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ABSTRACT

The National Institute 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
Department of Labor for compliance testing and inclusion of methods

in criteria for Recommended Standards for Occupational Exposures are

two prime areas of utilization. This paper presents the results of

our initial efforts in collaborative testing. The method tested is

a charcoal tube sampling procedure and a gas chromatographic analytical
technique.

Samples of seven single component solvents which included benzene,
carbon tetrachloride, chloroform, dioxane, ethylene dichloride,
trichloroethylene and xylene aleng with two solvent mixtures which
consisted of a benzene-xylene combination and an ethylene dichloride-
trichloroethylene combination were tested in two phases by 15
participating laboratories. The data analysis indicates the overall
error associated with the method and identifies sources of error within
each segment of the method.
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1.0 INTRODUCTION

The primary objective of this program was to determine whether
the use of activated charcoal tubes should be preésented by NIOSH as a
recommended method of sampling for organic vapors. This study was per-
formed to aid in fulfilling NIOSH's responsibilities under the Occupational
Safety and Health Act of 1970 for the development of sampling and analytical
methods for toxic substances for which standards have béen set.

A method for the sampling and analysis of organic vapors using
charcoal tubes had been developed at the NIOSH Cincinnati laboratory and
it was being used routinely by NIOSH personnel. The most effective approach
to determine the reliability of this method was through a collaborative
testing program involving a representative cross-section of laboratories
which would typically use such a method. The program objective was thus
accomplished through a collaborative test program involving 15 participating
laboratories and seven organic solvents. .

In Phase I of the program the analytical method was evaluated by
submitting 180 charcoal tubes with adsorbed organic solvents to each
laboratory. The tubes were carefully prepared and monitored so that the
amount of organic in each tube was very accurately known. The laboratories
analyzed the tubes by the prescribed method and schedule, and the analytical
error was determined through data analysis of the results. In_Phase II
both the sampling and analysis methods were evaluated. The participating
laboratories collected charcoal tube samples using personal samplers.

All of the participants sampled simultaneocusly from a large chamber at
Scott's Plumsteadville laboratory. The samples were then analyzed and
the method error determined as in Phase I.

The statistical data analysis provided estimates of errors for
both sampling and analysis for each of the seven sclvents. Separate
estimates were made for repiication error, between laboratory error and

day-to~day error as well as total error.
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2.0 PREPARATION FOR COLLABORATIVE TESTS

2.1 SELECTION OF COLLABORATING LABORATORIES

Fifteen laboratories were selected to participate in the collaborative
testing. The NIOSH laboratories in Cincinnati and Salt Lake City participated
on a volunteer basis. The remaining thirteen laboratories were selected on
the basis of their being representative of the wvarious types of laboratories
which would utilize such a method, their capability and willingness to make
available the required technical persomnnel and laboratory facilities, and
the cost reimbursement required.

The participating laboratories included industrial hygiene
laboratories, governmental laboratories, research and testing laboratories
and a university laboratory. Some had direct experience with hydrocarbon
analyses using charcoal tubes while others did not. However, all analysts
were experienced in the use of gas chromatography for analysis of hydrocarbon

mixtures.

2.2 DOCUMENTATION OF TEST METHOD

The sampling and analysis methods developed at the NIOSH Cincinnati
laboratory were tested at Scott's Plumsteadville laboratory. The purpose
was to determine if additional details or clarification were necessary in
the method documentation to assure that all of the collaborators would
carry out the sampling and analytical procedures similarly and in the manner
practiced at NIOSH. Decisions were also made in consultation with the
Project Officer and other NIOSH personnel as to those steps of the method
which had to be done as specified, e.g., size of sample injection, and
those which were optional with the analysts, e.g., the chromatcographic
separation column. The approved version of the sampling and analytical
methods were then distributed to the collaborators. These metheods are

included in Appendix A.

2.3 TESTING OF CHARCOAL TUBES
Nine thousand charcoal tubes for organic vapors were purchased

from Mine Safety Appliance Company. These tubes were prepared from a
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single batch of charcoal by a procedure which had yielded satisfactory
results for previous batches acquired by NIOSH.

Random samples of the charcoal tubes were selected to determine
if they met NIOSH specifications. The most important specification is
that the pressure drop across the charcoal tubes does not exceed one inch
of mercury at a flow rate of one liter per minute. The pressure drop test
was performed with the apparatus shown in Figure 2-1. The majority
of tubes yielded pressure drops of 0.9 to 1.0 inches. Only one of 36
organic tubes exceeded 1.05 inches. Samples were submitted to the NIOSH
Cincinnati laboratory and NIOSH concurred with Scott that the tubes should
be satisfactory for program use.

Another property of the tubes which was measured was the weight
of charcoal they contained. The specifications state that the adsorbing
section should contain 100 mg. of charcoal and the back-up section 50 mg.,
but no tolerances are specified. Thirty-eight tubes were selected at
random, broken and the contents of each section weighed. Of the 38
tested, 11 had adsorbing sections which deviated by more than 107 from
100 mg., 7 had back-up sections which deviated by more than 10% from 50 mg.,
and 4 had total welghts which deviated from 150 mg. by more than 107%.
Discussions with NIOSH personnel resulted in the conclusion that the
charcoal weight variations should not adversely affect the tubes' ability

to adsorb organics efficiently.

2.4 SEMINAR FOR ANALYSTS

A one~day seminar for the analysts from the collaborating
laboratories was held at the NIOSH Cincinnati laboratory. The seminar was
conducted by Scott with NIOSH personnel on hand to demonstrate techniques
and answer questions on the method. The purpose of the seminar was to
assure that the analysts fully understood the test method which had been
submitted to them; and that they would perform the analyses in the
specified manner. The seminar also presented the opportunity to determine

if there was sufficient clarity in the method documentation.
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The theme of the seminar was that an analytical method had been
developed by NIOSH and used successfully in-house. The object now was to
determine in a realistic manner the quality of data which could be obtained
by other analysts following the method precisely. It was recognized
that some analysts had used similar methods with variations they believed
could produce improved results. However, it was stressed very strongly
that the object was to test the specific method presented and not to
evaluate any modifications. The analysts were told that this was exclusively
a collaborative test program, not a method development program.

The extent to which collaborators can be coached without biasing
a collaborative program is subject to debate. In this case it was felt
that the seminar was needed to assure that the analysts understood the
method. In no case was any analyst permitted to perform any of the
analytical steps at the seminar. Any such activity would constitute train-

ing and was strictly avoided because it would bias the results,



3.0 COLLABORATIVE TEST PROGRAM

The overall program was divided into two phases. In Phase I the
collaborators analyzed samples prepared by Scott. In Phase II the
collaborators collected samples at Scott's Pluméteadville, Pa. laboratoiy
and analyzed the samples in thelr home laboratories.

The éollaborative test program involved seven solvents present
singly at up to five concentrations including 5%, 60%, 100%Z and 160% of
the TLV, and the excursion limit. Two binary mixtures were included at
the TLV for the two components. The 36 solvent/concentration combinations
tested are shown in Table 3-1. Ten liter samples of each of these

mixtures were specified for use in preparing‘the charcoal tubes.

3.1 EXPERTMENTAL DESIGN OF PHASE I ANALYSIS

The design of any data gathering experiment should be based on
a knowledge of the information needed as input for the subsequent data
analysis and on an understanding of any constraints imposed upon the
program. In the case of the Phase I analysis this meant obtaining the
data needed to perform the data analysis described in Section 4.1 within
the magnitude of effort to which the collaborators had agreed.

Each of the 15 collaborators was to analyze 144 samples con-
taining one or two of seven organics over a ten-day period. The 144
samples were composed of 4 replicates each of 36 compound/concentration
combinations. It was desired to obtain data to calculate the systematic
error {(inter-laboratory error), replicationlerror, and day-to-day
error as well as accuracy at each level for each organie., It was also
desired to determine the amount of organic, if any, adsorbed on the tack-up
section of each charcoal tube in addition to that adsorbed on the front
section.

The method specified that standards for each crganic be prepared
fresh daily. If standards for all seven organics were prepared daily, excessive
time would have been necessary. The design was therefore set to limit the

analysis to two organics on any given day. It was felt that this would



Ref. No.

A-10790
A-10791
A-10792
A-10793
A-10794

A-10795
A-10796
A-10797
A-10798
A-10799

A-10800

A-10801
A-10802
A-10803

A-10804
A-10805
A-10806
A-10807
A-~10808

A-10809
A-10810
A-10811
A-10812
A-10813

A-10814
A-10815
A-10816
A-10817
A-10818

A-10819
A-10820
A-10821
A-10822
A-10823

A-10824
A-10825

TABLE 3-1 ORGANIC VAPOR ATMOSPHERES TESTED

Component

Benzene
Benzene
Benzene
Benzene
Benzene

Carbon Tetrachloride
"Carbon Tetrachloride
Carbon Tetrachloride
Carbon Tetrachloride
Carbon Tetrachloride

Chloroform
Chloroform
Chloroform
Chloroform

Dioxane
Dioxane
Dioxane
. Dioxane
Dioxane

Ethylene Dichloride
Ethylene Dichloride
Ethylene Dichloride
Ethylene Dichloride
Ethylene Dichloride

Trichloroethylene
Trichloroethylene
Trichloroethylene
Trichlorcethylene
Trichloroethylene

m-Xylene
m~Xylene
mXylene
m~Xylene
m-Xylene

Benzene, mXylene
Ethylene Dichloride, Trichlorocethylene

Cone.,
ppm_
0.543
6.25
10.3
19.3
48.7

436
6.78
11.02
23.04
245

2.44
31.9
50.6
98.6

6.25
59.6
106.7
162
192

2.41
34.2
53.1
94.4

209

3.37
65.0
106.8
185.0
273.5

4.75
57.9
111
153
193

10.9, 103
51.1, 104



greatly increase the efficiency of the experiment withcut causiug bias or
limiting the utility of the data in any way. The analysis of all back-up
sections would also require toc much time, so it was decided to anaiyze
the back-up section from only one of each set of four replicate samples.
The four replicate samples of each compound/concentration
combination were divided into two pairs. Both members of a pair were .
be done on the same day. The remaining parameters were randomized within
the experimental design.
The analysis schedule for the ten days is shown in Table B-1
in Appendix B. The samples marked with an asterisk had the back half
charcoal sections also analyzed. Table B-2 in Appendix B-shows the
randomized schedule of analysis days for each of rhe fifteen participating

laboratories.

