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Concentrations of N,N-dimethylformamide in Polyurethane Gloves and
Risk Assessment for Dermal Exposures

Hae Dong Park” * Jiwon Ro
Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: The purpose of this study is to analyze the content of N,N-dimethylformamide(DMF) in
polyurethane coated gloves(PU-gloves) and to assess the dermal exposure generated by wearing them.
Methods: We analyzed the concentrations of DMF in 12 gloves by EN16778 standard. The samples cut into
pieces of about 10 by 10 mm and extracted with methanol in flask in an ultrasonic bath at 70°C. An aliguot of
the extract is analyzed with GC-MS. The dose of dermal exposure was calculated by ECETOC TRA consumer
3.1 and compared with derived no effect level(DNEL) for systemic effects due to long term exposure by
workers. The extracted amount of DMF by saline solution was compared with that by EN16778 standard.
Results: The mean concentration of DMF in PU-gloves was 1,377 mg/kg(range 13~3,948 mg/kg). The
concentration of DMF showed significantly differences by packing type, manufacturer, and price(p<0.05). The
dose of dermal exposure was 0.0007~0.572 mg/kg body weight/day when the DMF content was 10~4,000 mg/
kg. The DMF extracted by saline solution was around 11% for 8 hours.

Conclusions: The risk of dermal exposure due to the residual DMF in the PU-gloves was not signifiant. But, the
limit of 1,000 mg/kg in PU-gloves can be recommended for international standard and trading systems.
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B2Y B ST SO Iso
gelu] cloRet SYASo] AgET ek Aol

Al AR 9“01 ﬂﬁLEﬂoﬂ u|X= F3F 5ol Hsfix=
HA AF-EoA == BF JHJung & Koo, 2006;
Wang et al., 1987; Weidman, 1970). ‘B3~ Q4
Q1S AAT A= SereEdd S AHYot 3t
SEAERY &5 Hosly| gk Aol gt 8571
T AAHEE AASHL ItKMoEL, 2020a). LA
oA Fogt sferEdE PRGNS Aol AREE=

E

Aot 3501 HEAAA AL AT FA tolel
ek FYSKL ek TP Lk GBI
5 ASERS WISE % BUEE S o

I FAEL AEY, AR F AL 8HA], Xu}

2 B31 TA Boe] 4T, FR) AT S
29 QP71Ee EEAYSIE(5 ng/kg oI, ofdol
B30 ng/kg ©15D, §71FHSRI(1.0 ng/kgelsh), T

HEFulg o] E(0.1 mg/kg ©Ish), pH(4.0~7.5), HZA
|E70.5 ug/ar/week olshol thsfiA =] UL
A FAEES T JtHMOoTIE, 2020).
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EEol|=(DMF, N,N-Dimethylformamide)= 7=
A 9 BAEgEDoH, ARRPHEAHA S8
f=d2 Aol B ot E3F AJTAEE
gl AT AZEEH =&71% 10 ppmo]
d7x=lo] 9lom(MoFL, 2020b), Ul AFAHAHET}
H3lE AT ARV EHE 2E7]18S 5 ppmlE 4
257 QItHACGIH, 2018).

FHSBIEAA(ECHA, Furopean chemicals agency)
2 DMFE a9 EZ(SVHC, substance of very
high concern)® A&t o, 2023 12714
0.3% ol ehet &4 AMES Algtsta tiAE A
< Akskar Qlot. EJE ZAFARe] 8- QA =E2FY
SF=%(DNEL, Derived no effect leve)= 552 &
e A7 eZo0A 6 mg/wrolH, HFEEES 5T A7
<0 Higt 7152 1.1 mg/kg body weight/dayZ AA]|
stal Qlrk. gk Qlte] HisiAs 35S S8 AUk
=0 "igh 7152 1.1 mg/nf, AFl 93t A7]es7]
2 160 ug/kg body weight/dayE AAlSIL Ut
(ECHA, 2019).

