2 oLz 062 LT 0L'2 apixods Jo|yoeidey
ON "z HZ Hz lojuseydeH
0¥ 60" g1 6L HZ HZ HZ HOH-ewuret
gl ol b 980 12 6¢ 46'C §6'Z 90t 062 56'2 uupielq

zo- L'o- S 80’1 £9°2 £ 0S¢ 682 S8  BEZ 65'2 8UBPIOIUSPO |
ON Hz HZ HZ uupy
ot- gL or'L  Li'e HZ HZ HZ 1aG-¥'¥
g0 9'0- 1 gL 0§54 6 W9 919 K9 089 glL'g 3aa-+'v
2 Lo 62 zLe  8Ll9 6'¢ ogvy 6Fv 68F¥  E0S ¥ aaa-+'v
ON HZ HZ HZ 100-+'2
ot Y- 8L’  ¥5°2 HZ HZ HZ Jag-v'e
L'0- g0- Ll 050 1 ool UL B0L Tl 121 €0'L aaa-v'2
S3aLLS3d
enjea "deosy uesw I10L9 % s enep €15 IS £18. IS €8 Zs I8 @148 VLS punodwod

%Se g-1§ ‘sqeueepy — peldecoyTTT (OSH% (OSH%  Uesp  ueepy T sojdwes — ejdwes
T ewogzT uaamieg UIYHAA

. NIAVL

‘(uo0) (yblem Aip 6/6u) synse) esioiexe uosyedwosieiul (€QISTEYD) Il Wewpag eulely 2661 "L'A ©IqEL

190




FAN 8°0-
¥L- o'L-
L Q- o
oy 2's
6¢ L'Ee
g'e ¢S
£0- £0-
6°0- Al
L0 oL
90 80
L0 oL
Lo o0
60 L
8- FA A
£e [ A
¢l 81~
g} oL-
00 50
anjea "decoy ueew
%ST £-1S
TTT elcog 2z

ot

se
Lt
001
el
ig

¥e
21
ot
L
14’
44
St
L8

18>
A

loMa o,

eL6
€89

60°L

96'c

495
gtz
£9¢

g'Is

€9l
14
£°08
[ ¥ A
t'ol
L've
1204
g'vi
65’1
og'e
6°le
S'¥i
gLy
€oL
0L's

€0

S

092

ooe

£t

62
1 49%
asl

ieg

6L
c8e
S6g
B8'lg
s
124"
c'de
gLy
L0'6
69'8
8'59
6'¢e
£'ve
sov
'S¢

g'L6

anjep

8L 8¢
g'8 g1
9L Iy
et 0%¢
g's A
§'s L'l
P (8 3
0L &1
£e g0
6L <0
¢'6 8y
0 6'¢
44 €0
£'L I 4
el I'5
L9 o9
L9 49
Lo
e 1ls 43)

sqeuesiy T peidacoy T (OSH% QSH%

£8t

6’2l

L'EL

L'8s
61
S6¢

oLe

8'09
¢EE
LS

0'gs

(LFA
oLl

el

8's

29
0s's

L6

€18
uesiy

‘Buipiing Aiojeloge| jo Bujoosel 6} enp UOHEUIWEUGD WIOK SOUBIELeIU| - |

L'ei
£>

ovlL

c'6

509
61
66¢

ree

5’99
ore
9%

§'i9

el
981

L

6’9

B'S

6L'S

Is

uespy

g'ic o0'si
0el 8Ll
L'el 9Ll
L9 o'Ls
502 €81
Ll 60¢e
¢0e 50¢
o'tg L9
cEE gce
0S¥ 14°14
€15 058
o6l L1
g9l viL
eel L'eL
8z 88
8+'9 8¥9
9¥’s 98’5
! !
| |
| |
| |
| 1
YN L'l6
€5 45
~ sejdwes T
usamlag

auell) onut&oncmm

£> euesriye[a‘e]zueqip

pue -[y"e]zueqiq

£ susiAd[pa-£'2' L]ouspuy)

eue|liod
ousiAd{elozuag
esuslAd[e]ozusg
(r+/+q)
sguayjuelonjjozueg
eus|Ausydu

+ auesiIyy
eusoeiyuelelzuag
: suslig
suaytuelonid

g8't9 eusiyueuaydAytapy-1L

vl g'el 0’8t
gl ot
'8 2'6 o6
¥l9 2’65 o'l9
61 a6l 61
96¢ €0 862
teg 9¢e 922
0'59 v'/9 0L9
Lre g8ee e
9% 8ot SOt
065 8°09-
a7l el ol
281 181 081
80l L gLl
g'9 l'e £l
¥8'S S0'a 88
L8y 8v’s BZ'S
| | i
| | |
| t |
| | |
l | 1
L'16 916 g'l6
oS a8-1s V-LS
e[duies
UILIM

eussBIyUY
eusaitjjueuaig
sualoni
sus|eyydeu
=fAylewut-z'g'L
suayjydeueay
suejAyydeusoy
susjeyydeu
=lAglew|g-9'2
iAuaydig
eusjeyydeujiyie -1
susjeyiydeujlyie -z
eus|eyiydeN

