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Evaluation of Work Environment, Health Care Management and
Exposure to Chemicalsin the Workplaces Using Dimethylformamide (DMF)

SooJong Hur* - ChunHui Suf? - ChaeKwan Lee? - Jeong HoKin? - Dae Hwean Kin? - Byung Chul Sor?
Chang HeeLee® - Goo Rak Chang? - Jong TeeLeg’

tGraduate Schoal of Public Health, Inje University
Department of Occupational and Environmental Medicine, College of medicine & Ingtitute of Environmental and
Occupational Medicine, Inje University

This study was aimed to assess the status of working
environment, health care management status and cause of
exposure in manufactories using dimethylformamide (DMP).
For the purpose, airborne concentration of DMF in the
workplaces and N-methylformamide (NMF) in worker's urine
were measured with job type and process. In addition,
management of locd exhaugt ventilation system (LEV) and
persond protective equipment (PPE) was evauated a 35 work
places (107 workers) located in Busan and Gimhee area

Mean DMF concentrations in work places by job type and
process were of high level measured in printing and record
media reproduction (5.23 ppm) and flaking process (2.48 ppm).
Workersin adhesive job were meesured alarge anount of urine
NMF (2159 mg/ £ ). 98.1% of DMF handling workers were
provided respirators, but 67.3% of those workers used them.
The main ressons for not using respirators were inconvenience
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and difficulty of breathing. Airborne concentrations of DMF
were higher in the workplaces in which LEV's were working
abnormally, but there was not statistically significant. In
addition, the urine NMF levels were correlated with
management of LEV within the workers who did not use the
respirators (p<0.048).

These results implied that LEV should be installed and
maintained properly to protect the workers from the exposure to
DMF. Management of PPE should be dso necessary to protect
theworkersfrom chemicd hezards

KeyWords:  Dimethyiformamide, N-Methylformamide locd
exhaugt ventilation system (LEV), persona
protective equipment (PPE).
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Table 1. Distribution of manufacture by type of business

No. of participated manufactures
Typeof business Assesment of worki . M sausof
environment " Questionnarre Iom sydem
Manufecture of textiles 4
Manufacture of leather and related products 14
Printing and reproduction of recorded media 1 - -
Manufacture of chemicasand chemicd products 10 3 -
Manufacture of pharmecetticals medicind chemica and botanical products 1 - -
Manufacture of rubber and plagtics products 2 - -
Manufacture of other non-metallic minera and plastics products 1 1 -
Manufacture of motor vehides, tralersand semi-trallers 2 1 -
Totd 3H 12 7

Manufacture of textiles: A FHM=H 7=

Manufacture of leather and related productsi Iz, Jbeh ol Al || 2

Printing and reproduction of recorded media: 214 & J| =201 SH

Manufacture of chemicals and chemical products: 3lSt=22! U ofsHH|Z HI &=

Manufacture of pharmaceuticals, medicinal chemical and botamcal products: OIE =2 9 oJUF MY
Manufacture of rubber and plastics products: D2 & ¥ SetAEHIS M=

Manufacture of other non-metallic mineral and plastics products: U254 % = EV\E'K RSB
Manufacture of motor vehicles, trailers and semi-trailers: AF= At XU E&f| L] M=

E
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] (AT A AF, AR BT E 5 wet S-3kato] 249 AP, =2 7184] A5 DMF 5
71 fleto] Z2ARES 4 TAE ST FAIG ] B 5l 2 unpaired ttest S ©]g-3ko] Bl FA LRI

FAFANAN RS 9 & F ZRATFAA HEA SPSY(ver. 12K)& o] g3kt ek

el sl

3 A7 AR T2 Aol 54 54
AR R A7l et 512, R, 20100 8-S . A3xZa}
71?—% EEauliidked 4?4 &3 Aol Fate] 774 A
4, 587 A o tiste] FEO] Alo]EE5S 27 B9it 1.DMFE& 2&itt 77|8H|2 s
Xﬂoi%i =4 o] = G X F 47| (Digitd Air Velocity Meter,
8383-M-GB, TH)E 0] -&-3}31.0.1 7} 57 o] A2 = 2a)7] + 8/ 9%, 37 AF A 87 5, 207l Al RS A A
AR SO Ht 4SS e A7 v watsith 7} 14%9] §714A7F A= Sl k. Toluene methyl ethyl
ketone(MEK)©| 717} 8871(25.79%) 0. % 7} wo] A% 9l al
3. Xz 24 o]o] ] DMF 7971(23.1%), n-Hexane 3371(9.6%), acetone 1571

(449%) 5-2] 20| Q) tH(Tale2).



