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Incidence of Dimethylacetamide I nduced Toxic Liver Injury among Workers
in a Synthetic Fiber Manufacturing Company
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Objectives: The main goal of this study was to find the incidence of the dimethylacetamide (DMAC)
induced toxic liver injury among workers who were exposed to DMAc for about 5 years in a synthetic
fiber factory.

Methods: In our investigation, total 1,021 workers had been exposed to DMAc from 1st February,
2000 to 30th June, 2004. Among them, 24 workers who had initial abnormal hepatic enzyme level or was
viral hepatitis B carrier were excluded. Finally, 997 DMAc exposed workers were followed up for their
incidence of toxic liver injury. To find out DMAc induced toxic liver injury case, we carried out regular
examinationsincluding liver enzyme tests such as AST and ALT.

Results: We followed up 997 workers and among them 72 cases coincided with our case definition.
Incidence density method was 6.05 per 100 person-year. and, a cumulative incidence by life table method
was 0.0965 within a year. The incidence of the DMAc-induced toxic liver injury peaked at 4 to 5 in
weeks after employment. There was no toxic liver injury case within second week after exposure to
DMAc. Five new cases developed in 2th to 3th week, 25 casesin 4th to 5th week, 14 casesin 6th to 7th
week, 12 cases in 8th to 9th week, 5 cases in 10th to 11th week, 4 cases in 12th to 13th week, 4 casesin
14th to 15th week, 1 case in 16th to 17th week, 1 case in 30th to 31th week, and there was one case in
48th to 49th week.

Conclusions: The incidence rate of toxic liver injury was considerably high during the 1st year after a
worker is placed. So it is needed to take careful monitoring of hepatic enzyme level for newly exposed
worker.
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Dimethylacetamide (]t DMAc)= 34 &4 A
fr 59 A= A Wol AMEE = FHE SRR of=
d2YEH (acrylonitrile), @3 (polyvinyl chlo-
ride), Zg ol =(polyamide), Z&] o] =(poly-
imide), ME222 F=A (cellulose derivatives), 2
El# (styrenes), ]l 2~H Z(linear polyesters) 5=
gallshed fréstth. o|2doz 7] FellAl DMAce
Z715t0] 2600 ppm% w] E3}E| B2 ZA oA AJEs
2 71F v5E EY g 3l e 35718 % &
el dig A7 D83ttt (Henry et al, 1994). 12
DMAc 571+ 9Al 955 B3lAE 4A §55°]
4 AtH(Nomiyama et al, 2000). ©|ZA F45 o
DMAcE 7tellAl tiatsolxm Lo wide = of
AF AHE-9l N-methylacetamide (°]3t NMAc) F=&
A& =FA 3 (biologic exposure index)Z o] &%
th. ACGIHOIAM A =275 1¢ 8AZE A9
T 37 T =EFEd g Az 7k FEA(TWA)
10 ppmo2 st Jom, fevet =5RE 10
ppmoZ AAstn vk &AW T NMAce 7|4+
30 mg/g creatinine°]sto]th(Perbellini et al.
2003). DMAcel 2t &2l 71 Wit 7|3 zto]
M F4 13E 2 th(Robert, 2004).

Ul HZ2Z DMAce 23t 54 7ol Ao
HuE e 199490] a2 (Kim & Choi, 1994) o] %,
Hed Sol 79l DMAco o3 54 1S Bastsd
tH(Choi et al, 2001). ZElx 2001¥@FE < Fr|AY
293 Ak ZAAAZE wid 20~300] A =54 H4E
S Hudta JeHKim et al, 2003). =19 3%
2 19954 ol mdAFE Ailste vl AR 37l
A 394 Wl o4 ZE2A7F DMAcE AHSHE 33
WX A o 23 Hhol] 54 1A ARV Ha Hda
(Susan & Anthony, 1997), I ¢ol= o2 FAF A
g7} JvH(Ta-Chen et al, 2000; Gail et al, 1994).
gy AE7] IR FEES o) $e Han Es
gl Husth ¥4l DMAc =% 2225 U=z
3 gtx ApAIE =E1(Gary et al, 1995a:
Gary et al, 1995b) 53] =& =24 AAE F7 &
Z sto] M ES AN AT ZAoe 29 ddew &
= & st