SHYd
(o} leyep

punodwon

1SIN

‘(tybrem Aip B/Bu) synses esiorexe uospedwosisiul (FSI126V0) Al |essnp 2661 "2'A ejgel

SOCOO00000COO0COOO0O0OO0000O000CCOCOOOCOOOCOO0

191

OO0




DO000CO000CO000000000000000CO000000000000000C

980 +8°0 98’0 ¥8'0 e HN - HN HN ¥e> 602 90d
LL°L 5T AR 4 L2 151 4 &e> HN HN HN &e> 80¢ 80d
€0’ L 90"t . e0'L a0’L B'g> HN HN -~ HN 8¢~ S61 90d
60- . O- ¢e op'G [ 24 oL 1's &8l 69l 061l 802 [ =18 gLk 2’9l ¢gL/igl 80d
80 80 ic ge'g gL'6 bE 'z il el 80l 1'01 L'el 8¢l el ] 08l 90d
0 9'0- 6t 8E°0 06°L ¥e 6/ 69°L 9L gL' gE’L LLL 09°L cs’L 061/0L1 80d
00 0’0 € £'1e il 8y FA Sk 601 Ll acl 201 ELL 801 €51 90d
(1] 10 £ g8t a0l L'y 80 801L 141 ¥01l a0l LI etl 1433 tol/eal/sel 90d %
g8L- L tv '€ 8¢t 6L e'e [ A | 4F oL 99 9L [ A gL 821 90d -
£0- 5°0- 6 =18 L'g6 §'c 9'¢ £v8 +'68 908 8¢a 0°ce '8 6°88 8LL 90d
9°g- S'e- 9 L6°9 6°LE 'y 60 atet 124" L'el £El 12 4 4" =3 S0l 90d
€0 . S0 B8 05l £'96 g9 FAR o'ge c'ee L6 g'i8 etve 0es '8 06/10F 90d
i £ -1 i'ee E£6L 9’9 9'¢ LS L'og - veb [+ 4 < 4 IS LS S6/99 g0d
€0 £0 8 2Ll €SS 9'g [ L'6S g6 £t £'09 L'vS 4 4] G'L9 ¢580d
P g1 69 {3 N S A & c6 S'C 66 60L 216 i8°6 8°0L L0 kL +¥ 80d
1L 9°0- L2 8'91 A £'6 oe ¢l 0l g8'6¢ L've ¥ L2 £Le ¥'9¢ 8¢ 80d
L'0- 00 [*] (8] oLl ¥'9 6L 801l 6°0L 00l L1 6°01L o0t S0l 81 80d
el 0 0g g2 2t 1L +v §om 4 BLE a¥'¥ 69 ¥6't 19°¢ 6L°E 880d
SHANTONOD 80d
enjen 'decoy  ueew  Joue % B onjeA e-1s 1S o A 18 £S ¢S oS ais Y-S punodwoy
ETRT A £-1S ‘sqeuesly — _peidesoyT T (geH% (QSH%  Ues  ueewy — sejdwes o|dwes :
T eroagzT _ usemieq UIylM
ISIN

*("uoo) (yblem Asp BsBu) synsel ow_o._.mxm.:ow_hmano._mE_ (rSILZEVD) Al 18SSNW 2661 "T°A B|qel



0 €0 6 FAS 4 oel B8'E gl vl FA 40 vl o'tl LA vl 0'st lojyoeuoN-suej}

+0°L 4 > § HN HN HN N ge> Xl
L'6 1'e ove 6%°0 £¥0 €¢ gL 128 % gyt LLL LEE ¥E°L 6G°1 €S°1 euszusqolojydrexeH
oL L 8 ogL 0i’s ey L v'e ccl ILL FAr4] [l ¥LE LE 601l apixode JojyoeideH

' $S'L  EEL ) HN HN HN HN ¢§'L> Jojyoedey %

g6 oc ove ¥ £5°E o'ty 8'e &L il gLl gzl 6Ll ¢tk L1 HOH-euwwef —
9’0 c0 gl és’s g0l A 0 6L [ S gelL gL Ll €Ll 33 uupielqg
[471] 00 g 0g°s £'9l g'g 60 =18 g9l AL L'SL g9 ot L9l aueployo-so
0E2 15T ) HN HN HN HN -S> uuply
80 g0 174 FAon 4 £0L L g2 el gcl cEl 1L [ v'el €21 1aa-+'v
£ e (4 VA% 4 4 9's ¢'e 60t 0’6 1'Le gece '8¢ 1'6¢ 063 3a0-+'v
1’0 00 £ G9'6 a'se 0'e g0 09 £'9¢ 192 eS¢ +'9¢ ¢'92 ¢'9z .aaa-r'v
¢'¢c 80 4] SEV (R ] gL t 4 EL6 SL'6 LS'6 S0l 9g'6 96°8 '8 laag-+'2
ge- L0~ LS 62L ®'5¢ ' G¢  &F LLg L9°8 ¢s8's LL'9 86’8 8’8 glLa 3aag-+'e
1’2 Al €S kLS L Ly el AP A 6L SLL g9l FAVAS &L '8l aaa-r'e
§3QI01LS3d
anjea 'deooy Ueelw Joue % s snjep €18 18 eLs R £9 28 o8 a-18 v-IS punodwog

