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Scand j work environ health 9 (1983): suppl 1, 17-25 

Health evaluation of employees 
occupationally exposed to methylene 
chloride 
Clinical laboratory evaluation 

by M Gerald Ott, PhD,' Lyman K Skory, MS,' BB Holder, MD,2 
Julie M Bronson, BS,3 Paul R Williams, MS4 

OTT MG, SKORY LK, HOLDER BB, BRONSON JM, WILLIAMS PR. Health evaluation 
of employees occupationally exposed to methylene chloride: Clinical laboratory evalua- 
tion. Scand j work environ health 9 (1983): suppl 1, 17-25. Hematopoietic effects seen in 
heavy cigarette smokers have been attributed to the carbon monoxide present in smoke. 
Since methylene chloride is partially metabolized in vivo to form carboxyhemoglobin, the 
pattern of hematologic changes relative to both the methylene chloride exposure and the 
cigarette smoking status of employees in two fiber production plants was investigated. 
Six serum constituents, changes in which could indicate liver injury, were also examined 
in relation to methylene chloride exposure. The observed increase in red cell counts, 
hemoglobin, and hematocrit among the women but not among the men exposed to 
about 475 ppm of methylene chloride was suggestive of a compensatory hema- 
topoietic effect. Similar changes have been observed in cigarette smokers, but not 
necessarily only in women. Another frequently reported change in the hematology of 
smokers, increased mean corpuscular volume, was not seen with methylene chloride ex- 
posure. These findings suggest that some, but not all, of the hematologic changes ob- 
served in cigarette smokers may be explained on the basis of carbon monoxide alone. 
A dose-related increase in serum bilirubin was observed for both the men and the women 
exposed to methylene chloride. This appears to be an isolated finding, as no correspond- 
ing pattern of dose-related changes consistent with either liver injury or hemolysis was 
observed for other serum and blood constituents. 

Key terms: carboxyhemoglobin, hematopoietic effects, smoking. 

This report is the  third in a series of five 
papers on  the  health of employees in two 
fiber production plants. Employees of one 
plant were exposed to methylene chloride 
(MeCl,), acetone, and methanol, the  meth- 
anol being present i n  a ratio of approxi- 
mately 1 to 10 to methylene chloride. Em- 
ployees of the  reference plant were ex- 
posed to similar concentrations of acetone 
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but were not exposed t o  methylene 
chloride or methanol. 

The health evaluation portion of the  sur- 
veillance program was primarily under- 
taken to  provide the employee with a gen- 
eral health examination. However, i t  was 
recognized that laboratory data obtained 
as a routine component of t h e  evaluation 
could be useful in  examining hypotheses 
concerning adaptive or toxic responses 
related to increased carboxyhemoglobin in 
methylene chloride-exposed employees. 
Certain hematologic and blood volume 
changes seen in heavy cigarette smokers 
(increased hematocrit, increased red cell 
volume as measured by chromium51 la- 
beling, and decreased plasma volume) 
have been attributed to t he  carbon mon- 
oxide associated with cigarette smoke (1 1, 



13). Several investigators have reported 
other hematologic changes in cigarette 
smokers compared to nonsmokers among 
clinic patients undergoing routine exami- 
nations or in working populations (1, 2, 7). 
These changes include increased hemo- 
globin, mean corpuscular hemoglobin, and 
mean corpuscular volume The incrimina- 
tion of carbon monoxide as the principle 
cause of hematologic changes seen in 
smokers has been disputed, partly on the 
basis of the multiple chemical ingredients 
found in cigarette smoke (6, 8). 

Experimental studies involving chronic 
exposure of dogs and monkeys to high 
concentrations of carbon monoxide (car- 
boxyhemoglobin levels of 32 to 40 %) prod- 
uced marked erythrocytosis, increased red 
blood cell mass, and increased hematocrit 
and hemoglobin (14). However, these car- 
boxyhemoglobin saturations were consid- 
erably higher than those associated with 
cigarette smoking. 

Because of the metabolism of methylene 
chloride to form carboxyhemoglobin, non- 
smoking employees in the present study 
would have experienced elevations of car- 
boxyhemoglobin in the absence of exposure 
to agents present in cigarette smoke or often 
attending environmental carbon monox- 
ide exposures (eg, motor vehicle exhaust 
fumes). Thus carboxyhemoglobin-related 
effects on the hematopoietic system could 
be assessed without the interference of 
many of the substances commonly associ- 
ated with carbon monoxide. In addition, 
possible effects of methylene chloride ex- 
posure could be assessed in both cigarette 
smokers and nonsmokers. 