20179 E29-dgt ZRFo14 DMFY] ZHEso
5l LsxgolA RAFENE LHSTHA ALEFoR
o437} = dtk(DailyLaborNews, 2018). Z&]|9-d&t
IR 18 esi 19 SFeEdE bt
SigotA] grom, Aol ALEE T HAAlIEol S
I = o, Aq7|oA = DMFe] ol tigt 73
< STt ERF k2752 AARolA H8T &

Table 1. Sample list

Ed|RE ILYZUHS DMF & % DR-E0 st 7t 103

U= 710, Zhol| AHEEE= o] T =
DMFo|| tfsto] 2oz H83 4 gldch AkdQbd
BAATES DMFY g 9 AA| gl tiste] A}
St9a, 18LeEH = AT JAGE 78S R
ou feflEdolEg fEAES wEAlA FAstk,
LA S AYEog AMSE & JEE AFEAR
o dAilstTt.

2 Ame 99 2ARPgoA BrkE A 9 A%
Z1&EetuAt sh, mREZo] gt RAFEE Lo
B7HETE AAstaAl sttt ol Boto] ZE|e-HE
IR ARgol o5t Heide B & L, @
oA A7) AR R EE FHE AHSHAY Ax
AtellAl DMF e #ejohs 71 Sdot=tl 719
St Ao g AyzbEct,

1. 7t

Aol FEEL e EFeEE ZR9E dda
BE SEPAE Boto] FlsHAU(11S), BAIAE
ot TFAATH(IF, B). He A2 &8ieat &7t
2ol oF 8l F d¥Eo] I, &5 &7
H ERE2 FHEA o2 FHO AR ddis
201749 3499 o]Fof Fom, 2 A2 i £ 20
g ool olFoiFtt. ARl 2AS HiFE 1084
HdEHC, D, E F H L ], K= Ao, 7iE

Sample Manufacturer Color of glove Colo;q;):esglated Packing type (W(Ijrzl;:;:?air) Size g/epl)gt:;
A a Gray Gray 1 pair/vinyl pack 1,000 M 23.0£0.49
B a Gray Gray 1 pair/tied - M 23.9+0.21
C b Orange Gray 10 pair/vinyl pack 650 M 24.6+0.46
D b Yellow Gray 10 pair/vinyl pack 650 M 22.2£1.18
E c White White 10 pair/vinyl pack 600 M 22.0£0.49
F d White White 10 pair/vinyl pack 3,000 M 22.0£1.20
G e White White 2 gar');/;'/myﬁ’as:ck 8000 M 4221014
H f White White 10 pair/vinyl pack 650 M 22.4+0.11
| g White White 10 pair/vinyl pack 700 M 24.0+0.40
J h White White 10 pair/vinyl pack 600 M 24.1+0.05
K h Gray Gray 10 pair/vinyl pack 700 M 24.8+0.10
L a Blue Gray 1 pair/tied 3,500 M 13.120.43
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EZO(A), H] c} ol F=2A26, L) B 2%
AU AR A7= Fhav|E B
2 ﬂﬁ _E-_ F & o] Aozt AL,
&7 }h T 7HS 7I€2E SIAT(E 1) FR).

3ol e DMF ¥ #d EETAEN
16778)°l uwet Agsiylon, 9 Y2 thgat &
czkt}(CEN 2016). AHE AE+= viddo] Y1 dF
3t & ¥AH30) Eﬁro}mtﬁ AY57| 24+ 147 A
of] AWo] A2(2F 23C)l Tt AFolA (2™ 1)
o] FA FES o] & E—Er(d 3045 mm)y
Zehy, depd 272 oAl 9F 10x 10 mm7}t =
& At Al 2459 AA FAE SHca,
250 mL AZtEetado] NS Yotk AR 1 g2
10 mL9] F#&8%s Y2 & "iE ﬂbz 70C9] 5
Zo] Yoj 3087 25042 E ottt A20A AR

Figure 1. Cutting of the test piece (BS EN 16778)

Table 2. Analytical conditions for dimethylformamide

£ A3l o2 0.45 um PTFE "EZE oislo] 2 mL
Hio|of| i, ZtAT ErtE T X /AR T| 2 A
siitt FE-8942 WHEESEEZ(Dimethylformamide-
d7, CAS No. 4472-41-7, SKU 189979, Sigma-
aldrich)Q 20 mg/L &3 HEr2o|d1, DMF 5%
+ WHREEEEE HAsto] Assiginh 8 4%
AL (FE 2)9F Bkt

