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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 along 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 presented 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 been 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 analytic~l 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 simultaneously 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 solvents. Separate

estimates were made for replication 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 various types of laboratories

which would utilize such a method, their capability and willingness to make

available the required technical personnel 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 chromatographic

separation column. The approved version of the sampling and analytical

methods were then distributed to the collaborators. These methods 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 10% from

100 mg., 7 had back-up sections which deviated by more than 10% from 50 mg.,

and 4 had total weights which deviated from 150 mg. by more than 10%.

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.
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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 Plumsteadville, Pa. laboratory

and analyzed the samples in their home laboratories.

The collaborative test program involved seven solvents present

singly at up to five concentrations including 5%, 60%, 100% 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 EXPERIMENTAL 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), replication error, and day-to-day

error as well as accuracy at each level for each organic. It was also

desired to determine the amount of organic, if any, adsorbed on the back-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



3-2

TABLE 3-1 ORGANIC VAPOR ATMOSPHERES TESTED

Cone. ,
Ref. No. Component ppm

A-l0790 Benzene 0.543
A-l079l Benzene 6.25
A-l0792 Benzene 10.3
A-I0793 Benzene 19.3
A-I0794 Benzene 48.7

A-I0795 Carbon Tetrachloride .436
A-l0796 .Carbon Tetrachloride 6.78
A-l0797 Carbon Tetrachloride 11.02
A-I0798 Carbon Tetrachloride 23.04
A-I0799 Carbon Tetrachloride 245

A-10800 Chloroform 2.44
A-l080l Chloroform 31.9
A-10802 Chloroform 50.6
A-l0803 Chloroform 98.6

A-I0804 Dioxane 6.25
A-l080S Dioxane 59.6
A-10806 Dioxane 106.7
A-10807 Dioxane 162
A-l0808 Dioxane 192

A-I0809 Ethylene Dichloride 2.41
A-108lD Ethylene Dichloride 34.2
A-108ll Ethylene Dichloride 53.1
A-l08l2 Ethylene Dichloride 94.4
A-10813 Ethylene Dichloride 209

A-l08l4 Trichloroethylene 3.37
A-I08l5 Trichloroethylene 65.0
A-I08l6 Trichloroethylene 106.8
A-10817 Trichloroethylene 185.0
A-l0818 Trichloroethylene 273.5

A-108l9 m-Xylene 4.75
A-l0820 m-Xylene 57.9
A-10821 m-Xylene 111
A-l0822 m-Xylene 153
A-10823 m-Xylene 193

A-l0824 Benzene, m-Xylene 10.9, 103
A-l0825 Ethylene Dichloride, Trichloroethylene 51.1, 104
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greatly increase the effi.ciency of the experiment ,,,ithGut causing bias or
<f;

limiting the utility of the data in any way. The analysis of all back-up

sections would also require too much time. so it wa.s decided to analyze

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 pai:cs. Both members of a pair were ;',)

be done on the same day. The remaining parameters were r2.nd(lmized~dthin

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 the fifteen participating

laboratories.

3.2 GENERATION OF PHASE I 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 h1gh

pressure cylinders and analyzed to an accuracy of ±2% by Scott's Measure­

ment Standards Division. The cylinder. contents were analy?:ed by gas

chromatography against primary standardB prepared by Scott' s Measu;~emcnt

Standards Division following proprietary procedures utilized by that

Division in producing close-tolerance gas mixtures for sale to g:_' ;,rernrael1t
•

and industry. Ba.sically the primary standards are prepared by injecting

a known amount of the trace componeutwith a cal:'brated microliter syringe

into a calibrated 5-liter glass flask and pressurizing thE: flask to a

known pressure with high purity nlcrogen.

The cylinders were attached to the sample generatiou

apparatus. The gas passed through a pressure regulator, flow

control valve. charcoal tube. flowmeter and wet test meter. Four

samples were collected simultaneously in the four separate sampLin2

legs. The wet test meters were calibrated both before and after the

sample generation. The corrected wet test meter data ~eTe used to

calculate the quantity of organics passed through the cha~coal ~ubes_

The flow meters were used for adju'3ting the sample flow rate to

approximately one liter per minute.
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The composition of the [:as flowing through the system 'I'laS

monitored continuously with a flame ionization tota.l hydrocarbau

analyzer and periodically with a gas chromatograph. Tha operaL.ng

details of these instruments are listed in Table 3-2. Analyses were

made alternately directly from the cylinder and from ,the f.!ow system

until the two gave identical readings. This indicated that the system

had equilibrated and collection in charcoal tubes c01nIDenced. During

the collection period the instrument readings verified that the system

concentrations did not change. The data recorded were similar to that

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

Eighteen samples of each test gas mixture '!lere collec.ted on each

wet test meter. 'filis 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 samp12s

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 c.ol~aborators

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 laboratory.

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 allowed if the calculated within day and day-to-­

day errors are to be valid.

Each tube was capped with plastic ends provided by MSA and

labeled with an eight digit identification number. A set of 180 tubes

with adsorbed organics and 70 blank tuhes for desorption determinations

were shipped to each eollaborating laboratory. Bulk samples of 2.ach

organic solvent were shipped to each laboratory under separate cover from

the sample tubes.



3-6

TABLE 3-Z HYDROCARBON ANALYSIS INSTRUMENT CONDITIONS

Gas Chromatograph

Model: Varian 1Z00

Fuel: Hydrogen @ ZO psi

Combustion Gas: Oxygen @ 30 psi

Carrier: Helium @ 40 psi

Detector Temperature: ZOOoC

Sample Size: 1 cc

Column: Carbowax ZOM (ZO' x 1/8")

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

Total Hydrocarbon Analyzer

Model: Beckman 108A

Fuel: 40% HZ in NZ
Purge Gas: Air
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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 1. Phase II was perfonled primari.ly

to determine the magnitude of errors due to sampling by the specified

method. This could be accomplished by comparing the errors in Phase 11,

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 could not

be defined.