%S £-15 ‘sqeuespy T pealdeooyT T (QSH% QSH% uesly ueap <~ seidwes 8|dwes
TTT eloog z T uaemlag WYL

1SN

"(oo) (ybiem Aip B6/6u) synser esjalexe uosuedwooseiul ($SHLZEVD) Al lessny 2661 '2'A ©|qel

OO1010L0L0101010101 010001 CI0I010101010101010101C1010101010101010101010 10101010101




YO00000000000000000000C00000000000

gl
¥'0
<0
0
£0

00
00
Lo-
"0
Lo
20
0
1'e-

00

[
0
£0-

0’0
1o

00

onjea "desoy usew

%ST

£-1S ‘'sqeuesy — ~peldesoy
eloog 27

€

Ll
el

L = o B o IR [/}

— O W
w0 -

Ll
14
00l
ce

14}
9¢

lole <%

el'6
689

60°L

L9°S -
gle
€92
g'Ls
€91
L's¥
£°08

s
Lo
L've

POt
o9'vl

65’1

oge
6'LE
S'vL

8Ly
€01
0L's

€0

s

oee
9572

ooe

£LL

62
vil
BS1

ice

el
c8e
S6g
8°49
gLl
124"
¢'ec
gy
206
698
8’59
6'¢¢
g've
S'oF
L'se

g'l6

anjep

'S st
L0 1's
6'9 oS
9L #'6
l'e 8L
e 9’1
Le- €1
<l g0
FAN €0
'L +0
c'9 6°¢
9'c rA 8
60 o'l
¥ €0
0’5 ¥'9
cE ¢
£0 Lo
S’ P
6L 72
1L 80
8’y 2’0
6’6 6't
£0
o £ s

¥'6c

L'ee

g'el

gl
¥el
LLL

grc

8'8L
14:1
lee
g'L9
[LF AR
iEL
g'pe
£0e

FALS
ozl
£'seE
cop
L'62
(44
2’'le

g'L6

€18

s Osyg%  ueel

'8¢

1’82

gl

L2
el
col

ere

9’6,
6.2
viE

+'85

S'LE
98l

¥'Ge

802

oL
gecl
L'se

2'Es
e
8Ly
L've

s
uealy

'8¢ £Le
al°L>
82 £'8e
el gel
¥'E2 ¢'ct
gcl gcl
€Ll a9zl
‘ore §56¢
£6L L
182 88¢
¥8¢E See
1"19 6°'G9
691 9'al
el BelL
9ve ¥'EC
1’6tk 602
g0t S0lL
gcl gcl
6°GE 6°ve
ot e'sy
862 Sl
Vi ey
6'¢ce 1'ge
€S A
T se|dwes T
usemieg

eue|ledliyblozueq

gi'z> eusorviyivelo'elzusqp

pue -[y'elzueqiq

1762 susihd[po-g'z’ L]ouspu)

euajiied
euelfd[elozueg
eualld[elozueg
++q)
seusyjuelonjozuag
sustiueyduy

+ guesingn
suooelyjuee]zueg
euelfiy
auayiuelon)

§'95 eueiueusydifen-1

1'62 l'98 28T
s 9l
9i2 042
- N - TR T
08 6S2 +oz
€21 0zl 6Ll
991 991 zal
e 682  S¥Z
008 E8. 00§ -
082 812 6.2
5.€ 2ie viE
85 865
gL €4 L'LL
LE1 PEL ael
§SZ €6 'Sz
'l 6l €61
T ror 2L
gzt razL oz
9SE  ¥'SE  pbE
e  §ZS L's§
61E Ll VIE
67 Sib Leb
9se tYEE  ZEE
026 L6
DS EIS  V-IS
e|dwes’
FTHTYY

euaoeiyjuy
sueJyjueueyd
sueion|4
euajeyiydeu
=jiiglewn[-2'9"L
eusyiydeuaoy
susjAuyiydeussy
susfeyydeu

=hypewiq-9z -

|Aueydig
susleyiydeuifyion-1
euejeyydeulfuyion-z
eusEyydeN

SHYd

(%) 1erep

punodwon

In3liva

(uos) (ybiem Aip 6/6u) s)nses esioiexe uosiredwodlelul (¢SI126VD) Al 18SSNW 2661 "2'A OIqe ]

