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— Abstract —

Evaluation of Early Neurologic Abnormalities on the
Workers Exposed to Acrylamide

Seong-Soon Kim, Hae-Kwan Cheong, Yong-Wook Kwon"

Department of Preventive Medicine, Department of Rehabilitation Medicine”
College of Medicine, Dongguk University

Objectives : Acrylamide is a neurotoxin inducing central-peripheral distal axonopathy.
The authors evaluated several neurologic tests to screen the early effect of occupational
acrylamide exposure.

Methods : Fifty-two males working either in the production of acrylamide monomer or
in the handling of acrylamide in Ulsan, Korea, were selected and subcategorized into the
high-exposure group (n=10, mean age of 30.4 years) and the low-exposure group (n=42,
mean age of 28.9 years). Twenty-three males (mean age 29.4 years) from medical profes-
sionals and students were chosen as a non-exposed reference group. Symptom question—
naire, neurologic examination, electrodiagnostic test, vibrotactile threshold test, and
Lanthony desaturated 15 panel test (LD-15D) were done.

Results : The high-exposure group showed more number of specific symptoms on ques—
tionnaire and more abnormal two point discrimination test. High-exposure group showed a
significant difference in the median motor conduction velocity, peroneal nerve motor laten—
cy. sensory amplitude of median nerve action potential, and sensory latency of sural nerve.
The vibrotactile threshold of the high-exposure group was significantly higher in both hands
and feet than that of the low-exposure group and the reference group. Average color confu-
sion index on the LD-15D was significantly higher in the high-exposure group (median
22.7, range 0-135.7) than in the reference group (median 2.4, range 0-33.2).

Conclusions @ The symptom questionnaire, vibrotactile threshold test, and color dis-
crimination test are sensitive in detection of the early acrylamide-induced neuropathy, and
the combination of these tests would further facilitate the effectiveness of the screening.

Key Words @ Acrylamide, Neuropathy, Screening test., Vibration perception threshold,
Color discrimination test
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UME S - otaZototol =0 ofst NEHS X7|dHAS fIst dEHAR] Bt
3 lol B SAF AL 2EAE dxweR 4 & AT o ded we usres B
Fote A dF 5848 AT Hlwe| AHjebA 2 oim uy
g Aew el wekd olFd] uigh tix '
Tow AT B AR el ¥He] gle dAt 1) ZAEE=AL
oty 4 FFHA 2F i T B A FH SAE AR N 2 AESE TS o] &3t
2o Folahy Aol v 23S UFRweR o tE U il FESFYES ol &dte] oladY
A7 skt ofpfol =5 Aiteta AT Ve AxEE ERHE
&30 xR 5 AAASY AAH AU Pl IArbe ofFHolute| =5 R E ARRSte 34}
A Y FhRSeId d T B2 Zled v #HZ 397 4N i AR AP S
IS A F e 748 2 A HY 9 HE A8E HAE} A BE AR A ofFHolutol==
S Fu e AR IR A AeEr R AEEA skt v St 2Agg A
T 1oz Ao ATt tidellA Alelstalet. ARl Slatell A a3k $<1 19979 10€ A&
T 439 AR ARFH e Arolle AT NG AREHIIE ol &t AJSESAE e A
AR HAE tidelA] Al LBkt AAbe wE3 T AR 7] F oladolule| =] ARWISHEEEE
of gt et A= 19979 10€5E 119 (TLV-TWA)E 0.05~0.23 mg/m’2 =% 34|
Atelell, mxEat P el tigh AEBEAAeE  (2FF, 19944 9 ==7]F(TLV-TWA 0.03
gizwel] digk ezt 2 A4 19989 19 A9 mg/m)2 Z27sta U FE] wghgio] o] fof
T AR HEsk] Aldsiaith Ae AR digd A9x s =2 A% 37 T 5
M ol dwkd EX2 Table lﬂr 2. %7} 7.65~11.65 mg/m’& w$¢ msE= Uep}
T whet Wl o wtele A E‘H”ﬁ*kﬂ Aol ofmdotntol =t Bo] FEH I dES &
o F Wk A, &7 2 g.quﬂ ol f F AJTRIFEAATD, 1997).
gk zfo] & HolA] %2}9_‘/}(p>(?.0 o}z o}mto] 2) MEzAl
= BA PR I vl B RS geae 2o ave we w29, A
(p<0.05) WEFEE vxTe] T R Awep T = PO L T S T S
. A9, ol dotutol= w=EA o Wik AR ALekIt
woll Hlate] E%ka(p<0.05) A=ET D‘r—E— et I = o1 = B Al
ste] A170] © 4"4—(p<0 01). Wk AxF Az ?%%IX]E o] F ARJt. FHAEA = AA
eH4 S/HAEAA ] LRt e g ol gEE AlARA
Table 1. General characteristics of the study subjects
(mean=+SD)
Characteristics High-exposure Low-exposure Reference
group(n=10) group(n=42) group(n=23)
Age (years) 30.4+10.1 28.9+7.1 29.4+6.1
Tenure (years) 7.8+9.0 6.7+5.5 -
Duration of present job (years)*” 1.8+0.2 4.4+3.8 -
Education (years)* 14.4+2.1 12.8+2.1 16.9+1.0
Married 6(60.0%) 27(64.3%) 12(52.2%)
Height (cm)** 176.7+7.0 171.6+t4.4 174.3+4.7
Smoking 6(60.0%) 32(69.6%) 14(60.9%)
Smoking (cigarette-year) 58.5+60.8 138.3+134.4 116.3+115.2
Drinking (g/week) 39.6+45.4 87.7+122.5 78.4+76.0