AT o3

- o)

o
N

—

Mo
<+
o
o]

N

HURZIN Z2NET1R2E
(Pl Ziclo
(Pl Kloslc

[a]
>
o

x Lo
o ~r—

S 28T 5)s1onpoud [BIIULIO] PUB [BIILSYD [PUIDIPSLL ‘S[EIINJRULIEYA JO INoRjNUBL 1T (R |y 2|visls

'P339939p J0U (N

(Rl RIS 7 1 S{y)SIPIIeA-ILSS Pue SIB|feL} ‘SDIDIYRA J0jOU JO BIMeRjnUew

|R)S1oNpod Sonse|d pue [BIaUILL Olj[BILL-UOU JBLJO JO 2IMIBINUEW :0) YR |y 2l 52

x =2
n xS

i

(&)

% 2 |ly 5 17)S1onpold sonse|d pue Jaggny Jo injoejnuew
Io3)S10Npod [EOILLBLD pUE S[IILLBLD JO DINIRINUBL :(]

(7 73)BIPALU Pap.I0dai JO LOIINPO.daI pUB SUnULd: Y (R |y B v 5 2 “={)S1onpoid pajejal pue JOUjea| JO 2INOBINUBL g (B [ly2 lyLL £)S9[11X8) JO 2IMoBjnUeW
firio)e! jJo uol nuud:D (Rl Riv a &1 =10 J 2l (B vE Iy E 5)s9113%0) J 2l V8

(€))ese aN aN aN aN (0)-)e8 aN aN aN SEBOY IABIN
(€))60 (@80 aN aN aN aN aN aN aN ABIAPOIOOUL
WL TIPS aN (e aN @CoLy aN aN ez, aN I04oo|V HAUBIN
@CrET aN aN aN aN @CKeT aN aN aN joyoo) v [Adodlos|
(r)EITIIT aN aN aN aN DEego aN €)reveoe aN SEROY A3
@r)88)LeyT aN )6 T)TL % aN 0474 (€)632)690 aN (r)evaloe9 aN UOROY
@croeeo (@CeLo aN aN aN €)erTieo aN (Terro aN aujAx
(M TIZ0 (@Chro aN aN aN (6)e02)zzo aN aN aN URZLBY AU
(@CTeo (@Creo aN aN aN aN aN aN aN aexayopfo
@)z aN aN aN aN @0z aN aN <N auouexaopA
(ee)os2ie90 (@))s6e aN aN aN €)eT)eTo (@JeLo (@e)ezamao (@eLo RYOH-U
(68)(T6€)T6 aN aN aN (T8 LT)6es)kTL @09zt (c)eseleee  @T)eoivLor  |ouoey Kup AN
@)oot (E)6esriso aN aN @60 (Cpliellict (€))osz (eoviee  @0LENLS auenjoL
LTy ¥q\ @OLTHOT (reTlee (T)0eoT (or)(ee2)e8T (@)0)ezs ()eoelTT  (ET)e6TIT  Bpueo)fippwia
(N)(@s2)no Eﬁmﬁm
pI0L H 3) . 3 a 0 g % WUM__M_Q
wdd :3un 9dA} qOf AQ SJUSAJ0S D1UBSIO JO UOIJRIJUIIUO)) “Z dqe L



FAF 229

13]¢ :SIPYl0 g 7 Bupoed ¢|afF :uoljewenbsap

iy

‘R :Bueod ¢ |y :Buites|d

[y

Y by

:BUIpUOC 3 jA :BUNW ¢ 425 3 ndu|

Po13319pP JOU (IN*

01514 aN (e)-)e8T aN aN aN aN aN aN SEROY [AUBIN

(€))60 aN aN (€))s60 aN aN aN aN aN aB|ALOIOIPUL
WbLErs aN aN aN €)eoz)ey aN (M0pss @)0)kes M09z | oyoolv eI