194

P
C— 2

elelelololeleolele

OC



980 v8°0 €9°0> 690> 690> 690> 690> 602 80d

MWL eev 89°0> 890> 890> BO0> 890> 902 90d
eL- €0 43 €0°'L  90°L 99 44 2L0 690 €690 LL0 99’0 2l'0 69°0 S61 904
s°0- 9'0- €l op's €'v2 44 65 Z’le 02 L'ee [N 4 6L 002 'z cBl/i8l 90d
- [ 92 ¢e'e  9l'6 LE 2¢ ¥L9 (4= £9°9 80’9 eL°L 9¢'L 15°L 081 80d
£0 g0 . ot 88’0  06°L €L 9¢ £0°2 eee g6°L 0g°L £E°C S¥'e 6l'¢ 061/0L1L 80d
£0- v'o- 8 £1e rLE 6L 8 8 oL a0l 01 €01 S0l 0L BOL £51 80d “
¥0- aQ- LE £'8l 901 ¢3¢ I 9'v6 5°¢6 996 9v6 P L'L6 L'E6 ¥olfegi/eel g90d (=)}
6'0- g0 ce e 8¢l 00 oy oot ol 00l 001 6’6 L6 4] 82l 80d A
¥'o- g°0- ot g9l L'¢6 8 FAA £E8 1'8s [1+1°] ¢'98 £8L ¢ LL 908 8LL 80d
£0- €0 9 269 6°4E €4 L'g g'se 69¢ g'ge e 0'9e L9 o'ge S0l 80d
c0 £'0 4} 0'SL €96 €L 5L Lol eLL ¥0L 98 vLL 14" LEL 06/101 82d
g0 ¥0- cl \'ée €62 . E'8 S 9°69 £'6L 869 8'€9 652 L9t L'EL 56/99 892d
Q0 0’0 4} ¢il @&'se Ll 80 6785 A £°6S (1321 4 g'e9 c'E9 8'co <5 80d
o't L0 9¢ 6kt L'IE 91 L'e o'oF 'Sy gLy g8'ce £ar 'St LA 44 ¥ 80d.
L0 ¥'0- FAY g8'sl gt SL L 6'0g g've o'ge 8'5¢ lI'se ave ¥'ve 82 80d
80 ¥0 oe L¥'s oL L 9% ¢el vl 6'El oLl syl vt 0'sL Bl 82d
LA B0 g e gee oL 91 FAN 095 {51 5] i5v 18°g 09's 696 880d
SHINTONOD 80d
enjea 'deddy ueew oMe 9 § onfep e-1s IS e-Ls 1S €8 es oS g-is v-1s punedwon
%Ge E-18 ‘sqeueely T T peardedayT T goue% asd% uespy uesy T sedwes T o|dwes
TTT eloagzT ' usamiag UIYIMA
3IT3Liva

"(uog) (yblem Ap 5/6u) synses esjolexe uosuedwootsiu (yg) .F.Nm<0v Al _om,m:_a €661 "Z'A ©|qe]

)lejeloleloleloleleloleloielolololololololololeolelololo)ololololololololeloloe oo oTe



DO000000000000000000000000000000000000000000C

8'0 2o 12 L'y ol 68 &'l VAT TR - 1 -1 (B S A TR - - TR -1 lojyoeuoN-sues

L'y gL orlL 0L ZEt 98 9§ 66C 68'S 1Ol /02 ER'S +29  65% %o
670 EVQ 950> 950> 880 280 6.0 @uezusqgolo|yoexeH

Zo- oo SL 0L's  €vy e LY STY  SLY  £8Y  OL'E v 6% bSh epixode Jojyoeidep o

&'l 0 & L ogeL Se &L . g6l eTE v 6L 582 0BT €02 " JojyoseideH @

ver  £5°€ : L 20> 82 0E'L ge'l HOH-ewwes a
oLl L€ 082 2L EO0L g2 gt V'8E  TBE  S6E  9LE 48 088  0'6E . *uupelq
+'0- £0- Lk 05 g9l 2L €% S¥L LY EVL vl (B T A 5] suepiolyD-sio
0’z 152 990> 990> 890> 099'0> 99'0> ulply
62 ! €. ¥ €0l £ L¥ 6.l €L 68l €12 8l 92 9El T 1aG-#y
£0 80 8 LY sy 92  vE 98y V'8¢ LMy 105 LIy @i ©Eb . 3qa-+'v
90 ¥'o 91  S96 96T e €8 L' 982 962 BOE 6.2 T8I 162 . aaa-pt
e1- 50 PE SEY  1E'D S 8% 6LY PP 96t 0¥ ISt 0SY 4Lt T laa-ve
L'e oL 6/ 62k &5t el e €82 I'le  t62 €¥2 H¥OE 9le  gle aaa-+'e
Lo Lo £ s g1 80 $'2 LTS Y A R N S S A VS 1 ) aag-+'z
S3a0USId
8njeA “decay uesw Jows 9 §  enjep 18 18 Els 1S ES Zs oS 818 ¥-IS punoduwio)

%82 £-18 ‘sqeuespy — vmuamonv(InI JsHes  asyye ueapy uesly mm_n_EMm - m_QEmm
TTT eioogz T : ) ussmlag WYAA