There were reasons to believe that analytical error might be

significantly reduced from Phase I to Phase II. First of all, faluiltarity

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 ~equire 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 II, it was decided to analyze ,;ome of thes1,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 lab'TraLn'V

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

of back-up sections was omitted for the lower cor:centrations. At

these levels little or no organicrc: had been found on the back--ups in

Phase 1. Table C-l in Appendix C shoW's the analysis schedule for

Phase II samples. The samples marked with a single asterisk had the back-­

half charcoal sections also analyzed. The samples markecl ,-lith ;" daub),,:

asterisk were the Phase I spare samples. The randomized s ch.?dule of

sampling days for each of the fifteen laboratories is presented :;,

Table C-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 hydrocarbon 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 method.

No further calibration was permitted dur.ing 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 collected

five consecutive ten liter samples on tubes provided by Scott. Scott

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 samples collected. Approximately one

hour was required for each set.
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3.5 ANALYSIS 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 chromatographs and columns

used by the various collaborators are listed in Table 3-3. TIle 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 anyone day comprise what is known 8.8 a "'lFlit­

block" and can be studied both graphically (on a two-sample chart) and

numerically in establishing the precision (within lab01~atory error) ai.ld

systematic error (between laboratory error) of the method. By averaging

the replicates on a day, the averages on two different da.ys can be looked

upon as another set of similar pairs "unit-block" and the analysis for

precision and systematic error performed on this set of data. By studyi'lg

these results ~nd 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 outlined briefly

above, identification of outliers and missing data has to be consid,>red.

Considerable care has 1:0 be taken in this step of the analysis. A very

stringent test for outliers can cause the very important degrees of freedom

associated with labora tories to be dras tically reduced, re2u.L ting i.n

distorted estimates of error' which do not reflect the true IE<."rit of the

method. On the other hand, if data which lie well outside the gener~~

pattern exhibited by the laborato:des are included in the alnlys.::.s>

grossly erroneous conclusions about the method may be reached. Moreover.

inclusion of such outliers in all analysi.s can cause an unfJ.:r eval'Jatio';.

of the laboratories whose data reflected the true merit of~he. -r"ethod.

In the Youden analysis, if one member of a paiJ: is an out}:.: ;2r ..)1:

missing value, the pair is excluded from the analysis. rh.~ exclusion)f

such a pair reduces by one the degrees of freedom available for that pail,

but in no way complicates or hinders the st"ltis tical analysis of !:hr~' data.

Moreover, the "unit-block" concept and the two-sample cha!_":: 111.ust'C:ltE very

graphically the problems associated with outliers being ::"nc1 uded .:" Ln
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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, "Reconnnended Criteria for

Single Samples" (Ref. 3). A 2.5% significance level was used for the

outlier test criteria and the test considers the possibility of outliers

occurring 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 separated from the main cluster represented by the

other laboratories. In fact, over 40% of the data reported by Laboratory

#13 showed up prominently as outliers. A similar observation was noticed

for Laboratory ill for "'he dioxane samples. It was decided, upon consultation
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with. the Project Officer, 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 points 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 II

1 15 19
2 0 0
3 3 1
4 9 10
5 4 2
6 1 0
7 1 15
8 1 0
9 3 1

10 6 13
11 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.



4-4

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 xx010403

.6810

.6829

.6850

.6907

.7080

.1230

.7836

.8490

1.0 1.0 .0 3.0 5.0 2.0 .0 1.0 .0 1.0

R .5467 - .8490
Md .6819
Mn .6843
S D .07247
S E .01936
C V 10.58
P E .04888



.5428

.6142

.6452

.6770

.6920

.6993

.7060

.7131

.7147

.7280

.7380

.7450

.8200
1.5550

4-5

TABLE 4-3 OUTLIER TEST ON SECOND REPLICATE ON

SECOND DAY OF FOURTH LEVEL OF BENZENE - PHASE I

BENZENE xx010404

2.0 10".0 1.0 .0 .0 .0 .0 .0 .0 1.0

R .5428 - 1.5550
Md .7095
Mn .7564
S D .23877
S E .06381
C V 31.56
P E .16105

Out 1.5550 (10)

.5426

.6142

.6452

.6770

.6920

.6993

.7060

.7131

.7147

.7280

.7380

.7450

.8200

1.0 .0 1.0 1.0 1.0 3.0 3.0 2.0 .0 1.0

R .5428 - .8200
Md .7060
Mn .6950
S D .06734
S E .01867
C V 9.68
P E .04542
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.85

Benzene
xxOl04
Outlier Lab. #10 (0.6452, 1.5555)
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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 I

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

R 5.4500 - 7.9740
Hd 5.9331
Mn 6.1628
S D .66119
S E .18338
C V 10.72
p. E .44597

Out 7.9740 (n5)

5.4500
r;. r;?17

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
Hd 5.9265
Hn 6.0119
S D .39228
S E .11324
C V 6.52
P E .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
Hd 6.8450
l-tn 7.0150
S D .84669
S E .23483
C V 12.06
P E .57109

Out 9.5230 (#5)

6.0000
6.3,:)27
6.5796
6.6000
6.6270
6.7020
6.8450
7.0421
7.1300
7.2321
7.2524
7.3102

1.0 .0 1.0 .0 3.0 1.0 1.0 1.0 1.0 3.0

R 6.0000 - 7.3102
Hd 6.7735
Mn 6.8060
S D .40327
S E .11641
C V 5.92
P E .27201

NC.
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Dioxane
xx0405
Outlier Lab. #5 (7.974, 9.523)

6.75
9
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7.06.7.56.506.25

.... .... ....... ...-. .....__.--J
7.25
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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

Md:Median

Mn:Mean

x & x .
max m1n

n
= x

SD = Standard Deviation =

- 2(x.-x)
1

n-1

SE Standard Error SD---

~
CV Coefficient of Variation (%) 100

SD
x-

x

PE Probable Error 0.6745 (SD)

The number which is an outlier is listed next and the num~er 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.



Figure 4-1 illustrates 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 cOGrd:.l.nates for

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 one laboratory to another (systematic error),

the results from repeat determinations in anyone laboratory would tend to

be then either both high or both ;tmY. Thus, the cluster of points would

lie predominantly along the 450 line shown and the pattern appear elliptical

in nature.

