
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20

Applied Occupational and Environmental Hygiene

ISSN: 1047-322X (Print) 1521-0898 (Online) Journal homepage: https://www.tandfonline.com/loi/uaoh20

Evaluation of a New Solid Sorbent Sampler for
Alveolar Methylene Chloride Used in Tandem with
a Bag for Sampling Alveolar Carbon Monoxide

Robert A. Glaser , James E. Arnold , Charles S. McCammon Jr. & Frederick C.
Phipps

To cite this article: Robert A. Glaser , James E. Arnold , Charles S. McCammon Jr. & Frederick
C. Phipps (1991) Evaluation of a New Solid Sorbent Sampler for Alveolar Methylene Chloride
Used in Tandem with a Bag for Sampling Alveolar Carbon Monoxide, Applied Occupational and
Environmental Hygiene, 6:5, 380-388, DOI: 10.1080/1047322X.1991.10387899

To link to this article:  https://doi.org/10.1080/1047322X.1991.10387899

Published online: 24 Feb 2011.

Submit your article to this journal 

Article views: 3

View related articles 

Citing articles: 2 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20
https://www.tandfonline.com/loi/uaoh20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1047322X.1991.10387899
https://doi.org/10.1080/1047322X.1991.10387899
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1047322X.1991.10387899
https://www.tandfonline.com/doi/mlt/10.1080/1047322X.1991.10387899
https://www.tandfonline.com/doi/citedby/10.1080/1047322X.1991.10387899#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/1047322X.1991.10387899#tabModule


Evaluation of a New Solid Sorbent Sampler 
for Alveolar Methylene Chloride Used in 
Tandem with a Bag for Sampling Alveolar 
Carbon Monoxide 
Robert A. GlaserYA James E. ArnoldYA Charles S. McCammon, Jr.,B and Frederick C. PhippsA 
National Institute for Occupational Safety and Health, A4676 Columbia Parkway, Cincinnati, Ohio 45226; 
BDenver Regional Office, Denver, Colorado 

A method for sampling and analysis of methylene chloride and 
carbon monoxide in alveolar air is described. The method em- 
ploys a three-section bed of charcoal cloth sorbent for the de- 
termination of methylene chloride concentrations and a bag 
downstream of the solid sorbent sampler for determination of 
carbon monoxide concentrations. The method was evaluated in 
a study to assess the level of exposure to and uptake of methylene 
chloride by 14 furniture strippers. Alveolar breath samples ob- 
tained from these workers were analyzed for methylene chloride 
and carbon monoxide. Venous blood samples also were obtained 
from the furniture strippers and analyzed for methylene chloride 
and carboxyhemoglobin. 

All methylene chloride samples were analyzed by gas chro- 
matography with flame ionization detection. Breath carbon mon- 
oxide was analyzed using an electrochemical detector (Ecolyzer). 
Blood carboxyhemoglobin levels were determined with a CO- 
Oximeter. The accuracy of the breath sampling and analytical 
procedure was assessed by comparing the alveolar breath meth- 
ylene chloride and carbon monoxide concentrations to venous 
blood concentrations of methylene chloride and carboxyhemo- 
globin, respectively. Linear regression analysis showed that the 
blood and breath concentrations of methylene chloride were rea- 
sonably correlated (r = 0.87), with a standard error of estimation 
of 1.37 mg/L (even including two extreme outliers in the data 
analysis). An in vim b1ood:gas partition coefficient of 16.7 for 
methylene chloride was computed from the b1ood:breath con- 
centration data (excluding the two extreme outliers). Breath car- 
bon monoxide measurements were not as well correlated with 
blood carboxyhemoglobin (r = 0.84) as historically expected, 
primarily due to two outlying data points. The standard error of 
the estimate was also relatively large-1.89 percent carboxyhem- 
oglobin. However, the slope of the linear regression equation 
relating blood carboxyhemoglobin to breath carbon monoxide 
was comparable to previously reported results. This study has 
demonstrated that monitoring of these analytes in alveolar breath 
may be a useful alternative to monitoring them in blood. Rec- 
ommendations for improvements to the breath and blood sam- 
pling and analytical procedures are also given. Glaser, R.A.; Arnold, 

J.E.; McCammon, Jr., C.S.; Phipps, F.C.: Evaluation of A New Solid 
Sorbent Sampler for Alveolar Methylene Chloride Used in Tandem with 
a Bag for Sampling Alveolar Carbon Monoxide. Appl. Occup. Environ. 
Hyg. 6:380-388; 1991. 

Introduction 

Methylene chloride is the solvent of choice for most 
furniture-stripping applications. Currently, there are no 
organic vapor canisters available for respirators to ade- 
quately protect the worker against inhalation of the sol- 
vent.(') Since methylene chloride may be applied manually 
during furniture stripping, there is also considerable op- 
portunity for dermal absorption. Thus, in the absence of 
adequate exposure control technology, workers engaged 
in furniture stripping may be at risk to absorb large amounts 
of methylene chloride. 

