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Authors' Response 

Thank you for g iving us the oppor­
tunity to respond to the comments of 
Warren D. I lenc.lricks anc.l Gerald R. 
Schultz on our arcide, "Determination 
of 1,3-Buwdiene Down to Sub-part-per· 
million Levels in Air by Collection on 
Charcoal and High-Resolution Gas 
Chromatography" !Appl. Occup. Envi­
ron. llyg. 5(5):310; 19901. 

In Stating that OSHA Method 56 
specilies analysis by packed column 
chromatography. we only meant that 
the method explicitly details use of a 
packed column. For both NIOSH and 
OSHA methods, use of the "specified" 
column is not mandatory. There is, 
however, a feature of OSHA Method 
56 that may inhibit the use of a capi l­
lary column to achieve better resolu­
tion of interferences. A 10 percent 
coating of the adsorbent with 4-tert­
butylcatechol (TBC) results in approx­
imately 9 µ.g/µ.L of THC in desorhed 
samples. In example chromatograms 
for the packed column, TIK does not 
appear to elute, though !WO small "ar­
tifactual " peaks are said to be pro­
duced from 113C. An accumulation of 
IBC may not he tolerable with capil­
lary columns. 

In their article, "A sampling and an­
alytical med1<xl for monitoring low ppm 
air concentrations of 1,3-butadiene" 
[Appl. Ind. Hyg. 1(4):186; 1986], Hen­
dricks and Schultz stated that "Hydro­
quinone, di-n-butylamine and 4-tert­
butylcatechol ( TBC), compounds 
known to inhibit the polymerization of 
1,3-butadiene, were each coated on 
charcoal, and prepared sampling tubes 
were subjected to sample storage sta­
bility tests. The stability o f only the 
samples prepared from TBC-coated 
charcoal showed dramatic improve­
ment. They abo addressed in Tahle VU 
and accompanying text the sample sta­
bility of 1,3-butadiene on an untreated 
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coconut shell charcoal (SKC Lot 120) 
as used in NIOSH Method S91 . Since 
we reported results for the same lot 
of charcoal in our article, we believe 
that we have not exceeded the scope 
of their original d iscussion. 

The 34 percent initial recovery that 
Hendricks and Schultz reported in Ta­
ble VII for 1,3-hutad iene ( from SKC Lot 
120 charcoal at a loading of approxi­
mately 6.6 µ.g per 100 mg) agrees with 
the data we show in Figure 1 for de­
sorption with carbon disulfide. They 
also reported that ". . . a 'Specially 
Cleaned ' charcoal (coconut-shell base) 
from Supelco gave acceptable recov­
eries." After coating the Supelco char­
coa l w ith TBC, they observed im­
proved (sample sto rage) stability as 
quoted above. Even though the latter 
results were obtained with a different 
charcoal, they attribute the poor re­
covery from the untreated charcoal 
(SKC Lot 120) to sample instability, i .e., 
" the reactivity o f 1,3-butadiene on un­
coated charcoal at low sample load­
ings." Thus, they seem to be suggesting 
that 1,3-butadiene is chemically trans­
formed through covalent bond for­
mation, either by reaction with char­
coal o r by pol ym erizati on. Since 
po lymerization would involve a bi­
molecular reaction, polymer ization 
becomes increasing ly unlikely a-; the 
concentration is decrea,;ed. Moreover, 
pretreatment with two other polymer­
ization inhihitors apparently had lit tle 
effect. 

Using SKC Lot 120 charcoal, we ob­
served a large increa,;e in recovery 
( from approximately 30 percent to 80 
percent as shown in Figure 1) by de­
sorbing with methylene chloride rather 
than carbon disulfide. If desorhing with 
methylene chloride does nor regen­
erate chemicall y transform ed 
1,3-butadiene, i.e., undo the formation 
of covalent bonds, then we have shown 
that most of the incomplete recovery 
o f 1,3-butadiene from SKC Lot 120 
charcoal with carbon disulfide desorp­
tion is not due to the reactivity of 
1,3-butadiene on charcoal as postu­
lated by Hendricks and Schultz. Re­
coveries a,; low as 75 percent are rou­
ti ne I y dealt w i th by applying a 
desorption efficiency correaion, either 
directly when calibrating with standard 

solutions, or indirectly by calibrating 
with media standards. 

