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Summary 

The International Programme on Chemical Safety (IPCS) sponsored a collaborative study to examine 
the intra- and inter-laboratory variation associated with the preparation and bioassay of complex 
chemical mixtures. The mixtures selected were National Institute of Standards and Technology (NIST) 
Standard Reference Materials (SRMS). 20 laboratories worldwide participated in the collaborative trial. 
The participating laboratories extracted the organic portion of two particulate samples - an air-par- 
ticulate sample and a diesel-particulate sample - and bioassayed the extracts. The laboratories simulta- 
neously bioassayed a NIST-prepared extract of coal tar and two control compounds (benzo[ alpyrene, and 
1-nitropyrene). The bioassay method used was the Salmonella/mammalian microsome plate-incorpora- 
tion test using strains TA98 and TAlOO. Study design also allowed for a comparison of sonication and 
Soxhlet extraction techniques. The mean extractable masses for the air particles and diesel particles were 
approximately 5% and 17.5%, respectively. The particulate samples were mutagenic in both strains with 
and without activation in all 20 laboratories. For TAlOO the with and without activation slope values for 
the air particulate were 162 and 137 revertants per mg particles, respectively. For TA98 the respective 
diesel slope values were 268 and 269. The mutagenicity slope values for the diesel particles ranged from 
3090 (TA98, + S9) to 6697 (TAlOO, + S9) revertants per mg particles. The coal tar solution was negative 
for both strains when exogenous activation was not used but was mutagenic in both strains with 
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exogenous activation. The benzo[a]pyrene and 1-nitropyrene were used as positive controls and gave 
results consistent with the literature. This paper provides a complete summary of the data collected 
during the collaborative study. Companion papers provide further analysis and interpretation of the 
results. 

Studies of the genotoxicity of complex mix- 
tures from air, water, soil, foods, and other envi- 
ronmental sources continue to use short-term 
mutagenicity assays. The most commonly used 
assay is the Salmonella typhimurium mutagenicity 
assay as described by Maron and Ames (1983) 
which is used by laboratories throughout the 
world. 

When data generated by different studies are 
highly variable, as they often are, one presently 
cannot know what factors contribute most to the 
variability. For example, both intra- and inter- 
laboratory variability in mutagenicity for airborne 
organic samples may be due to the types of chem- 
icals within the collected organics, to the chemi- 
cal extraction and sample storage methods used, 
to the bioassays employed, or to a combination of 
multiple factors. As described more fully in the 
overview paper for this IPCS/CSCM study 
(Lewtas et al., 1992) the purposes of the required 
portion of the study were: 

(1) To determine the interlaboratory variation 
associated with the extraction and the bioassay of 
complex environmental mixtures, and 

(2) To determine if one or more complex mix- 
tures from the U.S. National Institute of Stan- 
dards and Technology (formerly the National Bu- 
reau of Standards) can be used as a routine 
reference material in bioassay studies of complex 
environmental mixtures. 

This manuscript describes the specific design 
of the required portion of the IPCS/CSCM study 
and the results as they were received from the 
participating laboratories. Other papers within 
this volume provide greater detail as to the con- 
cepts and objectives of the study (Lewtas, et al., 
19921, the samples used (May et al., 1992), the 
statistical design and analysis of results (Krewski 
et al., 1992) and the final conclusions of the study 
(Claxton et al., 1992). 

Study design 

The purpose of the study design was to accom- 
plish the objectives of the collaborative portion of 
the study as described by Lewtas et al. (1992). 
The required portion of the study had two major 
components: (1) the extraction and/or solvent 
exchange of complex mixtures for bioassay, and 
(2) the bioassay of these solubilized extracts of 
complex mixtures. Two of the complex mixtures 
(the diesel particles and the air particles) were 
supplied to the participating laboratories as solid 
material. Each laboratory extracted the solids and 
aliquoted them for chemical analysis and bioas- 
say. The third complex mixture was a NIST-pre- 
pared organic extract in toluene containing the 
polycyclic aromatic hydrocarbons from coal tar. 
Each laboratory solvent exchanged this mixture 
into dimethyl sulfoxide (DMSO) for bioassay. 