The most serious effect of acute exposure to methylene 
chloride is the increased risk of cardiovascular stress due 
to elevation of blood carboxyhemoglobin levels by the 
rapid metabolism of the solvent to carbon monoxide.(2) 
The effects of chronic exposure to methylene chloride are 
not completely established; however, the National Institute 
for Occupational Safety and Health (NIOSH)(3) has clas- 
sified the compound as a potential occupational carcino- 
gen. More recently, concern has been raised that methyl- 
ene chloride may also be a human reproductive toxin.(*) 

In order to further investigate the reproductive toxicity 
of methylene chloride, NIOSH researchers conducted an 
industrial hygiene survey of 14 male workers engaged in 
stripping furniture with the solvent. The study included: 

Mention of commercial names or products does not constitute endorse- 
ment by the National Institute for Occupational Safety and Health. 
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1) testing of these workers’ reproductive function, 
2) environmental monitoring of the workers’ breathing 
zones for methylene chloride and an evaluation of the 
technology in place to control exposure, and 3) postshift 
analysis of workers’ blood for methylene chloride and 
percent carboxyhemoglobin and pre- and postshift mon- 
itoring of alveolar breath for methylene chloride and car- 
bon monoxide. Postshift biomonitoring of these workers 
was conducted to estimate the maximum body burden of 
methylene chloride and its toxic metabolite, carbon mon- 
oxide. Environmental monitoring cannot estimate the en- 
dogenous production of carbon monoxide and ignores 
differences in solvent uptake due to worker ergonomic 
differences and absorption via dermal routes. 

The reproductive function test results have been re- 
ported previously.(5) The results of the industrial hygiene 
survey, including a comparison of the environmental con- 
centrations of methylene chloride to the concentrations of 
the biomonitored analytes, are reported in a companion 
piece immediately preceding this article in this jour- 
nal.(6) 

This article presents evaluations of the solid sorbent 
sampling and analytical procedure used to determine al- 
veolar methylene chloride and the bag sampling and an. 
alytical technique used to determine alveolar carbon mon- 
oxide. These evaluations included: 1) studies of the recovery 
of methylene chloride from the charcoal cloth solid sor- 
bent and 2) a comparison by linear regression of the post- 
exposure blood concentrations of methylene chloride and 
carboxyhemoglobin, respectively, to alveolar concentra- 
tions of methylene chloride and carbon monoxide. An in 
vivo b1ood:gas partition coefficient for methylene chloride 
was also computed from this regression analysis. The pa- 
m e t e r s  of the equation determined by linear las t  squares 
regression of the carbon monoxide:carboxyhemoglobin 
data have been compared to those previously reported by 
other researchers. This extensive analysis of the blood and 

breath data was made to assess the quality of that data and 
to demonstrate that noninvasive biomonitoring of solvents 
in exhaled breath was a useful alternative to invasive bio- 
monitoring of those solvents in blood. 

Experimental 

Solvents and Sorbent 

For the analyses of methylene chloride-in-breath sam- 
ples, distilled-in-glass grade carbon disulfide and methyl- 
ene chloride were obtained from MCB Chemicals, Nor- 
wood, Ohio. Activated charcoal cloth was obtained from 
Charcoal Cloth Ltd., Berkshire, England. The cloth was cut 
into 45-mm diameter wafers and purged of volatile im- 
purities at 250°C with nitrogen, as described previou~ly.(~) 
For the analysis of methylene chloride-in-blood samples, 
methylene chloride (HPLC-GC-MS grade) and sodium 
chloride were obtained from Fisher Chemical Co., Pitts- 
burgh, Pennsylvania. Pesticide-quality tetrahydrofuran was 
obtained from Burdick and Jackson Co., Muskegon, Michigan. 

Evaluation of the Charcoal Cloth 

Recovery of Methylene Chloride 

The recovery of low levels of methylene chloride from 
the charcoal cloth was investigated. Each sample was three 
wafers of the charcoal cloth, spiked with 4 or 8 p g  of 
methylene chloride. All samples were spiked in 10-ml, 
crimp-cap vials and sealed. The samples were stored at 
room temperature for periods lasting from 1 to 7 days. 
The samples were analyzed using the procedures de- 
scribed below. 

Migration Studies 

Migration of methylene chloride between sorbent sec- 
tions was investigated. Each sorbent section was comprised 
of three wafers of charcoal cloth. In separate experiments, 

WRIGHT 

SOLID SORBENT SAMPLER __._- 

TO GAS SAMPLING BAG 

FIGURE 1. System for sampling alveolar breath for methylene chloride and carbon monoxide. See text for description of individual sampler components. 
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20, 200, or 2000 pg of methylene chloride were metered 
onto the front sorbent section which had been placed in 
the bottom of a 60-ml ointment jar. A stainless steel screen 
was placed over the front section, followed by the middle 
section, a stainless steel screen, then the back section, and 
another screen. The sorbent bed was compressed by 44 g 
of steel washers. After storage of the samples for 2 to 20 
hours at ambient temperatures or  on prefrozen refrigerant 
(Blue Ice), the sorbent beds were removed from the oint- 
ment jar, placed in 10-ml sample vials, and analyzed using 
the procedures described below. 