B AT 548 A, DMAcE FAFske 4/ &4
A AR 22AES 5Tt 8 3 ol 224

So 54 e BARS LoluaA s Aoy,

oo Rom

U ont

ox,

rl

AT R AR 0 OAbe AREE TRl A
stk A Al AlZS|ALEA vgal v2sd o] 2o}
vle] E(methylene bis-phenyl isocyanate, MDDE
Tt B FEe ARE AAgT. o A
DMAcE "AF &nil= At gledl DMAc =% &
g A 2RATE @Y AAE Edste] oF 30048
olth, 200088 DMAcE A&t

HAl AAE FE8kaL AT, SEA
5 e A B 7172 20009 2¥ 1Y€ RE]
20049 6¥ 30¥7HAISeH, o] 713t F<tel DMAcC =
= Aol TR TEAE BT 1,021% ol o=
< 23] P HrbollA hE A HARI EA Asparatate
aminotransferase (°]3F AST)9 &3 Alanine
aminotransferase (°]3F ALT)7} &% ¥ 40
IU/Ls} 35 TU/LE 238t 224 15943 BY g B
2 98 5 249 & AL 997 F4 #F st
AT g 97 S A TEARE 5927(59.4%), <14
TEAE 4057 (40.6%)°10th. B 7Y &% SERAE
179%(18.0%), 3 Al =2Ak= 8184 (82%) 2.2 ¥
QA &) ZL2APL UIFES ARSI o]E°] wix|€
2fd 2~ A Az 2 IS T3 AL =F 2H,
A, AF, A, ArE B 3R o] FofA U,
U7 FEAEC] AP FFEAA ZFHA Ao
2 DMAcd =250 /M 22419 DMAc 74 =%
Frs T8 aMe 3 iAol et FRE A&
vtetels Aol ul$- Fasith ay B A 2=
259 54 2 A 9 Ao st AA AT o
2e 3 wix] FEE AHes] T i ot
2000956 200437k219] S 3 Fo] DMAc %=
HA A 4 S ARE B8 g
Aol 71% DMAc ¥%= 24 ZA¥e] HiF(£3
WA} BHo] 9.69(+24.84) ppmos 71 E¢m A7
3.98(+3.94) ppm., AAF 2.99(+4.22) ppm, 23d
2.01(£4.56) ppm, =Z%% 1.70(£3.36) ppm, HZ
1.59(+1.62) ppm, A% 1.09(+0.81) ppm, <%
0.82(+0.97) ppm, ¥% 0.03(+0.04) ppms=°]Ath.
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% ol ARE-"tH(David,
1982). & dAFoA = WA AHIEHE o]&ste] 71
A e dASd e} 5zt v i dEEE
ARSI 1 o2 5] MAES A Uy o
2 Azt BT WA b S ES golE]
Aste] APIEHS o] gste] 27 1A HA =S
AESIT HE =E3ARRYH 2FE R HHer
28 A 2y 9o w2E gadAe, By S
F2 2AFE AR E YEx=(risk) e A8E
(hazard rate)& A&ttt + MAZE 24 2=y
o 93 BAES A&, o] e #E U B

o

oto]l Bt A E (average rate)= WA Hxo 7Y
2 AAkeke WHe R B A= 10021 (100 per-
son-years)d HAAFZ &Y. AFE WS
e 54 &G s 2 94 2xH(Incidence
density ratio)& AHEstiom, 24 WrH| 9 95% Al
g 75 ket (Jeniffer, 1996).