3.2 GENERATION OF PHASE 1 SAMPLES

The apparatus used for generation of the Phase I samples is
shown in Figure 3-1. The gas mixtures were prepared in air in hiigh
pressure cylinders and analyzed to an accuracy of ¥2%Z by Scott's Measure-
ment Standards Division. The cylinder contents were analyved by gas
chromatography against primary standards prepared by Scott's Measuwement
Standards Division following proprietary procedures utilized Ly that
Division in p?oducing close-tolerance gas mixtures for sale to government
and industry. Basically the primary standards are p;epared by injecting
a known amount of the trace comporent with a calibrated micreliter syringe
into a calibrated 5-liter glass flask and pressuriziag the flask to a
known pressure with high purity nitrogen.

The cylinders were attached to the sample generation
apparatus. The gas passed through a pressure regulator, fleow
control wvalve, charcoal tube, flowmeter and wet test meter. Four
samples were collected simultanecusly in the four separate sampiing
legs. The wet test ﬁeters were calibrated both before énd after the
sample generation. The corrected wet test meter data were used to
calculate the quantity of organics passed through the chavcoal +-ubes.
The flow meters were used for adjusting the saﬁple flow rate to

approximately one liter per minute.
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The composition of the gas flowing through the system was
monitored continuously with a flame ionization total hydrocariou
analyzer and periodically with a gas chromatograph. The operating
details of these instruments are listed in Table 3-2. Analyses were
made alternately directly from the cylinder and from:the flow system
until the two gave identical readings. This indicated that the system
had equilibrated and collection in charcecal tubes commenced. During
the collection period the instrument readings verified that the system
concentrations did net change. The data recorded were similar to that

shown in Figure 3-3 which relates to the Phase II sample generaticn.

Eighteen samples of each test gas mixture were collected op each
wet test meter. This provided a set of samples for each of the fifteen
laboratories as well as three spare sets. The program design called for
analysis of four replicate samples from each mixture, A set of 18 samples
was collected in each of the four sampling legs. The volume sampled in
the four legs ranged from 9 to 11 liters, but was constant for each leg.

A fifth set of 18 samples was then prepared to provide the zolilaborators
with spares in case one of the four tubes scheduled for analysis was

broken or the sample was lost. The manner of collection described above
ensured that identical sets of samples would be submitted to each laborastory,
This is most important in achieving a valid assessment of the systematic
error (inter-laboratory error). The introduction of deliberate variations
within each set of four replicate samples was made to eliminate the temp-
tation of revising analytical data to reduce variations between identical
samples. This cannot be ailowed if the calculated within day and day-to-~
day errors are to be valid.

Each tube was capped with plastic ends provided by M34 and
labeled with an eight digit identification number. A set of 180 tubes
with adsorbed organics and 70 blank tubes for desorption determinations
were shipped to each collaborating laboratory. Bulk samples of cach
organic solvent were shipped to each laboratory under separats cover from

the sample tubes.
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TABLE 3-2 HYDROCARBON ANALYSIS INSTRUMENT CONDITIONS

Gas Chromatograph
Model: Varian 1200

Fuel: Hydrogen @ 20 psi
Combustion Gas: Oxygen @ 30 psi
Carrier: Helium @ 40 psi
Detector Temperature: 200°¢c
Sample Size: 1 cc

Column: Carbowax 20M (20°' x 1/8")

Isothermal Temperature: 80°¢C to 110° (depending on the compound)

Total Hydrocarbon Analyzer
Model: Beckman 108A
Fuel: 40% H, in N

2 2
Purge Gas: Air




3.3 EXPERIMENTAL DESIGN OF PHASE II ANALYSIS

The experimental design and sampling schedule for Phase II
was quite similar to that used in Phase I. Phase II was performed primarily
to determine the magnitude of errors due to sampling by the specified
method. This could be accomplished by comparing the errors in Phase i1,
which would include both sampling and analytical errors, to those from
Phase I which were due solely to analytical error. This assumes that the
Phase I sample generation errors were negligible. The drawback to this

approach was that the errors due to analysis in Phase I and Phase II

would have to be assumed to be identical or the sampling error cculd not
be defined.

There were reasons to believe that analytical error might be
significantly reduced from Phase I to Phase II. First of all, familiaricy
through use of the method would be expected to improve data. Second, it
was learned that some collaborators who had noted deficiencies in their
chromatographs in Phase I were taking steps to improve them. Finally,
because of the poor results some laboratories obtained for the low
concentrations (5% of TLV) in Phase I, it was decided to veduire standards
within a factor of two of all samples, not just the TLV as in Phase 1

In order to estimate the relationship between analytical error
in Phase I and Phase TI, it was decided to apnalyze sowme of the sg.are
samples prepared for Phase I, but not analyzed, as part of Phase II.

Thus, 22 Phase I samples were scheduled for analysis by each laboratorwy

in Phase II. In order to keep within the scope of effort, the analysis

of back-up sections was omitted for the lower comcentrations. At

these levels little or no organics had been found on the bazk-ups in

Phase I. Table C-1 in Appendix C shows the analysis schedule for

Phase IT samples. The samples marked with a singie asterisk had the back-
half charcoal sections also analyzed. The samples marked with & doub]w
asterisk were the Phase I spare samples. The randomized schedule of
sampling days for each of the fifteen laboratories is presented i

Table £-2.
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3.4 GENERATION OF PHASE II SAMPLES

Collection of the Phase II samples by representatives from the
15 collaborating laboratories was performed at Scott's Plumsteadville
laboratory. The sample collection was accomplished using apparatus
illustrated in Figure 3-2. Gas mixtures from each of the 36 high pressure
cylinders were flowed into one of two test chambers. The chambers
were approximately 180 and 60 liters in capacity, and the internal
surfaces consisted only of glass, Teflon and stainless steel. Each
chamber was fitted with separate sampling lines for each sampler plus a
line for monitoring the chamber contents. The chambers were first flushed
with several volumes of the test mixture. Then a gas chromatographic
analysis of the chamber was made and compared to a similar analysis of the
cylinder mixture. More flushing time was allowed where needed, and the
samplers were not given the signal to proceed until the chamber had reached
equilibrium. During sampling the chambers were maintained at a positive
pressure of 1" of water to prevent dilution by room air. The contents of
the chamber were monitored continuously with a total hydrocarbom analyzer
as well as intermittently by gas chromatography. A diagram of the moni-
toring data recorded during a typical sampling period is shown in Figure 3-3.

The sample pumps were all calibrated at the beginning of each
day using the NIOSH procedure which had been made a part of the test wmethod.
No further calibraticn was permitted during the day. The only adjustments
allowed were to bring the flow meter float back to its calibrated level.
The flow rates were checked by Scott at the end of each of three days in
order to estimate sampling error and deviations occurring during the day's
use.

Once the signal to sample was given, each sampler coliected
five consecutive ten liter samples on tubes provided by Scott. Scoti
also provided the tube identification labels. When all of the samplers
had collected five samples, the alternate chamber was moved into place,
checked out and the next set of gamples collected. Approximately cne

hour was required for each set.
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3.5 ANALYSTS OF PHASE I AND PHASE II SAMPLES

The samples collected in Phase I and Phase II were analyzed
in the collaborators’ laboratories according to the schedules shown in
Appendix Tables B-1 and C-1 respectively. The chromatographa and colums
used by the various collaborators are listed in Table 3-3. The data
acquired by the collaborators were entered on data sheets provided by Scott

and then mailed to Scott upon completion of each phase.
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4.0 DATA ANALYSIS

The experimental design outlined in Section 3.0 lends itself very
readily to the statistical analysis outlined by W. J. Youden in References
1 and 2. The replicates on any one day comprise what is known as a "unit-
block' and can be studied both graphically {(on a two-samplis chart) and
numerically in establishing the precision (within laboratery ervor) and
systematic error (between laboratory error) of the method. By averaging
the replicates on a day, the averages on two different davs can be locked
upon as another set of similar pairs "unit-block" and the amalysis for
precision and systematic error performed on this set of data. By studying
these results and the results obtained from the unaveraged data, estimates
of the day-to-day error component can also be evaluated. The precision
errors obtained at each level can then be studied to ascertain if any
homogenity exists in the errors from level to level. If homogeneity is
seen to be present, pooled estimates of the error components can be
established for each compound. These pooled estimates then provide
estimates of the errors associated in analyzing a compound for the range
of concentration levels under which the study was conducted.

Prior to subjecting the raw data to the analysis ouvilined brigfly
above, identification of outliers and missing data has to be considered.
Considerable care has to be taken in this step of the analysis. A verxy
stringent test for outliers can cause the very important dezrees of freedow
associated with laboratories to be drastically reduced., resulting iu
distorted estimates of errcr which do not reflect the trua marit of rthe
method. On the other hand, if data which lie well outside the gensisi

pattern exhibited by the laboratcyies are included in the anazlive:

%)

s
grossly erroneous conclusions about the method may be reached. Moreover,
inclusion of such outliers in au analysis can cause an unfoir evaiuatiom

of the laboratories whose data reflected the true merit of »hs uwethod.

In the Youden analysis, if one member of & pair is an outizesr or
missing value, the pair is excluded from the analysis. U(he exclusion of
such a pair reduces by one the degrees of freedom available for that paiv,
but in no way complicates or hinders the statistical analysis of the data.
Moreover, the "unit-block" concept and the two-sampie chavi $llustrate verv

graphically the problems associated with outliers being included in &n
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analysis. This elegance and "robustness" of the Youden analysis merit

themselves exceedingly well in data obtained from collaborative studies.

4.1 DATA ANALYSIS OF ANALYTICAL RESULTS FROM PHASE I

The analytical results received from the collaborating laboratories
in Phase I are summarized in Appendix Table B~-3. The numbers have been
rounded off to two decimal places so that the results from all laboratories
for a specific sample could be presented on a single sheet. In all of
the data analysis, however, the complete set of digits reported by the
collaborators was used. The asterisks indicate missing values and outliers
as determined in the following section.

4,1.1 Identification of Outliers and the Two-Sample Chart

For each sample analyzed, replicate experimental measurements
were made, averaged and then divided by a desorption factor to obtain the
corrected amount of the compound present in milligrams. This corrected
weight was then used as representing the amount present for a single sample
in the statistical analysis. Some laboratories made as many as four repeat
measurements for each sample; others performed (or reported) only the
results from a single measurement for a sample.

Prior to testing the data for outliers, the numbers were care-
fully checked for gross computational or reporting errors. Once such
obvious errors had been identified and the necessary alterations had
been made, the results from the fifteen laboratories on each replicate on
each day were subjected to the outlier test, "Recommended Criteria for
Single Samples" (Ref. 3). A 2.57% significance level was used for the
outlier test criteria and the test considers the possibility of outliers
accurring either on the high side or the low side.