Breath Sampling 

Apparatus 

An exploded view of the assembly used for sampling 
breath is shown in Figure 1. Methylene chloride was sam- 
pled using the solid sorbent sampler which was loaded 
with three sorbent sections (a, b, and c). Three 45-mm 
diameter charcoal cloth wafers were used per sorbent sec- 
tion. The sorbent sections were separated by 45-mm di- 
ameter stainless steel screens (d and e). The sampler was 
directly connected to a Wright respirometer for measure- 
ment of sample volumes. Carbon monoxide was collected 
in an aluminized polyester bag placed downstream of the 
respirometer. A ball valve, located between the respirom- 
eter and the bag, was used to seal the bag prior to and 
after sampling. The solid sorbent sampler was sealed with 
stoppers before and after use. 

The solid sorbent sampler was fabricated as two com- 
ponents: one of glass (I), and the other of Teflon@ (11). 
The glass part served as a sorbent canister and mouthpiece. 
The Teflon part served as an insert to compress and retain 
the sorbent bed in place and to provide a connection to 
the respirometer. The 10-cm long glass part was tapered 
from the 4.5-cm i.d. by 2.4-cm deep sample chamber to 
the 5.8-cm long by 2.5-cm 0.d. mouthpiece. A 4.0-cm di- 
ameter Teflon grating (Savillex Inc, Minnetonka, Minne- 
sota) was press-fit into the 4.0-cm i.d. by 0.5-mm deep by 
0.5-mm wide lip of a specially machined, 4.5-cm a d . ,  Tef- 
lon sealing ring to form a front support (f) for the sor- 
bent bed. 

The Teflon retainer insert (11) was a 6.4-cm long by 
4.5-cm o.d. thick-walled tube. At the exit end, the part was 
machined with a tapered inside wall (approximately 22 mm 
in diameter) to fit onto the respirometer. At the entrance 
end, a 4.0-cm 0.d. by 0.5-mm deep by 0.5-mm wide lip was 
machined along the internal diameter. Another 4.0-cm o.d. 
Teflon grating (g) was press-fit into this lip to form the 
rear sorbent bed support. From the base of the lip, a 3.6-cm 
i.d. cavity was machined along the internal diameter of the 
Teflon retainer insert for 1.5 cm. 

Technique 

Both pre- and postshift breath samples were collected. 
All breath samples were collected outside the furniture 
stripping shops using a 30-second breath-holding proce- 
dure similar to that of Jones etaZ.@) Each subject was in- 

structed to hyperventilate several times and then to hold 
his breath for 30 seconds. When the subject exhaled, the 
first portion (approximately 50%) of the held-breath sam- 
ple was discarded. The subject then cupped his mouth 
onto the glass end of the sampler and exhaled the end 
portion of the sample. The mean volumes of the pre- and 
postshift samples obtained from the 14 furniture strippers 
were 2.32L (relative standard deviation, S, = 0.47) and 
2.28L (S, = 0.47), respectively. At least one methylene 
chloride field blank sample was obtained at each of the 
five sampling sites. The blank samplers were opened, ex- 
posed to the ambient air, and treated in the same manner 
as the other samplers except that no breath was sampled 
with them. 

Following sampling, the aluminized polyester bag was 
immediately sealed by closing the ball valve. The solid 
sorbent sampler was removed from the respirometer, sealed 
with stoppers, and placed in a refrigerated, insulated con- 
tainer. The samples were transported back to the iabora- 
tory within 2 hours of collection. Upon arrival at the lab- 
oratory, the solid sorbent sampler was disassembled, 
and each of the sorbent sections was placed into sepa- 
rate, lO-ml, crimp-capped containers. Generally, the 
methylene chloride samples were analyzed the same day 
as collected. Otherwise, the separated sorbent sections 
were refrigerated at 4°C; all of the methylene chloride 
samples were analyzed within 72 hours of collection. 
All carbon monoxide analyses were completed on the 
day o f  collection. 

Blood Sampling 

Separate blood samples were obtained for methylene 
chloride and carboxyhemoglobin analyses. For each sam- 
ple, approximately 10 ml of venous blood were collected 
in a 20-ml vacutainer from the antecubital vein of each 
subject. The carboxyhemoglobin samples were preserved 
with ethylene diamine tetraacetic acid (EDTA). The meth- 
ylene chloride samples were preserved with heparin. The 
blood samples were refrigerated on prefrozen refrigerant 
(Blue Ice) in a portable cooler and transported to the 
laboratory within 24 hours of collection. The samples were 
immediately refrigerated and analyzed within 24-48 hours 
of collection. 

Analytical Methods 

Breath Methylene Chloride 

All methylene chloride samples were analyzed using a 
Hewlett-Packard Model 5730A gas chromatograph (Palo 
Alto, California), operated in the flame ionization detection 
mode. Each three-wafer, charcoal cloth sampling section 
was desorbed with 4ml of carbon disulfide in a 10-rn1, 
crimp-capped vial. A 2-pL aliquot was resolved on a 4-mm 
i.d. by 6.1-m long, 10 percent FFAP on 80/100-mesh Chro- 
mosorb, WAW column. The carrier gas (N2) flow was 27 mV 
min. The column temperature was 90°C; the injector, 150°C; 
the detector, 250°C. All peak areas were measured using 
a Hewlett-Packard 3357 laboratory data system interfaced 
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to the gas chromatograph. Calibration curves ranging in 
concentration from 0.331 to 13.22 pg/ml were used to ana- 
lyze all samples containing less than 12 pg; all other sam- 
ples were analyzed using calibration curves ranging in 
concentration from 0.331 to 130 pLR/ml. Limits of detection 
(LOD), determined using procedures outlined,(9) ranged 
from 0.7 to 5.4 pg of methylene chloride per three-wafer 
section of charcoal cloth. Correlation coefficients for all 
calibration curves ranged from 0.9947 to 0.9999. 