We also observed losses during sam­
ple storage at ambient temperature. 
Neither NIOSH Method 1024 nor OSHA 
Method 56 makes any provision for 
correcting storage losse,;. Hendrick,; and 
Schultz raise an interesting point about 
forcing the storage study regression line 
through 100 percent recovery at day 
zero and dropping the data for day 21. 
That surely would increase the esti· 
mated rate of loss. The same approach 
also could be applied to the data for 
the refrigerated samples with the same 
effect, increasing the estimated rate of 
loss from essentially none to a statis­
tically significant 6 percent per day. 
However , the latter estimate is refuied 
by the data for the blind quality contro l 
samples, which showed no significant 
loss during refrigerated storage for up 
to 134 days. One of the "special re­
quirements" l isted in OSHA Method 56 
is "Collected samples should be stored 
in a freezer." Our analysis of the stor­
age stability data, without the imposi­
tion o f desorption efficiency con­
straints, led us to recommend the same 
for NIOSH Meihod 1024. It also left us 
unconvinced that coating charcoal with 
TBC provides a "dramatic" improve­
ment in sample stability. 

In their final comments, which con­
cern the following quotes from our ar­
ticle, Hendricks and Schultz continue 
to relate the issues of desorption ef­
ficiency and sample stability: "Thus, at 
the lower levels, the accuracy of the 
total method and/or some of the prep­
aration procedures was in doubt." We 
followed this statement with a lengthy 
discussion relating the accuracy ques­
tion to problems with independent 
methods used to prepare media stan­
dards. These problems resulted in ap­
parent desorption efficiencies a<; high 
as 212 percent for the media standards. 
I t is unclear to us how excessive re­
cover y proves the r eactivity o f 
1,3-butadiene on uncoated charcoal. 

". . . the desorption efficiency usu­
ally fell below 75 percent somewhere 
between 20 and 110 µ.g per sample." 
The storage stability data for blind 
quality contro l samples stored in a 
freezer showed no evidence of sample 
instability at these levels. NIOSH Method 
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1024 was designed to cover a wide 
range of workplace concentrations. Re­
sults for the field samples indicated 
that the recommended sample volume 
permits monitoring concentrations up 
to 100 ppm without significant break­
through and to less than 2 ppm with 
adequate desorption efficiency. If the 
adoption of a lower standard makes it 
necessal)' to measure lower concen­
trations, the desorption efficiency at 
low- and sub-part-per-million levels may 
be improved by increasing the sample 
volume. 

"Perhaps the most interesting ob­
servation concerned the variation in 
desorption efficiency from one cali­
bration to another." OSHA Method 56 
also shows variation in desorption ef­
ficiency from one set of samples to 
another. As with NIOSH Method 1024, 
such variation may be due to experi­
mental error in determining the de­
sorption efficiency; or, the desorption 
efficiency may truly val)' due to un­
recognized changes in experimental 
conditions. The observed variations 
seem to be greater than can be ex­
plained by storage losses (sample in­
stability) during the time between 
sample preparation and analysis. 

R. Alan Lunsford 
John M. Fajen 
Yvonne T. Gagnon 
Dennis R. Roberts 
John Palassis 
Peter M. Eller 

Alice Hamilton Laboratory 
National Institute for Occupational 
Safety and Health 
4676 Columbia Parkway 
Cincinnati, Ohio 45226 

To the Editor: 

The intended changes proposed for 
hand- arm vibration do not appear to 
constitute a "threshold" value, since they 
permit the development of early Ray­
naud's phenomenon. The documen­
tation does not discuss the control 
measures which would be necessal)' 
to prevent such abnormalities. It is my 
impression that the vet)' concept of 
"threshold" requires setting exposure 
levels below that which would cause 
health abnormalities. Why was there 
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no discussion or serious consideration 
of controls which would prevent ab­
normalities above the level they would 
be expected to occur in a healthy 
working, but non-vibration exposed, 
population? 

Grace Ziem, M.D. 
Occupational and Environmental 
Health 
Baltimore, Mal)'land 

ACGIH's Response 

All letters concerning Notice-of­
Jntended Change documentations are 
forwarded to the respective committee 
for consideration in its regular review 
procedure. 