3113LLve

“(woo) (yblem Aip B6/6u) synses esioiexe _._omtmanEmE_ (bSILZEVD) Al 18SSN 2661 ‘Z°A e|qe



zZl 8'0- 62 TL'6 092 €2 (4 S'8i gL g'vl zee 1’02 2L L5l ousliediyBlozueg

02 90 05 689 95L 6L 6 gg - 9¢€ SI't 25¥ 66t Ore  oFe -eusseiyyuefo’]zueqip -
pue -[iy'elzueqid
Al 6°0- 0g 60°L 00z ¥e 02 o'l gL gLl g/l oSt £l 070} eualid[po-g'e' |Jouepu}
50 +'0- LE 96’z £ ¥l gL 00L 66 ook zoL  got L's 501 susjlied
80 0'L- 6L 19 ¥'62 S A ) ggz 0se SvE  8LE 1'gz g9z @ee susiAdfelozueg
BN & TR e a2 812 yLL 9t 90 128 gog 1'08 5'Gg £18 808 08 euasid[e]ozueg
20" oL £l £'9g 8S1 1's 'S zel oct T AN 6EL +EL £El 2el (y++q)
. sauajueionfozusg
g0 zo- S 818 22 ©¥ 8P BLE eLe 62¢ gLe 02 0L2 v2e eus|Aueydin
+ suasliyn
Lo Lo- 2 g9l 6L Ll &'l 9L '8l 99L '8  69L 9L L6l susoenyuefejzueg
o 90 ol L8t 282 €L o€ 0LE a0e oLE g s0€ 168 SLE auslid
£0 +'0 8 €08 s6e 'L £l 8gr gey  sev 9ty  vEr gLy L2 eueLpueIOn|y
00 0'0 L FA A A1 B | ze 1'89 129 £'69  ®49 #'S9 §7/9  £'89 suaiyueusydihpen-i
L 2o ¥ Lot §41 's'8 ZL 986 856 616 g0l Ob'6 80l +5'S BUBORIYIUY
L0 o1 8l I've  vrL €T £l 6L oLl (41 6L1 9Lt rLL FARY " suelyiueUBYY
g0 ¥'0- vL  vov gee AN 902 96k S¥e LLb 5L 02 02 auaion|4
ol L0 e orL @i €5 8§ 215 52 @By g¥S 9 ¥eb  g§6S aueleyydeu.

; , _ . =j[Ayewn]-2 gL Py

O 90" ‘2L 65°L! " 20°6 vl zl ] Z. e€8L W6 0L 69L 919 euayjydeussy -
g0 20- . 6 ozt  69'% oy 18§67 lg's +0'8 092 T8 9¥L Sv'8 eue|Ayiydeussy
Sl L0 g 618 B'S9 ¥l 0¥ 6Er ¥EY O¥r g i'st 9eF 9Ib suejeyiydeu
; o . =iiylewiQ-9'2
 §%e O} £o S'vlL 6322 66 25 lbg 228 69°L EL6 €€B 858 G2 Hueydig
- St 62 82¢v £¥2 sL 61 eiL 29l 1'02 1st ZL S'9L 991 euejeyydeuAyle -1
60" 6'0- 22 €0l goP gL 8¢ SIE €18 '¥e 262 61 662 oege eusjeyydeu/Ayien-2
oL's  b'se ‘N UN UN HN N eus|eyiydeN
sHvd
© 00 zo- €0 816 €0 L6 1’26 S8 L6 L'le L'le (%) Je1em
enjea ‘decoy  UesUs " Jol® % s - anjep g1s IS €18 IS £S5 2 .ol 8IS VIS _ punodwo)

%G2 €4S ‘sqeueely — peidasoyT T (S QSH% Ueel ueely —  sajdwes™ : a|dwes -
TTT eloagzT : : ' usemiag TTINTIYY

O54MN

‘("oo) (yblem Aip B/Bu) sjnsel esioiexe .:om_._ma:._oem_c_ (FSILEZevYD) Al 18sSNy 2661 “2'A o[qel

JOI01C10101010101010101010101010101010101010101010101010101010101010101010101010101010



POOCO00000000000000000000000000000000000000C

44 o't OLL 98°0 ¢80 9L ¥2 el’'l 26t €8t L 16| 88°1 1671 €02 90d

LL e2¥ 88°0> 810> 680> 060> 880> 202 90d

£0°L  90°L 48°0>  gL0> 80> 8E'0> /870> §S61 80d

oy v 66  ot's £'ve 8¢ L't ver '8t 56 69t 605 gLy 8L e8l/isl 80d

¥'Eg L'ge 066 2g'2 9l's e oL vL'e8 €219 059 0'e9 819 E'19 909 08l 80d

L6 il 0Ee 880 06°L ¥ cE g9 0S'g 86°S aL'g 1L9 8¥'9 0E'9 061/0LL 90d
e ] €6 g'le 1498 E'E 50 022 ale 8ce Sie ile Sle Sie . €51 80d o
€2 £'e LS €8l £{0] £ gl 991 69! 041 091 LLl 691 991 ¥ol/eaL/sel god @
(4 (4 0ol lee gzl £ e £°9¢ 2’92 0'l2 85T ¢'le L'se 9°e¢ 8¢t 80d T