* p<0.05 by Mann-Whitney U test
* p<0.05 by Kruskal-Wallis one-way ANOVA test
** p<0.01 by Kruskal-Wallis one-way ANOVA test
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2RSS W uxEFwe dnk FHEET 2.3/370),

ST 1.2/40), AEA7AA
T 1.6/670), TxA 175‘74] T‘*(Jﬂ‘ﬁ‘ 4.4/1871) 2 3
5 23 0.7/20) M 2 A (Ed 0.6,
0.1, 0.5, 0.9, 0.370) % EHZL-‘TLL(%“_JL 0.6, 0.2,

AA Z=4H(H

0.4, 0.3, 0.17])oll ¥zt FelstA =2 &
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Number of complaints

Reference group
Low exposure group

High exposure group

Bl General Symptoms
[ElCNS Symptoms

-ANS Symptoms

PN Symptoms

-Cranial n. Symptoms

Fig. 1. Comparison of the scores of neurologic symptom clusters by exposure level. The high-exposure
group showed significantly high scores in the general, the CNS, the PNS, and the skin symptoms by
questionnaire for peripheral neuropathy screening(QPNS). Each upper and lower margin of box denotes
first and third quartile, bar in the middle of the box denotes median, and extended line from box

denotes +2SD.

**: p<0.01 by Kruskal-Wallis one-way ANOVA test

*: p<0.05 by Kruskal-Wallis one-way ANOVA test

CNS: central nervous system, ANS: autonomic nervous system

PNS: peripheral nervous system, Cranial n.:
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4% S oLaojololS o ol NHES T7|UHS 9/ MEAtel ot
b TellMe] 34 S ol mE FEES ¥ wEeY At nxmEwalsl 1%(10.0%) #EE
welE W NS VIEer & A 4 2ol A W AxEd 5 dixdelAe e aEEA] sk
o7k A= E’]Mv——-——i 8 olde] $4& Tad th(p<0.05, Table 2). A%zt }XioF ae 3
A5 AT e AR st =ET(20.0%) B AxET(28.6%)14 vl 4
L=} A U;] 37
9 AZEE ZA} HT} TR A gzl 178 (4.3%) oA &
ZE o eAH R fFoletA] FUrh(p>0.05).
1) AFsty TE 2t
oA AAE Ay 2HASH 28 2d 59 & 2) T\ Tl HAL
A #AHA Fgka A7) A de &9 (1) AB-A=AHA
WA M B, FWlEa S5 5 B § NS A=A M Ao deses =F
of 2= WED  gIvh. AARNEAA A A el thzel viste] o "ojA AT p<0.05).
Az Ashe AmEwelM nmEwel Hlste] o HTAA B ovElAe] 52 amEddA AwE
Bol #FEJ o FolskA] B} (p>0.05) 28 o H izl vgte] v A Hlovt folg
30
% %
20

Total number of complaints

10

Elorns

-016 questionnaire

Reference group
Low exposure group
Exposure level

High exposure group

Fig. 2. Comparison of the total number of neurologic complaints by exposure level. The high-exposure
group showed significantly higher scores in both symptom questionnaires than the low-exposure and the
reference group by questionnaire for peripheral neuropathy screening and Q16. Each upper and lower
margin of box denotes first and third quartile, bar in the middle of the box denotes median, and
extended line from box denotes 2SD.

