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The National hstitute for Occupational Safety and Health has 
undertaken a program to provide reliable sampling and analytical 
methods for a number of industrial hygiene uses. 
Recommendation of methods to the Departmevwt of Labor for 
compliancel testing and inclusion of methods in criteria for 
Recommended Standards for Occupational Eqposures are two 
prime areas of utilization. This paper presents t,he results of our 
initial efforts in collaborative testing. The method is a charcoal 
tube sampling procedure and a gas chromatogv.aphic analytical 
technique. Samples of seven single component solvents which 
included benzene, carbon tetrachloride, chlorof~~rm, dioxane, 
ethylene dichloride, trichloroethy/ene, and xylem along with two 
solvent mixtures which consisted of a benzene-xylene 
combinatim and an ethylene dichloride-trichlc~rroethylene 
cornbinatic~n were tested in two phases by 75 plarticipating 
laboratories. The data analysis indicates the overall error 
associated with the method and identifies sources of error within 
each segment of the method. 

Collaborative testing of a gas 
chromatographic charcoal tube method 
for seven organic solvents 
ROBERT L. LARKIN*, JOHN V. CRABLE*, LAWRENCE R. CATBETT AND 
MARTHA J. SEYMOUR* 
U.S. Department of Health, Education and Welfare, Public IHealth Service, National 
Institute for Occupational Safety and Health, Division of Physical Sciences and 
Engineering*, Office of Administrative and Management Services, Cincinnati, 
Ohio 45226 

introduction 
Under the Occupational Safety and Health Act 
of 1970, the National Institute for Occupational 
Safety and Health is HEW'S primary program 
directly dealing with safety and health in the 
workplace. NIOSH's responsibilities include the 
development of criteria for standards to protect 
the working population from the multitude of 
health and safety hazards to which it is exposed. 
T h e  O c c u p a t i o n a l  Sa f e ty  a n d  H e a l t h  
Administration of the Department of Labor is 
the enforcement agency while NIOSH provides 
the technjlcal support. The presence and the 
extent of hazardous conditions are determined 
by various measurements which eventually yield 
numerical values. The sampling and analytical 
methods being used to obtain these values 

become very significant both to the enforcement 
agency and perhaps even more so to the industry 
upon which the standards are imposed. This 
complliance activity must be capable of 
withstanding legal challenge and the industry 
must be assured that true existing conditions are 
being represented. The sampling and analytical 
rnethods used must therefore be backed by an 
adequate program to document proper control 
and application of all factors which affect final 
results. The significance of technical data and 
possible resulting actions which it may produce 
strongly justify a comprehensive program which 
has as its objectives development of reliable new 
~~ethodologies,  and widespread use of these 
~methodologies. Many similar programs are 
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being conducted by industrial groups, research 
laboratories and professional societies. Few of 
these efforts have related specifically t o  
industrial hygiene. Only recently has the 
Intersociety Committee and the American 
Society for Tesing and Materials beconne 
involved in industrial hygiene measurements. 
The American Conference of Governmental 
Industrial Hygienists developed a referee type 
collaborative testing program which dates back 
to about 1949.''' The importance of securing 
uniform and reliable analytical methods for 
industrial hygiene use was recognized by that 
organization at a very early date. Unfortunately, 
this effort has not been continuous nor has it 
developed into a contemporary program. 

This  co l labora t ive  tes t  p rog ram was 
conducted by Scott Research Laboratories, 
Incorporated of Plumsteadville, Pennsyl~ani~a., 
under Contract No. HSM 99-72-98 (June 1972 -- 
September 1973). To eliminate as much bias as 
possible, laboratories selected for this test 
represented a cross section of organizations such1 
as government laboratories, commercial service: 
laboratories and university laboratories. In. 
obtaining this cross section, it was desirable to 
have analysts who were routinely using the: 
procedure and therefore required no training 
prior to the collaborative test. 