The study design provided for the determina- 
tion of the contribution to total experimental 
error associated with the estimates of the slopes 
of the dose-response curves for the mixture as- 
sayed and the percentage of total error attributed 
to laboratories, extraction of organics, and the 
bioassay itself. As indicated in Fig. 1, this was 
accomplished by having each laboratory replicate 
the extraction process and by conducting repli- 
cate bioassays on each of the two extracts. Since 
the coal tar sample required only solvent ex- 
change rather than extraction prior to bioassay, 
replicate extracts were not required for the coal 
tar samples. 

Each bioassay involved five dose levels in addi- 
tion to the DMSO control. Two plates were used 
at each dose. The doses used were specified and 
were the same for all laboratories although a 
small number of assays were performed, at the 
individual investigator’s discretion, with addi- 
tional alternate doses. Dose-response curves 



were also generated for two control chemicals - 
benzo[ alpyrene and 1-nitropyrene. Doses were 
based upon preliminary data developed in the 
laboratories of the Technical Steering Group 
(data not presented). 

The study design also allowed a direct compar- 
ison between Soxhlet and sonication extraction 
methods. This was accomplished by having half of 
the laboratories use Soxhlet extraction and half 
to use sonication extraction methods. Other ancil- 
lary information was provided by each of the 
participating laboratories. The additional infor- 
mation included the percentage (by weight) of 
total organic material extracted from the parti- 
cles, historical bioassay control averages, counting 
and colony counter calibration methods, and aux- 
iliary controls employed. 

The statistical analysis methods employed and 
the final analysis and interpretation of test data 
are discussed in a separate report (Krewski et al., 
1992). This paper summarizes the bioassay data 
and the ancillary data. The final conclusions of 
both the required and optional portions of the 
study are presented by Claxton et al. (1992). 
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Materials and methods 

Test substances 
Three complex mixtures from the National In- 

stitute of Standards and Technology (NIST) and 
two compounds purchased as positive controls 
were supplied to each of the participating labora- 
tories. The three complex mixtures are desig- 
nated by NIST as: 

(1) Standard Reference Material (SRM) 1649, 
urban dust/organics, 

(2) Standard Reference Material 1650, diesel 
particulate matter, and 

(3) Standard Reference Material 1597, com- 
plex mixture of polycyclic aromatic hydrocarbons 
from coal tar. 

SRMs 1649 is referred to as the air-particulate 
sample, while SRMs 1650 and 1597 are referred 
to as the diesel particulate and coal tar samples, 
respectively. These standard reference materials 
originally were intended by NET for use in the 
evaluation and validation of chemical analytical 
methods. A more complete description is found 
in the publication of May et al. (1992). The air- 

STEP PARTICULATE 1 PARTICULATE 2 LlalJID CONTROL 1 CONTROL 2 

EXTRACTION 
DAY 1 
DAY 2 

PIE1 P2E2 
PlE2 P2E2 

ALIQUOTS 
FROM 
EXTRACTIONa 

PlElAl PlEZAl PZElAl PZEZAl SlAl ClAl C2Al 
PlElA2 PlEZA2 PZElA2 PZEZAZ SlA2 ClA2 C2A2 
PlElA3 PlEZA3 PZElA3 PZEZA3 SlA3 ClA3 C2A3 
PlElA4 PlEZA4 PZElM PZEZA4 SlA4 ClA4 C2A4 
PlElAS PlEZAS PZElA5 PZEZA5 

ALIQUOTS FOR 
GRAVIIETRIC 
ANALYSIS 

PlElAS PlEZAl PZElAl PZEZAZ 

ALIDUOTS 
RETURNED TO 
ORGANIZERS 

PlElAl PlEZA3 PZEIAZ PZEZA.1 SlA2 
PlElAZ PlEZA5 PZElA4 PZEZA.5 SlA4 

ALIQUOTS 
SOLVENT 
EXCHANGED 

PlElA4 PlEZA4 PZElA3 PZEZA4 SlAl 
PlElA3 PIEZAZ PZElA5 PZE213 SlA3 

ALIQUOTS BIOASSAVED 
ROUND 1 PlEIA4 PZEZA3 SlAl ClA4 CZM 
ROUND 2 PIE212 PZEZA4 ClAl C2A2 
ROUND 3 PlElA3 PZElA5 SlA3 ClA3 C2A3 
ROUND 4 PlEZA4 PZEZA3 ClA2 CPA1 

ti,quots used for drfferent purposes were randomrzed separately for each laboratory. 