The computation of the concentration of methylene 
chloride was made using the corrected volume of breath 
(Vcorr). 

where: Vexhaled = the volume of the breath measured by the 

Vvold = the void volume of each sampler 

The void volume of each sampler was approximately 75 ml. 
All breath volumes were corrected to breath-temperature- 
pressure-saturated (BTPS) conditions o f  37"C, 760 torr, and 
100 percent relative humidity. 

Breath Carbon Monoxide 

Wright respirometer 

The bag samples were analyzed for carbon monoxide 
using an Ecolyzer (Energetic Sciences, Hipster Model 2000), 
which had been calibrated using compressed gas standards 
containing 20 or  50 ppm carbon monoxide in air. All car- 
bon monoxide concentrations in the bags were corrected 
for the void volume of the sampling device by multiplying 
the concentration of carbon monoxide in the bag by a 
factor corresponding to: 

Vsampled 

Vsampled - Vvoid of assembly 

The void volume of each sampling assembly was approx- 
imately 122 ml. All breath concentrations were computed 
assuming atmospheric-temperature-pressure-saturated 
(ATPS) conditions of 25"C, 760 torr, and 100 percent rel- 
ative humidity. 

Blood Methylene Chloride 

All blood methylene chloride measurements were made 
using a Hewlett-Packard 5890 gas chromatograph equipped 
with a 3-m long by 4-mm id., 10 percent Carbowax 20M 
on 60/80-mesh Chromosorb, WAW column and operated 
in the flame ionization mode. The column temperature 
was 60°C. The detector and injector were maintained at 
225°C and 150"C, respectively. The flow of the carrier gas 
(Nz) was 15 mumin. Peak areas were determined using a 
Hewlett-Packard Model 3390A integrator. Samples were 
prepared by adding 1 g of sodium chloride, 2 ml of phys- 
iological saline solution, and 1 ml of an internal standard 
solution containing 0.02 mg'ml tetrahydrofuran (in phys- 
iological saline) to a 1.0-ml aliquot of heparinized whole 
blood contained in a 10-ml septum vial. The vial was equil- 
ibrated for 1.5-2.0 hours at 55°C in a Dani Automatic Head- 
space Sampling Unit that was interfaced t o  the gas chro- 

matograph. A 1.0-ml aliquot of the headspace above the 
blood was analyzed. A standard curve ranging from 0.1 to 
30 pg/ml methylene chloride in water was used to calibrate 
the gas chromatograph. These standard samples were pre- 
pared by adding 1 g of sodium chloride, 2 ml of physio- 
logical saline, and 1 ml of the internal standard solution 
to 1 ml of water contained in a 10-ml septum vial. The 
limit of detection was 0.1 pg/ml. 

Blood Carboxyhemoglobin 

All carboxyhemoglobin analyses were performed with 
a model 282 CO-Oximeter (Instrumentation Laboratories, 
Lexington, Massachusetts) by a contract laboratory (Met- 
path Inc., Teterboro, New Jersey). 

Results and Discussion 

Methylene Chloride-Method Evaluation 

Blood 

The overall accuracy and precision of the blood sam- 
pling and analytical method was not evaluated. However, 
for replicate analyses of a standard of whole blood con- 
taining 1 pgml  of methylene chloride, the mean percent 
recovery was 110 percent (relative standard deviation, S, 
= 0.29, n = 10). 

Breath 

Recovery from the Charcoal Cloth 

The percent recoveries of methylene chloride spiked at 
the 4-pg per sample level and stored for 1 and 7 days at 
room temperature were 92.7 percent (S, = 0.036) and 
93.6 percent (S, = 0.048), respectively. The percent re- 
coveries of methylene chloride spiked at the 8-pg per 
sample level and stored for 1 and 7 days at room temper- 
ature were 95.4 percent (S, = 0.027) and 92.8 percent (S, 
= 0.018), respectively. These results demonstrated that 
trace amounts of methylene chloride such as found in 
preshift breath samples could be stored on charcoal cloth 
and quantitatively recovered after storage for 7 days at 
room temperature. 

These recovery experiments were conducted by spiking 
the analyte onto three wafers of the charcoal cloth and 
storing the spiked wafers in lO-ml, void-volume vials. When 
60-ml, void-volume, ointment jars were used for desorbing 
8.7 pg of methylene chloride from a three-wafer sorbent 
section, the mean percent recovery of methylene chloride 
after a 1-day storage at room temperature was 70.3 percent 
(S, = 0.067, n = 3). This relatively low recovery presum- 
ably was due to the volatilization of the analyte into the 
void volume of the desorbing vessel. For that reason, all 
methylene chloride field samples were desorbed in vessels 
of the lowest feasible void volume (10 ml). 