3. IREL-E0] oot Qlx|Fer 2M

FH3REAHS DME] dioiA gAke] nieE
of oJgt A =EFYFETE 1.1 mg/kg body weight/
day@ AAISFL QIEHECHA. 2019). DMFE 33t
A 2o IE JAIFEFS 5] Hote], mF e
EFE Akt o]E DNELY vlwslitt mjFZ
ZF2 ECETOC TRA consumer tool 3.1(Buropean
centre for ecotoxicology and toxicology of
chemicals, 2014, ©]3} TRA 3.1)2 AR85}la] AR5}
Aot TRA 3.1 H-&s}7] flsto] #5852 A3 71
AR 2 E2 )R (Fabrics, textiles and appael)Z
FE5, AREES Q%/E}Q(Clothing(all kind of
materials), towe)Z2 E5F3}ct TR -EFo] AAk
A2 ofefiel ottt

PIX CAX TFX FQx TL < D> 1000

ED = BW

ED : OE.:-E2Kmg/kg body weight/day), Pl : product
ingredient(AZ42] DMF €t2Kg/g)), CA : contact area(cr),
TF : transfer factor, FQ : frequency of use(events/day),
TL : thickness of layer(cm), D : density(g/cr), 1000 :
conversion factor(ng/g), BW : body weight

RS AP At 7B 2

slEe et

Injector

Gas chromatograph Column
(Agilent 7890) Oven

Transfer line

240°C, splitless, 1 uL injection

DB-FFAP (60 m x 250 um x 0.25 um)
60°C (2 min) — 20°C/min — 250°C (2 min)
240C

|onization
. Mode
Mass selective detector
(Agilent 5973N) Scan Range
SIM ions

El
SIM and SCAN
40~200 m/z

DMF @ 73
DMF-d7 : 80
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2t} WA, Fof 2R8oks Aol - DMF %
o] mio] LZEm wjd FYF o) =EHE A
o= 7H¥siith. A9 DMF g2 10, 1,000 &
4,000 mg/kg= ARESHRATE 10 mg/kg(0.00001 g/g)
= TRGS 4019 7|+ 9 g7t HA s& 133t
Zrolw, 1,000 mg/kg(0.001 g/g)S ATt spstEd
A oA FEAGY oFE Fojsl= 7EdkS 7
Z3F gholw, 4,000 mg/kg(0.004 g/g)-> B7He i
g 13 golth. HEUYL IYHHE 1o}
of &Hg o R oAU HEE H7lsH] {5t
FES AEotth. AGAK(TE), ARSRIE(FQ), Yk
(D) 2 AZFBW)2 TRA 3.19] 7|25 AR8stch

AA| ZAAGoNA SEEE S W) Eaat
AAHo R AY7|ES AAote] Hrlsklth. A9
$Hbe BES 30x30 mZ AHE &, 593719 ¥ A
25 ASAHAS. AY4AR0.9% FIHER) 1.5
mLE #AZ0] FUst, 8 kg FHES olgdto] &
& 7H0(0.11 kg/em)E &, 2~8AIZF Bt T3t o]
Zo] AZE gigoz fH EF4o| uet &5 5
A6 oH, 7|t vttt o 71EES
HEZE0 ot A S HEEE &3

ol

N

EA B4 SPSS 18.0(IBM SPSS Inc. USA)S At

Table 3. Concentrations of DMF in gloves

Ed|ReE TLYLUS DMF ¥ ¥ DRS00 Ofgt E7t 105

Botdon, FoleE 0.058 FHEsi9ch AE
DMF §, Z9240] 97 % AzAE Buw
A JE R EAHES(ANOVA) T AFFE4(Duncan)= A
Aot Aol M7z 9 ZAMMHOl 15 FHH|
£ 9J5lo] ¥R AA(Kruskal-Wallis AA)S A5}
RomH, DMFO] 5=8t AlR9] ¢ ¢ 7HA7ke] A=
joj& AIEAS ofTt

roE

rl

n.z2 i

1. Z2[R2E ZZUS DMF &3
Zr AlEE DMFY] g2 (I 3)3} Zokrh Zehd
FAE B 1.81~5.11 golglom, DMF9] &
22 P 13~3,948 mg/kgC = H71=ch DMF 3
o] Ho|A4= tFEE 10% ulvto]gloL), 27 A&
(B, PolAE 30% oAtz F7tE et AEE Al7o
FAE YA EARRA A AR CE {3t Zlo]
7} 12H(p<0.001), AFF-EAOA GAIES o Al
RO FARCH, LAES 7HHgt £3 DMF &%
2 AEFEE [T Aol7t AR 2™ (p<0.001), AR
A3} FGIB ( H(EKC (D (I (J (A $£O=2 &
ket
DMF &2 A7e] A== Fogt 2tol7t gl
OH(p=0.099), FFEHS] MZAHZE [{OJgt Zpo]7}
AAHP=0.496). ZAYH| watA= [-9gt 2tol7t