It would be more useful to the com­
mittee if the statement<; of the author 
were documented and referenced ac­
cording to the author's own criteria as 
set forth in a letter of May 8, 1990_<1) 
It seems that the author in her July 24, 
1990 letter (above) has decided upon 
a definition of threshold which she is 
attempting co impose on the commit­
tee. TI1e committee ha.; a definition that 
is clearly stated in the documentation 
published in Applied<2) There are many 
thresholds that can be considered, de­
pending upon the agent and the one 
or more possible effects of that agent. 
The author's definition may be at odds 
with the purpose of the Occupational 
Safety and Health Act ac; quoted by Dr. 
Millar of NIOSH.<3) Several groups have 
developed recommendations in the 
segmental vibration area. Dr. William 
Taylor<4) identifies these recommen­
dations as ISO 5349 (1986). BSI 6842 
(1987), NASI 5334 (1986) [Ed.- ANSI 
S3.34 (1986)] and ACGlH (1990). The 
first Notice of Intent to Establish a 
Threshold Limit Value (TLV) recom­
mendation goes back to 1984.(5) The 
Documentation for that Notice of In­
tent has been available since 1986.<6) 

A TL V is intended for use in the prac­
tice of industrial hygiene and should 
be interpreted and applied only by a 
person trained in this discipline.m 
Certainly the practice of industrial hy­
giene/occupational medicine is as broad 
as the components of a full standard 
under the Occupational Safety and 
Health Act or a NIOSH Criteria for a 
Recommended Standard.(3) The au-

thor claims that there is " ... no dis­
cussion or serious consideration of 
controls which would prevent abnor­
malities above the level they would be 
expected to occur in a healthy work­
ing, but non-vibration exposed, pop­
ulation." It is difficult to envision a pro­
gram more comprehensive than ~at 
outlined on page 467 in the July 1s­
sue(2) for "Control of HAYS from the 
Workplace" and the "Recommended 
Code of Work Practices." The intro­
ductol)' sentence puts the TLY into 
perspective. 

"It should he recognized that con­
trol of HAYS from the workplace can­
not occur simply by specifying and ad­
hering co a given TLV. The use of AIL 
of the following are recommended: 

I. Workers should use antivibration 
tools together with amivibration 
gloves. 

2. Workers should adhere to the 
work code of practice. 

3. Each worksite is advised to have 
a conscientiously applied medi­
cal surveillance program with 
personnel trained in HAYS detec­
tion and practices. 

4. TLVs and standards should be 
used." 

The role of the TLV relative to Con­
trol Measures was extensively dis­
cussed by Wao;serman in Applied In­
dustrial Hygiene in August 1989<8) in 
"The Control Aspects of Occupational 
Hand-Arm Vibration." The abstract says: 
"Control measures include the use of 
anti-vibration cools and gloves; rec­
ommended work practices; threshold 
limit values (TLVs) and other stan­
dards; medical monitoring and pre­
screening of workers; education of all 
concerned; and the use of vibration 
engineering control techniques of 
damping and isolation." 

A reading of the Foreword of the 
NIOSH Criteria Document on "Occu­
pational Exposure to Hand-Arm Vi­
bration" gives additional perspective 
to the appropriateness of the Physi­
cal Agent.; TLV Committee recom­
mendations.(3) 
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appear below. 
Despite all of the discussion about 

medical examinations for people who 
will use respirators, Rajhans and Black­
well and most everyone else seems to 
miss the essential point. There is no 
doubt that wearing respiratory protec­
tion results in an additional physiolog­
ical burden. The burden may be min­
imal or considerable. There are no valid 
data to show thac medical examina­
tions or any tests of whatever nature 
predict whether a respirator can be 
worn without harm to che individual 
or wichouc undue discomfort to the in­
dividual. Careful reading of the refer­
ences cited, including those by Rajhans 
and Blackwell, will confirm the validity 
of what has just been stated. Because 
OSHA requires attestation by a physi­
cian of the individual's ability to wear 
a respirator and the physician really 
does not know what else to recom­
mend, much time, money, and effort 
goes into a series of studies that mean 
nothing as far as our ability to say 
whether someone can wear a respi­
rator. Put the respirator on the indi­
vidual and have him/her exercise at the 
level he/she will be working. The 
worker will tell you soon enough 
whether he/she can tolerate the res­
pirator. The only exception might be 
someone with significant heart disease 
who might already be on limited duty. 

Unfortunately, many of my fellow 
physicians have long disallowed peo­
ple to work at certain jobs because of 
vague ideas about the difficulty of the 
job. We should not discriminate against 
certain workers because of unvali­
dated ideas about their ability or in­
ability to wear a respirator. Let those 
who exclude workers from a good pay­
ing job because of arbitrary, unvali­
dated criteria be aware that they might 
well be the target of a discrimination 
suit. 