Migration of Methylene Chloride Between Sorbent Sections 

Figure 2 presents the results of the experiments con- 
ducted to determine the extent of methylene chloride mi- 
gration between sorbent sections during storage. These 
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Storage 
Time I h r l  

Storage 
Temperature [ O C )  

Number of  Samples 

Relative Standard 
Deviation 

20 0 0 20 0- 20 0 0 20 0 0 

2 2 3 3 3 3 4 3 3 3 3  

20 

2.4 5.6 2.4 5.1 6.1 

FIGURE 2. Recoveries of 20-2000 p g  of methylene chloride from each stage 
of a three-stage charcoal cloth sorbent bed following storage for 2-24 hours 
at 0-20°C. 

1.9 2.014.1 5.8 1.9 2.5 

experiments were conducted using 60-ml, void-volume, 
ointment jars (approximately the same void volume as that 
of the sampler). The effects of storage time and temper- 
ature were investigated. The masses stored, 20-2000 pg, 
covered the range of masses found in the breath samples. 
For any spiked sample stored under refrigeration or  at 
ambient temperatures, for periods up to 7.5 hours, a max- 
imum of 4.6 percent of the methylene chloride had mi- 
grated to the back section. Sample sets 4 and 5 simulated 
situations that are likely to be encountered during trans- 
portation and storage of field samples, namely storage for 

,100) 1 

1 2 3 
Section 

FIGURE 3. Percent of total mass of methylene chloride in postshift samples 
recovered by each section of the three-section solid sorbent sampler. The 
standard deviations of the percent of the total mass collected on each section 
are bracketed. 

24 hours at ambient temperatures (set 4 )  or on prefrozen 
refrigerant, maintained in a cooler that had warmed to 
approximately 20°C after storage for 24 hours (set 5). Note 
that the percent of the total mass migrating to  the back 
section was similar for both sample sets. For the 2-hour 
storage period under refrigeration, on average, 88 percent 
of the mass spiked was recovered regardless o f  the loading 
level. For this reason, the masses o f  methylene chloride 
collected by breath sampling were corrected for a recovery 
coefficient of 0.88. The precision estimates o f  replicate 
analyses after 2 hours' storage (sample sets 2,  6, and 9) 
were pooled to obtain an overall analytical method pre- 
cision estimate of 3 percent relative standard deviation. 

The degree of migration observed here is likely to be 
the most serious for a high vapor pressure solvent such 
as methylene chloride. The authors have conducted similar 
tests using charcoal cloth sorbent for storage of  trace levels 
of less volatile compounds such as 1,l ,l-triciiloroetli~Ine 
and found no serious problems with migration, even after 
7 days' storage at room temperature. 

B r e a t h  Methylene C h l o r i d e  M e a s u r e m e n t s  

The three-section, solid sorbent sampler shown i n  Fig- 
ure 1 was used in order t o  permit a wide range o f  breath 
methylene chloride concentrations t o  be measured from 
the furniture strippers. A backup section was required i n  
order to assure that no methylene chloride was lost b y  
breakthrough of the sampler. For very low challenge con- 
centrations, as would be found in preshift s:umples, the 
first section was to be the primary absorbing bed and the 
second section, the backup bed. For very high challenge 
concentrations such as found in postshift samples, the con-  
bination of the first and second sections would be the 
primary bed and the third section, the backup bed. 

Of the 14 preshift samples obtained from the furniture 
strippers, measurable levels of  methylene chloride were 
observed only in samples obtained from subjects 1, 4 ,  5, 
7, 11, and 12. The concentrations o f  these samples r:ingecl 
from 1.4 t o  10.3 pg niethylene chloride per liter o f  exhaled 
air. In three o f  these samples, methylene chloride was 
found on the second and third sections o f  the sampler 
bed. The average amounts o f  the total tmss s:umpled were 
11.2 percent (standard deviation = .38.7'%, t i  = 2 1, m c i  
5.0 percent (n = 1) for the second and third sections, 
respectively. Thus, significant loss o f  analyte was not ob- 
served. N o  measurable methylene chloride was found i n  
the field blanks obtained during preshift sampling. 

Figure 3 is a bar graph o f  the mean percent o f  the total 
mass recovered from each o f  the three sorbent sections 
o f  the 14 postshift samples. Although the challenge con- 
centrations in the breath ranged from 7.3 to 540 bg meth- 
ylene chloride per liter, the distribution o f  mass collected 
on each section was similar for each sample. At least 98 
percent o f  the collected mass was trapped by the first and 
second sections o f  the sampler. Therefore, sample loss 
due t o  breakthrough o f  the backup sections was not sig- 
nificant in any o f  the samples. Of the tive sites monitored, 
measurable levels of methylene chloride were on ly  found 
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in the field blanks obtained during postshift sampling of 
subjects 8, 9, and 10. The postshift breath methylene chlo- 
ride concentrations of these subjects were corrected for 
an average methylene chloride field blank corresponding 

Comparison of Methylene Chloride Blood and Breath 
Concentration Data 

t o  4.7 p.@. 

