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This study aimed to prepare the fundamental data and assess
the status and trend of exposure level for 3 chemical substances
~such as sulfuric acid, hydrogen chloride, ammonia,
fmna}dehyde anci phenol in nmufacmrmg mdusuy by typﬂ of

; change Sub)ectsmlatedto this study cansnstof }46 facmes, 12
industries ami 17 working processes located in anan area fmm
Jan. 1997 to Dec, 2001.

1. All 5 kinds of chemical substanccs by type of mdustry

- wcrkmg process were generated in chemical manufacturing

industry. There were founded in 8 types of industries and 13

types of working processes for ammonia, which is the Iughmt .

number of in all 5 chemical substances.
2 texms of the exposure level for 5 chamcal substances
by type of mdustry, working process, geomelric mean

concent:anen for sulfuric amd was 040 mg/m3 in manufacmm :

: products, 094 ppm in buﬁ'mg process, for fonnaidehyde was
0,49 ppm in manufacture of wood and of pmducts of wood arid
cork, except fumniture; manufacture of articles straw and plating

. materials, 0.53 ppm in mxxmg prooess and for phenoE wete()SB ,

ppm in manufactule of chemical and chemmal products, 0.55
ppm in campoun&mg process, respectively. Results for 5

-~ chemical substances by type of industry and working pmcess

were s1gmﬁcamly lnghar than those of the others(p<0.05).

- 3. The exposure level for hydrogen chloride, formal&hyde
were 31gn1ﬁcantly increased by size of industry (p<0.01).
ammonia was mgmﬁcantly decreased by size of industry
poon.

4, In trend of the concentration difference of five chemical
substances by chronology, geometric. mean concentration for
sulfuric acid was significantly ' increased (p<0.01), hydrogen
chloride and ammonia were significantly decreased by year
(p<0.05) and for fmnaidehyde and phenot were decreased in

. chronological change. -

According to the above results 5 chexmcal substances were
founded together in a way mixed in the same places one ariother
and concentrations of chemical substances by industry, working
process, size of mdusny and year appeared markedly. The
authors recommend more systemic and effective work
environmental management should be conducted in work-
piaces genemtmg ﬁve chenncai substances, -

Key Words five chemxcal substance, manufacumng industry, ‘
& chronologml change
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Table 1. The number of factory by type of industry

Type of industry Number
Manufacture of food products and beverages 11(7.6)
Manufacture of textiles 22(15.1)
Tanning and dressing of leather 35(24.1)
Manufacture of handbags, saddlery hamess and footwear

Manufacture of wood and of products of wood and cork, except fumiture

Manufacture of articles of straw and plaiting materials 3(2.1)

Manufacture of chemicals and chemical products 4(2.7)

Manufacture of rubber and plastic products 2( 1.3)

Manufacture of other non-metallic mineral products 2(1.3)

Manufacture of basic metals 7(4.7)

Manufacture of fabricated metal products, except machinery and equipment 53(36.4)
Manufacture of motor vehicles, trailers and semi-trailers 3(2.1)

Electricity, gas, steam and hot water supply 2(1.3)

Manufacture of electrical machinery and products ne.c.* 2(1.3)

Total 146(100)

ne.c.x; not especially classified

Table 2. The number of sample by working process

1%

Working processes Numbers
Dyeing 280(23.5)
Acid pickling 259(21.8)
Tanning 178(15.0)
Steel-Plating 130(10.9)
Air-compressing 77(6.5)
Chemical treatment and coating 47(3.9)
Mixing 38(3.2)
Fluxing 30(2.5)
Compounding 29(2.4)
Latex-putting 28(2.3)
Adhesion 200 1.7)
Buffing 2001.7)
Heat treatment 17( 1.4)
Water treatment 16( 1.3)
Forming 14(1.2)
Metal surface coating 6(0.6)
Testing and research 200.1)

Total

1193(100)
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Table 3. The number of industry, working process and factory by size of industry

Workers Industry Working process Factory
< 29 12(40.0) 14(35.9) 82(56.2)
30 — 49 6(20.0) 8(20.4) 37(25.4)
50 — 99 6(20.0) 9(23.6) 14(9.6)
100 — 299 4(13.4) 6(15.3) 11(7.6)
300 — 499 13.3) 1(2.4) 1(0.6)
500 ~ 999 1(3.3) 1(2.4) 1(0.6)
Total 30(100) 39(100) 146(100)

Table 4. The number of factory by year

Year Number
1997 80(20.3)
1998 78(19.6)
1999 83(21.0)
2000 85(21.5)
2001 70(17.6)
Total 396(100)




Table 5. Acceptable criteria of exposure limit for five chemical substances by organization.