The primary objective of this program was to 
determine whether the use of activated charcoal 
tubes should be presented by NIOSH as a 
recommended method for sampling and analysis 
of organic vapors. This method of sampling and 
analysis was suggested by other  researcher^.'^' A 
more exhaustive study of the method far 
sampling and analysis of organic vapors using 
the charcoal tube technique was undertaken in 
what is now the NIOSH Cincinnati Labora- 
tory'3' Following the development of the methoid 
and because of its convenience and general 
application to organic solvents, it has been 
widely and routinely used by NIOSH personnel 
and by many other industrial hygienists in the 
field. 

design of the test program 
Fifteen laboratories were selected to participate 
in the test. All of the laboratories involved were 
compensated for their efforts, with the exception 
of NIOSH laboratories. Some nine thousand 

tubes prepared from a single batch o~f charcoal 
were acquired from a commercial source. 
Random samples of the tubes were tested by 
S c o t t  a n d  by t h e  N I O S H  eng , ineer ing  
laboratory. Specifications tested were: Pressure 
drop at a flow rate of one liter per minute and the 
weight (150 mg) of charcoal in the tubes. 

One out of 36 tubes failed the pressure drop 
specification (<I .O mm Hg at 1 .O lpm) and about 
4 out of 38 tested deviated from the 150 mg in 
front and back sections by more than 10%. The 
number and degree of variations were acceptable 
and it was determined that this lot 'would not 
have adverse effect upon the test results. 

A one-day seminar was held for the analysts 
from each of the collaborating laboratories. The 
seminar was conducted in the NIOSH facilities 
by Scott with NIOSH experts present to answer 
questions and demonstrate techniques. The 
purpose of the seminar was to assure that all 
participating analysts fully understood the 
method and would carry it out in a uniiform 
manner. Kt was stressed very stronghy that the 
object was to test the specific method presented 
and not to evaluate improvements or modifica- 
tions. 

The overall test program was made up of two 
phases. Phase 1 involved the analyses of 
standard samples on charcoal prepared by the 
contractor. Phase I1 involved the collection of 
samples by each collaborator from a common 
source and analyses of these samples in their own 
laboratories. Seven solvents were selected as the 
test substances. These seven were selected based 
upon data generated in NIOSH's laboratories 
regarding their behavior on charcoal. Table I 
shows the solvents and levels. Each of the 
mixtures were used at one level in both phases. 

phase I experimental design 
Each of the 15 collaborators analyzed 144 
samples each containing one or two of seven 
organics aver a 10-day period. The samples were 
composed of four repeated samples of each of 36 
compound/ concentration combination. The 
plan was to obtain data for the intralaboratory 
error, precision, day-to-day error and accuracy 
at each level. The design was set to limit the 
analysis to two substances on a given day. In the 
interest of efficiency and time it was decided to 
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TABLE Y 
Test Substances and Concentration Levels 

- - 

1 2 3 4 5 
5% OSHA8 60% OSHA 100% OSHA 160% OSHA 

S ~ l v e n t ( s )  Standard Standard Standard Standard Excursion Limit - 
Benzene 0 54 6.25 10 3 19 3 48 7 
Carbon 
Tetrachloride 0.44 6.78 11.0 23.0 245 
Chloroform 2.44 31.9 50.6 98.6 
Dioxane 6.25 59.6 106. 162. 192. 
Etpylene 
Dichloride 2.41 34.2 53.1 94.4 209. 
Tr i~h loro-  

qhylene 3.37 65.0 106. 185. 273. 
m-)(ylene 4.75 57.9 111. 153. 193. 
Mixtures 
Bgnzene/m-Xylene 1 0.9/103 
Ethylene 
Dichloride/Tri- 

chloroethylene, 51.1/104 -- 

analyse the back-up section from only one of 
each set of four repeated samples. The four 
r epea t ed  s amp le s  of e a c h  s u b s t a n c e /  
concentration were divided into two pairs. Both 
members of a pair were to be done on the same 
day. Each of the 15 laboratories were assigned a 
randomized schedule of analysis days and 
presented with a list of samples to be analyzed on 
a given day. 