Figure 4 is a plot comparing the concentrations of  meth- 
ylene chloride in the breath and blood samples obtained 
from all 14 subjects. The equation o f  the line regressed 
through the available data points is 

(1 1 
with a linear correlation coefficient ( r )  of 0.87 and a stan- 
dard error of 1.37 m a ;  the concentration units for both 
blood and breath are mg/l,. For subjects 1-12, the blood- 
to-breath concentration ratios ranged from 5.03 to 68.3 
(mean = 24.5, S, = 0.70). For subjects 13 and 14, the 
ratios were 461 and 209, respectively; these two data points 
have been determined t o  be gross statistical outliers using 
a normalized residuals t-test ( p  = 0.05). The reasons for 
the gross disparity in the blood-to-breath ratios for these 
two subjects are unclear. 

Estimation of a Methylene Chloride B1ood:Gas 
Partition Coefficient 

CBloo,j = 13.5 CBreath + 1.13 

I n  Figure 4, the concentration units for methylene chlo- 
ride are m@ for blood and m@ for breath (corrected to 
HTPS conditions). The slope o f  a line regressed through 
the origin of such a plot should correspond to the b1ood:gas 
partition coefficient o f  methylene chloride. Regression 
o f  the available b1ood:breath data, including the two 
outliers, gave an intercept which was significantly ( p  = 
0.05) greater than zero. However, regression of the data 
obtained from subjects 1-12 gave an intercept which 
was not significantly different from zero. Thus, the 
b1ood:gas partition coefficient may be estimated by de- 
leting the two outliers and forcing the data obtained 
from subjects 1-12 through the origin t o  generate the 
following equation: 

(2) 

which has a linear correlation coefficient o f  0.989 and a 
standard error o f  0.81 m@. 

Thus, 16.7 is an estimate o f  the in viva methylene chlo- 
ride b1ood:gas partition coefficient and may be compared 
to the reported in zttro b1ood:gas partition coefficient o f  
9.7.' l o )  Such comparisons should be made cautiously. For 
one thing, the ratio obtained in the present study is based 
on a very limited amount o f  data. Furthermore, the blood 
methylene chloride measurements reflect the concentra- 
tion in venous and not in arterial blood. For determination 
of a b1ood:gas partition coefficient, Andersen recommends 
that arterial blood concentrations be used since the venous 
concentration will be reduced by metabolism or absorp- 
tion into tissues.' I I In addition, in the current study, the 
blood and breath were only approximately sampled si- 

'Blood [mgiLl = 16.7 CBreath IrndL1 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 

Breath CH2C12 
(mgW 

FIGURE 4. Comparison of blood and breath concentrations of methylene 
chloride. The data points obtained from subjects 13 and 14 have been identified 
because they represent statistical outliers. See Equation 1 in the text for the 
regression parameters. 

multaneously. Sampling logistics required that all breath 
sampling be done outside the furniture stripping shops 
but just after completion of blood sampling. Although the 
interval between blood and breath sampling was relatively 
short, the subjects continued to eliminate methylene chlo- 
ride via exhalation. Thus, the breath levels were likely 
lower than had they been obtained simultaneously with 
the blood samples. A better estimate of the b1ood:gas par- 
tition coefficient would have been obtained if alternate 
sampling of blood and breath had been feasible. 

Carbon Monoxide-Method Evaluation 

Blood 

N o  formal evaluation of the precision and accuracy of 
the method used for determination of percent carboxy- 
hemoglobin in the blood was carried out during this study. 
An overall analytical method accuracy of k 1 percent and 
a precision of replicate analysis of standards (Sr) of 0.05 
is claimed for the carboxyhemoglobin analytical proce- 
dure.(I2) It is unknown if the overall sampling and analyt- 
ical method accuracy and precision have been determined. 

Breath 

Prior to conducting the field study, tests were conducted 
to assure that carbon monoxide was stable during storage 
in the aluminized Mylar bag and was not absorbed by the 
charcoal cloth. A 20-ppm standard of carbon monoxide 
was metered into the bag with the ball valve attached and 
periodically analyzed with an Ecolyzer. N o  significant de- 
crease in the carbon monoxide concentration was ob- 
served for storage periods up to 69 hours. Approximately 
1-2 L of a 50-ppm carbon monoxide standard were passed 
through the sampler at 5 Umin into a gas sample bag both 
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TABLE 1. Summary of Parameters Reported or Computed from Previous Studies for the Linear 
Regression Equation, %HbCO = M x CmA + I, Relating Blood Carboxyhemoglobin (%HbCO) to 
Alveolar Carbon Monoxide. C,. 