§'¢c g'E €9 S'aL L"g6 oy 8'0 051 arl 151 8rl Fi- 40 StiL Sti gLl g0d

60 £ €e 16’9 6'l¢ L'E +'0 FA 4 'St ey 9°sy g'st 4 S'Sy S0L g90d

€2 9'c 9% 0°S4 €96 L'g oL oStk vSh LS1 orlL 9% €51 142} 06/10L 804

£e 0'e 95 1'gc  £6L 9'c 60 vel gel 621 (4% A ¥4 izl 56/99 80d

oS . £9 oel ¢l 655 8¢ S0 9cl acl oglL 114N 9ci oct scl 25 80d

69 ot oLt 6Ll I'le £e S0 2o8 868 2’68 o'ce €98 5’68 S'SB . ¥ a0d

% 4 2e ool g9l  2l¢ S'e 6L 0'ss 0'sL gz ¥el 652 8'sL t'es 8280d

8y v'e (+14 N § 2] oL 9g ¥t L've Lve L'52 9'¢e S'ee o'se 9's¢e 81 80d

e  ege HN HN HN HN HN 880d

SHANIONCO 80d

enjea "desoy uesw Joue 9, s anjep i3 3 £l 1S €S 43 oIS g-18 V-iS punodwog

%Se E-1S ‘sqeuesiy T peldedayT | (SH% QSHY%  uesly uesp| T so)dwes T sdwes :
TTT eicogz T usamieqg uiiIm
OSdMN

"(uoo) (ybem Aip 6/6u) synse: eslotexe uosiedwosisiul (yS1LZ6VD) Al [9SSNIN 2661 TA elgel




gt ¥l 14 LY otlL el §t &gl 508 ooe 4] B'0g 202 v'oe JojyxeuoN-suen

8’0 20 G 0L 2E°L t'e +'0 £57L €5 Lo'L 181 e5°L €571 $S°L Xaliy
. &0 E¥'0 88°0> €L'0> 060> 160> 060> oeuazuaqolojyoexsHy

or's  er'y 060> V20> 160> 260> 160>  opixode lojyorydeH »

L0 0’0 c L2 3 S 3 3 8 Sl S'E vE'L cE'L ge’l SE’L 8L et 8e'lL Jojyoeidey mu.
et E5E 280> 890> TE'0> €8°0> 280> HOH-ewureb
g0 g0 cl e5'L €01 6'El 0F L06 cL’6 €01 BLL G6'8 86’8 6 uupeIg
L' 80 8¢ 05°'s £al S0t 01 602 6718 §2% '8l 1'ge g'ie P ¥4 auepIolyo-5/0
8’0 ALY 61 oe'g 192 €8 80 66'¢ l2e 6L'¢c 16°g .6¢°E ¥Z'E 1ee uuply
6'0- 9°0- 574 H4o 4 £0L ¥'a €0 S6°L 06°L 61’8 iy's ceL g6L 96°2 1QQ-#'v
€0 60 6 L12y st S'S 02 L6t iy 228 o'st L'y £'gr c'st 3aq-¢'t
o't L0 9¢ S9°6 9°'s¢e 3] 60 FArA > 5708 rve L'e g'og ¥'0e €0 aag-t'v
SEvY  LE9 HN HN HN N HN 1ag-v'e
<l ¥'0- Le 62t 851 L't g0 60t 8'LL SLL g6 GLL 81l FAIRE 3ag-v'e
¥l . 80 ve LL'S gLt gcl Lot ] § LEl Ll S'rl o'el 8¢l £'S1 aqa-tr'e
S3ainLLs3ad
enea "decoy uesw  Jouo ¢ s enjep £-18 is e-19 IS £S cs oS g-1s v-1s punodwon

%Se g-lg ‘sqeuesy — paidecoyT " (Sy% (QSHY% Uespy uesyy <~ sajdwes T ajdutes
TTT eloogzT usemleg UIYUM

OS4MN

"("uoo) (ublem Aip B/Bu) synses esisiexe uosiedwosisiul (ySI1ZEVD) Al 19SSNN 2661 "2'A 8|qe)

S O10101010101010101010101010101010101010101010101010101010101010101010101010101010101 ¢



66l

952

o:o_ba%c.a_owzom.