The apparatus used for generation of Phase 1 
samples is shown in Figure 1. The mixtures were 
prepared with purified air in high pressure 
cylinders. The accuracy of the mixture's 
concentrptions was determined to be 22%. The 
analyses were done by gas chromatography 
against primary standards prepared by Scott 
following proprietary procedures which are 
utilized in producing close-tolerance gas mix- 
tures for sale to government and industry. The 
cylinders were attached to the generation system 
and the mixtures passed through a pressure 

CHARCOAL TUBES 

]regulator, the charcoal tube, flowmeter and wet 
test meter. Fou r  samples were collected 
s:irnultaneously in the four separate sampling 
legs. The wet test meters were calibrated both 
b~efore and after samples were collected. The 
corrected wet test meter data were used to 
calculate the volume of mixture passed through 
the charcoal tubes. A flow rate of approximately 
one liter per minute was used. 

The concentration of gas flowing through the 
system was monitored continuously with a total 
hydrocarbon analyzer and periodically with a 
gas chromatograph. Analyses were made 
alternately directly from the cylinder and from 
the flow system until the two yielded identical 
readings. This indicated that the system was 
equilibrated and collection on the tubes could 
commence. During the collection period, the 
:instrument readings were used to verify that the 
(concentration did not change. Figure 2 shows a 
typical set of data recorded during the collection 

Figure I - Vapor collection manifold. 
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0 GC Analysis Direct f rom Cylinder 
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A F I D  Analysis of Chamber Contents 

T I  h4 E , Minu tes  

Figure 2 - Tricholroethylene monitoring during phase I1 sample collection. 

of trichloroethylene samples. Eighteen samples 
of each test mixture were then collected on each 
wet test meter. This provided a set of samples for 
each of the 15 laboratories and 3 spare sets. The 
volume sampled in the four legs ranged from 9 to 
11 liters but were constant for each leg. This 
manner of collection ensured that identical sets 
of samples would be submitted to  each 
laboratory. The introduction of deliberate 
variations within each set of four repeated 
samples was made to eliminate the temptation 
on the part of the collaborators of revising 
analytical data to reduce variations between 
similar samples. 

Each tube was capped and labeled with am 
identification number. A set of 180 charcoal tube 
samples ,  70 blank tubes  f o r  desorp t ion  
determinations and pure samples of each solvenf. 
(under separate cover) were shipped to each 
collaborating laboratory. The analyses were 
performed and the results reported to Scott on 
prepared data sheets. 

data analysis of analytical results from1 
phase I 
The collaborative study was designed around 
well established statistical techniques for  

collaborative tests.(4) Prior to the actual data 
analysis, the data was subjected to tests for 
outliers. This topic is dealt with in greater depth 
in another section of this paper. Estimates of the 
precision were obtained by analyzing the 
differences between repeat determinations made 
on the same day. The interlaboratory error 
which is the same for all analyses made the same 
day drops out upon taking this differlence and 
thus these different quantities can be used to 
analyze the precision. Hence, 

where sf = variance component of the precision 

D = difference quantity of repeat deter- 
minations in the it" laboratory - 

D = average difference 

n = number of laboratories 

The standard deviations of the data were 
calculated by using the sum of the determina- 
tions rather than the individual data in order 
that S: could be conveniently used in the F ratio 
for determining the presence of interlaboratory 
error. Thus, 

S: = Z (Ti -T12 
2(n- 1 ) 

Am. Ind. Hyg. Assoc. J. (38) October, 1977 



TABLE II 
Expected Mean Squares for Pooled Estimate 

Analysis Precision Systematic Error 

unaveraged data sf s2day + S: 
(repeated) 

averaged data 
(repeated) 

where S: - precision 
S: - between lab err01 
s:, day-to-day error 

where 
the variances at the different levels. Pooling of S: := variance component of the total error 

in the data the variances would allow more general 

Ti = sum of the repeat determinations i n  statements to be made about the data, otherwise 

the laboratory on a given day we would be limited to speaking of different - 
1' = average of the sums variance components of each level for each 
n = number of laboratories substance. 