Approximate Range 
Ref. Author (date) C,- (ppm) %HbCO M I Is SEe 

13 
7 

15 
16 
17 
18 
19 
20 
21 
22 
23 

Haldane (1897) 
Jones (1958)F 
Ringold (1962)F 
Stewart (1976) 
Rarnsey (1 967)F 
Cohen (1970) 
Wald (1981) 
Hwang (1984) 
Tsukarnoto (1985) 
Peterson (1970)G 
Jarvis f1980)G 

D - 
s 100 
s 100 
8-50 
s 100 
s 70 
s 65 
s 100 

s 250 
s 100 

D - 

- D 0.16E 
s 17 0.17F 
s 20 0.20F 
s 8  0.23F 
s 18 O.1eF 
s 12 0.17 
s 12 0.18 
s 30 0.31 
- D 0.13 

s 3 0 +  0.15 
s 15 0.18 

D - D -  D 

O.9eF -0 -0 

- 

0.44F 0.9gF O.5gF 
0.17F 0.9gF 0.50 
0.24F O.9eF 1.02F 
0.43 0.99 - 

-0.14 0.97 - 

4.1 0.83 4.0 

1.35 0.98 1.2F 
-0.28 0.98 0.76 

D 

D 

0.0 -D -D 

AM and I are the slope and the intercept of the regression equations, respectively. 
fir = linear correlation coefficient. 
CSE = standard error of the estimate in units 01 %COHb. 
DThe parameter was not reported or could not be estimated from the original data, or was not applicable (reference 13 only) 
EThe Haldane equation: (M) [pCO/pO,], = %HbCO/%HbO, relates blood carboxyhemoglobin (%HbCO) and blood 
oxyhemoglobin (%HbO,) and the partial pressures of carbon monoxide (pC0) and oxygen (PO,) in the lung; M is an affinity 
constant of carbon monoxide for hemoglobin. The equation was solved for %HbCO as a function of C,, (in ppm) by assuming 
M = 210, Pa2 = 95 torr, and %HbO, = 97.(241 

Wnless otherwise noted, the parameters have been estimated from authors’ original data. For reference 17, only SE was 
reported. For reference 23, only SE was estimated. For references 16 and 18, all parameters were computed using the original 
reported data. 

GReferences 22 and 23 also reported the following quadratic equations. 
%HbCO = (109.08 + 7.6CJn-11.89; r = 0.99; SE = 1.06; range: C, c 250 pprn, %HbCO s 33.1221 
%HbCO = 0.222(C,) - 0.0006(Cc0)2 - 1.63 + 0.018 age; range: C, 5 100 ppm; %HbCO d 15.(*” 

with and without the sorbent in place. With no sorbent in 
the sampler, the concentration of the bag read 49 ppm (S, 
= 0.12, n = 2). With the sorbent bed in the sampler, the 
bag concentration was 48.5 ppm (S, = 0.06, n = 4). The 
differences in concentration were not significant (t-test, p 
= 0.05). These data also provide an estimate that the pre- 
cision of replicate determination of carbon monoxide was 
approximately 0.12. Confirmation that the Ecolyzer was 
unaffected by high humidity was obtained by determining 
that the concentration of a dry 24-ppm carbon monoxide 
standard did not significantly change after being humidi- 
fied to 80 percent relative humidity and stored for 1 hour 
at ambient temperatures. 

Comparison of Blood and Breath Data 

Table I is a compilation of the parameters of represen- 
tative regression equations reported in the literature re- 
lating the concentration of alveolar breath carbon mon- 
oxide (C,) to blood percent carboxyhemoglobin (%COHb). 
Although some of these parameters were reported by the 
authors, some have been recomputed or estimated from 
the original data. Over the range of concentrations en- 
countered in this study, i.e., below 100 ppm carbon mon- 
oxide (below approximately 20 %COHb), a linear equation 
is satisfactory for estimating blood carboxyhemoglobin from 
breath carbon monoxide concentrations. Our data on the 
concentrations of carbon monoxide in the breath and car- 
boxyhemoglobin in the blood are plotted in Figure 5. Note  
that we have continued to employ the convention of using 
ATPS conditions to express the concentration of carbon 
monoxide. The equation of the linear least squares line 

regressed through the data is 

%COHb = 0.15CC, + 1.31% (3) 

The slope of this regression line was comparable to that 
expected on the basis of the theoretical Haldane relation- 
ship(l3) and to the empirical linear equations reported by 
others in Table I. However, the b1ood:breath data obtained 
from this study was not as well correlated (r = 0.84), the 

14 

12 

10 

8 

6 

4 

2 

1 
0 20 4 0  6 0  8 0  100 

Breath CO (ppm) 
FIGURE 5. Comparison of concentrations of breath carbon monoxide and 
blood concentrations of carboxyhemoglobin. Data from all 14 subjects have 
been used for this plot; however, the data from subjects 7 and 12 are outliers. 
The line is defined by Equation 3 in the text. 
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intercept of the regression equation was higher, and the 
standard error of the estimate (1.89 %COHb) was larger 
than expected historically (reference 20 excepted). The 
data points from subjects 7 and 12 were statistical outliers 
using a normalized residuals t-test. If these two points were 
excluded, the slope and intercept became 0.17 and 0.76, 
respectively, the b1ood:breath linear correlation coefficient 
(r) increased to 0.95 and the standard error decreased to 
1.2 %COHb. However, there was no empirical reason to 
exclude these points from the data analysis. 