Methylene chloride is a chlorinated hy- 
drocarbon that is metabolized by the liver. 
Therefore serum constituents that could 
indicate liver dysfunction and were in- 
cluded in the clinical chemistry battery 
were also examined in relation to expo- 
sure. 

Methods 

The target population and logistical de- 
tails for the health evaluation are described 
in a methodological paper covering all as- 
pects of the health surveillance project (9). 
The plant with methylene chloride expo- 
sure was located in Rock Hill, SC, and the 
reference plant in Narrows, VA. Analyses 

of blood constituents for both plants were 
performed by Diagnostic Laboratories in 
Charlotte, NC. In the plant with methylene 
chloride exposure the blood samples were 
drawn with the subjects in a sitting posi- 
tion, whereas in the reference plant the 
subjects were recumbent. The effect of 
posture on concentrations of blood consti- 
tuents has been experimentally examined 
by several investigators (4, 12). The effect 
of being in a recumbent position is to 
lower most serum and blood constituents 
(3 % for cellular constituents and up to 
6.5 % for serum constituents after at least 
30 min in that position). This effect thus 
represents a relatively minor source of 
bias in the comparisons between plants 
(12). Elevation differences between the two 
plants was another factor that could have 
affected the hematologic parameters. The 
plant with methylene chloride exposure 
was located in a flat geographic area at an 
altitude of 169 m above sea level. The refer- 
ence plant was located in a mountainous 
region (altitude of plant site being 483 m 
with surrounding elevations of 1,280 m). 
The altitude differentials between the two 
sites translate into differences of 5- 14 % in 
partial oxygen pressures. 

All the blood samples were refrigerated 
after collection and were delivered to the 
laboratory daily. Samples obtained from 
the employees of the reference plant were 
flown to Charlotte. Cellular constituents 
were analyzed with a Coulter model S ana- 
lyzer, carboxyhemoglobin with a co-oxi- 
meter IL 182, and serum constituents with 
a Technicon SMAC biochemical analyzer, 
except for serum alanine aminotransferase, 
which was assayed with a Gilford system 
3500. The health evaluations were con- 
ducted from October 25th through Feb- 
ruary 13th, 71 % taking place between No- 
vember 7th and December 3rd. Nearly all 
of the examinations of the exposed em- 
ployees (264 of 266) were conducted during 
the morning and noon hours, whereas 
about 23 % (58 of 251) of the evaluations of 
the referents were conducted later in the 
day to accommodate production sched- 
ules. Participation was on a volunteer basis 
and was estimated to cover about 61 % of 
the employees in the plant with methyl- 
ene chloride exposure and 55 % of the em- 
ployees in the reference plant. 

The blood constituents examined were 
red cell count, hemoglobin, hematocrit, 



mean corpuscular volume, mean corpus- 
cular hemoglobin, mean corpuscular 
hemoglobin concentration, carboxyhemo- 
globin, aspartate aminotransferase, alanine 
aminotransferase, lactate dehydrogenase, 
alkaline phosphatase, total bilirubin, and 
albumin. 

The results of the industrial hygiene 
monitoring of the work environment are 
detailed in another report (9). Median time- 
weighted average concentrations of 
methylene chloride for an 8-h day were ap- 
proximately 60 ppm for the 11 employees 
who worked in jet assembly, 140 ppm for 
the 162 employees who worked in block I 
extrusion jobs or on one job in the fiber 
preparation area, 475 ppm for the 65 em- 
ployees assigned to block 11, cellulose tri- 
acetate production, or related activities in 
the preparation area, and 280 ppm for the 
28 employees whose work station was in- 
termediate to the two blocks or whose 
work assignments involved time in both 
block I and block 11. Acetone exposures 
were the lowest in block I1 and in jet as- 
sembly (approximately 110 ppm). In block 
I and many areas of the reference plant the 
median acetone exposures were a time- 
weighted average of about 1,000 ppm. 