The relationship between the variance components ln test for hOmogeniet~ variance, 
for theJotal error (s:), interlaboratory errors (s$ and independence must be established between the 
precision errors ( ~ 3  is S; = 2s: + sf. precision estimate, s:, and the averge amount 

~ ~ b l ~  11, summarizes the relationship between found. It was determined that a logarithmic 

the different estimates of variance components transformation would do this. This means that 

for results obtained from the unaveraged data 'he analysis was performed on the logarithms of 

(values were not averaged over the two days) as the data rather than the actual data itself. This 

well as results obtained by averaging the data transformation is used quite commonly with 

(four values were averaged together). The chief data of this type. 
difference lbetween these two methods is that the The test for. homogeneity was then performed. 
day-to-day effects have been eliminated by None of the compounds exhibited homogeniety 
averaging the data. iin the precision variance. However, upon 

It was desirable to be able to pool the excluding level 1 f rom this test we find 
variances from all the different levels: however, homogeniety exists for the higher levels of all 
this ability is dependent upon homogeniety of c:ompounds, except for carbon tetrachloride and 

TABLE Ill 
Summary of Ph~ase I Analysis 

(Percent Relative Error Contribu,tilon of Variance Com~onent)  

SINGLE COMPONENTS 
Excluding Level 1 Level 1 

Precision 
Between 

Labs 
- - 

Benzene 
Carbon Tetrachloride 
Chloroform 
Dioxane 
Ethylene Dichloride 
Trichloroethylene 
Xylene 

6.29 
9.71 
5.77 
3.89 
5.67 
6.1 6 
4.77 

Precision 

MIXTURES 
Between Day-to 

Labs -Day 

Total 

10.50 
14.05 
10.69 
8.00 
8.01 
8.02 
7.15 

Total 

Precision 

36.38 
32.70 
13.06 
14.28 
5.38 

261.65 
8.64 

Between 
Labs. 

17.48 
833.42 

7.01 
987.39 

4.93 
* 

24.26 

Benzene 3.25 2.1 8 4.01 5.60 
Xylene 2.96 5.95 0.77 6.69 
Ethylene Dichloride 5.97 5.06 6.53 10.21 
Trichloroethvlene 4.27 4.33 9.88 11.62 

Total 

*Negative pooled estimate 

American Industrial Hygiene Association JOURNAL (38) 10/77 



M A N O M E T E R  M I X I N G  UNIT 

VARIAN GAS 

CHROMATO - 

Discharge to 
Out?ide Atmosphere 

T O T A L  
HYDROCARBON 

ANALYZER 

S A M P L I N G  
C H A M B E R  

Gas cyl inder  

Figure 3 - Replicatte gas sampling unit. 

ethylene dichloride. However, the data for these 
two compounds were close enough to satisfy the 
homogeniety requirements in order to allow 
their inclusion for obtaining pooled estimates on 
all levels of concentrations except for the lowest 
level. 

It was then possible to compute the variance 
component estimates from the relationships 
described in Table 11. 

Table I11 summarizes the results of the Phase 1 
analysis. The results are reported as per ceint 
relative error where 

% relative error = S 100 
\ 

and S = estimate of an  error corn- 
ponent standard deviation 

1 = average level of concen- 
tration. 

In Table I11 the total percent relative error is 
shown. This is computed as the root meam 
square of all the other error components. For 
example, the total per cent relative error for 
benzene is shown to be 10.50%. This is calculated 
as follows J(6.29)2 + (5.81)' + (6.08)' =I 

16 MSA 
~ a m ~ l i i n ~  Pumps 

phase II experimental design 

The experimental design and analysis schedule 
for Phase I1 was quite similar to that. used in 
Phase 1. Phase I1 was performed for the purpose 
of determining the magnitude of error due to 
sampling. In order to accomplish this some 
assumptions had to be made. The Phase I sample 
generation error was assumed to be negligible 
and Phase I/Phase I1 were assumed to have 
identical analytical error. There were reasons to 
believe that the analytical error of P-hase I1 might 
be less than Phase I. Familiarity through use of 
the method was expected to improve data. It was 
learned that some collaborators who had 
noticed deficiencies in their chromatographs in 
Phase I were taking steps to improve them. 