In the example shown for benzene, nine of the laboratories

clustered fairly randomly around the mean. Laboratory #5 and Laboratory #15

were in the high -high and low-low quadrant respectively indicating the

presence of systematic errors for this set of data. Laboratory 113 and

Laboratory #1 were predvminantly in the high-low quadrant 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 out 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.



4··12

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 error

(precision) by analyzing the differences between repeat determinations made

on the same day. Being a non-random component the systematic error will be

the same for repeat determinations 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

L (Di-D)2
2 i

S = ----:--~-
r 2 (n-1)

(4-1)

where: S 2 = Variance component of the replication error (precision
r

D. Difference quantity of repeat determinations in the
1

ith laboratory.

D= Mean of the difference quantities.

n = Number of laboratories.

To obtain the standard deviation of the data itself we can use

the results from either the first determination or the second determinatL)n;

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

determinations:

S 2
d

n

L
i

2(n-1)
(n-1) degrees of freedom (I~·-2)

where: Sd
2 = Variance component of total error in data.

T. = Sum of repeat determinations in the laboratory.
1

T Mean of the sum quantities.

n = Number of laboratories.
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The reason for using the totals in obtaining the standard deviation

of the data is that the quantity Sd2 can be used very conveniently in an

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

Fn-l,n-l

S 2
d=;z
r

(4-3)

Thus we are testing whether the estimates Sd
2

and Sr
2

differ significantly,

i.e., whether they differ by more than can be 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-l, n-l) 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:

8 2
d

28 2 + S 2
b r

(4-4)

where: S 2
d

S 2
b

S 2 =
r

Variance component of total error in data.

Variance component for systematic errors.

Va1*ance component for replication error (precision).
..:""f..

~..y,~:

Another useful quantity obtained in this analysis is the

coefficient of variation:

CV 100
S

r

x
% (4-5)

where: CV Coefficient of variation (percent).

S = Standard deviation of the precision estimate.r
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:

where:

t =

t Calculated t-test value.

(4-6)

T Mean of the sum quantities.

Rr Sum of the reference values.

ST = Standard deviation of the sum quantities.

n = Number of laboratories.

Unless the value obtained for t exceeds some specified value, the observed

difference between T and Rr 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 reBults obtained

by the n laboratories on the replicates of each day at each level. The

second column (Average ~~ount Present) is the mean of the corresponding

Scott values. The difference between the amount present and the amount

found shows the systematic error of the procedure as estimated from "'-he

data available for each pair. This is shown in Column 3 as "Bias of

Procedure". The fourth column (P~ecision) lists the variance component of

the replication error, S 2 obtained from equation 4-1. Column 5 (SystematIc
r ' 2

Error) is the variance component for the systematic error, Sb ' calculated

from equations 4-2 and 4-4. Column 6 is the F-ratio test for significance

of systematic errors, equation 4-3. The degrees of freedom (number of

Laboratories minus one) is listed in column j 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 of the

replication error (precision) obtained for each pair at each level in

Table B-4 are homogeneous and can be pooled for that level. We wi 11

then obtain a table similar to THhle B--S. but the quantities obtained for

the precision and systematic er~or in these two tables would not be

estimating the same variance components. The pooled systematic errore

obtained from Table B-4 would now have to include the error due to analyzing

on different days. But the systematic errors obtained from Table Tl'-S w01.1Jd

be estimating the true between-laboratory error, since the day-to-day

effect has been averaged out. Table 4-6 summarizes the relatioashipe

between the different estimates of vari'1nce components for results obtaintd

by not averaging the replicates (Table 1>-4) and from results obtained by

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

Analysis

1. Replicates not averaged (Table A-4)

2. Replicates (Table A-5)

S 2 Replication error
r

Sb
2

Between laboratory error

S2
day

Day-to-day error

Precision
S 2

r

S 2
--.!..- + S2

2 day

Systematic
Error

S2 + S 2
day b

S 2
b

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.
2

The estimate of the day-to-day error, S d ,can be obtained
ay

either from the/estimates in the first analysis or from those in the

second analysis. If we had a completely balanced design for our analysis,

with no missing cell values, these two estimates of s2
d

would be identicaL
ay

Due to the fact that the Youden analysis can account for missing values and

outliers, the two estimates of s2
d

do not necessarily come out to be
ay

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
2replication error, S ,and the average amount found for a level. The

r
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 S is proportional to the amount
r

present at these levels. Level 1 on the other hand, deviates markedly

from this trend except for ethylene dichloride and xylene where S is
r

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 results

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 associated 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, S , and the
r

average amount found. To do this we need to perform a transformation on

the data. In general, if a standard deviation, 0, is proportiQnal to some

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

( 1
, f(~) d~ (Ref. 5)

In our case, f(~) = ~ and hence a logarithmic transformation would establish

the independence between S and the average amount found. Another advantage
r

of a transformation which makes the standard deviation independent 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 is compared

against standard tables of these ratis. The upper 1% 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 enough so that an average value of about

12 could be used as an entry into the table. The upper 1% points of the
2 2ratio S /S. for 12 degrees of freedom are shown in Table 4-7.max m1n

TABLE 4-7 UPPER 1% POINTS FOR THE RATIO AT 12 DEGREES OF FREEDOM

# 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 B-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 1 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 obtained by taking the degrees-of­

freedom - weighted average of the estimates:

L S.2 d.
S2 i 1 1

(4-7)pooled L d.
i

1
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8
2
pooled

82 Estimate of ith variance
i

d. Degrees of freedom for S.
1 1

The S2 /s2. ratio and the pooled estimates from Tables B-6 and B-7 are
max mln

shown in Tables 4-8 and 4-9 respectively. It should be remembered that th2

UQmbers reported in these tables are estimates obtained from log-transfo1~ed

data, and represent relative-to-the-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 s x 100
x

(4-8)

where: 8 Estimate of an error component standard deviation.

x Average level of concentration.

The total percent relative error is also presented in Tab Ie 4--10.

and is computed as the root mean square value of the error components

This total error is the error associated with a single observation made

in one laboratory on anyone day. In general, the variance of a single

observation made in one laboratory on anyone day is given by:

8 2 + 82 + 8 2
r days b

The variance of n observations on 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:

S 2
r

nk +

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

laboratories is given by:

S2
days
kl

Thus, for example, in Table 4-10 the total percent relative error for

benzene in the approximate concentration range of 0.20 mg. to 1.70 mg.