Fig. 1. Sample preparation and bioassay testing scheme for the required portion of the IPCS collaborative study on complex 
mixtures using a sample of the randomized aliquoting. Pl El Al would represent Coded Particulate Sample Number 1, Extract 

Number 1, and Aliquot Number 1. 
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particulate and diesel-particulate samples re- 
quired both extraction and Soxhlet exchange be- 
fore bioassay. The coal tar sample is a liquid 
sample for which only solvent exchange was re- 
quired by participating laboratories. 

The two control chemicals used were benzo- 
[cY]pyrene (BaP) and I-nitropyrene (l-NP). The 
BaP was obtained from the Community Bureau 
of Reference (CBR), Brussels. The BaP, a CBR 
Certified Reference Material (MO. 051R), is cer- 
tified to be greater than 99.3% pure. Analysis by 
NIST using differential scanning calorimetry indi- 
cated that the BaP was > 99.8% pure. The l-NP 
was obtained from Midwest Research Institute, 
Kansas City, Kansas (U.S.A.). Differential scan- 
ning calorimetry by NIST showed the l-NP to be 
greater than 99.8% pure. The 1,3-, 1,6- and 1,8- 
isomers of dinitropyrene were each present in 
less than 0.02%. The BaP was used as a control 
for both S. typhimurium TA98 and TAlOO when 
exogenous activation conditions (with S9) were 
present. The l-NP was the direct-acting mutagen 
used as a control when S9 was absent. 

Samples in containers with dry ice were 
shipped to the laboratories by the most rapid 
available means. Generally, shipments were re- 
ceived within 32 h although in a some overseas 
shipments the time was extended. 

Extraction and solvent exchange 
The two particulate samples required extrac- 

tion before bioassay. 10 of the laboratories used a 
Soxhlet extraction while the other 10 laboratories 
used sonication. In both cases the extraction sol- 
vent was dichloromethane (DCM). The precise 
method of Soxhlet or sonication extraction was 
left to the discretion of each laboratory and was 
the same as done historically by the laboratory. 
Extracted material was evaporated to close to 
dryness and then solvent exchanged into DMSO. 
The coal tar sample is a liquid solution with 
toluene as its solvent base; therefore, it also was 
evaporated to close to dryness and solvent ex- 
changed into DMSO. Table 1 documents the 
essential information supplied by each laboratory. 

Bioassay methods 
The bioassay procedure used was the Salmo- 

nella typhimurium plate-incorporation protocol as 

described by Maron and Ames (1983). S. typhi- 
murium strains TA98 and TAlOO supplied by Dr. 
Bruce Ames, Berkeley, CA, were used both with 
and without exogenous activation conditions. The 
study did stipulate that the minimal media plates 
were to be made with Difco agar and that the 
plates were to contain 30 k 1 ml of base layer 
agar. The exogenous activation system (S9) was 
an Aroclor- 1254 induced rat-liver homogenate as 
described by Maron and Ames (1983). Duplicate 
plates were used at each dose. Laboratories were 
asked to use the same staff members for each 
round of testing, to complete all bioassay rounds 
within a 2-week period, and to record their data 
on standardized sheets provided by the U.S. EPA. 
The participating laboratories used their own 
stocks of bacteria and S9 and were allowed to use 
their in-house controls in addition to the control 
compounds supplied. The actual dates for per- 
forming the required rounds were determined 
independently by each laboratory. All procedures 
were to follow the guidelines given by Claxton et 
al. (1987). Results were analyzed according to the 
methods of Krewski et al. (1992). Results were 
required to show a significant slope value accord- 
ing to Krewski et al. (1992) and to fulfill other 
established criteria for a mutagenic response 
(Claxton et al., 19871 before being considered 
mutagenic. Table 2 provides bioassay information 
associated with each laboratory. 