**: p<0.01 by Kruskal-Wallis one-way ANOVA test

*: p<0.05 by Kruskal-Wallis one-way ANOVA test
QPNS: Questionnaire for peripheral neuropathy screening
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Abol = HolA] skth(Table 3). A1, F-5F gl W] o]=] &3t} (p>0.05).

27 AEEHEE A 23t frolgh zjo]E HolA A7 GA G A =G L AR TX

& 4Hp>0.05). E BEF FAAEEE w23 oy HEAlAe] F
HANBAEAANE A AT AFe] =& v dFgteERd 7k B2E st dth

ool wheh Fol g Aol Helew (p<0.01) ¥l&EAl Zare] oA} FEAAANA 95% AlF TS

Table 2. Result of neurologic findings by exposure level

High-exposure Low-exposure Reference
Neurological group(n=10) group(n=42) group(n=23)
examination Positive Positive Positive
No. rate(%) No. rate(%) No. rate(%)
D
ccreased deep 2 (20.0) 12 (28.6) 1 (4.3)
tendon reflex
D .
ecreased position 1 (10.0) 16 (38.1) 0 (0.0)
sense
D .
ccreased two point 1 (10.0) 0 (0.0) 0 0.0)

discrimination®

*: p<0.05 by Fisher’'s exact test, comparison between high- and low-exposure group. and between high-
exposure and reference group

Table 3. Result of nerve conduction study by exposure level

(mean+SD)
High-exposure Low-exposure Reference
group(n=10) group(n=42) group(n=23)
Median, motor amplitude (&) 11953+4112 14241+3208 13407 +3984
latency (ms) 2.81+0.36 3.08+0.32 3.07+0.40
mCV' (m/s)* 60.8+3.8 60.0t£3.6 62.8+3.6
F-wave (ms) 26.4+2.3 26.7+1.8 -
Peroneal, motor amplitude (&) 629042225 7696 +2598 7565+4235
latency (ms)** 3.96+0.86 4.07+0.83 3.42+0.43
mCV (m/s) 49.35+3.67 48.62+3.56 50.23+3.67
F-wave (ms) 49.17+4.85 49.39+3.68 -
Median, sensory amplitude (&)** 43.1+10.4 45.7+12.9 57.6+14.6
latency (ms) 2.56+0.20 2.64+0.26 2.57+0.26
Superficial amplitude (&) 20.3£8.0 17.8+7.6 18.7+6.9
peroneal, sensory latency (ms) 2.41+0.32 2.55+0.24 2.52+0.24
Sural, sensory amplitude (&) 18.3+6.8 25.9+10.9 22.8+8.5
latency (ms)* 2.29+0.26 2.64+0.31 2.61+0.30
Ulnar, sensory amplitude (&) 39.1+£8.6 40.8+10.2 46.9+14.6
latency (ms) 2.60+0.28 2.59+0.23 2.52+0.32

** p<0.01, * p<0.05 by Kruskal-Wallis one-way ANOVA test
T mCV: motor conduction velocity
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Table 4. Mean vibration perception threshold by exposure level

(Mean=SD, Unit: Vibration unit)

Site High-exposure
group(n=10)

Low-exposure Reference

group(n=42) group(n=23)

Index finger dominant hand*” 1.94+0.40 1.48+0.47 1.51+0.46™*
non-dominant hand**” 2.02+0.62 1.48+0.53 1.78+0.40

Great toe dominant foot*” 4.00+1.00* 3.20+1.06™ 2.82+0.63"%
non-dominant foot**” 3.31+0.61 3.46+1.29 2.59+0.67

skl )x1)
#%2)  %2)

*3)

: p<0.01 and p<0.05 by Kruskal-Wallis one-way ANOVA, comparison between erposwre groups
© p<0.01 and p<0.05 by paired t-test, comparison between dominant and non-dominant sides
© p<0.05 by Wilcoxon signed rank test, comparison between dominant and non-dominant sides

375



Reference group
(n=23)
No(%)
000.0)
000.0)
9(39.1)
000.0)
000.0)
000.0)
6(26.1)
000.0)
000.0)
000.0)
8(34.8)
000.0)

0.8(0~3)

0.6(0~7)

0.8(0~8)
2.4(0~33.2)
1.6(0~18.8)
7.3(0~50.6)

10)