@CweT aN aN aN aN aN aN @OWET  |Iyooly Adoxdos|
(r)6oriaT 6T aN aN an()(osz aN (N0 €)zrieae (Ceoe0 | eeROV A3
@ns8leyt  (€)86S)kLE aN aN (r)ackeez aN aN @) TreT6T (€)ese SUOPOY
@Groeeo aN aN (@60 (€)r0 aN aN M0eLT0 N0kzzo kX
(M6 TIC0 aN aN (©))ar0 €eroezo aN aN (v)6TI6C0 @CkT0 aBZRqIALS

()74 aN aN AQIrAY aN aN aN aN aN PO

()es aN aN aN ¥q\ aN aN (@©)0es aN UL
(ee)eszi90 @60 aN @)eoekso  @)eT)90 aN (misaeo  G)isTer0 @Ckrro UEXBH-U
@g)eelre  (vleee  @G89ksL  @)lzdes  (2estEes0T aN Gerdeem  (18eleT  (M)66TI0Y  |ouoey I Kupin
@9)6oskoe  ()eosese  (Weovee  @ersker  @ELYETY <N €Ly Lnarvese  (MLezk9o awenpoL
6Dyt Eeeigo  E)eomiso  @weTIIT  (L2)L6TBLT @Chee (megero  @1)oceksT  (MGeTsT  PPWwewo)ippwia

(N)(@so)nwo Eﬁmﬁm
ss00.d
poL SBUYIO Bupped o Bupeod fuesy  Buplog BN iy meb\,

wdd :3un

$5920.d YJOM JO 3dA] AQ SJUSA|OS DIURSIO JO UOIIRIIUIDUOY) € 3|qe]



20 5% - A ol A4 - Ade - £ - ol38 - 47 ol

Table 4. Health management status (N=107)

Item Content N(%)

2hour< 6(5.6)

Working 2hour - 4 hour 10(9.4)

time/day 4.hour - 8 hour 18(16.8)

<8hour 73(68.2)

Hedth D of DMF D of DMF 104972

OUSESS OUSNESS

education o o 228)

Yes 105(98.1

Provide B8

No 219

Protective Yes 72(67.3)

. Wear

equipment No 3H(32.7)

(gesmask) Main resson for did not Inconvenience 19(54.3)

wear the gas mask Difficulty of bresthing 11(314)

(N=35) Digurbanceinworking 5143

Heslth Pre-placement hedth examination a0(%4.1)

o Pogt-placement hedth examination 91(85.0)
examination , -

Specid hedth examinaion 103(%6.2)

N: Numbers of respondent
Pre—placement health examination: Bl A1 H 2 &IC
Post-placement health examination: Bl Al H 4 &IC

=

Special health examination: S4-H24EICh

Table 5. Concentration of urinary NMF and excess ratio for permissible concentration by type of working
process

NMF
Typeof worki GM
ypePFOOGSS K No. of Detection Nogri::tﬂs ;hm (mg/ {) & Range(ne/ 1)
concentration (%)
Input 2 1(50.0) 1566 186 1009-24.28
Mixing n 3273 9% 228 2.37-4339
Bonding 7 5(71.4) 2159 375 31521583
Codting 3 12(36.4) 1.37 373 13318335
Desquamation 6 2(333) 1248 582 159-166.27
Packing 1 - 555 - 555
Others 3 - 441 296 1291003
Totd 23(365) 1148 125 129-215.83

Input: HZE2); mixing: I} bonding: E1 2t coating: 2E!; desquamation: 24el; packing: Z7%}; others: J|EF
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Table 6. Comparison between management of local exhaust ventilation systems (LEV) and concentrations

of DMF Mean +SD
Averagear
0,
LEV Number (%) velodity(mised) Pt DMF Conc. (ppm) P
Pass A, A2+0, 21+1
. 20343 142204 <0.001 121 0078
Falure 38(65.5) 040+0.29 1791113