The statistical analyses were based on a 
multiple regression approach [the soft- 
ware package was SAS 79.5 supplied by 
the Statistical Analysis System (SAS) 
Institute Inc, Raleigh, NC]. The covar- 
iates used in the analyses were sex, race, 
age, cigarette smoking history, time of 
venipuncture, and current intensity of 
methylene chloride exposure. Additional 

ination and the intensity of acetone expo- 
sure within the reference plant were not 
important covariates for any of the blood 
constituents. Separate analyses were per- 
formed for each of the four sex-by-race 
subgroups of the exposed population. Di- 
rect contrasts of laboratory findings be- 
tween the exposed and reference groups 
were given less emphasis because of pre- 
viously outlined differences in the collec- 
tion and handling of the blood specimens. 

Results 

The distribution of the health evaluation 
participants with respect to sex, race, age, 
and cigarette smoking history is given for 
both plants in table 1. The considerable 
disparity in the composition of the total em- 
ployee populations of each plant, partic- 
ularly in regard to sex and race, is reflected 
in the differences seen in the table. The 
distribution of cigarette smoking varied 
with sex and race; however, there were no 
apparent differences between the exposed 
and reference groups within the sex-by- 
race subgroups. Among the exposed vol- 
unteers only 9 of 266 (3.4 %) had been em- 
ployed less than one year and 169 (63.5 70) 
had been employed for more than five 
years at  the time of the examination. In the 
reference plant, the percentages were 13.9 
and 55.1 %, respectively. 

In table 2, the mean and standard devia- 
tion of each blood constituent is reported 
by plant, sex, and race. Fisher's method of 

analyses indicated that the date of exam- combining probabilities from tests of sig- 

Table 1. Age and smoking history by sex, race, and study group. 

White men White women 

Exposed Exposed 
Exposed Reference Exposed Reference nonwhite nonwhite 

group group group group mena womena 

N % N %  N % N %  N % N % 

Age group (years) 63 168 107 77 20 76 

< 35 12 19.0 53 31.5 23 21.5 40 51.9 11 55.0 61 80 3 
35- 44 11 17.5 31 18.5 39 36.4 21 27.3 5 25.0 14 18.4 
45 - 54 29 46.0 23 13.7 41 38.3 12 15.6 4 20.0 1 1.3 
55-64 11 17.5 61 36.3 4 3.7 4 5.2 - 0.0 - 0.0 

Smoking history 
Never smoked 17 27.0 32 19.0 48 44.9 37 48.1 9 45.0 46 60.5 
Former smoker 21 33.3 56 33.3 6 5.6 7 9.1 4 20.0 2 2.6 
Current smoker 
< 1 packld 2 3.2 5 3.0 10 9.3 6 7.8 1 5.0 15 19.7 

1 packld 23 36.5 75 44.6 43 40.2 27 35.1 6 30.0 13 17.1 

a There were only three nonwhite men and three nonwhite women in the reference population. 
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nificance (5) was used to compare the 
means of the blood constituents for the 
two plants (white men and women only 
were compared because there were so few 
nonwhite referents) after stratification by 
current smoking status, sex, and age (< 45 
vs r 45 years). Statistically significant differ- 
ences between the two plant populations 

were observed for carboxyhemoglobin 
(p < 0.0001), serum alanine aminotrans- 
ferase (p < 0.0001), total bilirubin (p < 0.01), 
and mean corpuscular hemoglobin con- 
centration (p < 0.05). 

Separate multiple regression analyses 
for the four sex-by-race subgroups of the 
exposed population were performed for 

Table 2. Mean and standard deviation of the blood constituents among the health evaluation participants 
by sex, race, and study group. 

Exposed group Reference group 

White Nonwhite White Nonwhite White White 
men (N = 63) men (N = 20) women women men (N = 168) women 

IN = 1071 (N = 76) (N = 77) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Age (years) 

Serum parameters 
Alkaline phosphatase . . 

\:!ate dehydrogenase (UII) 
Alan~ne aminotransferase 
IIua) 
Z\spartate aminotransferase 
(lua) 
Total bilirubin lmoldlb) . - 
Albumin (g %) 

Blood parameters 
Red cell count (101211) 
Hemoglobin (gldlc) 
Hematocrit (%) 
Mean corpuscular 
volume (fl) 
Mean corpuscular 
hemoglobin (pglcell) 
Mean corpuscular 
hemoglobin concentration 
("10) 
Carboxyhemoglobin 
(saturation %) 

a 1 IU = 0.48 UII. 
b 1 mgldl = 17 1 pmolll 
c 1 gldl = 0 155 mrnolll. 