(Levell excluded) is 10.5%. This means that if we were to analyze one

sample. of benzene in anyone 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:

0.600 10.5 a 6
± 100 x • 0.600± 0.063 mg.

4.2 DATA ANALYSIS OF ANALYTICAL RESULTS FROM PHASE II

The statistical analysis on the data obtained in Ph~e II was

identical to the analysis performed on the data in Phase 1. 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 error

variances obtained for all levels, Levell excluded, and for Levell; finally

the percent relative error components estimated for the seven compounds

and two mixtures. In addition, the results obtained in Phase I were compared

with the Phase I samples analyzed in Phase II.
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4.2.1 Identification of Phase II Outliers

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 values

and outliers.

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

p~rcent or more in Phase II than in Phase I.
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b. The analyses at Levell in Phase II~ especially for dioxane

and trichloroethylene, appeared to have improved over the

analyses at Level 1 in Phase 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 I the sample sets

were prepared to be identical, in Phase II 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 I 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:

E
2
sampling (4-9)

where:
2

EpII = Total percent relative variance of Phase II
(analytical error + sampling error)

Total percent relative variance of Phase I
(analytical error)

E2 = Percent relative variance of sampling.
sampling (sampling error)

The first assumption 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 organi.c

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 I

spare samples analyzed in Phase II with the corresponding Phase I 02



4-29

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 rings identify the outliers obtained

from each set of data. The corresponding 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% significance 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 level

(Levell). 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 reasonably 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 (Levell). The

analytical error estimates for the single components are fairly close and

average around 9.5%. The sampling error estimates are also closely 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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5-1

5.0 DISCUSSION OF RESULTS

The statistical analysis of the collaborative test data for the

seven test compounds present singly at concentrations from 60~~ :if the TLV

to the excursion limit yielded an estimated relative total error of 12.7%.

The analytical error was estim~ted at 9.5% and the sampling error at 8,3%.

In Phase II, errors at the 5% of TLV concentration levtl were up to t;.;iC2

as large as for the other levels for the five compounds present at weights

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 cf outliers.

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 PhasE: II, five

of the fifteen collaborators reported data in which 10 or more 6f 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 charcoal was analyzed in

both Phases I and II. In Phase I a total of 36 back-up sections were

analyzed by each laboratory. The 36 samples included one sample from

each set of four replicates. In Phase II the analysis of back-ups inv.>lved

two samples of each compound or mixture at the highest concentratic~ only.

The schedule change from Phase I to ~hase 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 exceeded one percent of

the mean of values reported for the front section only for the excursion

limit equivalent of ethylene dichloride. The average amOUIh. of ethylene
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dichloride 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 variations.

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 also 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 ± 0.01. 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 va~iations 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 study'~f the five or more replicates for each compound reported by each

laboratory 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 desorption efficiency determinations

contributed significantly to overal+ analytical error. The errors were

primarily systematic but their sourc'~,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 regulations, 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 twenty

compounds 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 gas chromatograph. Excessive noise, drift, spurious peaks and

system hang-up would all cause much larger errors at low levels than at
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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 tempE:xed by the fac.t that the errors were

calculated after removal of outliers. It is statistically correct to

remove the outliers, but from a practical vi~wpoint 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 labore.tories. 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 us.ed by some

analysts who have no prior experience with the charcoal desorption method,

but the occurrence of poor results is of much greater .probability than

for analysts with specific experience ;,:ith this method. vJe believe that

the best way to minimize erratic data (outliers) is to require or strongJy

recommend that analysts receive training in use of the method before

performing routine analyses in. their own facilities:.

5.5 SAMPLING ERRORS

The estimates of sampling error shown in Table 4-15 are of the

same order of magnitude as the. erro:rz in pump calibration shown in Ta.ble

5-4. The latter data were mea8ured by·Scott at the end of t.hree :.:;amfling

days. The Scott measurements were made using a single hubble meter Hcld

charcoal tube. The data should be free of systematic error·, and thus

depict the true variation from one sampler to another. Large differences,

both positive and negative, betT;Jeen the rate reported by the collaborators

and that measured by Scott are apparent in many case,1.



TA
B

LE
5

-4
PU

M
P

C
A

L
IB

R
A

T
IO

N
D

A
TA

4
/3

/7
3

4
/4

/7
3

4
/5

/7
3

C
a
li

b
.*

C
a
li

b
.*

M
ea

s.
*

*
C

a
li

b
.*

C
a
li

b
.*

M
ea

s.
**

C
a
li

b
.*

C
a
li

b
.*

M
ea

s.
**

F
lo

w
F

lo
w

F
lo

w
F

lo
w

F
lo

w
F

lo
w

F
lo

w
F

lo
w

F
lo

w
R

at
e

a
t

R
at

e
a
t

N
o.

o
f

R
at

e
a
t

R
at

e
a
t

R
at

e
a
t

N
o.

o
f

R
at

e
a
t

R
at

e
a
t

R
at

e
a
t

N
o.

o
f

R
at

e
a
t

L
ab

S
ta

rt
E

nd
S

am
pl

es
E

nd
S

ta
rt

E
nd

S
am

pl
es

E
nd

S
ta

rt
E

nd
S

am
pl

es
E

nd
N

o.
l/

m
in

.
l/

m
in

.
C

o
ll

e
c
te

d
l/

m
in

.
l/

m
in

.
l/

m
in

.
C

o
ll

e
c
te

d
l/

m
in

.
l/

m
in

.
l/

m
in

.
C

o
ll

e
c
te

d
l/

m
in

.

1
1

.0
0

-
40

1
.