uivh

2 1

DMAc =222 54 184 S =5 F A

i



el weh dobry] flste] ARHEYE ol8st] B
2

A=l WY ES Al 74 B2 Gapt 25 3t 0.10+
Aoz olgoiyonz AR T 257 Aoz 4
BT 25 vlwke] B 24 Mg glglen], 2% 0.08
~3F7} 5%, 4~557}F 257, 6~TF7} 144, 8~9F7} i
1279, 1o~11T7+ B9, 12~13%, 14~15%% 7 434 006
YLD, 16~1757F 1o AskA. olF 64de]  F
73kt Alﬂ 91 305 10] 27 485l lel7} vixste.  E0.041
2 MY ol Fole WA o7k YAtk F B
&4 fale e P F 2~17F A}oloﬂ AFHR9e 002
H, 2FME 2~9F0] =& TYES B 4~5F
el 1 we $EE Bsn, v el AYss 0.001
0.0965°1903 7V B WSS WAl 4~5777ke] $] 0 0 20 30 40 50
A% 0.03510]ATHTable 1)(F1g 1. Gtgonvion Waoke
9974 DMAc =2 222 547 22 #3232 Fig. 1. Cumulative risk for incidence of DMAc-induced toxic
I3y UENS olgd WAES BN 9977 verinjury.
Table 1. Two-week interval life table for 997 worker exposed to DMAc
Interval Number Number Hazard
Start entering withdrawing e)l:lp%n;é)de;o othlérnr]rtn)iiral Proportion Cumulative rate
time _ this _durlng Risk event terminating risk (/ 1 person
(week) interval interval day)
0 997 48 973.0 0 0.0000 0.0000 0.0000
2 949 77 910.5 5 0.0055 0.0055 0.0028
4 867 52 841.0 25 0.0297 0.0351 0.0151
6 790 56 762.0 14 0.0184 0.0528 0.0093
8 720 43 698.5 12 0.0172 0.0691 0.0087
10 665 46 642.0 5 0.0078 0.0763 0.0039
12 614 76 576.0 4 0.0069 0.0827 0.0035
14 534 47 510.5 4 0.0078 0.0899 0.0039
16 483 18 474.0 1 0.0021 0.0918 0.0011
18 464 13 457.5 0 0.0000 0.0918 0.0000
20 451 2 450.0 0 0.0000 0.0918 0.0000
22 449 7 4455 0 0.0000 0.0918 0.0000
24 442 3 440.5 0 0.0000 0.0918 0.0000
26 439 8 435.0 0 0.0000 0.0918 0.0000
28 431 16 423.0 0 0.0000 0.0918 0.0000
30 415 11 409.0 1 0.0024 0.0940 0.0012
32 403 10 398.0 0 0.0000 0.0940 0.0000
34 393 10 388.0 0 0.0000 0.0940 0.0000
36 383 2 382.0 0 0.0000 0.0940 0.0000
38 381 1 380.5 0 0.0000 0.0940 0.0000
40 380 1 3795 0 0.0000 0.0940 0.0000
42 379 0 379.0 0 0.0000 0.0940 0.0000
44 379 6 376.0 0 0.0000 0.0940 0.0000
46 373 4 371.0 0 0.0000 0.0940 0.0000
48 369 4 367.0 1 0.0027 0.0965 0.0014
After 50 364 364 182.0 0 0.0000 0.0965 0.0000
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Z 7279 B4 Y S SAEk L 100919E
TR 3 ) dxE 6,059l dFuE TNES
Amrd 20t wRke] HhgEo]l 16,1724, 204
8.51, 30thel 3.90, 4049 3.258T}h %916}741 =%e
50t ool e TAAL 3 YE gl & el
7} VSRR B Eo] it A *%%% Qe
Bl Jd2prp @ Ee] 7.74, oA} 2,730 WAy
Ml 0.352(95% A2 T2 0.19~0.671) & FA7} o
AEel 2 841(95% 4127t 1.5~5.3) LA He] =3k

100~299 TU/L Atol7} 387 (52.8%)2.2 713 sk
M, 500 °]&4% 104 (13.9%)°1v Hdch. =4 &4
o] W AF F A HEA FAVF Huzo] 2L
o oA AxE AuEw AST7F U3t 187(H 4 46,
Zd 1600) 1U/LelRe™, ALTE =7} 93 338(H
4> 108, A 2680) IU/LelAtH Table 3).