Name of Materials Category ACGIH('96) } OSHA('93)" 1 EL in Korea('02)" " "
ppm mg/m’ ppm mg/m ppm mg/m’
Hydrogen chlororide =~ TWA 5(Ch 7.5(C") 5(C" 7.5(C") 5(C") 7.5(C"H
STEL/Ceiling(C") - - - — - -
Sulfuric acid TWA - 1(A2"T) - 1 - 1
STEL/Ceiling(C") - 3 - - - -
Ammonia TWA 25 17 50 35 25 18
STEL/Ceiling(C") 35 24 - — 35 27
Formaldehyde TWA - - 0.75 - [(A2'1)  1.5(A2TT)
. STEL/Ceiling(C') 0.3(C",A2'") 0.3(C'A2'") 2 - 2(A2TT)  3(ATh)
Phenol-skin TWA 5 19 5 19 5 19
STEL/Ceiling(C") - - - - - -

* . American Conference of Governmental Industrial Hygienists in US.

* * . Occupational Safety & Health Administration in US.
* * x  Exposure Limit established in Korean minister of labor.

T - The concentration that should be exceeded during any part of the working exposure.
T T: Suspected Human Carcinogen.

Table 6. Profile generating five chemical substances by type of industry

Il);ii est(g/ Sl:;udnc HC);SI)?igde: Ammonia  Formaldehyde Phenol cI:;)e's(’)“f*
MF] o I
MT2 o o (] o 4
TDL3 ) ) 2
MW4 o 1
MC5 o [ ) ) [ [ 5
MR6 ) o 2
MNM7 o 1
MBMS [ ) o () [ ) o 4
MP9 o ([ o 3
MEI0 |
MVI1 o [ 2
ES12 [ o (] 3
Total* 7 5 8 5 4

1 Manufacture of food products and beverages. 2 : Manufacture of textiles.

3 Taming and dressing of leather: Manufacture of handbags, saddlery hamess and footwear.

4 : Manufacture of wood and of products of wood and cork, except furiture; Manufacture of articles of straw and plaiting materials.
5 : Manufacture of chemicals and chemical products. 6 : Manufacture of rubber and plastic products.
7 Manufacture of other non-metallic mineral products. 8 : Manufacture of basic metal.

9 : Manufacture of fabricated metal products, except machinery and equipment.

10 : Manufacture of electrical machinery and products n.e.c.

11 : Manufacture of motor vehicles, trailers and semi-trailers.

12 : Electricity, gas, steam, and hot water supply.

@ : A case of generating specific chemical substances by industy.

* . The total number of cases of specific chemical substances by type of industry.

#% . The total number of industry by type of specific chemical substances.
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Table 7. Ambient concentration for five chemical substances by type of industry

unit © ppm, except for Sulfuric acid(mg/m’)

Hydrogen

Type of Sulfuric acid : Ammonia Formaldehyde Phenol
industry chloride
n GM Range n GM Range n GM  Range n GM Range n GM Range
MF1 76 0.60  0.04
(2.76) ~2.56
MT2 160 0.19  0.02 3 049 043 137 034 0.04 20,13 0.11
(2.36) ~0.90 (1.10) ~0.52 (2.17) ~2.20 (1.26) ~0.15
TDL3 64 0.13 0.04 168 0.62  0.02
(1.89) ~1.25 (2.63) ~341
Mw4 30049 0.18
(1.70y ~0.10
MC5 8 040 0.10 6 037 0.14 5 067 044 50.11  0.07 7 053 0.39
(1.88) ~0.56 (2.22) ~0.52 (1.36) ~0.99 (143) ~0.19 (1.33) ~0.86
MRé 1 029 9 1.11 0.70
(1.69) ~3.29
MNM7 [0 038  0.06
(2.20y ~0.79
MBMS 3 008 0.10 2 058 033 6 020 0.12 7 052 034
(1.33) ~0.17 (2.19y ~1.00 (1.64) ~0.39 (1.27y  ~0.62
MP9 217 0.14 002 205032 1.72 61 040 0.09
(2.28) ~1.44 (2.12) ~0.01 (1.93) ~1.27
ME10 3 029 0.001 2 003 0.03
(1.00) ~0.30 (2.76)
MVIl 6 008 0.02 I 032
(2.19) ~0.16
ESI2 7 011 007 10 0.51  0.09
(1.40) ~0.15 (3.07) ~2.64

2

1 Manufacture of food products and beverages.

- Manufacture of textiles.

