Kim et al. KJPH, 55(2):1-11, 2018

https://doi.org/10.17262/KJPH.2018.12.55.2.1

Review

felLel S Az SAKe| ZEYOHFIE =& Bt

Won Kim?, Jihoon Park?, Sungkyoon Kim?, Chungsik Yoon?"
LWonjin Institute for Occupational and Environmental Heath
2 Institute of Health and Environment, Department of Environmental Health Sciences, Graduate
School of Public Health, Seoul National University

Abstract

Obijectives: The aims of this study were to compare the exposure between formalin handing department and
non-handling department, between direct handlers and indirect handlers, among several high exposure tasks,
and to find influential factors to the high exposure.
Methods: Formaldehyde was measured in the histopathology, endoscopy room and outpatient department of
four university hospitals in Korea. Mainly personal air sampling was taken and additional local samples were
taken if necessary. For the determination of formaldehyde, the National Institute for Occupational Safety and
Health (NIOSH) No 2016 method was used. To determine the 8-hour time weighted average, the daily
working time was measured and short-term exposure was also evaluated to see some tasks that were expected
to be exposed at high concentrations. Multiple regression analysis was performed to find the variables that

influence formaldehyde concentration.

Results: In addition to formaldehyde handling department, exposure to formaldehyde has also occurred at
offices and nursing room desks. Within the department that handles formaldehyde, direct handlers have
higher exposure levels than indirectly exposed workers. Short term formaldehyde exposure during formalin
handling tasks in hospitals was much higher than whole shift exposure. Representative work of high exposure
was tissue fixation work in tissue pathology, before and after heating work of fixed tissue, organizing of
tissue storage room and outpatient dispensing work.
Conclusion: High levels of formaldehyde exposure have been identified in several tasks performed at
hospital facilities. In order to reduce formaldehyde exposure, it is important to keep the formalin solution
sealed, seal the tissue storage room and install the local ventilation system.

Keywords: Carcinogen, Formalin, Formaldehyde, Hospital, Histopathology
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A3}7} 0.87-2.20 ppm [14].
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(GM 0.03 ppm)\t EE&Hs= FHFAre A
AN ZAHA (GM 0.22 ppm)ETH £ 381
=9t (p<0.05). WA HolHE Yoz =3
o3 gzete Fod wEFAelE Hdh

(p<0.004).
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Figure 1. Comparison of formaldehyde exposure
between direct formalin handlers and indirect exposure
workers (* p<0.001)
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TEvet B 5 TAAS] EELUS| = wF BTt
Table 1. Airborne formaldehyde concentration in each hospital (ppm)
. Case or Types of -
Hospital Control sample N GM(GSD) Mean+SD Median
Control TWA-P 27 0.020(1.99) 0.025+0.02 0.020
TWA-P 50 0.021(2.62) 0.026+0.02 0.024
Case
A STEL-P 9 0.066(4.60) 0.203+0.41 0.059
TWA-P 77 0.020(2.39) 0.025+0.02 0.022
subtotal
STEL-P 9 0.066(4.60) 0.2031£0.40 0.059
Control TWA-P 27 0.019(1.73) 0.022+0.01 0.022
TWA-P 22 0.042(2.48) 0.061+0.05 0.036
Case
B STEL-P 6 0.370(2.03) 0.449+0.29 0.392
TWA-P 49 0.027(2.27) 0.040+0.04 0.024
subtotal
STEL-P 6 0.370(2.03) 0.449+0.29 0.392
Control TWA-P 26 0.019(4.07) 0.027+0.01 0.027
Case TWA-P 17 0.162(4.18) 0.377+0.45 0.068
C STEL-P 1 0.938 0.938 0.938
TWA-P 43 0.045(5.77) 0.166+0.33 0.035
subtotal
STEL-P 1 0.938 0.94 0.938
Control TWA-P 24 0.066(1.94) 0.091+0.10 0.052
TWA-P 23 0.065(2.10) 0.085+0.07 0.047
Case
D STEL-P 5 0.747(1.51) 0.807+0.40 0.704
TWA-P 47 0.066(2.00) 0.088+0.09 0.052
subtotal
STEL-P 5 0.747(1.51) 0.807+0.40 0.704
Control TWA-P 104 0.026(2.77) 0.040+0.06 0.026
TWA-P 112 0.040(3.47) 0.098+0.21 0.034
Case
Total STEL-P 21 0.218(4.57) 0.452+0.44 0.284
TWA-P 216 0.032(3.19) 0.070+0.16 0.030
Total
STEL-P 21 0.218(4.57) 0.452+0.44 0.284

