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ABSTRACT

Objectives: This study is aimed to describe the current situation about urinary biomarker N-methylformamide(NMF) for workers
exposed to N,N-dimethylformamide(DMF) according to industrial classification.

Materials: Special health examination records of the workers who had undergone urinary biological monitoring in 2013 were collected.
The numbers and percentage of workers, whose urinary NMF values were above the limit of detection(LOD) and above the biological
exposure index(BEI) were calculated. Health relatedness with DMF as judged by their doctors was also described. All description was
classified according to the 9" Korean Standard Industrial Classification(KSIC).

Results: It appeared that most workers exposed to DMF belong to manufacturing section(80.7%). The geometric mean(GM) values
of urinary NMF were 6.25 mg/L, 3.54, and 3.86 for the manufacturing section, professional, scientific and technical activities section,
and for the construction section respectively. In detail, it seemed that division of textiles(except apparel) (GM 7.51 mg/L), division of
leather, luggage and footwear(11.59 mg/L), and division of rubber and plastic products(6.89 mg/L) were highly exposed to DMF with
a high percentage of workers with urinary NMF values above BEI. This was probably due to the effect of skin absorption that the
division of leather, luggage and footwear showed the highest urine NMF GM.

Conclusions: It seemed that workers in manufacture industries such as textile, leather, luggage, footwear, rubber and plastic products
were highly exposed to DMF. So, efforts should be focused on those industries in order to effectively diminish worker’s exposure. Further
studies to compare DMF air-monitoring with bio-monitoring according to industrial classification should be considered.
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Table 1. General characteristics of study population

Male Female Total

No. of biomonitorings*(%) 19332(86.8%) 2948(13.2%) 22280(100%)

urine NMF Range(mg/L) ND~380.31 ND~294.38 ND~380.31

No. of detection*(%) 4066(21.0%) 638(21.6%) 4704(21.1%)

urine NMF GM' +GSDY(mg/L) 6.0242.50 5.3142.38 5.9242.48

: Total number of urine NMF bio-monitorings in 2013

wrn He <+ %

. Geometrical standard deviation

http://iwww.kiha.kr

: Total number of urine NMF bio-monitorings which results are larger than limit of detection(LOD)
. Geometrical mean. Only detected urine NMF cases were included in calculation.
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Table 2. Analysis of urine NMF results according to ot KSICM(Section level)

Ao AYstar

No. of % § No. of cases  No. of (+)
Section N (%) (1:11 n/gie) detection Gl\z[mi/CSD exceedmg DMF
& (%) & BEI" relatedness'(%)
. 17990 4151 672 748
C. Manufacturing (80.7%) ND~380.31 (23.1%) 6.25+2.53 (3.7%) (4.2%)
M. Professional, scientific and technical activities 1728 ND~40.57 168 3.54+1.71 ! 0
’ ’ (7.8%) ' (9.7%) ' ’ (0.1%)
. 725 119 2 1
F. Construction (3.3%) ND~26.59 (16.4%) 3.86+1.60 (0.3%) (0.1%)
N. Business facilities management and business 586 40 3 3
support services (2.6%) ND~27.34 (6.8%) 4.81£1.95 (0.5%) (0.5%)
S. Membership organizations, repair and other 287 % 96 12 18
personal services (1.3%) ND~80.86 (33.4%) 3.2042.31 (4.2%) (6.3%)
. 277 58 2 2
G. Wholesale and retail trade (1.2%) ND~17.39 (20.9%) 3.85+1.70 (0.7%) (0.7%)
H. Transportation 97 \D-2.60 ! 2.60 0 0
. Transportatio: (0.9%) . (0.5%) .
O. Public administration and defence; compulsory 137 11
social security (0.6%) ND-~5.46 (8%) 3.68+1.30 0 0
. L 111 8
J. Information and communications (0.5%) ND~10.86 (7.2%) 3.18+1.97 0 0
E. Sewage, waste management, materials 88 _ 23
recovery and remediation activities (0.4%) ND~13.10 (26.1%) 3.33£1.67 0 0
. o 79 22
Q. Human health and social work activities (0.4%) ND~9.16 (27.8%) 3.19+1.58 0 0
L. Real estate activities and renting and leasin; 47 ND~4.69 6 2.55+1.49 0 0
. iviti ing g (0.2%) . (12.8%) . .
P. Education 21 ND~3.97 ! 3.97 0 0
’ 0.1% ’ 4.8% ’
(0.1%) (4.8%)
- 4
D. Electricity, gas, steam and water supply (0.0%) ND 0 - 0 0
. . 3
A. Agriculture, forestry and fishing (0.0%) ND 0 - 0 0
22280 4704 692 772
Total (100v) ND-38031 )1, 5926248 (31%) (3.5%)