In order to provide a better estimate of the 
relationship between analytical error in Phase I 
and Phase 11, it was decided to analyze some of 
the spare samples prepared for Phase I. Thus, 22 
Phase I samples were scheduled for anialysis in 
Phase 11. 

generation of phase II samples 
Collection of Phase I1 samples were performed 
by representatives f rom each of the 15 
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TABLE IV 
Chrcomatographs and Columns Used by Collabo~rators -- 

nromatograph Nlake/Model(s) Column Stationary Phase(~)  

~ r i a n  2700 DC-200 
trian Aerograph 1520 Di isodechlphthalate, Carbowax 1540, FFAP 
lwlett  Packard 7130 FFAP, Porapak Q 
?wlett Packard 7620A Durapak (Carbowax 4000) 
ckman GC-55, Barber-Colman 20  Apiezon L., Porapak Q 
:wlett Packard 5750 UC-W98 
:wlett Packard 7820 & 562 DC-200, PEG 600-Terephthallic Acid 
~ r i a n  Aerograph 2046 FFAP 
i M  Scientific 403 FFAP 
~ r i a n  1800 FFAP, Carbowax 20M 
~rber-Colman 5000 FFAP 
:rkin-Elmer 881 FFAP 
_-a ---a 
xkin-Elmer 900, Hewlett Packard 7600A FFAP 
:rkin-Elmer 900 & 990 FFAP 

Collaborator did not supply information 

collaborating laboratories. In some cases the 
samples we:re collected by industrial hygienists 
and in others by chemists. Whatever the case, the 
collaborators were asked to provide a person 
who would normally collect samples for analyses 
by the laboratory. The collection was performed 
in Scott's Plumsteadville laboratory. The  
apparatus used is illustrated in Figure 3. Two 
sampling chambers were used, 180 and 60 liters 
in capacity. The internal surfaces consisted of 
glass, Teflon, and stainless steel. Each chamber 
was fitted with separate sampling lines for each 
sampler plus lines for monitoring the chamber 
concentrations. The chambers were purged, a 
gas chromatographic analysis was made and 
compared to a similar analysis of the cylinder 
mixture. The recording of concentration data 
was simi1a.r to that used in Phase I. When the 
chamber reached equilibrium, the samplers were 
given the signal to proceed. During sampling the 
chambers were maintained at a positive pressure 
of 1" of water to'prevent dilution by room air. 

The pumps used were battery operated 
personal sampling pumps (MSA Model G or 
equivalent) operated at approximately 1 liter per 
minute. A,t the time of the test the low volume 
pumps (Sipin type or equivalent) were not 
available. The pumps were all calibrated at the 
beginning of the day and no further calibration 
was permitted during the day. The only 
adjustments allowed were to bring the flow 
meter float back to its calibrated level. 

Once the signal to sample was given, each 
sampler collected five consecutive ten-liter 
samples. Approximately one hour was required 

TABLE V 
Number of Outlier Data Pair$ 

Lab. No.  Phase I Phase II 

for each set. The samples collected in Phase I1 
were analyzed according to a randomized 
schedule. The chromatographs and columns 
used by the various collaborators are listed in 
'Table IV. The data acquired by the collaborators 
were entered on prepared sheets and mailed to 
Scott upon completion of each phase. 

outliers 

F'rior to analyzing the Phase I and Phase I1 data, 
the results reported by each laboratory were 
carefully screened for obvious reporting and 
computational errors. Questionable values were 
reconfirmed with the laboratory making the 
report. These values were "corrected" using the 
clesorption efficiency fac tors  previously 
determined for each laboratory and compound. 

These corrected values were then checked for 
outliers according to two criteria. The first was 
an outlier test which eliminated observations too 
"far" from the average of the other participating 
laboratories  result^.'^' The second criterion was 
the two sample charts which eliminated 
duplicates having too large a difference in 
:results, i.e., poor precision. A summary of the 
outliers found is presented in Table V. 

As a result of the outlier tests, the decision was 
made to omit all of Laboratory No. 13's data 
from the Phase 1 data analysis, however, in 
Phase I1 only the actual outliers were omitted. In 
addition, it was noticed that Laboratory No. 1 
had a disproportionately large number of 
o'utliers for dioxane and hence, the data from 
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TABLE VI 
Comparison of Phase I Sample \/;ariation with Phase II S a m ~ l e  Variation 

Compound 

Benzene 

Carbon 
Tetrachloride 

Chloroform 

Dioxane 

Ethylene 
Dichloride 

Trichloro- 
ethylene 

Xylene 

Mixtures 
Benzene 
Xylene 
Ethylene 

Dichloride 
Trichloro- 

ethylene 

Scott 
Value 

0.01 70 
0.3255 
1.5422 

Phase I Phase II F Ratio 

Lab 
Mean 

Lab 
Xitcl. Dev. 