Initial outlier tests on the data indicated Laboratory #13 to
have an unusually high number of outliers. Moreover, most of these
outliers were well separared from the main cluster represented by the
other laboratories. In fact, over 407 of the data reported by Laboratory
#13 showed up prominently as outliers. A similar observation was noticed

for Laboratory #1 for *he dioxane samples. It was decided, upen consultation
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with. the Project 0fficer, to discard Laboratory #13's data from the analysis
and Laboratory #1 from the dioxane analysis. It should be pointed out,
however, that before rejecting any data polnts as outlying observations,

the presence of such data points were discretely brought to‘the attention
of the concerned laboratory to determine if such data were due to

reporting errors or errors other than analytical errors, The total number
of data pairs for each laboratory in which one or both of the members were
determined to be outliers are given in Table 4~1. Data are included for

both Phase I and Phase II.

TABLE 4-1 NUMBER OF OUTLIER DATA PAIRS

Lab. No. Phase I Phase 11
1 15 19
2 0 0
3 3 1
& 9 10
5 4 2
6 1 0,
7 1 15
8 1 0
9 3 1

10 6 13
Il 0 0
12 0 0
13 40 35
14 0 1
15 5 5

Two illustrative examples of the outlier test are presented in
Tables 4-2 through 4-5, and the corresponding two sample charts are shown
in Figures 4-1 and 4-2. Tables 4~2 and 4-3 and Figure 4-1 are examples of
the outlier test on the analytical results obtained for benzene on the two
replicates on the second day at the fourth level. Similarly, Tables 4-4
and 4-5 and Figure 4-2 are examples for dioxane on the two replicates on
the first day at the fifth level. The examples shown in these tables
have data from Laboratory #13 and Laboratory #1 (for dioxane) already

excluded.
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TABLE 4-2 OUTLIER TEST ON FIRST REPLICATE
ON SECOND DAY OF FOURTH LEVEL OF BENZENE - PHASE I

5467
.6000
.6450
.6535
6648
6681 BENZENE ¥x010403
.6810
6829
.6850
6907
. 7080
.7230
.7836
8490

1.0 0 3.0 50 2.0 A 1.0 0 1.0

«3467 - . 8490
.6819
6843
07247
.01936
10.58
04888
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TABLE 4-3 OUTLIER TEST ON SECOND REPLICATE ON

SECOND DAY OF FOURTH LEVEL OF BENZENE - PHASE I

.5428
6142
.6452
.6770
.6920
.6993 BENZENE xx010404
. 7060
7131
L7147
.7280
.7380
.8200
1.5550

2.0 10.0 1.0 .0 .0 00 00 00 00 1.0

R +5428 - 1.5550
Md .7095

. 7564
D .23877
E .06381
v 31,56
E 16105

Out 1.5550 (10)

. 5425
+6142
«6452
.6770
.6920
.5993
+7060
.7131
. 7147
+7280
. 7380
«7450
+8200

1.0 O 1,0 1,0 1.0 3.0 3.0 2,0 .0 1.0

R 5428 - .8200
Md L7060
Mn .6950

SD 06734
S E .01867
cv 9,68

PE 04542
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FIGURE 4~1 TWO-SAMPLE CHART OF REPLICATES ON SECOND DAY
AT FOURTH LEVEL OF BENZENE - PHASE I
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TABLE 4-4 OUTLIER TEST ON FIRST REPLICATE ON FIRST
DAY OF FIFTH LEVEL OF DIOXANE — PHASE 1

5.4500
5.5217
5.7000
5.7661 DIOXANE xx040501
5.8520
5.9200
5.9331
6,1437
6,2813
6, 3300
6.5987
6.6470
7.9740

3.0 40 1.0 2,0 2,0 .0 0 .0 .0 1.0

R

Md 5.9331

Mn 6.1628

SD 66119
S E .18338
cvVv 10,72

P E 44597

Out 7.9740 (#5)

5.4500
5.5917
5. 7000
5.7661
5,8520
5.,9200
5.9331
6.1437
6.2813
6.3300
6.5987
6.6470

2.0 0 2.0 2,0 1.0 1.0 1.0 1.0 0 2.0

R 5.4500 - 6.6470
Md 5.9265

Mn 6.0119

SD .39228

S E 11324

cv 6.52

PE .26459
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TABLE 4-5 OUTLIER TEST ON SECOND REPLICATE ON
SECOND DAY OF FIFTH LEVEL OF DIOXANE - PHASE I

6.0000
6.3527
6.5796
6,6000 DIOXANE xx040502
6.6270
6.7020
6.8450
7.0421
7.1300
7.2321
7.2524
7.3102
9.5230

1.0 5.0 2.0 4.0 .0 .0 .0 0 0 1.0

R 6.0000 - 9.5230
Md 6.8450
Mn 7.0150
. 84669
.23483
12,06
+57108

YO Wwn
g

Out 9.5230 (#5)

6.0000
6.3327
6.5796
6.6000
6.6270
6.7020
€.8450
7,0421
7.1300
7.2321
7.2524
7.3102

1.0 .0 1.0 0 3.0 10 1,0 1.0 1.0 3.0

6.0000 - . 7.3102
d 6.7735
6. 8060
40327
.11641
5.92
.27201

rﬂnmwg::{';c

(oIS o R

NC
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bDioxane
xx0405
Outlier Lab. #5 (7.%74, 9.523)

® o
9w

6.25

o
6.75 7.0 7.25
02

FIGURE 4-2 TWO-SAMPLE CHART OF REPLICATES ON FIRST DAY
AT FIFTH LEVEL OF DIOXANE - PHASE I
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In Tables 4-2 and 4-3, the column of numbers on the top of the
page is a listing (in ascending order) of the replicates obtained from
fourteen laboratories. Following this listing is an illustration of the
frequency distribution for these numbers divided arbitrarily into ten

groups. The numbers below this represent the following:

R:Range = x & x |,
max min

Md:Median
n
2
Mn:Mean = i -
= x
n
TL
-2
SD = Standard Deviation = —
SE = Standard Error = SD
u n
. . . R o 5D
CV = Coefficient of Variation (%) = 100 x —
X
PE = Probable Error = 0.6745 (SD)

The number which is an outlier is listed next and the number in
parenthesis is the laboratory from which this outlier occurred. This
process is repeated again with the outlier now removed and a new distribu-

tion and new set of statistics reported.
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Figure 4-1 illuscrates the two-sample chart for the replicates
on the second day at the fourth level of benzene. The horizontal line
represents the mean of one set of replicates and the vertical line the
mean of the other set of replicates. The intersecting cocrdinates fov
the replicate pair from each laboratory are plotted and the true or
"accepted" value for these replicates is represented by the darkened
square.

If only random errors were the cause for the scatter in the
data between laboratories, then the two determinations would have an
equal probability of being both high, both low, first determination high
and second low, or the second determination high and first low. Thus,
the scatter should be a close cluster of points around the mean of the
replications with a pattern which is, more or less, circular in nature.

Due to the presence of non-random error components, the data tend to fall
more into one set of quadrants than in the other, If we assume negligible
errors in repeat determinations (good precision) among the individual
laboratories and that the majority of the scatter (error) in the data is

due to errors associated from cne laboratory to another (systematic &TYTror),
the results from repeat determinations in any one laboratory would tend to
be then either both high or both low. Thus, the cluster of points would

lie predominantly along the 45° line shown and the pattern appear elliptical
in nature.

In the example shown for benzene, nine of the laboratories
clustered fairiy randoml& around the mean, Laboratory #5 and Laboratory #15
were in the high-high and low-low quadrant respectiveiy indicating the
presence of systematic errors for this set of data. Laboratory #3 and
Laboratory {1 were predominantly in the high-low quadfant showing that
the precision for these two laboratories was not very good. The two-
sample chart for dioxane in Figure 4-2 shows a very marked predominance cf
points strung ocut along the 45° line, obviously indicating a strong presence
of systematic errors for this level of dioxane. In general, Laboratories
#4, #5 and #10 tended to give higher results while Laboratories #7 and #15
had results which were lower than the random cluster around the mean

shown by the other laboratories,.
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4,1.2 Analysis

As pointed out earlier, the set of data on two repeat determinations
done on one day at one level comprised a "unit-block" suitable for the
Youden analysis. The numbers reported by Scott for the same two determina-
tions were considered to be the true or "accepted" value.

The Youden analysis obtains estimates of the replication errer
{precision) by analyzing the differences between repeat determinztions made
on the same day. Being a non-random component the systematic error will be
the same for repeat deterﬁinations made on the same day within a laboratory.
Thus by taking differences, the systematic error component drops out and
the difference quantities can then be used to analyze the replication error:

n

) @i-D)?

2 _ i _
S, ~ T n-1) (4-1)

where: S~ = Variance component of the replication error (precision
Di = Difference quantity of repeat determinations in the
ith laboratory.

Mean of the difference quantities.

ot
[}

Number of laboratories.

n

To obtain the standard deviation of the data itself we can use
the results from either the first determination or the second determinatinn;

or a better method is to estimate this component from the sum of the two

determinations:
n
L. an?
Sd2 = —= 7h=1) (n-1) degrees of freedom (4-2)
where: Sd2 = Variance component of total error in data.
T, = Sum of repeat determinations in the laboratory.

i
T = Mean of the sum quantities.
n

= Number of laboratories.



The reason for using the totals in obtaining the standard deviation

of the data is that the quantity Sd2

F-ratio test for determining the presence of systematic error:

can be used very conveniently in an

d_ : (4-3)

Thus we are testing whether the estimates § 2 and Sr2 differ significantly,

i.e., whether they differ by more than can ge reasonably explained on the
grounds of errors in the estimates. The F-ratio must therefore reach a
certain minimum value before we are willing to conclude that the ratio goes
beyond what might happen solely from sampling. The minimum F-ratio values
for various levels of significance at (n-1, n~1) degrees of freedom can be
obtained from standard statistical tables.

The estimate of the variance component for systematic errors can

now be obtained from the following equation:

Z _ 2 2 T,
84 28, " + 8, {4=4)
where: Sd2 = Variance component of total error in data.
2 . .
Sb = Variance component for systematic errors.
S 2

Vag%ance component for replication error (precision).

.
L

Another useful quantity obtained in this analysis is the

coefficient of variation:

S . g .
CV =100 — % (4-5)
X
where: CV = Coefficient of variation (Percent).
. Standard deviation of the-precision estimate.

X = Average amount present at the level in consideration.
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The coefficient of variation is a useful quantity for ascertaining
the relationship that exists between the replication error and the amount
present. Thus at different levels of a compound, we can see how the
precision estimate varies. This relationship then helps in determining
the type of transformations that might be necessary to establish independence
between the precision estimate and the amount present. If a transformation
is able to make the mean and standard deviation of the transformed variate
approximately independent, pooled estimates of the error components can
then be obtained.