Weight of test samples (g)

Concentrations of DMF (mg/kg)

s L (AM’ + SD") AM + SD CV'(%)
A 4 2.83 + 0.08 3048 + 211 (5.4)
B 4 267 + 0.08 157 + 53 (34.0)
C 4 280 + 0.15 1425 + 108 (7.6)
D 4 249 + 0.16 1740 + &4 (3.1)
E 4 237 + 012 1163+ 121 (10.4)
F 4 2.56 + 0.19 13 + 4 (30.5)
G 4 511 + 023 u o+ 2 9.4)
H 4 253 + 0.24 868 + 33 (3.8)
| 4 251 + 0.03 2500 + 382 (15.3)
J 4 264 + 012 2062 + 242 8.2)
K 4 2.92 + 0.20 1339 + 95 (7.1)
L 3 181 + 0.0 51+ 1 2.7)

Total 47 279 + 0.77 1377+ 1221 88.7)

"AM : Arithmetic mean, “SD : Standard deviation, TCV : Coefficient of variation
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Figure 2. Concentrations of DMF by packing type Figure 4. DMF concentrations by prices (dot line : 95%
confidence range)

10,0004

ahso) HslA e olagtos Uekhth (1
. AZAPE A7 Be) DMF Sk o1 o]}
H(p=0.007), dot e AEAR] Aol fY3HA
g AEAR] ABL SIS RUTH(TY 3)

o
rlm

ﬁlo

:
i

(0}

I
oIk
—Ih
nﬁ: WL %O o rlo
30 %0 1

I“N

).
. A2 DMF 3 Agol Ag8 Azel Juis
T AR i AoE BAEo(p=0.210), 42t
W DMF &3 A& 712 et 59 Aol
O UARLH(p<0.001), A G== -0.573°|ATHLE 4)
2z, E3E @71 1,000 1;}0 FEol vlsiA, 97t
Hanufsetrer 1,000 23 ZAEL o WS DMF g2 2ch
Figure 3. Concentrations of DMF by manufacturers

DMF Concentration (mglkg)

2. ORL=0 25t Q1M Far HIt
AROH(p<0.001), ©lFZEA24 mg/kg)dt FIEH mRLZo] o5t WAl D ELE’Jr v 25}7] 9Jste] &
(111 mg/kg)el 7Fg 2okar, 10Z4H ¥E 241,501 49 Zgof| E WEL-ETS AXSIL FEHF
mg/kg), 12 HIDZEA(A, 3,948 mg/kg)Q] <02 ¥ & oFdo] dmptozm §HY o}tﬂ(CA_428.8), A7
. 10284 BdEZE AE F 159 DMF &F  DMFY &2KPDo] wet mRLZ2HED)S 0.0007~

Table 4. Dermal exposure levels (Unit : mg/kg body weight/day)

Pl CA TF FOQ TL D BW ED DNEL
0.00001 1 1 0.01 1 60 0.0007
0.0010 428.8 1 1 0.01 1 60 0.071
0.0040 1 1 0.01 1 60 0.286 11
0.00001 1 1 0.01 1 60 0.0014
0.0010 857.5 1 1 0.01 1 60 0.143
0.0040 1 1 0.01 1 60 0.572

ED : dose of dermal exposure(mg/kg body weight/day), Pl : product ingredient(g/g), CA : contact area(er?), TF : transfer
factor, FQ : frequency of use(events/day), TL : thickness of layer(cm), D : density(g/cr), 1000 : conversion factor(mg/g),
BW : body weight, DNEL : derived no effect level for systemic effects by long term exposure to workers
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Ratios of Extracted DMF (%)

2 4 & B 10

Extraction time (hour)

Figure 5. Ratios of saline extraction to the content of DMF
(95% confidence range)