Scott 
Value 

Lab 
Mean 

Lab 
Std. Dev. 

-- 
"Indicates statistical significance at the 0.05 probability level. 

Laboratory No. 1 was omitted from the dioxane: 
data analysis. 

data analysis of analytical results from 
phase ll 
Since all the Phase I samples were prepared in an 
identical manner, it was felt that we could 
assume a negligible generation error, i.e. the 
error in Phase I (El) represents only analytical 
error. Since the collaborating laboratories did1 
their own sampling in Phase 11, it was assumed' 
that the error (EII) in Phase I1 consisted of both1 
sampling error (Es) and analytical error. Hence, 
the sampling error could be determined by 
simple difference. Thus, E: = E ~ I  - E:. Biy 
analyzing extra Phase I samples in Phase I1 it 
was possible to determine if there were any 
significant improvements in the laboratory 
sample variance estimate which would have to 
be accounted for. This was accomplished bly 
using an F-ratio test. The F-ratio for each level is 
the ratio of Phase I analysis to the Phase ][I 
analysis. An F ratio greater than 2.55 indicates a 

significant difference at the 5% significance level. 
Table VI shows the fesults of this comparison. 

A careful study of this table indicates that the 
only significant improvement in the Phase I1 
sample analysis is at  the lowest level, i.e., the 5% 
OSHA standard level. The most noticeable 
changes were for dioxane and trichloroethylene. 
Since no significant improvement is detected for 
other levels and compounds, it seemed safe to 
assume that the analytical error  in the two 
Phases was not drastically different. Hence, the 
above relationship can be used to estimate the 
sampling error. 

The data for the Phase I1 ana.lysis was 
statistically analyzed in an identical manner to 
the Phase I data, i.e., the same tests for outliers, 
l o g a r i t h m i c  t r a n s f o r m a t i o n s ,  t es t s  f o r  
homogeniety of variance and pooling of error 
es t imate  were per formed.  Of tlhe seven 
compounds only the results for benzene and 
c a r b o n  t e t r a c h l o r i d e  d id  n o t  exh ib i t  
homogeniety of variance at all levels including 
level 1 .  However, in order to be able to compare 
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TABLE \/I1 
Summary of Pha.s~e II Analysis 

(Percent Relative Error Contribution of Variance Components) 

SINGLE COMPONENTS 
Excluding Level I -- Level I 

Between Day-to Between Day-to 
Precision Labs. -Day Total Precision Labs. -Day Total 

Benzene 9.47 0.00 9.50 13.35 78.9 0.00 126.3 148.9 
Carbon Tetrachloride 9.03 8.40 8.1 9 '14.86 104.5 482.6 0.00 493.7 
Chloroform 9.40 8.23 2.47 '12.76 23.2 . 0.00 13.74 26.96 
D ioxa ne 7.20 9.72 9.94 15.72 9.44 12.82 6.88 17.42 

Ethylene Dichloride 6.80 7.83 5.39 11.71 5.36 1 2.90 9.07 16.72 
Trichloroethylene 7.26 5.54 6.21 11.07 15.71 14.71 4.33 22.09 
Xylene 5.83 5.86 4.75 9.54 5.75 7.43 8.55 12.74 

Between Day-to 
Precision Labs. -Day Total -- 

Benzene 5.06 7.82 6.65 11.46 
Xvlene 5.7 1 6.83 7.01 11.35 
~ t h ~ l e n e  Dlchloride 8.56 11.79 8.92 17.16 
Trichloroethylene 10.99 9.58 3.44 15.03 -- 
(1)  Negative estimate assumed zero 

TABLE VIUI 
Summary of Sampling amd Analytical Errors 

(Percent Relative Error) 

Single Components 

Benzene 
Carbon Tetrachloride 
Chloroform 
Dioxane 
Ethylene Dichloride 
Trichloroethylene 
Xylene 

Average 

Mixtures 
Benzene 
Xylene 
Ethylene Dichloride 
Trichloroethylene 

Averaae 

Analytical + Samplirig 
Error (Phase I!) 