Table 3. Summary of associations, based on multiple regression analyses, between the intensity of 
methylene chloride exposure and 13 blood constituents. 

Population subgroup Blood constituent Slopea p-Value 

Nonwhite men (N = 20) Carboxyhemoglobin (%) 
Nonwhite women (N = 76) Carboxyhemoglobin (%) 

Total bilirubin (mg/dlb) 
White men (N = 63) Carboxyhemoglobin (%) 

Total bilirubin (mg/dl b) 

White women (N = 107) Carboxyhemoglobin (%) 
Total bilirubin (mg/dlb) 
Red cell count,(lO1*/l) 
Hematocrit (%) 
Hemoglobin (g/dlc) 
Aspartate aminotransferase (IUd ) 

a Units of change in blood constituents per 100 ppm of methylene chloride. 
1 mg/dl = 17.l,umol/l. 
1 g/dl = 0.155 mrnol/l. 
1 IU = 0.48 U/I. 



each of the blood constituents. Indepen- 
dent covariates included smoking cate- 
gory, age, and time of venipuncture, in 
addition to intensity of methylene chloride 
exposure. A summary of the statistical 
findings in regard to intensity of methyl- 
ene chloride exposure is presented in table 
3. A positive association between carboxy- 
hemoglobin and methylene chloride expo- 
sure was anticipated for all four subgroups. 
Further analysis indicated that methylene 
chloride exposure, cigarette smoking his- 
tory, and time of venipuncture were im- 
portant predictors of carboxyhemoglobin 
within the exposed group, but that sex, 
race, and age of subject were unimportant 
in predicting carboxyhemoglobin. A more 
rigorous treatment of carboxyhemoglobin 
in relation to methylene chloride expo- 
sure is available in a separate paper (10). 

A consistent positive association between 
total bilirubin and methylene chloride ex- 
posure was also found in three of the four 
population subgroups. In addition, the 
mean bilirubin of the exposed group was 
statistically higher than that of the refer- 
ence group. These relationships have been 
depicted in fig 1 via frequency plots of 
total bilirubin by methylene chloride ex- 
posure. The differences in total bilirubin 
are less apparent among the women than 
among the men. Among the men, there 
was a shift in mean total bilirubin and also 
a flattening of the distribution curve with 
increased intensity of current exposure. 

The findings obtained for alanine amino- 
trans ferase were inconsistent, depending 
on whether results from the reference 
plant were considered or not. The mean 
serum alanine aminotransferase was sta- 

1 5 r  E x ~ o s o d  Group 151- Exposod Groun 
475 ppm MeCI2 

Exposod Group 10 Exposed Group 
A 280ppmMeC12 280 ppm MeCI2 

N = l O  5 N = 8  

Exposod Group Exposod Group 

~ ~ ~ A 4 0 p p m M e C 1 2  N = 31 ih 60 & 140 N = ppm 68 MeCI2 

10 
0 

B 5 n 

E 

Referonce Group 
N = 169 

Reteronco Group 
N = 77 

I I I I I I I I I I 

.4 .8 1.2 1.6 2.0 .4 .8 1.2 1.6 2.0 
Total Bilirubin (mg/dl) Total Bilirubin (mg /dl) 

White Men White Women 

Fig 1. Total bilirubin levels of the white men and women in the exposed group, by exposure level, and in 
the reference group. (MeCI, = methylene chloride) (1 mgldl = 17.1 pmolll) 



tistically higher in the exposed than in the 
reference group. However, no association 
with increased methylene chloride expo- 
sure was observed when only the exposed 
group was examined. These relationships 
are summarized in fig 2. 

There was a statistical increase in red 
cell count with intensity of exposure 
among the white women of the exposed 
group, but not among the white men. Par- 
allel increases in hematocrit, hemoglobin, 
and aspartate aminotransferase were also 
found among the white women but not 
among the white men or the nonwhites of 
either sex. The distributions of red cell 
counts by methylene chloride exposure 
are summarized in fig 3. For the women 
there was a higher mean red cell count and 
increased spread in the distribution curve 
with increased exposure. No similar trend 

was evident for the men. The relative in- 
crease in red cell count with exposure was 
greater amo-ng the women who smoked 
than among those who did not smoke, par- 
ticularly in the under 45 age group. Based 
on a fitted regression equation for white 
women under age 45 who smoked (exposed 
group only), the mean red cell count was 
4.39 x 1012/1 cells for 0 ppm, 4.53 X 1012/1 
cells for 140 ppm, and 4.88 x 1012/1 cells 
for 475 ppm of methylene chloride. The 
corresponding estimates for nonsmokers 
were 4.39, 4.44, and 4.55 x 1012/1 cells, 
respectively. 