0.286 mg/kg body weight/day=2 AAFE At A7
DMFQ] dFo] 10 mg/kg(PI 0.00001 g/g)l A%
DNEL 1.1 mg/kg body weight/day2] 0.06% <<=°]
A3, 4,000 mg/kg(PI 0.004 g/g)Ql A%, wR ==k
© DNELY 26% $Zo= Vet 3gAzte] &
o= &ufda) &rftRioln, &53 &7
RARE d5= F9o] HoquA ket 13y,
LE7sE F4057] 9okl TRA 3.1 ZEIIHH0
A FEAAE FEFHHOoRE AYstgon, ojg ni
&2 0.014~0.572 mg/kg body weight/dayo2
AAEiEE. o]+ DNELS] 0.13~52% 30 AH(E
4y F=x).

Aol 2SS aEote] APPSR FA A=
2 &&ot] E4% 298 8 E wEt 229 &
(712, 100%) Hlw skt 2417 &<t AZE 2l
< o, AW DMF & 7.3%7F AZZ &&=t}
LA 4X7H10.1%) D 8A17H10.8%) 2.2 Z7}5}
%S @ DMFY] &&%2 S7IAtHKIE 5) I=).

i ol rf

V.o #H

£09] 7]&&E(TRGS 401 Z&9-d 947
o] DMF &&7|&0] 10 mg/kgolH, 7] To2 W&
%]%] Qolof gtk FAFEL JUtHBAuUA, 2011). &3
Aol eEd EFHA AZ(REACH)IA AEHY
DMF $g71&02 0.1%(=1,000 mg/kg)S AAISHL
Ao, ol= AFE HolA TS 7|+ olstE Ao
2= A2 ofyH, DMFY 3ol 1,000 mg/kg o1/l
I AZE A B }fFFo] 1ES 2I5k= 49 79
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Z2QEr TEEZO) DMF 812 U TR0 Cfet B 107

Aol AE gFeketal Ut E3E P4t B
Z=9]=fo] 1E u|dto]11 DMF o] 1,000 mg/kg ©14F
Ql Afole BAEAY 9QFEE Fofsta ot I,
Y 9 oE oA 7MY 72 flE AL
2 A qlor, e AES Bibots Ax=
5 ARUA dF= AAAEQA 712 & 1,000 mg/kg
olgte] FHE AHot] TEotrl JrKPark et al.,
2017).

2 A= ABolA SEEH JE AEE A
B3 Aatolt}, Mg e2Tt RAFSI] LS
g oget 479l DMF 3RS Xt 884 mg/kgol
At Metalunion, 2017). =W 2= dAES
FAEAS Ay B2l DMF TR fokg Al
38 mg/kg, o1ol-& 7P 119 mg/kg, oJHo]-& vty
E 396 mg/kg, HAAZ 826 mg/kg FFolloH,
1,000 mg/kgS ZIoh= QP 33%ATHPark et
al, 2017). & A+tolA B7HE AE2] DMF B8
(1,377 mg/kg) & 1,000 mg/kg Z1-8(58%) = =}
Fo] BlsiA =8kt

DMFE fHE4E B3t 5490l Ads] 583t
ZAoR dHoEN, F7 T e AFT
ojggt Kol 1= gleH, “HE H7|E okl Yot
(ACGIH 2018). DMF9] mRE 49} HEHslo] F7] &
%719 &4(Miyauchi 2001) ¥ R Z57F AHE5HA
Aol w2 FF 5ol tigt A7 AAHChang,
2004; Chang, 2005). E3t 3 £ WX} DMFO]
1= AES B8 fREE2 9.4 ng/ar/hE Bl
Ak Mraz 1992). DMFY] skof wE njFEaks:
T2 AFS A3}, 100% DMF= 0.872 mg/ai/h, 50%
DMF+= 0.126 mg/at/h, 10% DMF+= 0.015 mg/ai/h
02 YEGTtWang 2009). F A7ollA] dHfo] =&
HE A9 mRESRE2 OF 108 XfolE Bk Az
Woll &4sk= DMFY] #5-54=&] gt d2d3+=
gRIEA] oo, 99 b ATETE RS
o] ThE Ao|B&E o] thgt At 8T Ao=Z A
Z e,