To test for the presence of any inherent systematic error in
the method, we need to pass judgement on the difference between a reference
value and the mean of the n values reported by the n laboratories, The
reference value in our case is the value reported by Scott. Since we are
dealing with pairs of data in our "unit-block" analysis, the sensitivity
of the test increases if we combine the data from both members of a pair
since they are both subject to the same systematic error. The test used
here is the t-test which compares the difference between the mean and the

reference value to the standard error of the mean:

(T-RT) '\/n—
- —

T

(4-6)

[ud

where: t Calculated t-test wvalue.

T = Mean of the sum quantities.
RT = Sum of the reference wvalues.

S
n

T Standard deviation of the sum quantities.

= Number of laboratories.

Unless the value obtained for t exceeds some specified value, the observed
difference between T and RT is considered to be explainable because of the
uncertainty in our estimate of the average amount found for that level by

the n laboratories. Specified t values for various levels of significance

are available from standard statistical tables.
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Table B-4 in Appendix ¥ summarizes the results of the analysis
described above for each of the seven compounds and two mixtures.‘ Column
1 of the table (Average Amount Found) is the mean of the results obtained
by the n laboratories on the replicates of each day at each level. The
second column {(Average Amount Present) is the mean of the corresponding
Scott values. The difference between the amount present and the amouni
found shows the systematic error of the procedure as estimated frow ‘he
data available for each pair. This is shown in Column 3 as "Bias of
Procedure'". The fourth column (Precision) lists the variance component of
the replication error, Srz, obtained from equation 4-1. Columm 5 (Systematic
Error) is the variance component for the systematic error, sz, calculated
from equations 4~2 and 4-4., Column 6 is the F-ratlo test for significance
of systematic errors, equation 4-3. The degrees of freedom (number of
Laboratories minus one) is listed in column 7 and the coefficient of
variation calculated from equation 4-5 is shown in column 8. Column 9
presents the calculated t-test values for systematic error in a method,
equation 4-6.

By averaging the replicates analyzed on a day, the averages on
two different days can be looked upon as another set of a "unit-block"
and the analysis described above performed on this data, Table B-5 in
Appendix B summarizes these results for each compound at each level.

Let us now assume, for the time being, that the estimates cf the
replication error {(precision) obtained for each pair ai each level in
Table B-4 are homogeneous and can be pooled for that level. %e will
then obtain a table siwmilar to Tahle B-3, but the quantities obtainzd for
the precision and systematic erior in these two tables would not be
estimating the same wvariance componeants. The pooled svstematic errorc
obtained from Table B-4 would now have to include the error due to analvzing
on different days. But the systematic errors obtained from Tabla 7-5 wonld
be estimating the true between“léboratory error, since the day-to-day
effect has been averaged out. Table 4-6 summarizes the relaticashipe
between the different estimates of variance components for results obtained
by neot averaging the replicates (Table B-4) and from resuits cbtained by

averaging the replicates (Table B-5).
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TABLE 4-6 EXPECTED MEAN SQUARES FOR POOLED ESTIMATES

_ Systematic
Analysis Precision Error
2 2 2
. i A- S +
1. Replicates not averaged (Table A-4) . 5 day Sb
Sr2 2 S 2
2. Replicates (Table A-5) —5—-+ S day b

Sr2 = Replication error

2
Sb = Between laboratory error
S day = Day~-to-day error

If it can be established that homogenity exists in the precision
estimates from level to level, pooled estimates of the variance components
for each compound can be obtained by using the relationships described in
Table 4-6.

The estimate of the day-to-day error, 52 » can be obtained

either from the/estimates in the first analysis ord?Zom those in the
second analysis; If we had a completely balanced design for our amalysis,
with no missing cell values, these two estimates of SzdayJWQUId be identical.
Due to the fact that the Youden analysis can account for missing values and
outliers, the two estimates of Szday do not necessarily come out to be
exactly the same, but are nevertheless close enough to provide the estimate
in which we are interested. For. the purpose of this study, the estimates
of the day-to-day error have been calculated from the estimates obtained in
the first analysis.

From Tables B-4 and B-5 one sees a definite trend between the
replication error, Srz, and the average amount found for a level. The
precision values are seen to increase with the amount present for all seven

compounds. Also, the coefficient of variation is approximately constant
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for levels 2 through 5 indicating that Sr is proportional to the amount
present at these levels. Level 1 on the cother hand, deviates markedly
from this trend except for ethylene dichloride and Xylene where Sr is
approximately proportional to the amount present at all five levels.

In Table B-4, the precision estimates are close enough to be
averaged for each level. Similarly, the systematic error estimates can
be averaged for each level. Using these averaged results and the resuits
shown in Table B-5, one can obtain the various error components for each
level, according to the relationships described in Table 4-6. However, if
it can be shown that homogenity exists in the precision estimates from
level to level, pooled estimates of the error components can be obtained
for each compound. These error components would then describe the
various errors assoclated in analyzing a compound for the range of
concentration levels under which this study was conducted.

Before testing for any homogenity of variance, it is necessary
to establish independence between the precision estimate, Sr, and the
average amount found. To do this we need tc perform a transformation on
the data. In general, if a standard deviation, o, is proportional to some

function, f(u), of the mean u, the appropriate transformation is given by:

.fld
T

-

{Ref. 5)

In our case, f(u) = u and hence a logarithmic transformatién would establish
the independence between Sr and the average amount found. Another advantage
of a transformation which makes the standard deviation indepeandent of the
mean is that the transformed data become distributed more normally. Tables
B-6 and B-7 correspond to Table B~4 and B-5 respectively. The only
difference being a natural log-transformation of the data.

The test for homogenity of variance is taken from Reference 6
wherein the ratio of the largest to the smallest mean squares 1is compared
against standard tables of these rati s. The upper 17 points table was

considered for this study. The variation in the degrees of freedom from
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one level to another was small enocugh so that an average value of about

12 could be used as an entry into the table. The upper 1% points of the

ratio 82 /S2 . for 12 degrees of freedom are shown in Table 4-7.
max =~ min :
2
TABLE 4-7 UPPER 1% POINTS FOR THE RATIO giga_x AT 12 DEGREES OF FREEDOM
min
# of Mean Squares Upper 1% Points
10 9.9
8 9.1
5 7.6
4 6.9
2 4.9

The test for homogenity of variance in the precision estimates
was performed on the results shown in Tables B-6 and B-7. None of the
compounds of Table BE-6 showed any homogenity in the precision variance.

In Table B-7 only chloroform, ethylene dichloride and xylene met the
homogenity of variance criteria. The reason for the wide disparity in
variance from level to level was mainly due to the variance in Level 1.
Apparently, the results from Level ! varied more from one replicate to
another than the results from the other levels. By ignoring Level 1

and performing the test for homogenity on the remaining levels, almost all
the compounds in both tables met the criteria. Only carbon tetrachloride
and ethylene dichloride in Table B-6 did not meet the criteria stringently,
but were close enough to warrant their inclusion for obtaining pooled
estimates on all levels but the lowest concentration level.

The pooled estimates were cbtained by taking the degrees-of-

freedom - weighted average of the estimates:

2:: S.2 d.
32 _ 1 i i
pooled
L s,
. i
i

(4-7)



2 . . .
where: S = Pooled estimate of i wvariances.
pooled

S 5 = Estimate of ith variance

di = Degrees of freedom for Si

The 82 /S2 . ratio and the pooled estimates from Tables B-6 and B-7 are
max  min
shown in Tables 4-8 and 4-9 respectively. 1t should be remembered that tha
numbers reported in these tables are estimates obtained from log-~transformed
data, and represent relative-to-ihe-mean error estimates.

The individual error components: replication error, between
laboratory error, and day-to~-day error were then computed according to
the relationships described in Table 4~6. Table 4-10 presents these error

components as percent relative error. The percent relative error is

computed from equation 4-8 as:

% relative error = %—x 100 = ( exp(Sz) -1) x 100 (4-8)
x
where: S = Estimate of an error component standard deviation.
x = Average level of concentration.

The total percent relative error is also presented in Table 4-10,
and is computed as the root mean square value of the errcr components.
This total error is the error associated with a single observation made
in one laboratory on any one day. In general, the variance of a single
observation made in one laboratory on any one day is given hy:
2 2 2

S 7+ +
T S days Sb

The variance uf n observations ou one day in one laboratory is given by:
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The variance of n observations made on each of k days in one laboratory is

given by:

2 2

S
r days 2
e T tSy

The variance of n observations made on eack of k days in each of 1

laboratories is .given by:

S2 82 82
r . days " b
nkl kl 1

Thus, for example, in Table 4-10 the total percent relative error for
benzene in the approximate éoncentration range of 0.20 mg. to 1.70 mg.
{(Level 1 excluded) is 10.5%. This means that if we were to analyze one
sample. of benzene in any one laboratory by the method used in this study,
and the concentration was determined to be 0.600 mg., the one-sigma limits

on our determination would then be:

10.5

0.600 = 100

x 0,6 = 0.600% 0.063 mg.

4.2 DATA ANALYSIS OF ANALYTICAL RESULTS FROM PHASE II

The statistical analysis on the data obtained in Phase 11 was
identical to the analysis performed on the data in Phase I. Outliers were
identified and checked; a Youden analysis was performed on the pair of
results obtained on each day, as well as on the average of the replicates
obtained on different days; the data was subjected to a natural log
transformation and the analysis repeated; pooled estimates of the errcr
variances obtained for all levels, Level 1 excluded, and for Level 1; finallwy
the percent relative error components estimated for the seven compounds
and two mixtures. In addition, the results obtained in Phase I were comparcd

with the Phase I samples analyzed in Phase II.
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4.2.1 TIdentification of Phase II Qutliers

The outliers were identified by the procedure described in
Section 4.1.1 and, where necessary, the corresponding pairs excluded
from the Youden analysis. Table 4~1 lists the number of data pairs
obtained as outliers for each laboratory in Phase II. It is interesting
to note that, except for Laboratory #7, each laboratory had almost the
same number of outliers in Phase II as in Phase I. The raw data for the
seven compounds and the two mixtures analyzed in Phase II are presented
in Table C-3 in Appendix C, The asterisks indicate the missing wvalues
and‘outliefs.

Although a very large number of outliers were obtained again
from Laboratory #13, it was decided not to exclude this laboratory from the
analysis. Thus, all results which were not rejected as outliers from
Laboratory #13 were included in the Youden analysis of Phase II.

4.2.2 Analysis

The analysis of Phase II results was done according to the method
outlined in Section 4.1.2. Table C-4 summarizes the Youden analysis
performed with the replicates not averaged and Table C-5 summarizes the
results obtained by averaging the replicates on each day. The correspond-
ing analyses on the log-transformed data are presented in Table C-6 and
C-7. The pooled estimates obtained from these two tables are shown in
Tables 4-11 and 4-12 respectively.