16
6

1
.0

0
-

50
1

.1
5

1
.0

-
50

1
.0

2
6

2
1

.0
-

35
.9

9
2

1
.0

-
50

.8
4

2
1

.0
-

50
.8

4
7

3
1

.0
0

1
.0

40
1

.0
0

6
1

.0
0

-
50

1
.0

2
1

.0
-

50
1

.0
7

4
1

.0
0

-
24

1
.0

1
2

l.
0

-
50

1
.0

3
6

1
.0

-
50

.9
9

3

5
1

.0
0

1
.0

0
40

.9
8

8
1

.0
1

.0
50

.9
1

4
1

.0
1

.0
50

.9
1

7

6
1

.0
-

40
1

.0
0

6
1

.0
1

.0
50

1
.0

1
.0

-
50

1
.1

1

I
7

1.
01

-
40

.9
4

6
1

.0
1

1
.0

1
50

1
.1

1
1

.0
1

1
.0

1
50

.8
1

7

8
1

.0
0

1
.0

0
40

1
.0

1
4

1
.0

0
1

.0
0

50
.8

3
4

1
.0

1
.0

50
1

.0
0

5

9
.9

7
4

1
.0

2
7

40
1

.
15

2
.9

9
3

-
50

1
.0

5
1

.0
-

25
1

.0
2

4

10
1

.0
1

1
.0

0
40

1
.

14
.9

7
5

.9
6

0
50

1
.2

9
.9

9
3

.9
1

4
50

.9
5

8

11
1

.0
1

.9
9

6
40

.9
7

2
1

.0
0

1
.0

0
40

1
.0

3
6

1
.0

1
.0

50
1

.
12

8

12
1.

0
0

.8
4

1
40

.9
6

0
1

.0
0

-
-

1
.0

2
6

1
.0

-
50

1.
13

5

1
3

1
.0

0
1

.0
0

40
.9

9
8

1
.0

-
50

.9
9

2
1

.0
-

50
.9

9
7

1.
0

0
1.

0
0

40
.9

4
6

1
.0

0
1

.0
0

50
.9

3
6

1
.0

1
.0

50
.9

2
3

I
14

{
1

.0
1

1
.0

1
4

0
1

.0
2

0
1

.0
1

1
.0

1
50

1
.0

1
6

1
.0

1
-

50
1

.0
3

6
I

l5
1

.0
0

1
.0

0
40

.9
8

2
1

.0
0

1
.0

0
50

1
.0

0
6

1
.0

1
.0

50
.9

7
9

I

*
R

ep
o

rt
ed

b
y

C
o

ll
a
b

o
ra

to
r

**
M

ea
su

re
d

by
S

c
o

tt

U
1 I 0
0



5--9

The average measured flow rate was close to the 1.00 l/min.

desired, and many of the individual flow rates were reasonably close to

this value. On the other ha.nd a significant number of pumps gave flows

either less than 0.9 or greater than 1.1 l/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 Lahoratory No.2, included the

estimated sample size on their analytical report sheets. By correcting

for sample size, the results could possibly have been improved. i-Iowever,

since the method specifically stated that a ten liter sample be taken, and

estimated sample size data were reported in a limited number of cases, ,.10

corrections were made.

5.6 COMMENTS FROM COLLABORATORS

The collaborators were asked t':' comment on the method. These

comments and suggestions are s·'.lmmarized below.

1. The repeated injection of 5pl samples of carbon disulfide

causes detector fouling which leads to poor results <,,:10

unusually high percentage of down time. Several labora­

tories felt they obtained better results with the 1 or 2

~l samples they used in their own work.

2. Some laboratories also noted 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 charcoal

tubes is necessary. Some tubes had the urethane divider

in the wrong place or not clearly dividing the two sections.
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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
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TENTATIVE METHOD FOR THE SAMPLING OF

ORGANIC COMPOUNDS WITH CHARCOAL ADSORPTION TUBES

1. Scope

A method is described for collecting organic va.pors on charcoal

adsorption tubes.

2. Principle of the Method

A known volume of air is drawn through a charcoal a.dsorption

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 1 liter

per minute.

3.2 Charcoal Tubes: Glass tube with both ends flame sealed, 7 em.

long with a 6 rom 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 another 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 calibrated 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.
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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 Z nnn., 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 3S the

sample tubes (break, seal, ship) with the exception that no air be drawn

through it. This tube will serve as a blank.

5. Calibration Procedure

The equipment used to calibrate a personal sampling pump consists

of a pump, a 1000 ml. calibrated buret (bubble meter), several varied

lengths of ~" ID Tygon tube (or the equivalent), a standard charcoal tube

(with a pressure drop of about 10" HZO across it), a HZO manometer

(optional), liquid detergent (or other soap), and a ZOO ml. beaker (see

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 int!:!riol'

surface of the buret and draw several bubbles up the buret. Measure the

time it takes a bubble to move from one calibration to another, say from

a to 500 mI. The flow is then determined. By setting the rotometer at

different calibrations and measuring the flow, a graph of flow (l/min) vs.

rotameter 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 length of time.
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Figure I. Personal sampling pump calibration setup.
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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 ~ith 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 em.

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 n~.

3.2 Gas chromatograph equipped with a flame ionization detector.

3.3 Column capable of separating the organics to be determined.

3.4 An integrator or a recorder with some method for determining

peak area.

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

equivalent).

3.6 Syringes: 10 ~l and convenient sizes for making standards,

(Hamilton or equivalent).



4. Reagents

4.1 Spectroquality carbon disulfide.

4.2 Bulk samples of organics to be 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 pipet ted 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 ionization detector is set up

with appropriate column and conditions to separate the organics to be

analyzed.
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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 ~l 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 ~l 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 ~l aliquot is withdrawn, taking into

consideration the volume of the needle, since the sample in the needle will

be completely inj ected. After the needle is removed from the sample and

prior to injection, the plunger is pulled back a short 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 to

insure complete evaporation of the solvent. Duplicate injections of each

sample should be made.

5.6 Measurement of Peak Area

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

or some other suitable form of area measurement, and prelirranary 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 CS2' To minimize error due
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to the volatility of carbon disulfide, twenty times the weight can be

injected into 10 ml of CS Z' For example, to prepare a 0.3 mg.!0.5 mI.

standard, 6.0 mg is injected into exactly 10 ml of CSZ 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. conditions 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.Z 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 its

original tube or in a 4 rom. ID x 50 rom. 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 ndcroliter 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
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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 CS
Z

in a glass-stoppered tube. The same syringe is used 80 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 volume of the sample injected, since this is identical

to the volume of the standards injected.