TWA-P: Time Weighed Average for personal sample

STEL-P: Short Term Exposure Level for personal sample

GM: Geometric Mean, GSD: Geometric Standard Deviation

Korean Occupational Exposure Limit : TWA 0.3 ppm, No STEL value,
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Median
0.031
0.115
0.041

Mean+SD
0.057+0.06
0.287+0.40
0.144+0.27

GM(GSD)
0.037(2.51)
0.111(4.52)

Kim et al. KJPH, 55(2):1-11, 2018
0.056(3.61)

N
41
25
66

General storage
(No hood)
Total

Closed type in Hood

Table 2. Comparison of airborne formaldehyde concentration by the formalin storage method

Storage method of Formalin
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Table 3. Capture velocity of fume hood used for tissue fixation with formalin solution

Capture Velocity of Hume Hood percentage of hood with

Hospital capture velocity > 0.4
m/s(Efficiency)
Hood 1 Hood 2 Hood 3 Hood 4
A 0.70 0.42 - - 100% (2/2)
B 0.18 1.03 0.17 0.23 25% (1/4)
Cc 0.49 - - - 100% (1/1)
D 0.43 0.26 0.33 0.22 25% (1/4)
Capture Velocity Guideline of the Ministry of Labor and Employment: 0.4 m/s
Table 4. Comparison of formaldehyde exposure by the efficiency of fume hood
Efficiency of fume hood GM Mean .
(hospital) N (GSD) +SD Median
100% (A, C) 38 0.050 (4.40) 0.181+0.35 0.030
25% (B, D) 28 0.067 (2.59) 0.095+0.07 0.078
Total 66 0.056 (3.61) 0.144+0.27 0.041
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Figure 2. Closed type of tissue storage with local
exhaust system(upper) and general open type of tissue
storage (lower).

(ppm)

Idehvde C
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Cb;nd 6en'ml Oﬂ'-ilu
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Figure 3. Comparison of formaldehyde concentration

between tissue storage type (p<0.001).
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Table 5. Multiple Linear Regression Model for formaldehyde exposure (n=112 , R2= 0.53)

Regression coefficient

Dependent variable (SE) P-value
Intercept -3.394 (0.189) <0.001
Exposure Pattern (Ref. indirect exposure) 0.223 (0.037) <0.001
Formalin storage (Ref. non-enclosed type) -2.344 (0.616) <0.001
Tissue Storage (Ref. enclosed type) 2.058 (0.461) <0.001
Formalin amount (L/month) 0.007 (0.001) <0.001

SE: Standard Error.
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Table 6. Airborne formaldehyde concentration
during short term unit task

Formaldehyde
concentration(ppm)

Department Task n
mean+SD Maximum

Outpatient Tissue

Dept. Dividing 1.28 1.28
Central A
Supply ooz 4 0031002 0.6
Room P
Handling
tissue 3 043+0.14 055
storage
Work at

Pathology  Gross Table 8 0.38+0.47 1.50

Heating 4 0.76+0.18 0.94

Washing
after 1 0.70 0.70
Heating

Total 21 0.45+043 150
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Figure 4. Tissue dividing and formalin addition at the
maternity ward. Left circle presents the sampling tube
for short term and right side for whole shift sampling.
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