The authors do not believe the problems with outlying 
data were due to the breath sampling method. Subjects 
were closely observed t o  assure proper delivery of each 
sample. In addition, the method evaluation experiments 
described above indicated that measurement of exhaled 
carbon monoxide should have been unaffected by the solid 
sorbent sampler. A major source of error was likely the 
electrochemical detector used for analysis of the breath 
samples. The instrument was an older model with an elec- 
trochemical cell that occasionally responded slowly when 
breath samples were analyzed. Interference from meth- 
ylene chloride should not have affected the breath Carbon 
monoxide measurements since there was no evidence of 
significant breakthrough o f  the analyte from the back sec- 
tion o f  the charcoal cloth into the collection bag for any 
sample. It was known that ethyl alcohol in the breath af- 
fected the response of  this instrument; however, there was 
no evidence that any of  the subjects consumed ethyl al- 
cohol while at work. In addition, it was likely that any 
alcohols would have been trapped on the solid sorbent. 

The accuracy and precision with which blood cdrboxy- 
hemoglobin levels were determined in this study may also 
have been affected by the duration of sample storage. In 
one study, carboxyhemoglobin levels of refrigerated, EDTA- 
stabilized blood samples decreased by 6 to 11 percent after 
storage for 3 days; the carboxyhemoglobin levels were 
measured by the CO-O~imete r . (~~)  In the present study, 
some of the blood samples may have been stored for 
periods up to 48 hours prior t o  analysis. Thus, the blood 
carboxyhemoglobin concentrations for those samples may 
have been lower than predicted by breath sampling, re- 
ducing the correlation between the b1ood:breath data and 
increasing the standard error. 

Conclusions 

Experiments described in this article indicate that a three- 
section, charcoal cloth sorbent device for sampling alveo- 
lar methylene chloride in tandem with a bag for sampling 
alveolar carbon monoxide is a useful alternative to sam- 
pling venous blood for methylene chlor ide and 
carboxyhemoglobin. 

Postshift alveolar breath concentrations of methylene 
chloride and carbon monoxide obtained from 14 furniture 
strippers using the tandem sampler were reasonably cor- 
related with postshift venous blood concentrations of 
methylene chloride and carboxyhemoglobin, respectively. 
An in uiuo methylene chloride b1ood:gas partition coeffi- 

cient of 16.7 was higher than the reported in uitro value 
of 9.7. However, this difference was in the direction ex- 
pected since breath concentrations may have been lower 
than predicted due to the fact that postshift breath was 
always sampled after blood. 

The slope of the line determined by linear regression 
of the breath carbon monoxide and blood carboxyhem- 
oglobin data was comparable to that estimated from the 
Haldane equation or  those reported in the literature. How- 
ever, these b1ood:breath measuremen& were not as well 
correlated, the standard error for estimating blood car- 
boxyhemoglobin from breath carbon monoxide was higher, 
and the intercept of the regression line was larger than 
expected based on historical data. Exclusion of two outliers 
from the data analysis substantially improved the 
b1ood:breath correlation and reduced the standard ana- 
lytical error. A major source of error was the electrochem- 
ical detector used for determination of breath carbon 
monoxide. 

The solid sorbent sampler had adequate capacity for 
postshift breath methylene chloride concentrations rang- 
ing from 7 to 540 p@. Trace levels of methylene chloride 
corresponding to 1.4 to 18 pgL were observed in preshift 
samples. Recovery of the analyte from the sorbent was 
quantitative for spiked samples prepared over the range 
of 4 to 2000 pg per sample. However, migration between 
sorbent sections was significant even during short-term 
storage at ambient temperatures. Migration was reduced 
by refrigerating the samples immediately after collection. 
Tests showed that carbon monoxide was not absorbed by 
the charcoal cloth and was stable for extended periods in 
the bag. 

Recommendations 

The results of this study indicate that the new solid 
sorbent breath sampling technique for methylene chloride 
used in tandem with a bag technique for carbon monoxide 
was a useful alternative to sampling the corresponding 
analytes in blood. Although the details of the solid sorbent 
sampling and analytical procedures are presented in the 
Experimental section of this article, it should be noted that 
the device is not commercially available. A new sampler, 
fabricated from metal to avoid breakage of the glass, is 
being developed. 

The solid sorbent technique permits quantitation of the 
high concentrations of methylene chloride expected in 
immediate postshift samples. Based upon limit of detection 
data, it is estimated that this sampling approach can mea- 
sure concentrations at least as low as 1.4 ppm in the breath. 
Thus, the trace levels expected in preshift or  16-hour post- 
shift samples may be quantitated. The analyte migration 
problem encountered with the technique is minimized by 
refrigeration of the sampler during storage. The above- 
described metal sampler should reduce migration even 
further. 

Electrochemical detectors such as used in this study are 
widely employed for measurement of exhaled carbon 
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monoxide. With the exception of two outlying data points, 
the device provided satisfactory results. The outlying data 
were likely caused by slow instrumental response ob- 
served during the measurement of breath carbon mon- 
oxide. Such data suggest the necessity for rigorous pro- 
cedures to assure that the electrochemical cell is functioning 
properly. In addition to verifying the stability and repeat- 
ability of the instrument at the time of calibration, a com- 
plete performance check should include a determination 
that the response time for a calibration gas is comparable 
to that specified by the manufacturer. If that specification 
is not met, the cell should be replaced. Periodic checks of 
the concentrations of standards and samples with an al- 
ternative technique, such as with an infrared analyzer, will 
further assure the user of the quality of the analytical data 
obtained by such techniques. 
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