Analytical Error 
(Phase I )  Sampling Error 

8.24 
4.84 
6.97 

13.53 
8.54 
7.63 
6.32 
8.01 

Phase I1 and Phase I results, the data from level 1 
was not pooled with the other levels. 

Table VII provides a summary of the Phase 11 
analysis. Comparing this with the Phase 1 
summary we see that the individual error 
components and total percent relative error are 
generally 50% greater than in Phase 1. However, 
it appears that the analysis at  level 1 have 
noticeably improved in Phase 11 over the 
analyses at level 1 in Phase I. Interestingly, the 
errors at  5% OSHA standard concentration level 
were up to twice as large as for the other levels 
for the five compounds present at weights above 
0.1 mg and significantly greater for  two 
compounds (benzene and carbon tetrachloride) 
at less than 0.1 mg. 

results and conclusions 

A summary of the sampling and analytical errors 
for the two phases is provided in Table VIII. The 
estimated errors for the seven compounds in the 
range, 60% OSHA standard through the 
excursion limit are estimated as  follows: 
Relative total error 12.72; analytical error 9.49, 
and sampling error 8.01. A selected group of 
back-up sections of charcoal tubes were 
analyzed in Phases 1 and 11. The amounts found 
on these sections were very small in most cases. 
However, the individual back-up data showed 
wide variation from lab to lab at high levels. The 
possible causes are variations in the tubes 
themselves, analytical error and migration from 
front to back sections. It appears that analysis of 

American lndulstrial Hygiene Association JOURNAL (38) 10/77 



TABLE IX 
Desor~ t ion  Factors Obtained bv Collaborators 

Compound 

Benzene 
m-Xylene 
Trichloroethylene 
Carbon Tetrachloride 
Chloroform 
Dioxane 
Ethylene Dichloride 

Average 

Avg . 

0.959 
0.954 
0.966 
0.970 
0.960 
0.91 3 
0.956 

TABLE X 
Pump Calibration Data 

A /? /7? 
T I  d l  ,., A , A  ,7- +/ L)/ 1.3 4 / 5 / 7 5  

Calib." Calib.* Meas.** Calib." Calib.* Meas.** Calib.* Calib.' Meas.** 
F low Flow Flow Flow Flow Flow Flow Flow Flow 
Rate at Rate at No. o f  Rate at  Rate at  Rate at Rate at No. of  Rate at Rate at No. of Rate at 
Start End Samples End Start End Samples End Start End Samples End 
I /min. I /min. Collected I /min. I /min. I /min. Collected I /min. 1 /min. I /min. Collected 1 /min.  

1.00 40 1.166 i .OO 50 1.15 1 .O 50 1.026 
1 .O 35 ,992 1 .O 50 ,842 1 .O 50 ,847 
1.00 1 .O 40 1.006 1.00 50 1.02 1 .O 50 1 .07 

"Reported by Collaborator 
"Measured by Scott 



the cause of outliers, we would expect a normal 
distribution of outliers from each laboratory 
about the mean of all laboratories. In Phase 11, 
five of the 15 laboratories accounted for more 

than 90% of outliers. This strongly indicates that 
the method is satisfactory and that the analytical 
techniques used by five of the laboratories were 
inadequate. The estimates of sampling error for 
the single components and the mixtures are 8.0 1 
and 10.62 respectively. These values compare 
very closely to a percent relative error of 9.70 for 
the pump calibration. The pump calibration 
error was calculated using the 27 observations in 
Table X where flow rate data were available at  
the start and end of sample collection periods for 
three cons~:cutive days. At the end of each day 
Scott measured the flow rate for each pump 
using a bubble meter. This data should depict the 
true variation from one sampler to another. The 
average measured flow rate was close to 1 .O liter 
per minute. On the other hand a significant 
number of pumps gave flow rates that were less 
than 0.9 and greater than 1.1 liters per minute. 
These facts indicate that the calibration'method 
is adequate and that some collaborators did not 
perform the calibration correctly. The data 
further indicates that the pump error is the major 
source of e:rror in sampling. 

Generally, the results of this collaborative 
study agree with validation studies'" which have 
been performed on the charcoal method since 
the collaborative study was performed. A 
complete report"' is available which gives details 
of all aspects of the study. The results have been 
summarized here to present pertinent statistical 
evaluations and major conclusions. 
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