*2 by unpaired t test

Table 7. Urinary NMF concentration according to the wearing status of protective equipment and working

time Mean +SD
Wearing Satysof protective V\/o_rki ng N NMF concentration P
eguipment time (mgf £)
>8hours 51 1085+27.35
Wear <8hours 21 898+14.72 0.769
Totd 72 10.30+24.26
>8 hours 2 37531679
Did not wear <8haurs 13 1060+1004 0.081
Totd K3 2753155.36

* unpaired t test

Table 8. Urinary NMF concentrations of workers who did not wear respirators according to management of

local exhaust ventilation system Mean=SD
Local exhaust vertilation system N NMF concentraion P
(mgf £)
Managed properly 6 13.87£1366 0048
Managed improperly 9 83.8218041 '

* unpaired t test

AU SR U ST AL DMFE 9 @34pom), A 33(190p0m) 5| oloirkTaed
&b B 3 1FY 71847 AE53 A, by

DA AEIN 8F, A5 Y B Az 6E 2. DEXIS| HABRME] Y 25 NWF S5
o RSO, DEAE L Eekre] AE ALY
DMF1% 4% 59l rHTaled, DMF Bt 5 Q4 7] ) 2899 3 2471w 2] a3
SolA) BAEBpme] 7V gk olol ) IRAFH  ZARRA 10739 19) DMF AT A4S 84171 o]
Fohas AF AZYEpm), FFEA D AAF AL o] T3UE@BHOZ 7P 5 LRI 441001 48A17)
280 ppm) 9] 2019100 e W Edde] Azl vlulo] 18%(168%), 241710l -4 7hv] who] 10%(4%)2
At 715514 gteh(Teble) %:0]gIeHTele 4. 21 214 B3-S DMFe] o 2.2
BYURS RN SUAMUTIAADUEE X8 RS VD SH 2272901
st} % 1070 79 /14 ABHANT 28 TN FOISERAD) AT 2 FEAFE WEAAE A0
55 ol A BER 59 Fok 4RO AY v 50 ZEA IBIEmO 24410l 58 45
FANNE DMF 1B 429 9rHTled. DMF S5 2 0ol vlal] 5nkaas F8aa $9e 224
vhe] 34 pmel MY BT L oR AH Y CE0R 2AElo) AiEe] vs) A8ES uls
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Sghh WERkAS S A FR s A48k gtk 1
GP:LEX}BS 9] ZHgalA| ok o] = Zgahy] AR LB
Haf et g3t 2227} 19%(343%) 0 = 7P Wkl 2
ool a7} Pk Gok 2R AR 1175(314%), T5o] 3t
A b gk 22} 54(14.3%) 9 <=0 Sl tH(Teble ). 717
Ak AN H3tof| Bato] M x| A AZFAGS AAETk S
@t T2 A= 909 (84.19%)°] 2w X & A S AA
ok $9et 2R 91 (8500001l tk. 12l 54
RS AA T SR L2 AR 1089629901 it

=

2 RFENMF 55

Q% NMF= ZAMAY 3 97 ¢] 224 5 634 9] 224}
AN AEH N HTdle5). A% T 34 129mg (]
A #2158 my L 7HA ST S 2= A 2 Al o]
2159 mg/ ¢ = 7H =3 ATl e ol Bt 1566 my
(¢, Bre] g o] Het 1248 mgl (, FTH 3o He 11.37 my/
0, viEra- o) HeF 9%my (, EF5A 0] H 555my {
71ekg- o] Bt 441 myl £ 2] o] ITKTable5). AH] b 1.
A TEAAZAGEFAH (F A AA R A S,
2003)oA AASH AESHA wET]ER] 15my L E 28t

= 3> AR g0l 11 e 714%; TV =9k
o o]ojA ATFY FA o] 50.0%, FHF7F0] 364%, w
2] 570] 383%, Mg 5ol 27.3% 1918“1, 34
I} 71eF 3> 2252 9ktH(Table 5).