Except for benzene and carbon tetrachloride, the other five
compounds and mixtures seemed to exhibit homogenity at all levels, including
Level 1. For the sake of comparison with the results from Phase.I, however,
‘the Level 1 pooled estimates have been separated from the other results.

The percent relative errors obtained from these pooled estimates are shown
in Table 4-13, A comparison of these errors with the percent errors obtained
in Phase I points out the following:
« a. The individual error components and the total percent
relative error were generally greater by almost fifty

percent or more in Phase II than in Phase I.
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b. The analyses at Level 1 in Phase II, especially for dioxane
and trichloroethylene, appeared to have improved over the
analyses at Level 1 in ?hase I.

¢c. Although there was better homogenity in variances from one
level to another in Phase II, the magnitude of the variances
in Phase II were greater than in Phase I.

One obvious reason for the larger variances associated with the
analysis of Phase II samples is the significant effect of errors associated
in sampling the Phase II charcoal tubes. While in Phase 1 the sample sets
were prepared to be identical, in Phase IT fifteen different individuals
were involved in calibrating and sampling through fifteen pumps. If one
makes the inherent, but reasonable, assumption that the sampling error
of Phase T was negligible compared to the sampling error of Phase II and
the analysis errors in Phases I and II were identical, then an estimate

of the sampling error of the method can be obtained from equation 4-9:

2 2 2

Eprt 7 p1 = Poampling ' (4-9)
where: E§II = Total percent relative variance of Phase II

(analytical error + sampliing error)
E%I = Total percent relative variance of Phase I
(analytical error)
Ez . = Percent felative variance of sampling.
sampling

(sampling error)
The first assumptioh cannot be checked by statistical methods. We can
find no evidence in the data to indicate that it is not true. The second
assumption can be checked by the data for the Phase I samples analyzed in
Phase II to similar samples analyzed in Phase I. .
Spare samples from the low, middle and high concentration levels
sampled in Phase I were analyzed during Phase II. The amount of organic
vapor collected in the Phase I spare samples (Code 00) was similar to the
Code 02 replicates in Phase I. These two sets of data represent almost
identical samples sampled by identical methods under identical conditions,
but analyzed under different circumstances. By comparing the Phase 1

spare samples analyzed in Phase I1 with the corresponding Phase I 02
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replicates, one can determine if there was any significant improvement in
“the analytical method of the two phases._'Table 4—-14 presents the two sets
of data from the two phases. The fings identify the outliers obtained
from each set of data. The cprresponding Scott values, the laboratory
means and the standard deviations are also listed. The F-ratio listed

for each level is the ratio of the larger variance to the smaller variance.
Standard F-ratio value at a 5% significancé level is approximately 2.70.

" A study of the F-ratio column shows that the only significant

" improvement in the analysis of Phase II samples was at the 5% TLV levél
(Level 1). This is especially noticeable in the case of dioxane and
trichloroethylene. No significant improvement in the analytical method is
seen for the other levels or in.the.analysis of the mixtures. Thus, one
can reasconably infer that except for the 5% TLV'level; the analytical
error in the two phases was essentially the same. Thus, Equation 4-9 can
be applied to estimate the magnitude of the sampling error.

Table 4~15 summarizes the percent relative error estimates of
sampling and analyzing the single components and mixtures used in this
study. The results shown exclude the 5% TLV level (Level 1). The
analytical error estimates for the single éomponents are fairly close and
average around 9.5%. The sampling error estimates are also closelj grouped,
except for carbon tetrachloride (low end of the distribution) and dioxane
(high side), and average about 8.3%.

Analytical and sampling error estimates for the benzene/xylene
mixture are somewhat lower in comparison to the estimates for the ethylene
dichloride/trichloroethylene mixture; but for both the single components
and the mixtures, the sampling and analytical error estimates are of the
same order of magnitude and lie in the range of approximately eight to

ten percent.
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5.0 DISCUSSION OF RESULTS

The statisticdl analysis of the collaborative test data for the
seven test compounds present singly at concentraticns from 60% of the TLV
to the excursion limit yielded an estimated relative total error of 12.7%.
The analytical error was estimated at 9.54 and the sampling error at £.1%.
Tn Phase II, errors at the 5% of TLV concentration level were up to twice
as large as for the other levels for the five compounds present at weighte
above 0.1 mg. and substantially greater for the two compounds present at
less than 0.1 mg.

The % relative errors were calculated after removal «f ogutliers.
This is the statistically accepted approach to treating collaborative test
data. However, from a practical standpoint we must consider the reasons
for the relatively large number of outliers obtained. In Fhase II, fiva
of the fifteen collaborators reported data in which 10 or more of the 72
test pairs contained outliers. On the other hand, eight laboratories had
either zero or one outlier.

This section investigates the various sources of error in the
generation of the collaborative test data, Possible limitations of the

method and means for improving the results are also discussed.

5.1 ANALYSIS OF BACK-UP CHARCOAL SECTIONS

A selected group of back-up sections of charccal was analyzed in
both Phases I and II, 1In Phase I a total of 36 back-up sectiong were
analyzed by each laboratcry. The 36 samples included one sample from
each set of four replicates. In Phase II the analysis of back-ups involved
two samples of each compound or mixture at the highest concentratic— only,
The schedule change from Phase I to Fhase II was made because in most
cases nothing was detected on the back-ups from the lower levels.

The results for the analyses of the back-up sections in Phase i
and II are tabulated in Tables 5-1 and 5-2, respectively. The mean
reported by all laboratories for the front sections (less outliers) is
also shown. The amount found on the back-up sections was very small in
most cases. The median value for the back-up exceedad one percent of
the.mean of values reported for the front section cnly for the excursion

limit equivalent of ethylene dichlioride. The average amoun. of ethyliene
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dichleoride found on the back-up was 8% in Phase I and 3% in Phase II. The
mixture of ethylene dichloride and trichloroethylene showed more ethylene
dichloride on the back-up section than for the same level of ethylene
dichloride alone. |

Because of the wide variations from lab to lab for the individual
back-up sections and the small amount found on most back-ups, the data
analysis was limited to amounts reported for the front ends. The possible
causes of the variations in back-up values are variations in tubes,
analytical errors and transfer from front to back-up sections during
transport. An examination of the data patterns indicate that tube-to-tube
variations are probably the major contributor to these variatioms.
Analytical errors, which were found to be highest at low concentrations
similar to those found on the back-ups, are believed to have also contributed
significantly to the variation. There is no evidence that mode or distance
of transport contributed to the variations in back-up values.

The analytical method recommends the analysis of back-up sections.
We believe that even though this amount may be insignificant in many cases,
it is necessary to analyze the back-ups if valid data are to be assured.
This will alsoc guard against errors when the sample flow through the tubes

has been inadvertantly. reversed.

5.2 DETERMINATION OF DESORPTION FACTORS

As part of the analytical method, each laboratory was required
to determine desorption factors for each of the seven organic compounds.
At least five replicate tests were made for each compound. The desorption
factors determined by each laboratory for each compound are shown in
Table 5-3.

The average desorption factors found for all compounds except
dioxane were 0.96 * 0.0l. Dioxane, which would be expected to desorb less
readily because it contains an oxygen atom, had an average desorption
factor of 0.,91. The data obtained by individual laboratories, however,
show wide variations from the averages. For example, the 15 desorption
factors reported for benzene ranged from 0.87 to 1.00. Since the desorption

factor is applied to each analytical result to arrive at a corrected value,
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the variations in desorption factors will directly result in vaciations in
the final data. Therefore, a significant portion of the between lab analyti-
cal error can be attributed to errors in determining desorption factors.

The analytical method was designed to minimize systematic errors
in desorption factors. Each laboratory was provided with charcoal tubes
from the same lot, and they were also provided with bulk samples of each
organic compound from the same lot. The method specified that the same
-syringe be used for the addition of the organic to the charcoal as for the
preparation of the standard against which it was compared. Thus, systematic
errors such as inaccurate syringe delivery should have been cancelled out.
A stu&y‘éf the five or more replicates for each. compound reported by each
labofatofy indicates good agreement among the replicates for most labora-
tories. The few laboratories which had problems in replicating desorption
efficiency determinations were generally the same laboratories for which
a large number of outlier data points were found {see Table 4-1).

We can conclude that errors in desofption efficiency determinations
contributed significantly to overall analytical erfor. The errors were

primarily systematic but their socurcé-.cannot be determined.

5.3 ANALYSES AT 5% TLV

The data analysis shows that the analytical errors at the 5% of
TLV concentration were substantially greater than at the higher levels,
especially when the weight of organic present was. less than 0.1 mg. At
first this may appear to be of relatively minor concern since the amount
present is well below the maximum allowable. This is not true because
to determine compliance with OSHA regulatioms, the concentration of each
individual component must be determined and divided by its TLV. The sum
of all these values must not exceed 1.0. Most industrial atmospheres
contain a mixture of many organic compounds. Thus, if there are twentv
compeunds present, each should not exceed 5% of its TLV on the average.

The errors at the 5% of TLV level are most likely related to
the gaé chromatograph. Excessive noise, drift, spurious peaks and

system hang-up would all cause much larger errors at low levels than at



higher levels. We believe that performance specifications for the gas
chromatograph must be included in the method if accurate data at low levels

are to be assured.

5.4 OUTLIER RESULTS

The relatively modest errors found at all concentration levels
except the 5% of TLV must be tempered by the fact that the errcrs were
calculated after removal of outliers. It is statiética}lv correct to
remove the outliers, but from a practical viswpoint we must recognize
that such outliers would no doubt occur if the method were recommended
for general use.

If limitations in the method were the cause of the outliers,
we would expect a normal distribution of outliers from each laboratory
about the mean for all laboratories. In Phase II, five of the fifteen
laboratories accounted for more than 90% of the outliers. This strongly
indicates that the method is satisfactory, but that the basic analytical
techniques used by five laboratories were inadequate. The collaborative
data show that the method can yield satisfactory results when used by some
analysts who have no prior experience with the charcoal desorptiocan method,
but the occurrence of poor results is of much greater probability than
for analysts with specific experience with this method. ¥e believe that
the best way to minimize erratic data {(outliers) is to require ur stronzly
recommend that analysts receive training in use of the method before

performing routine analyses in their own facilities,

5.5 SAMPIL.ING ERRORS

The estimates of sampling error shown in Table 4-15 are of the
same order of magnitude as the errowv: in pump calibration shown in Table
5-4. The latter data were measured by Scott at the end of three wampling
days.  The Scott measurements were made using a siangle hLubhla meter and
charcoal tube. The data should be free of systematic error, aud thus
depict the true variation from one sampler to znother. Large differences,
both positive and negative, between the rate reported by the collshorators

and that measured by Scott are apparent in many cases.
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The average measured flow rate was close to the 1.00 1/min.
desired, and many of the individual flow rates were reasonably close to
this value. On the other hand a2 significant number of pumps gave flows
either less than 0.9 or greater than 1.1 1/min.