**: Korean Standard Industrial Classification
*: Total number of urine NMF bio-monitorings in 2013

t : Total number of urine NMF bio-monitorings which results are larger than limit of detection(LOD)

% : Geometrical mean. Only detected urine NMF cases were included in calculation.

§: Geometrical standard deviation

9 Total number of cases which doctors assigned DMF-relatedness to worker’s abnormal health condition

+t . Biological Exposure Index, 15 mg/L

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(3): 345-352

http://www.kiha.kr/



Table 3. Analysis of urine NMF results according to 9™ KSIC(Division level) (1)

Division . Range No. of oM’ No. of cases No. of
. s N (%) detection (+GSD§) exceedlng (+) DMF
(of Section C") (mg/L) (%) (mg/L) BEI"  relatedness'(%)
. 1787 859 181 197
13. Textiles, Except Apparel (9.9%) ND~253.83 (48.1%) 7.51+£2.48 (10.1%) (11.0%)
667 427 150 111
15. Leather, Luggage and Footwear (3.7%) ND~331.15 (64.0%) 11.59+£3.14 (22.5%) (16.6%)
. 1363 673 135 137
22. Rubber and Plastic Products (7.6%) ND~380.31 (49.4%) 6.89+2.46 (9.9%) (10.1%)
20. chemicals and chemical products except 7244 1102 112 150
pharmaceuticals and medicinal chemicals (40.3%) ND~184.17 (15.2%) 3012228 (1.5%) (2.1%)
. 843 326 66 103
33. Other manufacturing (4.7%) ND~332.20 (38.7%) 6.18+2.90 (7.8%) (12.2%)
14. Wearing apparel, Clothing Accessories and 182 " 92 13 3
Fur Articles (1.0%) ND~82.53 (50.5%) 7.98£2.36 (7.1%) (1.6%)
21. Pharmaceuticals, Medicinal Chemicals 2754 194 5 10
and Botanical Products (15.3%) ND~33.03 (7.0%) 4.02+1.78 (0.2%) (0.4%)
25. Fabricated Metal Products, Except Machinery 177 % 22 3 4
and Furniture (1.0%)  NPW262 g5 ey ATIE2O6 g g (2.3%)
29. Other Machinery and Equipment 298 ND~18.37 42 5.10+1.87 2 3
: y qup (1.7%) : (14.1%) 0.7%) (1.0%)
30. Motor Vehicles, Trailers and Semitrailers 150 ND~42.01 79 5.37£1.89 2 2
’ ? (0.8%) ' (52.7%) ’ ’ (1.3%) (1.3%)
17. Pulp, Paper and Paper Products 157 ND~20.06 >0 3.69+1.78 ! 2!
- Pulp, Fap P (0.9%) : (31.8%) 7% (0.6%) (13.4%)
26. Electronic Components, computer, Radio, 977 172 1 3
Television and Communication Equipment (5.4%) ND~15.71 (17.6%) 3.93+1.66 (0.1%) (0.3%)
and Apparatuses
. 6 3 1 1
32. Furniture (0.0%) ND~27.10 (50.0%) 12.98+1.90 (16.7%) (16.7%)
4151 672 748
Total 17990 ND~380.31 (23.1%) 6.25+2.53 (3.74%) (4.2%)
**: Manufacturing
*: Total number of urine NMF bio-monitorings in 2013
*: Total number of urine NMF bio-monitorings which results are larger than limit of detection(LOD)
% : Geometrical mean. Only detected urine NMF cases were included in calculation.
§: Geometrical standard deviation
9: Total number of cases which doctors assigned DMF-relatedness to worker’s abnormal health condition
+ . Biological Exposure Index, 15 mg/L
n. 2 =t Ad=9] 718k E S Fete Ao &7 }%6}0:1 LOD
ooz FEd AFUOR SRS T AL,
20134 ELAAA DMFE S3l01A2 &) HAd2 6.02(x2.50) mg/L, oA 5.31(ﬂ:2.38) mg/L,
o] r3 NMFE AARSE A4Ls & 22,280 Aoldch A= 5.92(+2.48) mg/L ©]ItH(Table 1).
G oo HARSE 247 19,3327(86.8%), B2 &y w32 NMF A9 BXZATE
2948 7A(13.2%)0] 131, AA AL} ofd AHARAS Table 29] AAISFALE AZAC)e] 17,9904(80.7%)
2 /1Z02 ANE golue AYWTS e B 2 A4 DMF FFosde] guie Astgn