Discussion 
The carboxyhemoglobin concentrations 
measured in the present study showed the 
expected rise with both cigarette smoking 

Exposed Group Exposed Group 
475 ppm MeCI2 475 ppm MeCI2 

" F k N = 1 9  10 :FA N=37 

5 

Exposed Group 
280 pprn MeCI2 

Exposed Group Exposed Group 
a 60 & 140 ppm MeCI2 60 & 140 pprn MeCI2 

15 N = 31 N = 68 
L 

Z 

Reference Group 
N =  159 

Reference Group 

Alanine Aminotransferase (IU) Alanine Aminotransferase (IU) 

White Men White Women 

Fig 2. Serum alanine aminotransferase levels of the white men and women in the exposed group, by 
exposure level, and in the reference group. (MeCI, = methylene chloride) (1 IU = 0.48 U/I) 



and increased methylene chloride expo- 
sure. A number of the other associations 
found in this investigation were not antic- 
ipated. 

Serum alanine aminotransferase was 
statistically increased for the exposed em- 
ployees in comparison to that of the refer- 
ents, but the increase was not related to 
intensity of methylene chloride exposure 
within the exposed population. The shift 
of between 3.4 and 7.3 IU (1.6 & 3.5 U/1, 
respectively) (see table 2) was probably 
due to differences in the collection and 
handling of the blood specimens from 
the two plants, particularly since it was 
not supported by a dose-response rela- 
tionship among the exposed population. 
Total bilirubin was positively correlated 
with methylene chloride exposure among 
both the men and the women. This finding, 

if observed in conjunction with other posi- 
tive indicators, could point to either liver 
injury or hemolysis. However, concomi- 
tant elevations of neither alkaline phos- 
phatase nor the transaminases were found 
on a group basis or among the six exposed 
individuals (four white and two nonwhite) 
with total bilirubin in excess of 1.4 mgldl 
(23.9 pmolll). In addition no employees 
from the plant with methylene chloride 
exposure reported a history of cholestasis. 
Furthermore supporting evidence for in- 
creased red cell turnover was also lacking. 
No dose-response relationship was found 
for lactate dehydrogerase, and there was no 
decline in the red cell count, hemoglobin, 
or hematocrit, either in the group with the 
highest exposure or among persons with 
high serum bilirubin. Unfortunately, addi- 
tional tests which could have clarified the 
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475 ppm :: 1 

N = 22 

Exposad Group 
475 ppm MeCI2 

N - 3 1  

Exposed Group Exposed Group 
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Fig 3. Red cell counts of the white men and women in the exposed group, by exposure level, and in the 
reference group. (MeCI, = methylene chloride) 



situation further (eg, direct bilirubin and 
reticulocyte counts) were not performed. 

Among the exposed white women red 
cell count, hematocrit, and hemoglobin 
were increased in the group exposed to the 
highest methylene chloride concentra- 
tions; however similar results were not 
obtained for the exposed white men. The 
findings among the women, especially 
those who smoked cigarettes, are consist- 
ent with a compensatory response similar 
to that observed with high altitude hypox- 
ia. The partial pressure of oxygen at which 
hemoglobin is 50 % saturated (P,,) was mea- 
sured in 132 referents and 136 exposed em- 
ployees as part of the present research (10). 
Interestingly, there was a slight differen- 
tial sex effect in P5, in relation to methylene 
chloride exposure and cigarette smoking. 
The difference occurred because nonex- 
posed nonsmoking women had average P,, 
determinations about 0.8 mm Kg (106.7 Pa) 
higher than nonexposed, nonsmoking men, 
whereas, among cigarette smokers in the 
highest methylene chloride exposure 
group, there was no difference in PS0 be- 
tween the men and women. It has been 
suggested that men have higher baseline 
hemoglobin, which is at least partly com- 
pensated for by a greater oxygen-releasing 
capacity of the red cells of women under 
standard conditions (3). The apparent loss 
of this compensatory advantage, as sug- 
gested by the PS0 measurements, may offer 
an explanation for the hematologic changes 
that were observed in the exposed women 
but not in the men. 