31 Tanning and dressing of leather: Manufacture of handbags, saddlery hamess and footwear.

4 Manufacture of wood and of products of wood and cork, except fumiture; Manufacture of articles of
straw and plaiting materials. 5 : Manufacture of chemicals and chemical products. 6 : Manufacture of
rubber and plastic products. 7 : Manufacture of other non-metallic mineral products. 8 : Manufacture

of basic metal. 9 : Manufacture of fabricated metal products, except machinery and equipment.
11 : Manufacture of motor vehicles, trailers and

12 : Electricity, gas, steam, and hot water supply. () : Geometric standard deviation.

Manufacture of electrical machinery and products n.e.c.
semi-trailers.

10
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Table 8. Profile generating five chemical substances by type of working process

Sulfuric Hydrogen
acid chloride

Type of working
process

Ammonia

No. of

Formaldehyde Phenol cases**

Acid pickling(1) ) )
Adhesion(2)
Air-compressing(3)
uffing(4)

Chenmical treatment

& coating(5)
Compounding(6)
Dyeing(7)

Fluxing(8)

Forming(9)

Heat treatment(10)

Metal surface coating(11)
Mixing(12)
Steel-plating(13)
Latex-putting(14)
Tanning(15)

Test, researching(16)
Water treatment(17)

o L 4
o

® 000000 O0O0COC
e
o

W R = W R = B — W

@ : A case of generating specific chemical substances by working process.

* . The total number of cases of specific chemical substances by type of working process.
** | The total number of working process by type of specific chemical substance.
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Table 9. Ambient concentration for five chemical substances by working process

unit : ppm, except for Sulfuric acid(mg/m’)

Hydrogen

Working Sulfuric acid : Ammonia Formaldehyde Phenol
process chloride
n GM Range n GM Range n GM Rangen GM Range n GM Range
Acid pickling 60 0.12 004 195033 001 4 010 0.03
(2.08) ~1.17 (2.1 ~1.71 (4.49) ~0.57
Adhesion 18 0.26 002 2 048 028
(2.80) ~0.99 (1.48) ~0.48
Air-compressing 77 0.60  0.04
(2.75) ~2.56
Buffing 17 0.29 0.04 2. 094 093 1 046
(241) ~091 (1.02)  ~0.96
Chemical treatm 47 020 0.00
ent and coating (2.39) ~1.44
Compounding 8 029 009 6 037 014 S5 069 044 5 011 007 5 055 039
(1.87y ~0.56 (2.22) ~1.48 (1.40y ~0.99 (143) ~0.19 (1.35) ~0.85
Dyeing 149 025 002 3 048 043 128034 0.04
(237) ~2.20 (1.10) ~0.52 (2.17) ~2.20
Fluxing 30 029 0.11
(1.71) ~0.74
Forming 6 025 012 84025 014
0.25) ~0.25 0.25) ~0.25
Heat treatment I 0.08 4 025 0.05 1 050 (1 039 006
3.61) ~073 6 084 084 (2.17) ~084
Metal surface (1.74y ~3.29
coating
Mixing 11 0.17 0.05 12 040 005 7053 0.21 8 038 0.06
(2.71) ~0.90 (2.30) ~0.88 (1.67) ~0.91 240y ~0.79
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Table 9. Continued

AR EFE Q3rad 3] F s YA F
7FetATHP=0031).

dEobe] AR 2 FEE 1 5090 o4 1003]

n|gkel el A 8] ¥7] F 718HE s B 1.07 ppm 2 7HE
=941, 30091 o)Ak 50021 v]wke] ol 036 ppmo.E 7F 3!
Al Vbt o AR R S5 Yol 3] F
S el Ak thp00

TEQYE| = ARA FEE ETE w0001 o)A

30091 njwkel 9] 37] % 7|6HE 5 042 ppm O 7}
23D, 309 vlgkel oAM= 0.14 ppm o2 7S SHA

ek 718] 313091 o4 5091 vk, 5091 o] AF 1009 vl kel
Tl 42} 0.14,041 ppm 2.2 VER} AFIF 7RI} 24
5 XEYHs|Ee 371 F 78w e et Tt
SFATH(p<001).