10-- 00 L gL6 092 Sl 61 g9se T2 5B TLZ 08
4 SO o s X e 689 957 §¢ '~ 02 'S 66 - 60S 859 60E - ST¥ ¥9¥ eusdeiyuel’elzueqp
. _ pue -fyelzusqig
£'o- z0- vl 60’, 002 61 Sli et 0§l gle 8L O€l ¥l ¥Z1 eueikdlpo-g°Z* |]ouspti|
0 9'0 L1 962 £ 2L g8 ZeL 9%l §El 9Ll 09t 't BEL aue|fied
A X g 96 v'ez sz € L o® g8 0L 9L LeE L3 euesid[r]ozueg
Lo L' 9 8’12 YL L9 ov oLl 201 22l 6Lt -€0l ot 2Ll " auelhdfe]ozueg
Lo 20 ) £'92g 85l Ot 0% €51 PR -1-T} ggl 140 151 ori (y+/+q)
: : mo:wﬁzﬂ_o:_—ONcom
zZ0 20 L 812 /22 S99 e 6€2 £22 vese gre  gez 812 6L2 eusjueydu
+ suasiiyn
Lo- L'o- 8 £9l 62 9'6 L ¥4 ¥S8 ger  f0L 608 €95 O06L suazesyjuefelzueg
Lo- oL Ll L'sy z8e 't 68 £ET BEe 662 222 652 82 L2 eualhd
Lo 6'0- 8l £'08 S6E IS 2'e vZe £2e Zve 90g ore 62 ¥62 suayluelon|4
L'o- z0- € L wilo 6L L8 089 9O¥9 S99 049 989 0/9 L'gs euesyiueusydiAyiey-1
00 00 9 1oL gL R 1 gl 69L &9 28l €6l gLl el eussesuy
+'0- 20 21 L2 rrlL ZL  oe 821 viL " S¥L T4} SElL oLL 9Ll suaiylueusyd
§0- 9°0- €L v9v Zez L &€ 6L 002 TIE T Vil POz 6L 02 ~ eussoni4
K3t ot 9g ¥l 8If 19 8P 695 © 895 - TI9 FES 685 E£F¥S  E£FS ausjeyydeu
DR | k _ =Ayiewn | -2 9's
50 80 gl 6S'L 106 19 gL €0l 86 B60L EL'OL 626 66'L 1Ll eusyjydeusoy
9°0- +'0- 6l 02'c 698 €2 ¥B OFrL ¥8S  vZ6 L 6l'9 825 909 ausjiyiydeuacy
L0- ¥'0- 5l 618 6§49 1g ¢Z 6€S 06F 699 ISP  OLr 2Z6E 209 eualeuiydeu
, o =jApewnq-9'z
- FAS 24 Syl 622 9'c el 62l gel  ¥eL  8El £vi Ll gLl tAusydig
Lo 20 g 8Ly £ve 6v ¥ Zse 082 59z Fve €2 v'sT gz euejeyiydeujlyiepy-1
90 9'0- ¥l 0L Sor ey b Lve  ZeE  T9E  9¥E Lve  2Zoe  e'82  eusjeyydeuikyiepn-z
z0- Z'o- Z 04'g 1'se Li L ze2 1’2 L'SZ ¥EE €LlZ  6%3 Loz suajeylyden
SHYd
0’0 L1 €0 @16 20 ¥'26 5% V26 HN 22 HN (%) 1o1eMm
onjea ‘deody uesw Joua % S enep els 1S £1S IS £S Zs >ls 818 v-IS punodwoy

%52 E-1S 'sqeuesyy T T perdsdoyTTT (OSH% GSH%  Uespy uealy - T sedules T ajduips
7T eloogzT usamjeg ulyum

ML
"(oo) (blem Ap 6/6u) s|nsel esjolexe uocsiedwossaul (yS11ZEVD) Al 19SSNy 2661 ‘2°A olqel

200

PO00000000000000000000000000000000000000000C




zo- Lo 6
or- 90 66
oy oL 004
g0 50 zZ1
6'6 86 052
ov- . LS 00l
90 g0 vl
Z0 Z0 9
90 g0 gl
1o 10 L
0 90 gl
io- 20 v
oLl- 60 - ¥Z
1o 10 g
el 60 e
gt oL St
g0- 1o 8
¥'0- ze

anjea "desay ueow!
%52

lol9 %

el038Z "

98'0
L
£0°L
'S
ce'e
ge'0
£'1e
£'8l
g€
59l
16°94
[o-1°
L'ge
A
6°LL
B'olL
s
IE'E

)

$8'0
o
a0'L
£ve
oaL's
06°L
vLi
901
getL
1'86
6'28
" £'96
£6.
655
'Le
28
ot
2eE

snjep

€-1S ‘sqeuesiy ~~ pejdeooy T~

LE

LS

FAYA
L9
99
1’6
vi
e
L'z
LE
=1 4
el
¥l

E-LS -

asd%

1784
o'e

L&
St
¥'S
L'e

0'e
Ll
6L
0's.
¥’
vl

is
asy%

6.0

[ AF A
€68°LE

ogl
oLl
L'yl
£'e6
. 61y
§'e6
€09
895
o'er
o'vg
2ol
1g'e

£-ls
ueapy

480

£'ge
1828

cel
SLt

'St
6'L6
8'S¥
2'L6
585
6'e9
S'er
§'sg

(Y

06°L

1S
ueay

080 oL 0
HZ OL0
HZ HZ

6°L¢8 A1
o'ee 2'62
HZ HZ
oglL Fx4h
cLh €01
vl g'ct
#'86 S'e8
o'vr t'ce
o'v6 2’68
69 v'ag
] (A Y-
2> J 0'6E
£'5S L't5
8'0L oL'e