The weight of organic on the front section of the blank is

subtracted from the weight deterrrd.ned for the front section 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 detecte~ 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 concentration

by volume in the air sampled by the following equation:

at 2SoC parts per million 24,450 ml/mole x rug/liter
molecular wt.
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INSTRUCTIONS FOR ANALYSIS OF CHARCOAL TUBES

PHASE I 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

efficiency determinations. Assume that the solvent purity is 100%. The

second package contains 180 charcoal tubes with adsorbed organics and

70 blank, unopened 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 analyzed

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 possible 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 is 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 transmit 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. Use separate lir.es where

more than one compound is analyzed. In column 21 enter F for front secLiun

and B for back-up section. Enter the average weight of organic found as

read from your calibration curve in columns 22 through 27 as xx.xxxx mg

The desorption factor for the compound is entered in columns 28 through 31

as X.xxx. The corrected weight (average weight divided by the desorption

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 etc.

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.
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INSTRUCTIONS FOR ANALYSES OF CHARCOAL TUBES

PHASE II OF NIOSR COLLABORATIVE STUDY

The analytical procedure to be followed in Phase II is ideuti.cal

to that used in Phase I except that it will be required that standards be

prepared which are within a factor of t,'IO of all samples. S:tnce the amountr;

of hydrocarbons adsorbed on the Phase II samples are in tha same rang~ as

the Phase I samples, you should be able to determine what standard conce~tra­

tions you will need prior to analyzing the saraples. The requiremel\t for

additional standards is being added because in Phase I the precision of the

data for the samples representing concentrations near the TLV was coml~.dei a­

bly better than that for samples with either greater and lesser amounts.

The analysis schedule for your laboratory is attached. The

tubes are to be analyzed on the days specified and in the crder spe~ified.

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 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 o1.d(~r.

It is most desirable that all tubes scheduled for a particular day be

analyzed within the same day. Only those back-up section marked ',,5.th ,~m

asterisk are to be analyzed. The remaining b-ack-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

desorpti:on.

In Phase II tubes scheduled for analysis end in the digits 12$ 13,

14 or 15. Tubes ending in the digits 11 are included as spares. If any of

the tubes scheduled are broken in shipment or j.f 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 Phas~ I data, a number

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 analyzed has been reduced. In

addition, you will not have to perform any desorption experiments, and

you should use the desorption factors you determined in Phase I.
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The data sheets are to be filled out as in Phase T. Please note

that the decimal is to be positioned at the point indicated by the dotted

line in the column headings. General information data sheets should also

be filled out as in Phase T.
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APPENDIX B
PHASE I SCHEDULE, DATA AND DATA ANALYSIS
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TABLE B-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

Laboratory No. Day No. A

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

1 xx050401 Etnylene Dichloride

2 xx050204 "

3 xx050104 "
4 xx050203* "
5 xx050402 "

6 xx050103* "
7 xx090104 Ethylene Dichloride & Trichloroethylene

8 xx090103* "
9 xx060504 Trichloroethylene

10 xx060302 "
11 xxIJ6020 1 "
12 xx060503 '...

13 xx060202 "
14 xx060301* "

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

(continued)
Day No. B

Order of Charcoal Tubs
Analysis Code Number COmpound(s) to be Determined

1 xx050304 Ethylene Dichloride

2 xx050202 ..
3 xx050201 ..
4 xx050501 "
5 xx050502 ..
f; xx050303* "

7 xx090102 Ethylene Dichloride & Trichloroethylene

8 xx090101 ..
9 xx060203* Trichloroethylene

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.
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TABLE B-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued)
Day No. c

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

1 xx050302 Ethylene Dichloride

2 xx050503* "
3 xx050102 "
4 xx050301 .,

5 xx050101 "
6 xx050404 "
7 xx050504 "
8 xx050403* "
9 xx040302 Dioxane

10 xx040103* "
11 xx040203 "
12 xx040504 "
13 xx040104 "
14 xx040301* "
15 xx040204 "
16 xx040503 "

* 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. D

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

1 xxOl0304 Benzene

2 xxOl0204 "
3 xxOl0401* "
4 xxO 10303 "
5 xxO 10 10 1* "
6 xx010402 "
7 xxOl0203 "
8 xxOl0102 "
9 xx030104 Chloroform

10 xx030301* "
11 xx030204 "
12 xx030103* "
13 xx030402 "
14 xx030302 "
15 xx030203 "
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
laboratoyy number as shown above.
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TABLE B-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)

Day No. E

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

1 xx030202 Chloroform

2 xx030303 "
3 xx030404 "
4 xx030101 "
5 xx030201* "

6 xx030102 "

7 xx030403* "
8 xx030304 "
9 xx070501* Xylene

10 xx070403 "
11 xx070202 "
12 xx070304 "
13 xx070502 "
14 xx070404 "
15 xx070201* !1

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-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued) Day No. F

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

1 xxOl0202 Benzene

2 xxOl0503* "
3 xxOl0201* "
4 xx010403 "
5 xx010504 "
6 xx010404 "
7 xx080 10 1 Benzene & Xylene

8 xx080102 "
9 xx070203 Xylene

10 xx070102 "
11 xx070402 "
12 xx070204 "
13 xxO 70 10 1* "
14 xx070401* II

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

( continued)
Day No. G

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

1 xxO 10301* Benzene

2 xx010103 "
3 xx010502 "

4 xxO 10302 "
5 xx010501 "
6 xxO 10104 "
7 xx080 104 Benzene & Xylene

8 xx080103* "
9 xx070503 Xylene

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 shm~ above.
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TABLE B-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued)
Day No. H

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

1 xx060 10 3* Trichloroethylene

2 xx060303 "

3 xx060403 "
4 xx060502 I.