AlSHA] ekttt AA| HAMASG £ =% NMF7F LOD
ofFer HEHE A W0l 406671(21.0%), 4
o] 638(21.6%), A 470471(21.1%)°] It} LODH| Tk
o] AARAS7E OF 718.9%0) gt ong, A 4
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Table 4. Analysis of urine NMF results according to 9™ KSIC(Division level) (2)

9 BetiEAE

=~

+

. N Ranee No. off GM No. of cases No. of
Section Division £ detection  (£GSD§) exceedmg (+) DMF
(mg/L)
(%) (mg/L) BEI" relatedness'(%)
M 73. Professional, Scientific and Technical 894  ND~14.59 62 4.46+1.72 0 0
Services, n.e.c. (6.9%)
M 70. Research and Development 613  ND~40.57 95 3.05+1.64 1 0
(15.5%) (0.2%)
F 42. Special Trade Construction 565  ND~26.59 51 4.14£1.70 2 1
(9.0%) (0.4%) (0.2%)
N 75. Business Support Services 520 ND~27.34 34 4.74+2.04 2 2
(6.5%) (0.4%) (0.4%)
G 46. Wholesale Trade and Commission Trade, 216 ND~17.39 54 4.01+1.70 2 2
Except of Motor Vehicles and Motorcycles (25.0%) (0.9%) (0.9%)
M 72. Architectural, Engineering and Other 202 ND~7.17 10 3.42+1.51 0 0
Scientific Technical Services (5.0%)
S 96. Other Personal Services Activities 165 ND~80.86 57 4.37+£2.14 5 11
(34.5%) (3.0%) (6.7%)
F 41. General Construction 160 ND~8.58 68 3.66+1.52 0 0
(42.5%)
S 95. Maintenance and Repair Services 70 ND 0 - 0 0
74. Business Facilities Management and 66 ND~16.25 6 5.22+2.04 1 1
Landscape Services (9.1%) (1.5%) (1.5%)
G 47. Retail Trade, Except Motor Vehicles and 61 ND~2.43 4 2.28+1.12 0 0
Motorcycles (6.6%)
S 94. Membership Organizations 52 ND~54.84 39 7.02+£2.38 7 7
(75.0%) (13.5%) (14.0%)
M 71. Professional Services 19 ND~4.23 1 4.23 0 0
. 0
(5.3%)
481 20 24
Total 3603 ND~80.86 (13.4%) 4.06+1.86 (0.6%) (0.7%)

** M: Professional, scientific and technical activities / F: Construction / N: Business facilities management and business support services
/ S: Membership organizations, repair and other personal services / G: Wholesale and retail trade

*: Total number of urine NMF bio-monitorings in 2013

t : Total number of urine NMF bio-monitorings which results are larger than limit of detection(LOD)
¥ : Geometrical mean. Only detected urine NMF cases were included in calculation.
§: Geometrical standard deviation
9: Total number of cases which doctors assigned DMF-relatedness to worker’s abnormal health condition
++ : Biological Exposure Index, 15 mg/L
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