Results 

All of the 20 participating laboratories were 
able to complete the required collaborative por- 
tion of the IPCS/CSCM project. Laboratories 
completed two major components during the re- 
quired portion of the study: 

(1) extraction and solvent exchange of the par- 
ticulate samples and (2) bioassay. 10 laboratories 
extracted the samples using Soxhlet extraction, 
and 10 laboratories used sonication extraction 
methods. Next, each laboratory bioassayed the 
extracts of the particulate samples, of a solvent 
exchanged coal tar extract, and two control com- 
pounds. Table 1 provides a summary of both the 
extraction procedures used and the results of 
those procedures. Both the sonication and sol- 
vent extraction methods were quite variable. Dif- 
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ferences centered around the amount of extrac- 
tion solvent, use of filtration methods, and method 
of solvent reduction. Values for Laboratory 10 
were excluded from all subsequent extractable 
mass comparisons because the high values were 
considered to be outliers. When examining the 
mean values for percent of extractable mass, one 
sees that sonication (5.5% for air particles and 
19.8% for diesel particles) tended to provide a 

larger percent extractable mass than Soxhlet 
methods (4.4% for air particles and 15.4% for 
diesel particles). Overall, the air particulate sam- 
ple had approximately 5% extractable mass and 
the diesel particles about 17.5% extractable mass. 

Although all laboratories followed the bioassay 
methods of Maron and Ames (1983) and the 
guidelines of Claxton et al. (19871, there were 
differences in the details of the methods used. 

TABLE 3 

SUMMARY OF SALMONELLA MUTAGENICITY a FOR THE IPCS SAMPLES 

Sample 
extraction method 

Air particles 
(SRMs 1649) 
sonication 

Air particles 
(SRMs 1649) 
Soxhlet 

Air particles 
(SRM 1649) 
both extractic 
together 

G. Mean 
A. Mean 
STD 
cv 
G. Mean 
A. Mean 
STD 
CV 
G. Mean 
A. Mean 
STD 
cv 

Diesel particles 
(SRM 1650) 
sonication 

Diesel particles 
(SRM 1650) 
Soxhlet 

Diesel particles 
(SRM 16501 
both extractions 
together 

121.9 111.6 222.7 266.6 
201.6 139.4 288.9 291.8 
250.4 98.3 183.3 127.2 

1.24 0.70 0.63 0.44 
84.1 94.4 205.6 208.7 

121.4 135.2 246.8 245.2 
98.5 124.9 128.4 122.6 

0.81 0.92 0.52 0.50 
102.0 103.0 214.0 237.0 
162.0 137.4 268.4 269.1 
195.3 111.7 160.3 127.2 

1.21 0.81 0.60 0.47 

G. Mean 5072.9 4490.0 2285.0 2743.8 
A. Mean 6595.7 5012.8 2664.7 2882.3 
STD 4412.7 2482.4 1600.1 927.6 
cv 0.67 0.50 0.60 0.32 
G. Mean 4070.1 3129.2 2243.3 2849.9 
A. Mean 6817.1 4167.4 3538.5 3823.9 
STD 5246.1 2631.9 2720.5 2423.8 
cv 0.77 0.63 0.77 0.63 
G. Mean 4585.0 3766.0 2265.0 2794.0 
A. Mean 6697.4 4601 .O 3090.4 3334.8 
STD 4814.9 2594.0 2260.4 1868.5 
cv 0.72 0.56 0.73 0.56 

Coal tar PAH 
solution 
(SRM 1597) 