A=) AR PR FE B 5021 o4 10091 gk
A FellA e 371 F 78R FEt 061 ppmoE 7HE =

%L, 3091 oA 5091 B gl Fof| A= 046 ppm, 309] Tyl
TollA] 045 ppm . 7H SHA) UERtth ARt ot &
FE = 37 F 7R whw iAd e s SrHge

LA A frofahA] skt
wolsEEEe 87| S 3k +FE
< O}O]E A Eo)

i %8 T3 2ok 2001032 37 =

unit © ppm, except for Sulfuric acidg/m’)

Working Sulfuric acid Hy dr(?gen Ammonia Formaldehyde Phenol
process chloride
n GM Rangen GM Range n GM Range n GM Range n GM Range
Steel-Plating 95 0.12 002 10 0.19 0.13 53 052 0.02
(204) ~0.80 (1.46) ~035  (2.81) ~2.79
Latex-putting 28 050 0.02
(3.65) ~2.79
Tanning 64 0.13 004 113 066 008 2 0.13 011 1 043
(1.89) ~1.25 (2.36) ~3.41  (1.26) ~0.15
Test, research 1 0.05 1 0.01
Water treatment 7 011 006 9 047 009
(1.40) ~0.15 (3.14) ~2.64
Total 460 0.15 0.02 219 0.32 0.01 468 048 0.02 50 028 0.02 24 0.46 0.06
(2.28) ~1.44 (2.60) ~3.41  (2.40) ~0.99 (1.93)~1.32

(2.21) ~1.72

( ) Geometric standard deviation.
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(p<0.05).
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Table 10. Ambient concentration for five chemical substances by size of industry
unit : ppm, except for Sulfuric acid{mg/nt)

ol s
O -

5744 shsrgde) AN 5

s RE 7

199814 f (.87

371 % 718t

Hydrogen

No. of Sulfuric acid ‘ Ammonia Formaldehyde Phenol
Workers chloride
n GM Range n GM Range n GM Rangen GM Range n GM  Range
< 29 228 0.14 002 139 029 0.01 151 056 0.03 12 0.14 007 17 045 0.06
(2.27) ~1.44 (2.23y ~1.71 (2.52y ~3.29 (1.83) ~0.49 (1.99) ~1.32
30 - 49 134 0.17 002 30 033 0.12 162046 002 7 0.14 002 S5 046 0.14
(232) ~1.25 (143) ~1.04 (2.81) ~341 (2.78) ~2.78 (2.04) ~0.99
50 - 99 19 0.16 006 8 046 0.19 22 066 0.12 23 041 0.12 2 061 059
(1.86) ~0.52 (1.89) ~1.81 (2.11) ~279  (1.54) ~0.99 (1.03) ~0.62
100 - 299 65 0.18 003 42043 005 123 038 004 8 042 0.1
(2.32) ~0.90 (2.33) ~1.45 (242) ~294  (2.15) -~091
300 - 499 14 021 0.06 8 036 0.14
(2.26) ~1.09 (1.97) ~1.09
500 - 999 2 106
Total 460 0.15 0.02 219032 0.0067468 048 0.02 50 028 0.02 24 045 0.06
(2.28) ~144 (2.2) ~1.7119 (2.60) ~3.41 (2.39) ~0.99 (1.92) ~1.32

( ) Geometric standard deviation.

Table 11. Ambient concentration for five chemical substances by year

unit : ppm, except for Sulfuric acidimg/m’)

Sulfuric acid Hydrogen Ammonia Formaldehyde Phenol
Year chloride
n GM Range n GM Range n GM Range n GM Range n GM Range
1997 63 0.11 002 13 004 0037 87 075 006 15 034 009 7 079 004
(2.10) ~0.80 (249) ~178  (2.11) ~2.95 (2.12) ~0.78 (1.15) ~1.43
1998 79 008 002 36 023 001 78 086 0.18 4 009 007 6 031 005
(1.79) ~1.25 Q71) ~1.14  (1.89) ~341 (138) ~0.13 (148) ~0.86
1999 90 0.12 0.02 49 027 004 96 076 0.10 6 033 009 4 055 027
(221) ~1.44 (.08) ~153  (2.11) ~329 (3.08) ~0.99 (1.93) ~132
2000 100 023 005 64 039 009 95 023 0.2 9 033 002 4 055 051
(2.14) ~1.41 (196) ~1.24  (2.55) ~1.50 (3.36) ~091 (1.06) ~0.58
2001 128 023 006 57 030 006 112027 003 16 025 010 4 048 0.14
(1.96) ~091 (187) ~140  (2.10) ~1.34 (1.81) ~0.55 (231) ~0.99
Total 460 0.15 0.02 219 032 001 468 048 0.02 50 028 002 25 046  0.05
(2.28) ~1.44 (2.21) ~1.71 (2.60) ~3.41 (2.40) ~0.89 (1.92) ~1.32

() : Geometric standard deviation.
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