High-exposure
group(n=
No(%)
000.0)
000.0)
5(50.0)
3(30.0)
000.0)
000.0)
5(50.0)
2(20.0)
1(10.0)
2(20.0)
5(50.0)
1(10.0)
3.5(0~10)
4.0(0~11)
5.5(0~13)
22.7(0~135.7)
12.4(0~110.6)
34.6(0~169.1)

Minor abnormality
Minor abnormality
Minor abnormality

Unclassifiable

Right**

Unclassifiable
Left*

2000
Type |
Type I1I
Type 1
Type III
Unclassifiable
Type I
Type 111
Both**
Average™*
Minimum*
Maximum™*

3

(TCDS-117.0)/117.0x 100

A 3
Left

Contents
Right
Both*”

Ho12

%]

3

b

=

NEE

ence group

' p<0.05 by chi-square test, comparison of all abnormalities between high-exposure group and refer-

Table 5. Result of quantitative evaluation of Lanthony's desaturated panel D-15 test by exposure level

p<0.05. ** p<0.01 by Mann-Whitney U test, comparison between groups

vision disturbance
' Median(Range)
CCI: color confusion index

*1

o
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Table 6. Factors related to the LD-15D, Vibratron I, symptoms, and nerve conduction study by multi-

ple regression analysis

LD-15D"
Vibratron II
(Color confusion index) foratron

Symptom

Nerve conduction study

Ind G t
Mean  Max Min pex e
finger

QPNS Q16 peroneal

sory,

" superficial
peroneal
amplitude

Motor, Sensory, Sensory Sensory, Sensory,

median  median sural ulnar

latency amplitude latency amplitude amplitude

Age 2.32%
-20.33*

1.76™  2.49°

Education 0.70*

Acrylamide

10.41*  25.78"

exposure
Drinking
(g alcohol/wk)
Smoking
(cigarette-year)
Type of work

-21.97* 0.42% 1.14™ 3.93"1.73" 0.41*

0.0079"

3.96"

-10.51* 6.10

0.0019"

-0.0007** 0.0008"

-8.56

* p<0.05, ** p<0.01

"LD-15D: Lanthony desaturated D-15 hue panel test

QPNS : Questionnaire for peripheral neuropathy screening
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Table 7. Comparison of positive rates of diagnostic and screening test for the evaluation of the acry-
lamide-induced neuropathy by exposure level

High-exposure Low-exposure Reference
Test items Criteria group(n=10) group(n=42) group(n=23)
No. (%) No. (%) No. (%)
Neurologic > 2 abnormalities® 2 (20.0) 8 (19.0) 0 (0.0)
examination > 1 abnormality® 3 (30.0) 23 (54.7) 1 (4.3)
NCS(> 1 abnormal) 3 (30.0) 14 (56.0) 3 (13.0)
Electrodiagnostic test NCS(> 2 abnormal) 1 (10.0) 5 (20.0) 1 (4.3)
needle EMG 1 (10.0) 1 (4.0 - (=)
Symptoms(QPNS) > g+ 6 (60.0) 2 (4.8) 1 (4.3)
Vibratron II Index fingers 2 (20.0) 3 (7.1 1 (4.3)
Great toes™" 5 (50.0) 12 (28.6) 0 (0.0
LD-15D CCre? 3 (30.0) - (-) 0 (0.0)
"n=25

* p<0.05, **V p<0.01 by x*test for trend
**2 p<0.01 by Fisher’s exact test, comparison between exposure groups
NCS: Nerve conduction study

EMG: electromyography

LD-15D: Lanthony desaturated panel

CCI: Color confusion index

QPNS: Questionnaire for peripheral neuropathy screening

Table 8. Comparison of results of diagnostic and screening tests for the evaluation of the acrylamide-
induced neuropathy

Contents Number Relative frequency(%)
None 20 60.6
NCS 2 6.1
VPT 2 6.1
LD-15D 1 3.0
QPNS 3 9.1
NCS + VPT 1 3.0
NCS + LD-15D 0 0.0
NCS + QPNS 1 3.0
VPT + LD-15D 1 3.0
VPT + QPNS 0 0.0
LD-15D + QPNS 0 0.0
NCS + VPT + LD-15D 0 0.0
NCS + VPT + QPNS 1 3.0
NCS + LD-15D + QPNS 0 0.0
NCS + VPT + LD-15D + QPNS 1 3.0

NCS: Nerve conduction study

VPT: Vibration perception threshold test

LD-15D: Lanthony desaturated 15 hue test

QPNS: Questionnaire for peripheral neuropathy screening
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