Benzo[a]pyrene 

I-Nitropyrene 

G. Mean 
A. Mean 
STD 
cv 
G. Mean 
A. Mean 
STD 
cv 
G. Mean 
A. Mean 
STD 
cv 

TAlOO 
+s9 

TAlOO 
-s9 

TA98 
+s9 

144.0 60.0 
173.6 67.4 
126.1 45.9 

0.73 0.68 
405.0 199.0 
552.2 247.7 
388.9 176.5 

0.70 0.71 
243.0 2539.0 
579.0 6609.0 

1418.9 11450.0 
2.45 1.73 

TA98 
-s9 

a Expressed as revertants/mg for SRM 1649 and SRM 1650, as revertants/kl for SRM 1597, and revertants/kg for compounds. 
G. Mean, Geometric mean; A. mean, Arithmethic mean; STD, Standard deviation; CV, coefficient of variation. 
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Differences existed for the methods and accuracy 
of counting revertant colonies, the amount of 
broth culture used to incubate the original cul- 
ture of bacteria along with the time of incubation 
and the rate of culture shaking (Table 2). Investi- 
gators tended to agree that colony counts were 
accurate until counts between 1000 and 2000 
were reached. This agrees with the published 
works of Claxton et al. (1984). None of the alter- 
native methods appeared to have a definable 
effect upon the results. 

Because a companion paper provides a thor- 
ough statistical analysis of the required portion of 
the study, only a general summary of the bioassay 
results is provided within this paper. The bioassay 
data was analyzed by the method of Krewski et 
al. (1992) and summarized with the calculated 
slope value. Table 3 provides a summary of the 
bioassay results for the required testing. The Ap- 
pendix of an EPA report contains all of the 
Salmonella bioassay data and is available upon 
request (Claxton et al., 1992). Dosing was based 
upon the amount of the starting material. In 
other words, particulate sample doses are mil- 
ligrams of starting particulate mass and the coal 
tar solution doses are microliters of starting solu- 
tion. 

The air-particulate extracts were mutagenic in 
all laboratories in strains TAlOO and TA98 both 
with and without exogenous activation. Strain 
TA98 consistently gave a slope value that was 
approximately twice the slope value generated 
with strain TAlOO. When one averages the mean 
slope values from all laboratories, it is evident 
that similar slope values are obtained both with 
and without exogenous activation. For TAlOO, 
the with and without activation slope values aver- 
age 162 and 137 revertants/mg; and for TA98 
the respective mean slope values are 268 and 269. 
The coefficient of variation, however, was be- 
tween 47% and 121%. 

The diesel-particulate extracts, similarly were 
positive in both strains with and without exoge- 
nous activation. In this case, however, strain 
TAlOO gave slope values higher than strain TA98. 
The respective slope values were 6697 (TAlOO, 
+S9), 4601 (TAlOO, -S9>, 3090 (TA98, + S9>, 
and 3335 (TA98, - S9). The coefficient of varia- 
tion for the laboratory means was in a range 

similar to the air-particulate extracts, ranging 
from 56% to 73%. 

The coal tar PAH mixture was negative in 
both strains when S9 was absent. When S9 was 
present, TAlOO gave slope values greater than 
those of TA98 except in two cases. Again, the 
coefficient of variation was within a range similar 
to the other complex mixtures. 

The control compounds, BAP and l-NP, gave 
results in line with those of the complex mixtures. 
BAP was mutagenic to both strains when S9 was 
used. Except for results in one laboratory, TAlOO 
gave higher mean slope values (revertants/pg) 
than TA98. The slope values averaged for all 
laboratories were 552 for TAlOO and 248 for 
TA98. l-NP used as the control without S9 also 
was mutagenic in every assay; however the mean 
slope values for l-NP, in every laboratory, were 
greater for strain TA98. The values for I-NP 
were 579 and 6609 for TAlOO and TA98 respec- 
tively. Laboratory 3, however, appeared to have 
slope values at least lo-fold greater than most of 
the other laboratories for both strains as did 
laboratories 13 and 20 for TA98. If one averages 
the remaining laboratory means, the average slope 
values for I-NP was 356 for TAlOO and 1854 for 
TA98. 

In most cases, the mean slope values for labo- 
ratories using sonication was higher than the 
mean values for the laboratories that used Soxh- 
let extraction. However, the control compounds 
also gave a higher mean slope values in the 
sonication laboratories. Also, the differences be- 
tween the two groups of laboratories are not 
appreciable. 

The statistical analyses and the final conclu- 
sions drawn by the final meeting participants 
concerning many of these observations are dis- 
cussed in companion papers (Krewski et al., 1992; 
and Claxton et al., 1992). 
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