5 xx060404 "

6 xx060104 "

7 xx060501* "

8 xx060304 "

9 xx020402 Carbon Tetrachloride

10 xx020301 "
11 xx020504 "
12 xx020204 "
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

(continued)
Day No. -L

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 xx020 10 1* "
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

(continued)
Day So. J

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

1 xx040303 Dioxane

2 xx040402 "
3 xx040304 "
4 xx04040 1* "
5 xx020502 Carbon Tetrachloride

6 xx020103 "
7 xx020501* "
8 xx020104 "
9 xx

10 xx

11 xx

12, xx

13 xx

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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TABLE B-2 SCHEDULE OF SAMPLING DAYS

FOR 15 LABORATORIES IN PHASE I

Lab A B C D E F G H I J

1 3 4 5 7 8 9 10 2 6 1

2 10 7 5 4 1 9 8 3 2 6

3 8 5 6 9 2 4 7 1 10 3

4 8 10 6 1 2 7 5 3 4 9

5 8 2 9 6 4 10 3 7 1 5

6 7 1 10 2 9 3 4 5 6 8

7 1 2 5 10 4 6 7 9 8 3

8 1 8 2 3 5 10 6 4 7 9

9 9 4 8 7 6 2 1 10 3 5

10 4 10 5 7 6 1 2 9 8 3

11 8 2 7 10 5 4 6 1 3 9

12 3 4 8 5 7 9 6 2 10 1

13 5 6 9 8 1 2 10 4 3 7

14 10 6 4 5 3 2 7 8 9 1

15 1 ,5 4 9 7 8 3 10 6 2
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TABLE B-3

PHASE I ANALYTICAL RESULTS
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TABLE B-4

YOUDEN ANALYSIS ON DATA FOR EACH

PAIR AT EACH LEVEL (PHASE I)
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TABLE B-5

YOUDEN ANALYSIS ON DATA AT EACH

LEVEL (REPLICATES AVERAGED) (PHASE I)
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TABLE B-6

YOUDEN ANALYSIS ON LOG-TRANSFOlli1ED

DATA FOR EACH PAIR 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 II SCHEDULE. DATA AND DATA ANALYSIS



C-2

TABLE C-l

SCHEDULE FOR ANALYSIS OF CEA.~COAL TUBES

Laboratvry No. Day No. A

Order of Charcoal Tubes
Analysis Codts Number Compound(s) to be Determined

1 xx050414 Ethylene Dichloride

2 xx050113 "
J xx050100** "
4 xx050112 "
5 xx050313 "
6 xx050415 "
7 xx050500** "
8 xx050312 "
9 xx0901l2 Ethylene Dichloride & Trichloroethylene

10 xx090113* "
11 xx060413 Trichloroethylene

12 xx060115 II

13 xx060512 II

14 xx060412 II

15 xx060513* II

16 xx060100** "
17 xx0601l4

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

** Spare charcoal from Phase T.

NOTE: The 'xx' on the charcoal tube code numbers refers to your
laborat.ory code nuT!1ber shm..rn above



Laboratory No.

C-3

TABLE C-l

SCHEDULE FOR ANALYSIS OF CHARClJAL TUBES

(cJnti.:nued)
Day No. B

Order of Charcoal Tl!hes
Analysis Code Number Compcund (s) to be Determi~~.E____

1 xx050S13 Ethylene Dichloride

2 xx0501lS "

3 xx050114 "
If xx050214 "
5 xx050215 "
6 xx050512* "

7 xx090100** Ethylene Dichloride &' Trichloroethylene

8 xx0901l5 II

9 xx090114* "
10 xx060500** Trichloroethylene

11 xx060214 "
12 xx060515 "
13 xx060215 "
14 xx060312 "
15 xx060S14* II

16 xx060313

~" 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 fWTJ1ber shown above



C-4

TABLE C-l

SCHI:DFLE rORAl'U\LYSIS OF CHARCOAL 'rUllES

(continued)
Day No. C

Order of
!~~;:).J:.:,;} :;_

1

2

3

4

5

6

7

8

9

10

12

13

1A

15

16

17

18

Charcoal Tubes
Cor1r:~ NlLrnb e1~

~-~-- _.. ~_...-.- -~>.~--
xx050315

x:lCOSOS14

xx050300**

xxOS0213

xxOS0314

xxOS0212

xxOS0413

xx050S1S*

xxOS0412

xx030313

xx030114

xx030212

xx03041S*

xx03011S

xx030312

xx030213

xx030414

xxO.30400**

Ethylene Dichloride

"
"
"
II

II

II

II

"
Chloroform

"
II

II

"
II

·11

"
II

/

~': The b['cL-up chinc.),,} js to be! ;}naly;:,;-~c1 in these tuhes .

.,'r;~~ Sp::·re ch::ll'co:-i.l f J:ou PhHs,e. I.

E·OTE: Tbe' xx' '.HI the' chnj'cf'Dl i"\.ih("~ c.0tlc Plm1~)erS l"E'fers to your
:I·'I.horntnr:v code nUli:l: or ;; ]-.rr;..'na1.\ove



Laboratory No.

C-5

TABLE C-l

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)

Day No. D

Order of Charcoal Tubes
Analysis Code Number Compound(s) to be Determined

1 xx010300** Benzene

2 xx010315 "

3 xx010413 "

4 xxO 10114 "

5 xxOl0314 "
6 xxOl0212 "
7 xxO 10 115 "
8 xxOl0412 "
9 xxOl0213 "

10 xx040215 Dioxane

11 xx040512 "
12 xx040100** "

13 xx040315 "
14 xx040214 "

15 xx040513* "
16 xx040415 "
17 xx040414 "
18 xx0403l4 "

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

** Spare charcoal from Phase L

NOTE: The 'xx' on the charcoal tube code numbers refers to your
laboratory code number sh(;\17n above



C-6

TABLE C-1

SCHEDllLE }'OR ANALYSIS OF CHI\RCOAL TunES

(continued)
Laborau)J-y No. Day No. E

O:::clC'.r of:
Ina] 'iF:i ::_...__._""_..~.._..

1

2

3

4

S

6

7

8

9

]0

12

13

16

1"1

18

Chareo.al Tlll)cs
Code Nlii<J!.er:

xx070215

xx070412

xx070513

xx070112

xx070214

xx070113

xx070512*

xx070413

xx070500**

xx020100**

xx020414

xx020312

xx020115

xx020513

xx020415

xx020313

xx020114

xx020512*

_. ~n.1P.0~lE~~J0L.t0 ~e J)eu:r~:dll('.:..~L _

Xylene

"
"

"

"

"

"
"
"

Carbon Tetrachloride

"
"

"
"

"

"

"
"

lW'fE: 1'1',;:' xx' 0,) tlle (.!illJ:eo,::J. Lu1l(' co(k, llPj"h(;) S l'cf,,:J:s to yOUl"

l~"t· 0 1';i 1.: o',::~.. c'.J:3 C ~ ..: 'Uji;;; ·~~l' f·; ll(i'v/ n [i:be"') (:



Labora tory No.