These facts vindicate the calibration method and tend to
indicate that the pumps were adequate. The problem appears to be that some
participants did not perform the calibration correctly. This demonstrates
the need for a brief training course in sampling procedures and sampler
calibration. This was not done in the Phase II sampling because it would
have biased the data,

Some laboratories, notably Laboratory No, 2, included the
estimated'sample size on their analytical report sheets. By correcting
for sample size, the results could possibly have been improved. However,
since the method specifically stated that a2 ten lirer sample be taken, and
estimated sample size data were reported in a limited number of cases, o

corrections were made.

5.6 COMMENTS FROM COLLABORATORS
The collaborators were asked o comment on the method. Thesge
comments and suggestions are summarized below.

1. The repeated injection of 5yl samples 5f carbon disulfide
causes detector fouling which leads to poor resulis zad
unusually high percentage of down time. 3Several lshora-
tories felt they obtained better results with the 1 or 2
1l samples they used in their own work.

2. Some laboratories also nonted detector problems when the
chlorinated compounds were analyzed.

3. "Ghosting" occurred when high concentrations of solute
were followed by much lower concentrations.

4. Heat is generated when carbon disulfide is added to the
charcoal, and some vapor may be lost.

5. Better quality control in the manufacture of the charceal
tubes is necessary. Some tubes had the urethane divider

in the wrong place or not clearly dividing the two cections,
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6. The tube caps were hard to remove and hard to replace for

a good seal.
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APPENDIX A
SAMPLING AND ANALYTICAL METHODS



TENTATIVE METHOD FOR THE SAMPLING OF
ORGANIC COMPOUNDS WITH CHARCOAL ADSORPTION TUBES

1. Scope
A method is described for collecting organic vapors on charcoal

adsorption tubes.

2. Principle of the Method

A known volume of air is drawn through a charcoal adsorption
tube by means of a battery-powered sampling pump. Any organic vapors

present will be adsorbed onto the charcoal.

3. Apparatus

3.1 Sampling Pump: An approved coal mine dust personal sampling
pump or any vacuum pump whose flow can accurately be determined at ! liter
per minute.

3.2 Charxcoal Tubes: Glass tube with both ends flame sealed, 7 cm.
long with a 6 mm OD and 4 mm. ID, containing 2 sections of 20/40 mesh
activated charcoal separated by a 2 mm. portion of urethane foam. The
adsorbing section contains 100 mg. of charcoal, the back-up section 50 mg.

3.3 Calibration apparatus for pump flow rate.

4. Sampling Procedure

The personal sampling pumps to be used should not be run continuously
for more than 4 hours unless necessary. These pumps will run 8 hours
continuously, but after the battery starts to run down, the flow will slowly
start to drop. To be safe in running for a full day, run one pump for
4 hours and then substitute with ancther pump for the remaining 4 hours. The
first pump can be recharged while the second pump is in operation in case
a back-up pump is needed. All pumps should be charged overnight before use
the following day. In reiteration, one pump can be used for a full 8 hours,
but it would be more accurate to use one pump only for a total of 4 hours
running time.

All pumps should be calibrateéd before departure to the site of
sampling. When sampling over a period of days, it is recommended that the pump
(or pumps) be calibrated immediately before and immediately after use each day.

A calibration check should take a maximum of 5 minutes.



During actual sampling, the length of tube connecting the charcoal
tube to the pump should be as short as possible and there should be no
tubing ahead of the charcoal tube. After all sampling for a day has been
completed, check the flow rate on the pump(s) to see if it had radically
changed. If a noticeable change has occurred, record the change for future
correlation to sample analysis.

Both ends of the charcoal tube should be broken to provide an
opening of at least 2 mm., which is one-half the ID of the tube. A
smaller opening causes a limiting orifice effect which reduces the flow
through the tube. The smaller section of charcoal in the tube is used as
a back-up section and should therefore be placed nearest the sampling pump.

One liter per minute is the recommended sampling rate. A 10 liter
sample is normally adequate, The tube must be sampled in a vertical
position. One charcoal tube should be treated in the same manner as the
sample tubes (break, seal, ship) with the exception that nc air be drawn

through it. This tube will serve as a blank.

5, Calibration Procedure

The equipment used to calibrate a personal sampling pump cousists
of a pump, a 1000 ml. calibrated buret (bubble meter), several varied
lengths of %" ID Tygon tube (or the equivalent), a standard charcoal tube
0 across it), a H_O manometer

2 2
(optional), liquid detergent (or other soap), and a 200 ml. beaker (sgee

(with a pressure drop of about 10" H

Figure 1). After the equipment is set up, turn on the personal sampling
pump and determine the pressure drop across the charcoal tube from the
manometer. This pressure drop should be 9-11" of HZO' Moisten the interior
surface of the buret and draw several bubbles wup the buret. Measure the
time it takes a bubble to move from one calibration to ancther, say from

0 to 500 ml. The flow is then determined. By setting the rotometer at
different calibrations and measuring the flow, a graph of flow (1/min) vs.
rotometer readings is obtained. Determine where the 1 ppm setting is and
set the pump for this flow. Determine the exact flow and the length of time
the pump must run to draw a 10 liter sample through the charcoal tube. All

samples should be taken for this Jength of time,
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Figure |. Personal sampling pump calibration setup .



TENTATIVE METHOD FOR THE ANALYSIS OF ORGANIC
COMPOUNDS ADSORBED ON CHARCOAL TUBES

1. Scope

A method is described for analyzing various organic compounds

which have been adsorbed onto charcoal in glass tubes.

2, Principle of the Method

The charcoal containing organic vapors is transferred from the
collection tube to a small test tube. It is desorbed with carbon disulfide,
and an aliquot is injected into a gas chromatograph. Concentrations are
determined by comparing the area of the resulting chromatographic peak with

areas obtained from the injection of standards.

3. Apparatus

3.1 Charcoal tubes: Glass tube with both ends flame sealed, 7 cm.
long with a 6 mm, OD and 4 mm. ID, containing 2 sections of 20/40 ﬁesh
activated charcoal separated by a 2 mm. portion of urethane foam. The
adsorbing section contains 100 mg. of charcoal, the back-up section 50 mg.

3.2 Gas chromatograph equipped with a flame ionization detector.

3.3 Columm capable of separating the organics to be determined.

3.4 An integrator or a recorder with some method for determining
reak area.

3.5 Glass-stoppered test tubes: 100 x 13 mm. (Corning 9810 or
equivalent).

3.6 Syringes: 10 ul and convenient sizes for making standards,

(Hamilton or equivalent),



4. Reapgents

4.1 Spectroquality carbon disulfide.

4.2 Bulk samples of organics to he determined.
4.3 Grade A helium.

4.4 Prepurified hydrogen.

4.5 Oxygen or filtered compressed air.

5. Analytical Procedure

5.1 Cleaning of Equipment
All equipment used in the analysis should be detergent washed
followed by tap and distilled water rinses.
5.2 Preparation of Samples
In preparation for analysis, each charcoal tube is scored with
a file in front of the first section of charcoal and broken open. The
glass wool is removed and discarded. The charcoal in the first (larger)
section is transferred to a glass stoppered test tube. The separating
section of foam is removed and discarded; the second section is transferred
to another test tube. These two sections are analyzed separately.
5.3 Desorption of Samples
One-half milliliter of carbon disulfide is pipetted into each
test tube and tube is stoppered immediately. (All work with carbon
disulfide should be performed in a hood because of its high toxicity.)
Allow samples to desorb for thirty minutes with occasional agitation.
5.4 Gas Chromatograph Conditions
A gas chromatograph with flame lonization detector is set up
with appropriate column and conditions to separate the organics to bhe

analyzed.



5.5 Injection of Samples

To eliminate difficulties arising from blowback or distillation
within the syringe needle, the solvent flush injection technique is employed.
The 10 ypl syringe is first flushed with carbon disulfide several times to
wet the barrel and plunger. Two microliters of carbon disulfide are drawn
into the syringe to increase the accuracy and reproducibility of the
injected sample volume. The needle is removed from the carbon disulfide
and the plunger is pulled back about 0.2 ul to separate the solvent flush
from the sample with a pocket of air to be used as a marker. The needle is
then immersed in the sample, and a 5 wl aliquot is withdrawn, taking into
consideration the volume of the needle, since the sample in the needle will
be completely injected. After the needle is removed from the sample and
prior to injection, the plunger is pulled back a sﬂort distance to minimize
evaporation of the sample from the tip of the needle. After injection the
needle is allowed to remain in the injection block for several seconds te
insure complete evaporation of the solvent. Duplicate injections of each
gsample should be made.

5.6 Measurement of Peak Area

The area of the sample peak is measured by an elecironic integrator

or some other suitable form of area measurement, and preliminary sample

results are read from a standard curve prepared as discussed below.

6. Calibration and Standards

6.1 Preparation of Standards
It is convenient to prepare standards in terms of mg/0.5 ml CS,
“

because samples are desorbed in this amount of CSy;. To minimize error due



to the volatility of carbon disulfide, twenty times the weight can be
injected into 10 ml of CSZ' For example, to prepare a 0.3 mg./0.5 ml.
standard, 6.0 mg is injected into exactly 10 ml of CS2 in a glass~stoppered
flask. The density for the organic is used to convert 6.0 mg into micro-
liters for easy measurement with a microliter syringe. A series of at
least three standards is prepared varying in concentration over the range
of interest and analyzed under the same G.C. conﬂitions and during the
same time period as the unknown samples. Curves are established by plotting
concentration versus average peak area. New standards should be made up
daily.

6.2 Determination of Desorption Efficiency

It is necessary to determine the percentage of each organic on
the charcoal that is removed in the desorption process. This desorption
efficiency may be determined once for a given compound for each batch of
charcoal used in the tubes. It is convenient to use the charcoal from an
unexposed charcoal tube for desorption efficiency determinations. The
100 mg. of charcoal from the front adsorbing section is placed in dits
original tube or in a 4 mm. ID x 50 mm. long glass tube with one end
sealed, The open end is capped with Parafilm. The tube must contain
only charcoal, and all urethane foam, glass wool, etc. must be removed.

A known volume of the organic is injected directly onto the
activated charcoal with a microliter syringe, and the tube is capped with
more Parafilm. The amount injected is usually equivalent to that present
in a 10 liter sample at a concentration equal to the federal standard. A
minimum of five tubes are prepared in this manner and allowed to stand for

at least one day to assure complete adsorption of the organic onto the



the charcoal. These tubes are desorbed and analyzed in exactly the same
manner as sampling tubes except that the standards are made up by injecting
the same amount of organic as was injected onto the charcoal into 0.5 ml

of CS2 in a glass-stoppered tube. The same syringe is used so that any
error in measuring the organic should be cancelled out. The results of
each analysis are compared to the standards to determine what fraction

of the original amount of organic was desorbed. The average fraction

desorbed is used as a factor in all sample analyses.

