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-Abstract-

Relationship between Exposure Concentrations to Methylene
Chloride in Air and Carboxyhemoglobin Levels in Blood of
Workers Engaged in Blowing, and Cleaning Operations

Yong Chul Shin™ Yang Ho Kim", Gwang Yong Yi'

Dept. of Occupaotional Health and Safetv. Inje lnuercm Industrial Safety and Health Research Institute, KISCO

The objectives of this study were to evaluate exposures to airborne methylene chloride and postshift
carboxvhemoglobin (COHb) in bleod of workers engaged in processes using blowing or cleaning
agents, and to investigate correlation between methylene chloride concentrations and the blood COHb
levels of workers. The geometric mean (GM) of workers' exposures (8 hour-time weighted averages,
TWA) to airborne methylene chloride during cleaning molds using rags wetted with the solvent in the
manufacture of flexible polyvurethane foam (GM = 61.4 ppm!. during operating the dip tank for cleaning
molds in the manufacture of lens (GM = 610 ppm). and during cleaning the blowing nozzles by

spraving the solvent in the manu’acture of shoes (GM = 1172 ppm) were exceeded the American
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Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLV®)-Time
Weighted Average (TWA) (50 ppm). The COHb levels were significantly different among groups (p <

0.02). The average COHb levels in blood of non-smoking workers were 2.0% in low-level (< 50 ppm)

exposure group, and 39% in high-level

(> 50 ppm) exposure group. The average COHb levels in

smoking workers were 3.1% in low-level exposure group, and 4.8% in high-level exposure group. The

blood COHb levels of no-exposed workers to methylene chloride were 1.8% in non—smoking group, and

28% in smoking group. It was found that the COHb level dependeds on the methvlene chloride

concentration and smoking habit, and was highly correlated with methylene chloride concentration in

air. The correlation coefficient was 0.81 among non-smoking workers. The estimated COHb level (3.6%)

and ¢

%6 upper confidence limit (4.0%) corresponding to TLV-TWA of methylene chioride exceeded the

current ACGIH Biological Exposure Index (COHb 35%) for carbon monoxide. The estimated COHb
level (54%) at 100 ppm exceeded the standard (5%) recommended by National Institute for Occupational

Safety and Health (NIOSH) for preventing adverse cardiovascular effect. The estimated COHb value
and 959 upper confidence limit at 25 ppm of the Occupational Safety and Health Adminstration (OSHA)
Permissible Exposure Limit-TWA (PEL-TWA) were 2.6% and 3.09, respectively. It is suggested that

COHb in blood be kept below 3.0%
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Table 1. Worker's Exposure Levels to Airborme Methylene Chloride by Process and Job

Time-Weighted Average

Violation®

. Venti- —
Process Joh - . oM
lation N ' GSD Range, ppm  PEL TLV
ppm
polyurethane foam  Cleaning blowing nozzlz by No 2 0.88 - 1.09 0 0
;rﬂ]anufalcture/ rags soaked with MC" during
ctory A hard PU foam manufacturing
Blowing; cleaning molds by Local 6 614 1.11 511 - 716 6 6
rags qoaked with MC during (100 (100)
flexible PU foam manafacturing
Lens Mold cleaning by dipping into Local 9 51.0 1.32 398 - Bl 9 7
manufacture/ tank: exchange the cleaning (100 (773
Factory B & C solution, managing the molding
facilities
Inspecung the cleaned molds: No 4 320 1.54 202 - D22 2 1
molds assembling (50 (23)
Shoes Factory D
manufacture/ Cleaning the blowing nozzle: Local 1 20.6 0 0
Factory D & E
Other jobs No 8 5.98 2.43 2.3-46.3 1 0
(12.5)
Factory E
Cleaning blowing no:zzle: No 3 117.2 1.07 109.0- 122.6 3 3
(100} (100
Other jobs No 5] 30.1 1.83 14.8 66.6 3 1
(607 (20)
Automobile Jig cleaning(Factory F No 1 12.0 0 0
accessories
manufacture/ Nozzle cleaning(Factory (3) Local 1 6.81 0 0
Factory F & G Other jobs(Factory F&G) 10 ND. - 34 0 0

Note: GM = Geometric mean. GSD = Gecmetric standard deviation: PEL: Occupational Safetv and Health Administration’s
Permissible Exposure Limit; TLV = American Governmental Industrial Hygienists's Threshold Limit Value : ND. @ Non detectable
(< 3.3 ppm)

& Number of samples exceeding the stated standard, b

MC: methvlene chlonde: Y pu Polvurethane
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& 29803 AAAES TI8% = TLV-TWAE & Axdhk: <22 feddgado|t i i
Zosisith 3 o) dFN M AHE FHE 73"} =D A9 3 206 ppmoltt E A9 AS Hit
s 2g9eke tRaEe] W 32 ppm FEL 117.2 ppm, B¢ 1190 - 1226 ppmo2 WERL B
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Table 2. Postshift Carboxyhemoglobin Levels of Workers by Exposure Level to  Methylene Chloride,
and by Snoking Category

COHb Level Methylene

Smoking Mettiff;?:'u(r:iuf;de N R 5 thl:lg:fe
GM% GSD Range, % >35%" >5% (TWA). rpm

No No g8 18 17 1.1-42 225) 0
No Low (<50 ppm) 4 20 17 09043  2(143) 0 1.09-46.3
No High (250 ppm) 6 39 12 34-51 4667 1167 52.2-81.1
Yes No 5 28 16 14-47 2040) 0 <33
Yes Low (<50 ppm) 7 3l 14 1945 4(57.1) 0 083-186
Yes High (=50 ppm) 12 48 15 3888 120000 97 51.1-1226
No Control group” 13 14 12 09-17 0 0

Note: GM = Geometric mean. GSD = Geometric standard deviation
* Number of samples exceeding the COHb level of 35%;  Number of samples exceeding the
blood COHb level of 5%; ¢ White-collar and non-smoking workers

Table 3. Summary of Multiple Regression between Carboxyhemoglobin Level in Blood and Two
Independent Variables, Methylene Chloride Concentration and Smoking

Parameters” Coefficient Standard Error P vaule
Intercept 1.81 0.262 <0.001
Smoking, packs/day 162 0.366 <0.001
Methylene Chloride Concentration, ppm 0.034 0.0002 <0.001

‘R = 069, N = 45, p < (.001; Sex, age, duration of employment of workers did not significantly add to the ability
of the equation to predict the blood COHb (p < 0.05), and were not included in the equation.

T3 e AHTA o FRAM 2ol =E3FEE <33 - 34 ppmdl FHAKT

739 Hq 598 ppm, WY 2.3 - 463 ppr°l %L, E 2. 8% COtb s ®I}

A4 AL = 301 ppm, HY 148 - 666 ppmS
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COHb #&& wedZzelojzd niHA| L
CEAY AE "Ho 18% (11 - 42%), Ax% K
50 ppm)e WEAE 2ol wEHe AS T
20% (090 ~ 43%), T (2 50 ppr)2) HE-A
Frelojrd wEHe A Hit 39% 34 - 5.1%)
2 YT 7H°‘7}91 ]94 I Bl
AFE =&Y COHb FE7E t-
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Fig. 1. Plot of carboxyhemoglobin levels in blood on no-smoking workers’

exposures to methylene chloride.

The regression equation is y=1.70+0.037 X (N=21, R2=0.66, P<0.001).
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