052 or'e

€S A
T gedwes T
uasmieg

080 06°0 06°0
Hz HZ HZ
4z HZ HZ

vz L62 842
e'ce o've ¥'ze
HZ HZ HZ
set velL 6Z1
StLi FANS 1418
a1 L9 'St
00l €66 v've
Sep 15414 L'sh
L'66 2’56 L6
g9'es 9’59 £°09
259 S'€9 629
5 4 4 Ly et
6'LG S'gs 1’98
ELE g0k 2L
og’L 0L 0ee
oS g-is V-8
8|dwes
uyim

€02 80d

202 g9d

S61 90d

egliigl 80d

081 €04

061/041 904

€51 80d
¥9ol/E94/8E1 80d
8¢l 804

811 90d

50L92d -

06/10% 8Od
§6/99 80d
¢S 890d

T 80d
8280d

81 80d
880d

SHINIDNCO 82d

punodwosy

NAVL

O0CO0000O00000O0OOCOOOCOOOOOOCOOCOOOOOOOCOOON

(o) (ubem Lp 6/6u) m«_.:mm; mm._ohmxm uosiredwooIsl (ySILZEVD) Al I8SSNI 2661 "Z'A @jde)

201

~

A

C




5000000000000000000000000000000000000000

50 ¥'o- el IS 4 o'et 'L L'6 1 3 cel g0t A RS <Ll o'zl el lojyseuoN-sue}

L'e 60- L9 Yo'L  geL cl vE  £¥0 oF0 I 0 6¥°0 SE°0 S50 62’0 Xediy

oe- L0 9L 6’0 €40 4 4 g2  0OL0 100 60°0 gL o 2070 80°0 S0°0 suazusqouojyorexeH

9°g- 8'0- 06 oLI's ey 14> g £¥'0 E£5°0 6%°0 920 1570 Y0 590 epixode tojysridep

PEL getL HZ HZ HZ HZ HZ lojyoejdey

e L'0- +8 Y&y ege £9 St 850 65°0 950 50 09°0 95°0 19'0 HOH-swweb

6L~ 90~ VA, es’L €01 LL g1 6e’g 66°G 8L% 6E°S S0'9 109 06°G uupjeig

e g'e- 8 0g°g £'9L eL [ N < 4 9.'¢ ore 0572 08¢ ¥0'e St'e aueplop)-s

FA 6'0 S8 oeeg Is'e St ey E5¢ ca'e 1284 cl's 6671 62y gL's ULplY

FA L0 6¢ cE'¥ E0L 34 L'l i1 052 892 969 oL £G'2 9e'L 1aa-+'v

+'0- L= ki FAS 4 (14 oL Ly ¥ or S'Ly 6'ct 8'se v'or PEY s'ot 3AC-+'v

£0 c0 6 §9°6 9°6¢e c'g 9'¢ S'lc 1'82 g'8eg 6'v2 g'le c'6¢ §'6¢C aag-»'v

b v o- 12 SE'v  1e'9 cl cE Tov 69°v EL'S S0y €6’y ed'e S0'9 lag-+'z

6zt g5t Hz HZ HZ HZ HZ 3da-¥'e

£'g- £l 65 t'g ELL L'9 €6 69'% 8¢ LY ge't 19 iv's SLY aaag-r'e

S3AILS3d

enjeA "deooy uesw Joue 9 §  anjep e18 18 1S 1Is €9 s oIS 815 y-1s punodwog
%52 E-1S 'sqeuesiy T T peydesoyT T asHu  (OSH% uesly ueely T T seidwes T ojdwes

T eloogzT usemieg UIYIIM
ML

"(wo9) (blem Aip 6/6u) synsel 8sloiexe uosueduiodteiul (#S)126v0) Al 19SS 2661 ‘gA @lqel

202




2000000000000 OOOOOOL

~

WIGLUI 8100101010101 0101010101001 01 010010

APPENDIX VI

1993 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Institute of Standards and Technology
BATTELLE: Battelle Ocean Sciences

NWFSC: NOAA/NMFS/Northwest Fisheries Science Center
TAMU: Texas A&M University/GERG

81-A, 81-B, 81-C: Results from three gas chromatographic analyses of S1.

S1, 82, 83: Results from three indepandent sample preparations and analyses.

51 Mean: The mean value of the reported S1 replicates, S1-A, $1-B, and S1-C.

81-3 Mean: The mean concentration of the three samples, S1, 82, and S3, in which the mean
value of the three GC replicates was used for the S1 concentration.

81 %RSD: The percent relative standard deviation of the S1 replicates, S1-A, 81-B, and S1-C.
81-3 %RSD: The percent relative standard dewatlon of the S1 Mean and the reported samples,
S2 and S3.

Consensus value; NIST-calculated consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, 82 and $3 relative to the exercise consensus value,

Z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated .in twe ways, using the SD of the S1-3 mean, and 25% of the accepted value as
performance criteria.

N R : Not reperted.

Z R : Zero or below MOL.
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