7. Calculations

The first step in determining the results is to read the weight
in milligrams corresponding to each peak area from the standard curve,

The standard curve is based on mg/0.5 ml CSz, and therefore, no correction
need be made for the voi;mé of the sample injected, since this 1s identical
to the volume of the standards injected.

The weight of organic on the front section of the blank is
subtracted from the weight determined for the front sectlon of each sample;
a similar procedure is followed for the back-up sections.

Amounts present on the front and back-up sections of the same
tube are then added together to determine the total amount detected in
the sample.

This total weight on the tube is corrected by dividing by the
desorption factor to determine the total number of milligrams in the
sample.

Milligrams can be converted into parts per million cencentration

by volume in the air sampled by the following equation:

_ 24,450 ml/mole x mg/liter
molecular wt,

at 25°C parts per million
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INSTRUCTIONS FOR ANALYSIS OF CHARCOAL TUBES
PHASE 1 OF NIOSH COLLABORATIVE STUDY

The analytical method to be followed is attached. It has been
revised to reflect decisions made at the seminar on February 15. The
analyses must be performed according to the method as presented at the
seminar. The calculations will be performed as described below instead
of as indicated in Section 7 of the method.

You have been shipped two packages. The first contains 10 cc
vials of each of the seven solvents to be determined in the program. Use
these vial samples for making all standards and performing desorption
efficlency determinations. Assume that the solvent purity is 100%Z. The
second package contains 180 charcoal tubes with adsorbed organics and
70 blank, unopenad tubes for desorption determinations.

The analysis schedule for your laboratory is also attached. The
tubes are to be analyzed on the days specified and in the order specified.
The tubes are marked by a code number. The first two digits are your
laboratory code. This is denoted by xx on the schedule. The 144 tubes to
be analyzed are scheduled over a ten day period. The test days need not be
consecutive calander days, but must follow the specified chronological order.
It is most desirable that all tubes scheduled for a particular day be analvzed
within the same day. Only those back-up sections marked with an asterisk are
to be analyzed. The remaining back-up sections are to be left in their
tubes, capped and stored for possibie future analysis. It is recommended
that analyses be performed within 90 minutes of the start of desorption.

All tubes scheduled for analysis end in the digit 1, 2, 3 or 4.
Tubes ending in the digit 0 are included as spares. If any of the tubes
scheduled are broken in shipment or if the sample 18 lost in analysis,
substitute the spare tube with the same code number except for the last
digit. For example, tube number 17030400 should be substituted for
17030402 if the latter is lost. |
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The enclosed data sheets are to be used to transieit your data to
us, Use one sheet for each day's schedule. A sample sheet is attached.
Enter the code number of the tube in columns 3 through 10. Enter the
compound analyzed for in columns 11 through 20. Uss separate lirnes where
more than one compound is analyzed. In column 21 enter F for front saction
and B for back-up section. Enter the average weight of organic found as
read from your calibration curve in coclumns 22 through 27 as xx.xxxx ng
The desorption factor for the compound is entered in columms 28 through 31
as x.xxx. The corrected weight {average weight divided by the descrption
factor) is enterred in columns 32 through 37 as xx.xxxx mg. Columns 38
through 61 are to be used for enterring the replicate determination data
(not corrected for the desorption factor). The remaining columns are to
be used for pertinent remarks such as tubes analyzed on the following
day, sample spilled ete,

The data sheets for desorption factor determinations and general
information are self explanatory. If you have any question do not hesitate

to call Louis Reckner at 215-766-8861.



A-12

INSTRUCTIONS FOR ANALTSES OF CHARCOAL TUBES
PHASE II OF NIOSH COLLABORATIVE STUDY

The analytical procedure to be followed in Phase I1 is ideuntical
to that used in Phase I except that it will be required that standards be
prepared which are within a factor of two of all samples. E£ince the amounts
of hydrocarbons adsorbed on the Phase II samples are in the sauwe range as
the Phase T samples, you should be able to determine what standard concentra-
tions vou will need nrior to analyzing the sampies. The requiremernt for
additional standards is being added because in Phase I the precision of the
data for the samples representing concentrations near the TLV was conwnidera-
bly better than that for samples with either greater and lesser amounts.

The analysis schedule for your laboratory is attuched. The
tubes are to be analyzed on the days specified and in the c¢rder specified.
The tubes are marked by a code number. The first two digits are your
laboratory code. This is denoted by xx on the schedule. The iubes toc be
analyzed are scheduled over a ten day period. The test days uneed not be
consecutive calander days, but must follow the specified chronciogical order.
It is most desirablie that all tubes scheduled for a particular day be
analyzed within the same day. Only those back-up section marked with an
asterisk are to be analyzed. The remaining back-up sections are tc be left
in their tubes, capped and stored for possible future analysis. It is
recommended that analyses be performed within 90 minutes of the start of
desorption.

In Phase II tubes scheduled for analysis end in the digits 12, 13,
14 or 15, Tubes ending in the digits 1l are included as spares. I[f any of
the tubes scheduled are broken in shipment or if the sample is lost in
analysis, substitute the spare tube with the same code number except for
the last digit. For example, tube number 17030411 should be substitute?
for 17030412 if the latter is lost,

In order to compare the Phase II data to Phase I data, a aumber
of the unanalyzed spare tubes from Phase I have been included in your
Phase II schedule. This should not require additional time on your part
because the number of back-up sections to be amalyzed has been reduced. In
addition, you will not have to perform any desorption experimeants, and

you should use the desorption factors you determined in Phase T.
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The data sheets are to be filled out as in Phase I. PFlease note
that the decimal is to be positioned at the point indicated by the dotted
line in the columm headings. General information data sheets should also
be filled out as in Phase I.






APPENDIX B
PHASE I SCHEDULE, DATA AND DATA ANALYSIS



Laboratory No.

TABLE B-1i

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

s .

Day No. A

Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined
1 ¥xN50401 Etnylene Dichloride =
2 xx050204 "
3 xx050104 "
4 xx05020 3% "
5 xx050402 "
6 xx050103% "
7 xx090104 Ethylene Dichloride & Trichlorcethylene
8 xx090103% "
9 xx060504 Trichloroethylene
10 ®x060302 "
11 xx060201 "
12 xx060503 ’
13 xx060202 "
14 xx06030 1% "
15 XX
16 XX

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The '"xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.



B-3

TABLE B-1

SCHEDULE FCR ANALYSIS OF CHARCOAL TUBES

Laboratory No.

Order of

{continued) Day No. B

Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx050304 Ethylene Dichloride

2 xx050202 "

3 xx050201 "

4 xx050501 "

5 xx050502 "

€ xx050303% "

7 xx090102 Ethylene Dichloride & Trichloroethylene
8 xx090101 "

9 xx060203* Trichleroethylene

10 xx060102 "

11 xx060204 "

12 xx060401% "

13 xx060101 "

14 xx060402 "

15 XX

16 XX

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.



SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No.

Order of
Analysis

(=T N BN T, N O TCR S -

e i )
S L W N = D

* The back-up charcoal is to be analyzed in these tubes.

Charcoal Tubs
Code Number

TABLE B-1

(continued)

Day No.

Compound{s) to be Determined

xx050302
xx05050 3%
xx050102
xx050301
xx050101
xx050404
xx050504
xx050403%
xx040302
xx040103%
xx040203
xx040504
xx040104
xx040301%*
xx040204
xx040503

Ethylene Dichloride

Dioxane

NOTE: The "xx" in the charcoal tube code numbers refers to your

laboratory number as shown above.



TABLE B-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. _ (continued) Day No. D
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx010304 Benzene

2 xx010204 "

3 xx010401% "

4 xx010303 "

5 xx010101* "

6 xx010402 "

7 xx010203 "

8 xx010102 "

5 xx030104 Chloroform

10 xx030301%* "

11 xx030204 "

12 xx030103%* "

13 xx030402 "

14 xx030302 "

15 xx%030203

16 xx030401 "

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.



TABLE B~1i

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued)

Laboratory No. Day No, _EL__
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined
1 xx030202 Chloroform
2 xx030303 "
3 xx0 30404 "
4 xx030101 "
5 xx030201* "
6 xx030102 "
7. xx030403% "
8 xx030304 "
9 xx070501% Xylene
10 xx070403 "
11 xx070202 "
12 xx070304 "
13 xx070502 "
14 xx(170404 "
15 xx070201% "
16 xx070303 "

* The back-up charcoal is to be analyzed in these tubes.

NOTE:

The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.
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FIGURE B-]

SCHEDULE FOR ANALYSIS CF CHARCOAL TUBES

(continued)

Laboratory No. Day No.
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx010202 Benzene

2 xx010503*% "

3 xx010201% "

4 xx010403 "

5 xx010504 "

6 xx010404 "

7 xx080101 Benzene & Xylene

8 xx080102 "

9 xx070203 Xylene

10 xx070102 "

11 xx070402 "

12 xx070204 "

13 xx070101% "

14 xx07040 1% "

15 XX

16 XX

* The back-up charcoal is to be analyzed in these tubes,

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.
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TABLE B-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. (continued) Day No. G
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx010301% - Benzene

2 xx010103 "

3 xx010502 "

4 xx010302 "

5 xx010501 "

6 xx010104 "

7 xx080104 Benzene & Xylene

8 xx080103* "

9 xx070503 Xvlene

10 xx070104 "

11 xx070302 "

12 xx070504 "

13 xx070301* "

14 xx070103 "

15 XX

16 XX

* The back-up charcoal is to be analyzed in these tubes,

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above,



TABLE B-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. __ (continued) Day No. H
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx060103* Trichloroethylene

2 xx060303 "

3 xx060403 "

4 xx060502 "

5 xx060404 "

6 xx060104 "

7 xx060501% "

8 xx060304 "

9 xx020402 Carbon Tetrachloride

10 xx020301 "

11 xx020504 "

12 xx(20204 "

13 xx020302 "

14 xx020503 "

15 xx020401% "

16 xx020203* "

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.
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TABLE B-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. (continued) Day No. 7 _
Order of Charcoal Tubs
Analysis Code Number Compound(s) to be Determined

1 xx040202 Dioxane

2 xx040403 "

3 xx040102 "

4 xx040501%* "

5 xx040201% "

6 xx040101 '

7 xx040404 "

8 xx040502 "

9 xx020201 Carbon Tetrachloride

10 xx020304 "

11 xx020101* "

12 xx020403 "

13 xx020303* "

14 xx020102 "

15 xx020404 "

16 xx020202 "

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.
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TABLE B-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. (continued) Day do. _J
Order of Charcoal Tubs
Analysis Code Number Compound(s) to‘be Determined
1 xx040303 Dicxane
2 xx040402 "
3 xx040304 "
4 xx040401* "
5 xx(20502 Carbon Tetrachloride
6 xx(20103 "
7 xx020501%* "
8 xx020104 "
9 XX
10 XX
11 XX
12 KX
13 qX
14 XX
15 XX
16 XX

* The back-up charcoal is to be analyzed in these tubes.