DMAcdl 23 B4 ke a4 Ans 493 2

Table 3. Clinical laboratory test results of 72 toxic liver injury

cases
o 2 7193 @Y gAY HAES vug A
A GAlY] Ado] mU|Yel Z2ate] AS %@EOI | 4 At diagnosis Highest value
31801901}, ¥ 9Al a%d 2RAe 3¢ 7.022 0 Tag AT P
T w7} 2, 491(954 A 77t 1.41~4.40)°]19T}. (UL) (N=72)  (N=72)  (N=66)  (N=66)
AP A DS S AHER, el dAkt 22At 0~99 30(41.7) 13(181) 13(19.7) 0( 0.0
100 19 11.8022 713 S &<l w3k, 3 7 100~199 21(202) 21(292) 22(333) 15(22.7)
o] 6.85¢} 8.752 &l Hlgte] Ffgt Aol AL 200~299 6(83)  17(236) 9(136) 12(18.2)
v, Aol gakgt 2EARe] WA Eo] 2,388 o Fo H] 300~399  6( 83) 4( 56) 7(10.6) 12(18.2)
3l felskAl Sekeh(P<0.05) (Table 2). 400-499  4(56)  7(97)  5(76  7(106)
Teon 79dle] W ghelle] oA B4 W v 500~999 4 ( 5.6) 8 (11.1) 9(136) 15(22.7)
o %ol &4 4nE BaSgo 1249 DMAC g 00 (R 228 148 578
A 7teat ZE5 oAl AXAAE AWud B4 7he Median 124 206 187 338
A AvAHe] ASTEEE 247 124(H2 28, At Mini.mum 28 76 46 108
i Maximum 1,600 2,680 1,600 2,680
1600) TU/Leled, ALTEsEE $9% 206( 4 76,
ol 2680) IU/Leldth. A& FAle ALTEEE
Table 2. Toxic liver injury incidence by demographic factors
Category Numbers Observation Number of 5-year incidence density
observed days cases (%) ID* IDR' 95% Cl
Age (year)
<20 60 13,547 6 (10.0) 16.17 1.00
20~29 515 188,646 44( 85) 851 0.53 0.22~1.24
30~39 259 140,217 15( 5.8) 3.90 0.24 0.09~0.62
40~49 139 78,510 7( 5.0) 325 0.20 0.07~0.60
>50 24 13,775 0( 0.0) 0.00 - -
Sex
Male 592 287,512 61 (10.3) 7.74 1.00
Female 405 147,183 11( 2.7) 2.73 0.35 0.19~0.67
Type of company
Main 179 172,144 15 ( 8.4) 318 1.00
Subcontract 818 262,551 57 ( 7.0) 7.92 2.49 1.41~4.40
Season at placement
Summer 244 80,416 26 (10.7) 11.80 1.00
Fall 213 75,058 18( 85) 8.75 0.74 0.41~1.35
Winter 293 199,262 13 ( 4.4) 2.38 0.20 0.10~0.39
Spring 247 79,959 15( 6.1) 6.85 0.58 0.31~1.10
Total 997 434,695 72(7.2) 6.05

* |D: Incidence density per 100 person-years, ' : Incidence density ratio
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Table 4. Progression of DMACc induced toxic liver injury by

time period

. BO%ALT 90% ALT
Interval Latent period recovary period’  recovery period”
(Days) (N=72) (N=46) (N=38)
0~7 0( 0.0 18 (39.1) 1( 2.6)
8~14 1( 14 16 (34.8) 2( 53
15~29 6( 8.3 8(17.4) 19 (50.0)
30~59 42 (58.3) 4( 8.7) 13(34.2)
60~89 13(18.1) 0( 0.0 1( 2.6)
90~120 8(11.1) 0( 0.0 1( 2.6)
>120 2( 298 0( 0.0 1( 2.6)
Median 49 9.5 27
Minimum 14 2 7
Maximum 348 46 210

* . Latent period: Duration from first exposure to toxic liver

injury incident

"1 50% ALT recovery period: Duration from cessation of expo-
sureto recovery of ALT level below 50% of Peak ALT level
1 90% ALT recovery period: Duration from cessation of expo-
sureto recovery of ALT level below 90% of Peak ALT level
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