Mitchell R. 7.avon, M.D., CIH 
Lewiston, New York 

To the Editor: 

We would like to correct misinter­
pretations of our work [A Sampling and 
Analytical Method for Monitoring Low 
ppm Air Concentrations of 1,3-Buta­
diene. Appl. Ind. Hyg. 1(4):186; 1986] 
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which were made by the authors of a 
recently published paper [ R. Alan Luns­
ford et al: Determination of 1,3-Buta­
diene Down to Sub-part-per-million 
Levels in Air by Collection on Charcoal 
and High-Resolution Gas Chromatog­
raphy. Appl. Occup. Environ. Hyg. 
5(5):310; 1990]. We also feel com­
pelled to comment on the interpreta­
tion of their storage data and point out 
some of their observations which are 
probably due to the reactivity of 1,3· 
butadiene on uncoated charcoal. 

The authors state that "Other re­
cently developed methodc; for the de­
termination of 1 ,3-butadiene in the air 
are OSHA Method 56 . . . these meth­
ods specify analysis by packed column 
gac; chromatography." Although we used 
a packed column in our evaluation and 
list conditions for its use in our paper, 
we specifically stated that "a column 
capable of resolving 1,3-butadiene from 
the solvent front and other interfer­
ences" is required. We also make a 
similar statement in OSHA Method 56. 
Gas chromatography presents a variety 
of parameters (induding column se­
lection) that can be altered and fine 
tuned; it is our policy not to deny that 
latitude to the analyst. 

The authors state that "A dramatic 
improvement in sample stability has 
been reported for samples collected 
on a specially treated coconut shell 
charcoal coated with 4-tert-butylcat­
echol (TBC). It was also concluded that 
collection on uncoated charcoal would 
he inadequate at low ppm levels be­
cause of poor sample stability. Our re­
sults do not support these conclu­
sions." We stated that " . . . it was 
necessary to determine if the method 
used by OSHA to monitor 1,3-buta­
diene air concentrations would be ad­
equate at low ppm levels. It was found 
that this method, NIOSH Method S91, 
would be inadequate because of poor 
sample stability." We confined our con­
clusion only to the scope of Method 
S91. We feel that the authors' data do 
suggest sample instability may be the 
underlying cause of their method's 
questionable usefulness at low ppm 
levels ( < 2 ppm). 

Because media standards are used 
in their storage tests, the calibration 
amounts to comparing aged samples 

to fresh samples. If samples and media 
standards could have been analyzed on 
day zero, they would have been indis­
tinguishable. Thus the regression lines 
should be forced through 100 percent 
at day zero, which is a valid data point 
defined by the method of calibration. 
If this is done for the ambient data, the 
last point (Figure 2) is conceivably an 
outlier and the rate of sample loss is 
greater than suggested. Therefore, the 
authors' regression line for the am­
bient data does not appear to be a good 
estimate of true behavior. The rate of 
loss is probably much worse than that 
presented in the paper and consider­
ably worse than that found with TBC­
coated charcoal. 

Also, one must be vigilant in the use 
of media standards, which have a way 
of "e<.x>king" the data by ma.,king biases. 
The authors' use of media standards 
masks the fact that the initial recoveries 
from uncoated charcoal are close to 80 
percent, which is the approximate 
amount that can be recovered from 
TBC-coated charcoal after 17 days of 
ambient storage. Thus the comparison 
of 1,3-butadiene loss rates on coated 
and uncoated charcoal is superfluous. 

By using a known inhihitor (TBC) 
of 1,3-butadiene polymerization, we 
showed that the unacceptable sample 
loss found with Method S91 at the 1 ppm 
level wac; almost certainly due to the 
reactivity of 1,3-butadiene on uncoated 
charcoal. We feel this reactivity of 1,3· 
butadiene on uncoated charcoal at low 
sample loadings does restrict the use­
fulness of uncoated charcoal in making 
determinations down to sub-part-per­
rnillion leveb and is the likely root cause 
of the authors' following observations: 

"Thus at the lower levels, the accu­
racy of the tOtal method and/or some 
of the preparation procedures was 
in doubt." 
". . . the desorption efficiency usu­
ally fell below 75 percent some­
'where between 20 and 110 µg per 
sample:' (0.4-2 ppm in 25 L samples) 
"Perhaps the most interesting ob­
servation concerned the variation in 
desorption efficiency from one cal­
ibration to another." 

Warren D. Hendricks 
Chemist, Organic Methods 
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