3. IHNT[ZX| FE9| H{S50 OE 37]
DMF S

0 A, 587H A4Ysge] FEE o R AEE=
Aot 145 & W Ve nlas A3 WA VA E
A8 e 35 (3 A1) 2070(BLO S o Bt Aol ES%
2 142 misci . 18] 3 {14 7] A of vl dahs UE(E‘SL
AT 3B71(69.0%) 51 0.1 H Ao F4L- 040 rTVserJOl"*
o 18 Aol 5 AT 231l B Aol
off 2] & o] 7} A THp<0.001). 2EfHt F-E=0] 4 ﬁ(7lf
of theh 22} o ol wheh 2Hd €7 €] 715 DMF 5525 1]
W3 A3} A0 Het DMF 5571 Ha 121 ppmO.2 &
AT o FEQ 179 pom Ko} Bl ZAFE Gl o 5
AlA 72742 9131 tHp=0078)(Teble ).

4. A7 23 NMF s

YN} 25 NMF 59}0) B 248 93]
A} PSS 5357) Wa T Agoji nhet 2aha]

HAtHTale 7). 28T 24T = 9F NMF 557 &
FARE SAA R ot o] Qi A0 R YER:
o} (p=0769). 11} HE T W] Zgrof A= AR 27}
F A} A X NMF 557} 37532679 mg/ (, 817k o8t 22
Aol Al A = 10601004 mgf { Z ZAE o] ZF-A| 7o) o,
H QS NMF-5527F 52 21 02 Yepht o v 5714 144
= S FH(p=0.081).
5. ZAHIY|HA] 5 85 NMF ST
=712 9] 457 27 NMF 55290 #AdE
AH S T BT v EEAE g e g E4 6k
(Teble 8). =+ 27|45 TAT9] Bt 85 NMF 55
T 13871366 mg/ L, =T A2 734 8382
FAbEl o] 271 s
% NMF] FZ7h volon 5
(P=0.048)= B3I

V. 13

2007 = Abglobi g ko] Absel] 2lsh DMF #H 5 A
9788 2007 A Al 5a67h ofm], FAA LT
AL - A Aol = 1437H Ao Yl A 07 ALY
ATHE=AL HA B2 3, 20078). 2005 = 2] 87 %
JATE 2O 2 DMFE 4 ok 20370 AFSY el T st
A5 Hof DMF 555 H7het A3 - 9 S AE A
Al Z]0] 147 ppmO = 71 7 UrE}‘;}ﬂ AR AZY
0.98 ppm, 7]- ].HLHU\HELH]XCQ 0.95 ppm, §].6]—‘jx]127!_<§].
SHAE ﬂll?j 02 pome] <=0 H7F Holon, wE7)F
110 pome 3ok AR Sl 208 A SITE 1
U Se07237 A3 87 NMFE] o271 15 mg/ ¢
5 2ok AP Bl 130%E ZARE QL THEH AR
QHd B 71 3¢, 2007a).

AR A= SAbgebd S o] AAIS sheka A
&, A A E|ZAL A DMFE # 55k A= 607) A
o ® A5 7% DMF 558 2AFet A= A A

Az 0] 4216ppm_§ 7H =0 o ] AAPHE oJAF S-8F
gl SN Alz41o] 2274 ppm, 71+ 5L 7TER Al Al S
o] 2064 ppm, 3124 9 7] Sl A A9 1.968 pom, I
2} E] A E Al 2o 1958 ppome] =0 2 7} ¥t
MR B4 0] 328 ppm, 74|37 0] 305 ppm, T
o] 154 ppm 0] A THEHAF] Qb W74 31, 2007h).

A A8 219 37 AP th o g 2 Aol A

OE-IH

}.,

3z

=)

ol ol
ol ol il 2
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o DMF 555 Q14 2 715 4] HA]¢jo] 523
Al 2 ZEEAFE Az o] 327 ppm, 3182

HAlE Al Z5lo] 289 pome] =0 % =4 B7HE S
R v o] 248 ppm, A2 o] 2.34 ppm,
BEYUFH 19ppm O 7 ko, »E7]5¢1 10 ppm

Fate AP Gl A 0% ZAME QI 18y S
AR A3} 9% NMFS] 2382 365%0] %tk DMFol|
§h ZAAREE ZAFY A 2 3 EE DA
B8 A A7) 5o Aol Wt 7]5 DMF 28R 8
= NMFE] =% B2 2ol & e Atk 1eju} A Rka o
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