C-7

TABLE C-l

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued)
Day No. F

Order of Charcoal Tubes
Analysis Code Number Compomd(s) to be Determined

1 xx01021S Benzene

2 xx010414 "
3 xxOl0214 "
4 xxOl0S12 "
S xx01041S "
6 xx010513* "
7 xx010500** "
8 xx0801l4 Benzene &Xylene

9 xx080100** "
10 xx0801l5* "
11 xx0701l4 Xylene

12 xx070S1S*' "
13 xx07031S "
14 xx0701l5 "
15 XX070S14 "
16 xx070314 "

* 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 nUlY'.ber shown above
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TABLE C-l

SCHEDliLE FOJI. ANAI.,YSIS OF CI1AltCOAL TUBES

(continued)
Lah()r<~t:CJry No. Day No. G

(}J:"(lcr 0 f

J.

2

3

5

6

7

8

9

10

1 1... "-

13

15

16

17

ChCTCO[l] 'J\;bcs
Code ;,; lilT') cr

xxOl0312

xxOlO1l2

xxOl0515

xxOlOlOO**

xxOl0313

xx010514*

xxOlO113

xx080113

xx080112*

xx070212

xx070313

xx070100**

xx070415

xx070300**

xx070213

xx070414

xx070312

_____Co~p_~lmcl ~!.:LJ~.<!-_~_C':-I?:::.t:.c rnE:ll cd _

Benzene
!I

"
"

-"

"
"

Benzene & Xylene

"
Xylene

"
"
"
"
"
it

"

mWE: TLo'x:::' on the .::-lJarc(lc.l t.ubc' ('()(J..~ m,,;,bcl"G ref(~X'll to your
l:1h';n-.t:m-/ codC'. rU:-,l';H,r d.(,',;n 2hov~



Laboratory No.

C-9

TABLE C-l

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES
(continued)

Day No. H

Order of Charcoal Tubes
Analysis Code Number Compound(s)to be Determined

1 xx060112 rrichloroethylene

2 xx060212 "
3 xx060314 "
4 xx060415 "
5 xx060315 "
6 xx060113 "
7 xx060414 "
8 xx060300** "
9 xx060213 "

10 xx040413 Dioxane

11 xx040500** "
12 xx040312 "
13 xx040515* "
14 xx040115 "
15 xx040313 "
16 xx040514 "
17 xx040412 "
18 xx040114 "

* 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-lO

TABLE C-I

Lahoratory No.

SCHEDULE FOR ANAI.,YSIS OF CI-J,\RCOAL TUllES

(continued)
Day No. I

Ord(~r of

L~),::I}x:s~i:')_

2

3

4

6

7

8

9

JO

12

13

15

1.6

17

18

ChareoilJ '.1'1.11108
Co3e h,Hll:l":C

xx020300**

xx020413

xx020 112

xx020213

xx020514*

xx020412

xx020212

xx0201l3

xx020515

xx030200**

xx030214

xx030315

xx030112

xx030412*

xx030314

xxQ30113

xx030413

xx030215

. £0~1~~~~Hs )._!:.2-1~c .!?5~'i:~~,~~~0._,d _

Carbon Tetrachloride

"
"
"
"
"
"

"
"

Chloroform

"

"

"
"
"
"
,.

~':i'.' }~J)::~-"c cht;J~('~Jt:J, froTn P11e,~';e ,I.

)iO'JG: Th,.' ';; .. ' Ol, the c'i!:']c('<]] 1:tll", ,~odc llorn:;:::J:[o refers to your
1.:·.~ LOT":':':";" o'r); cuc1e It p:~,'~','; cr ;.) h 0\) n rlbo"-,lc



Laboratory No.

C-ll

TABLE C-1

SCHEDULE FOR ANALYSIS OF CHARCOAL TUBES

(continued)
Day No. _J_

Order of Charcoal Tubes
~_sis Code Number Compotmd(s) to be Determined

1 xx0401l2 Dioxane

2 xx040213 "
3 xx040300** "
4 xx0401l3 "
5 xx040212 "
6 xx020315 Carbon Te trachloride

7 xx020214 "
8 xx020314 "
9 xx020215 "

10 xx020500** "
11 xx

12 xx

13 xx

14 xx

15 xx

16 xx

* The back-up charcoal is to he 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 II

Lab A B C D E F G H I J

1 5 8 9 2 1 3 6 10 4 7

2 5 1 9 3 6 10 2 8 7 4

3 6 2 4 1 3 8 10 7 5 9

4 6 2 7 3 9 8 4 5 10 1

5 9 4 10 7 5 8 1 3 2 6

6 10 9 3 5 8 7 6 4 1 2

7 5 4 6 9 3 1 8 7 2 10

8 2 5 10 4 9 1 7 6 8 3

9 8 6 2 10 5 9 3 1 4 7

10 5 6 1 9 3 4 8 2 10 7

11 7 5 4 1 9 8 3 6 2 10

12 8 7 9 2 1 3 10 6 4 5

13 9 1 2 4 7 5 3 10 6 8

14 4 3 2 8 1 10 9 7 6 5

15 4 7 8 10 2 1 6 3 5 9



C-13

TABLE C-3

PHASE II ANALYTICAL RESULTS
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TABLE C-4

YOUDEN ANALYSIS ON DATA FOR EACH

PAIR AT EACH LEVEL (PHASE II)
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TABLE C-5

YOUDEN ANALYSIS ON DATA AT EACH

LEVEL (REPLICATES AVERAGED) (PHASE II)
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TABLE C-6

YOUDEN ANALYSIS FOR LOG-TRANSFORMED

DATA FOR EACH PAIR AT EACH LEVEL (PHASE II)
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TABLE C-7

YOUDEN ANALYSIS ON LOG-TRANSFORMED DATA

AT EACH LEVEL (REPLICATES AVERAGED) (PHASE II)
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