The hematologic patterns associated 
with methylene chloride exposure among 
the women were similar to those seen with 
cigarette smoking, except that the mean 
corpuscular volume and mean corpuscular 
hemoglobin findings were not elevated 
with methylene chloride exposure. On the 
basis of parallel analyses in the two plants 
in question, the mean corpuscular volume 
was significantly increased among the 
white cigarette-smoking men and women 
in both plants. Hematocrit, hemoglobin, 
and mean corpuscular hemoglobin were 
also increased in each subgroup among 
the cigarette smokers. Our observations in 
regard to cigarette smoking are consistent 
with those reported in other studies using 
the Coulter model S to examine cigarette 
smokers. Thus there are differences in tne 

hematologic profiles, particularly in regard 
to mean corpuscular volume and mean 
corpuscular hemoglobin between cigarette 
smokers and individuals exposed to meth- 
ylene chloride. 

In conclusion, the expected changes in 
carboxyhemoblogin were found, but there 
were also changes in serum and blood 
constituents, a finding suggestive of a he- 
matopoietic effect, as evidenced by in- 
creased red cell counts in the white women 
exposed to methylene chloride concentra- 
tions of a time-weighted average of ap- 
proximately 4 7 5  ppm. The bilirubin find- 
ings were statisticaliy significant but were 
not supported by parallel changes in other 
serum and blood constituents. 

References 

1. Chan-Yeung M, Ferreira P, Frohlich J ,  
Schulzer M, Tan F. Those effects of age, 
smoking, and alcohol on routine laboratory 
tests. Am j clin pathol 75 (1981) 320-326. 

2. Chalmers DM, Levi AJ, Chanarin I, North 
WRS, Meade TW. Mean cell volume in a 
working population: The effects of age, 
smoking, alcohol and oral contraception. 
Br j haem 43 (1979) 631-636. 

3. Eaton JW, Brewer GJ, Schultz JS, Sing 
CF. Relationship between red cell metabo- 
lism and function. In: Brewer GJ, ed. Red 
cell metabolism and function. Volume 6: 
Advances in experimental medicine and 
biology. Plenum Press, New York, NY 1970, 
pp 21-38. 

4. Felding P, Tryding N, Petersen PH, Horder 
M. Effects of posture on concentrations of 
blood constituents in healthy adults: Prac- 
tical application of blood specimen collec- 
tion procedures recommended by the Scan- 
dinavian Committee on reference values. 
Scand j clin lab invest 40 (1980) 615-621. 

5. Fisher RA. Statistical methods for research 
workers. 14th edition. Hafner Press, New 
York, NY 1970, pp 99-100. 

6. Goldstein R. Smokers polycythemia. N 
engl j med 298 (1978) 972. 

7. Helman N, Rubenstein LS. The effects of 
age, sex and smoking on erythrocytes and 
leukocytes. Am j clin pathol 6 (1975) 35-44. 

8. Jackson DV, Spurr CL. Smokers' poly- 
cythemia. N engl j med 298 (1978) 972-973. 

9. Ott MG, Skory LK, Holder BB? Bronson 
JM, Williams PIE. Health evaluation of em- 
ployees occupationally exposed to methyl- 
ene chloride: General study design and 
environmental considerations. Scand j 
work environ health 9 (1983): suppl 1, 1-7. 

10. Ott MG, Skory LK, Holder BB, Bronson 
JM, Williams PR. Health evaluation of em- 
ployees occupationally exposed to methyl- 



ene chloride: Metabolism data and oxygen of serum constituents in healthy subjects. 
half-saturation pressures. Scand j work Clin chem 20 (1974) 1513-1519. 
environ health 9 (1983): suppl 1, 31 -38. 13. Stonesifer LD. How carbon monoxide re- 

11. Smith JR, Landaw SA. Smokers' polycy- duces plasma volume. N engl j med 299 
themia. N engl j med 298 (1978) 6-10. (1978) 311-312. 

12. Statland BE. Bokelund H. Winkel P. Fac- 14. Theodore J. O'Donnell TJ. Back KV. Toxi- 
tors contributing to intra-individual varia- cological evaluation of carbon monoxide in 
tion of serum constituents: 4 Effects of pos- humans and other mammalian species. J 
ture and tourniquet application on variation occup med 13 (1971) 242-255. 