NOTE: The "xx" in the charcoal tube code numbers refers to your
laboratory number as shown above.
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SCHEDULE OF SAMPLING DAYS

FOR 15 LABORATORIES IN PHASE I

TABLE B-2

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

Lab

10
11
12
13
14
15
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TABLE B-3
PHASE I ANALYTICAL RESULTS
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YOUDEN ANALYSIS ON DATA AT EACH
LEVEL (REPLICATES AVERAGED) (PHASE I)
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YOUDEN ANALYSIS ON LOG-TRANSFOKMED
DATA FOR EACH PATR AT EACH LEVEL (PHASE I)
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TABLE B-7
YOUDEN ANALYSIS ON LOG-~TRANSFORMED DATA
AT EACH LEVEL (REPLICATES AVERAGED) (PHASE I)
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APPENDIX C
PHASE I1 SCHEDULE, DATA AND DATA ANALYSIS



TABLE C-1

SCHEDULE FOR ANMALYSIS OF CEARCOAL TUBES

Laberatory No.

Day No. _A

Order of Charcoal Tubes
Analysis Codg Number Compound(s) to be Determined
1 *x050414 Ethylene Dichloride
2 xx050113 "
3 xx050100%% "
4 xx050112 "
5 xx050313 "
6 xx050415 "
7 xx050500%% "
] xx050312 "
9 xx090112 Ethylene Dichloride & Trichloroethylene
10 xx090113* "
11 xx060413 Trichloroethylene
12 xx060115 "
13 xx060512 "
14 xx060412 "
15 xx060513% "
16 x¥x060100** "
17 xx060114

* The back-up charcocal is to be analyzed in these tubes,

*% Spare charcoal f{rom Phase I.

NOTE:

The 'xx' on the charcoal tube code numbers refers to your
laboratory code number shown above



TABLE -1 .
SCHEDULE FOR ANALYSTS OF CHARCOAL TUBES
{continued)

Laboratory No. : | ' Day No. _B
Order of Charcoal Tubes
Analysis _Code Number Compound{s) to be Determined
1 xx050513 Ethylene Dichloride
2  xx050115 | W
3 x*x050114 "
4 - xx050214 "
5 xx050215 "
6 xx050512* "
7 xx090100%*  Ethylene Dichloride & Trichloroethylene
8 xx090115 " |
9 xx090114% "
10 xx060500%% Trichloroethylene
11 xx060214 "
12 xx060515 "
13 xx060215 "
14 xx060312 "
15 xx060514% - "
16 xx060313

%*. The back-up charcoal i1s to be analyzed in these tubes.
** Spare charcoal from Phase I.

ROTE: The 'xx' on the charcoal tube code numbers.refers to your
laboratory code number shown above



SCHEDULE POR ANALYSIS OF CHARCCAIL TUBES

Laboratory No.

‘Order of
Inodyuis

1

[~

LSS B A S

W o~

10
11
12

13

14

16

17
18

e

" xx050315

- xx%050514
xx050300%%
xx050213
xx050314
xx050212
xx050413
xx050515%
x%050412
+xx030313
xx030114
xx030212
xx030415%
xx030115

- xx030312
xx030213
xx030414
X%0304004%

Charcoal Tubes
L Lode Number

C-4

TABLE C-1

{continued)

Day No. _

Compound(s) o he Datermined

L

Ethylene Dichloride

"

1"

11

"

"

1

"

L2}

Chloroform
1)
n
"
"
"
<N
"
"

&4 Spare charcocl from Phase I.

KOTE:

- % The bock-up chaveoal dis to be analyzed in these tubes.

The ‘'xx' on Lthe charcosl cuhe code rusbers refers to your
oy shoun ahove

Taboratory code num



C-5

TABLE C-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)

Laboratory No. Day Neo. D
Order of Charcoal Tubes
Analysis Code Number Compound(s) to be Determined

1 xx010300%* Benzene

2 xx010315 "

3 xx010413 a

4 xx010114 "

5 xx010314 b

6 xx010212 "

7 xx010115 "

8 xx010412 "

9 xx010213 "

10 xx040215 Dicxane

11 xx040512 "

12 xx040100*% "

13 xx040315 "

14 xx040214 "

15 xx040513% "

16 xx040415 "

17 xx040414 "

18 xx040314 "

* The back—up charcoal is to be analyzed in these tubes.
*% Spare charcoal from Phase I.

NOTE: The ‘xx' on the charcoal tube code numbers refars to your
laboratory code number shocwn above



TABLE C-1
SCHEDULE . FOR ANALYSIS OF CHARCOAL TUBES
(continued)
Laboratory Wo. Day No. _E
Yoder of Charcoal Tubes
tnalyeis _Code Wuiaber Compouwnd(s) to be Determined

1 xx070215 Xylene
2 xx070412 "

3 x%070513 K
4 xx070112 "
5 xx070214 "

6 xx070113. "
xx070512% "
8 xx070413 "
xx070500%% "

10 xx020100%% Carbon Tetrachloride
1y xx020414 "
12 xx020312 "
13 xx020115 "
14 xx020513 | d
15 xx020415 0
16  xx020313 .
17 xx020114 - "
18  xx020512% "

# The back -ap charanel dg to be analyzed in fhese tubes,

1

% Spare chaveonl froa Phase T.

ROTE:  The "sx" oo the chareoal tube ende nuebors vofers Lo vour

leborvatony code nuwbay shown abeva



TABLE C-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)
Laboratory No. __ Day No. __ ¥
Order of Charcoal Tubes
- Analysis Code Number Compound(s) to be Determined
1 xx010215 Benzene
2 xx010414 "
3 xx010214 "
4 xx010512 "
5 xx010415 "
6 xx010513* "
7 xx010500%* "
8 xx080114 Benzene & Xylene
9 xx080100%* "
10 xx080115% "
11 xx070114 Xylene
12 xx070515% "
13 xx070315 b
14 xx070115 "
15 xx070514 "
16 xx070314 "

* The back-up charcoal is to be analyzed in these tubes.
*% Spare charcoal from Phase I.

HOTE: The 'xx' on the charcoal tube code numbers refers to your
laboratory code nuwber shown above



c-8

TABLE C-1
SCHEDILE FOR ANALYSTS OF CHARCOAL TUBES
_ (continued)

Laborotory Ho. Day No. G
Order of Charcoal Tubes
Analysis _Code Hurher L Compound(s) to be Determined

) xx010312 Benzene

2 xx010112 "

3 xx010515 "

4 xx010100%* "

5 xx010313 -

6 xx010514% "

7 xx010113 "

8 xx080113 Benzene & Xylene

9 xx080112% oo

10 xx070212 Xvlene

1 xx070313 B

12 xx070100%* "

13 xx070415 "

14 xx070300%* "

15 xx070213 "

16 xx070414 . "o

17 xx070312 "

* The back—p charcozl ie to be anadyzed in thoee tubes.

#% Sparce chouvenal From Phase 1.

FOTR: The 'sx' on the charcocl tube code nvsbers refers to your

labrnyotory code nusber chioen ghove



TABLE C-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)

Laboratory No. ' Day No. _H
Order of Charcoal Tubes :
Analysis Code Number Compound(s) to be Determined

1 xx060112 . Trichloroethylene

2 ' xx060212 "

3 xx060314 o

4 xx060415 - "

5 xx060315 "

6 xx060113 "

7 xx060414 oo

8 - xx060300%* ‘ "

9 xx060213 "

10 xx040413. Dioxane

11 - xx040500%* "

12 xx040312 "

13 xx040515% "

14 xX040115 2

15 -xx040313 "

16 xx040514 "

17 xx040412 "

18 Xx040114 oo

% The back-up charcoal is to be analyzed in these tubes.
*% Spare charcoal from Phase I.

NOTE: The 'xx' on the charcoal tube code numbers refers to your
laboratory code nunber shown above



C-~10

TABLE C-1
SCHETAULE FOR ANALYSIS OF CHARCOAL TUBES

_ ~ (continued)
Laberatory Ho. ' Day No. T

Qeder of Charcoal Tebes :
Avaldysis Code Nunhor Compomnd(z) to be Determinad

1 xx020300%* Carbon Tetrachloride
2 - xx020413 Lo
3 - xx020112 "
'xx020213 "
xx020514% = "
xx020412 | "
xx020212 o
xx020113 "
9 xx020515 A
10 xx030200%% Chloroform
1 xx030214 . o |
i2 xx030315 . "
13 xx030112 oo
14 xx030412% "
15 xx030314 "
16 xx030113 "
17 xx030413 "
8 xx030215 .

[ B -

~ . &

o

ate

*# The hack-vp charcosl §o to be avalvzed dn thoeso tubds.,
W L chareon) from Phase T.

DO The 'su' oon the chrveosl tube code nwibare refers to your
~ dshoravery code mlicr shown shove



C-11

TABLE C-1
SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
{continued)

Laboratory No. __ Day No. _J__
Order of Charcoal Tubes
Analysis Code Number Compound(s) to be Determined

1 xx040112 Dioxane

2 040213 e

3 xx040300%% "

4 xx040113 "

5 xx040212 - "

6 xx020315  Carbon Tetrachloride

7 xx020214 "

8 xx020314 | "

9 xx020215 "

10 xx020500%%* H

11 XX '

12 xX

13 XX

14 xx

15 XX

16 XX

% The back~up charcoal is to be analyzed in these tubes.
%% Spare charcoal from Phase I.

NOTE: The 'xx' on the charcoal tube code numbers refers to your
laboratory code number shown above



c-12

TABLE C-2 SCHEDULE OF SAMPLING DAYS FOR

15 LABORATORIES IN PHASE II1

Lab

10

10

10

10

10

10

10

10

10

10

10

11
i2

10

10

10

13
14
15

10

10



Cc-13

TABLE C-3
PHASE IT ANALYTICAL RESULTS
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TABLE C-5
YOUDEN ANALYSIS ON DATA AT EACH
LEVEL (REPLICATES AVERAGED) (PHASE II)
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YOUDEN ANALYSIS FOR LOG-TRANSFORMED
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TABLE C-7
YOUDEN ANALYSIS ON LOG-TRANSFORMED DATA
AT EACH LEVEL (REPLICATES AVERAGED) (PHASE II)
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