D HLE7F2 TRA 3.1 ARE&sto] Alitstod=d], ol
ng 7Y e REACH 7lol=o] whE A8 7ol
o, 12491 AFEd HHOo =2 AR 4= 941, AH[A
L2o 5t #2072 oAX T YHOltmanns 2015).
5 AolA BEAE A3 9] DMF kS A-85H3
on, FEUAHL &utY B o g JEsto] HE

www.kiha.kr



108 o3 - =X

Stith. DMFe] AgAlS+= 71832 A-8stlon, o]
= 9] st A AgdE g Ay =&
S 793 Aolot. ARHIEE 7 EGES ARSSHYET,
ol AE WY FEoh= AOE olffstd Hrt F
9] FA= =2 H9] 71231<1 0.01 € 0.001 cm &
oA HjiEFE AXls7] Y8l 0.01 cmE 28519
o} Urol AT 7| 2GS ARSI BAIFNA A
SEE 201749 GEAJQ9A~64A)S] Bt AFS
Al 73.5 kg, 994 58.1 kgoli&=Tl, TRA 3.19] 7|1&
60 kg)2> oY BAAITH FARFATHMoCST.
2017). TRA 3.1 57} gle Afole 7Fstt =&
9] Hdiglo] AXEEE 7124 AHstn ot F
1671 25 4 4671 AIFERF 5 7P AR 253 E
o7& AAsto] A8, 5= FEHAES Al
ooty RS FE2 7| 2GS F8otth 182
2, o7|o|A At FES HeEF $F0=2 ALt
H AolH, AA| k&g o|Et} g 7Fs/do] At
FESEAHS LEANWY IR S (HAY
3P DNEL2 20179 3.31 mg/kg body weight/day=
gty Ao, 2019¥HE 1.1 mg/kg body
weight/day®2 oF 38 Z3ekd 7]&S AAlsta AT
E3h TRV eE(F4APF) DNELL 201749 446
ug/aro]l ZEE oY, 20198 AmOAE AHAE
AATHECHA, 2019). ©]2} Zo] DNEL2 A&EA ¥
A ARSS Pt 71ES AHESHA WG D 7
sk & 9, o]E tE kEV|EA L FYsit)
AP FFE HA AZE 0|83t SEH2 ZA1H
oF 3Kt HiHo ] FRlE AFHPHe oyt AJ7E
O] ZFtof| whehA 2417 kFEA] 7.3% FEONA 4A17E
LEA 10.1%7F 250 FE30] T716oH, 84]
7t &A= 10.8%7F F&F0] &Y U= I
A Qkltt. o= Aztol MW Zof X5t DMF7} w2
Al &9 F, IYS5Y Wil 9= DMFe] &2 &
g4 doju= Aoz AT A W DMF 59
oF 11%71 A4 @<eol] oo E&= o, 3] 2t
S, 2%, Fdo] mE RAE, Fo] HH] 5o
nel AAEg2 g 4 S Aoz AZ4H
FETES I2004 2STAE ofH, HEESE o
g3to] &322 AU 9] DMF AAE &3] 9
St BiHolgt Azt B, AAAEES gAY
5 o] 8oto] ARofA LdHT LS Vo] Fo=A
Avieto A HA 52 4 9= DMFY ¢S 24

=z

www.kiha.kr

571 915t Aol AAAAIHE ASH v gle
o, 239 A== Agstglon=g Ads] ARl
ouE Z=

= 778 AFGAC] 20179 fAloz Fojsto]
AR A ot Ed) EEEe AR
J(DMF AR} 4(F AHE, DMF ARSHA] 953)
2 Azx7t 7Fsstd, @AM SAYCREE 7957
oA gAkst= Ao] tiFEoltt. 47] A= &=
e FYA] DME7} §1EA] Q3 ZA0E g1 glon,
AN FA7E Q= 31 dAe 8 EYSEE 2
g2 4 18tk MFAl= 4 A AFBARE Al
T 2D, A 1D, £E80=2 o
AL S(171)R] Ao g FGHste] o] |§-8A17]
= AE2 YT AxRGA ] =, f=ll 489
o] @77 /300 HIsHAl oF 28] o]4fon, tiA|IA=
A B HCE ARE=H[718= TAHE) NBR 2
Bzdol Jlom AL {4 ECeg sl HisiA A
Hrgo g Eohal ESiT. EEedE IS
T3 HeE AisiHee, AF S¢+E 2AsHAY
(Park et al, 2017), #ek2 H7F 2 SHL 5 o]
+ YH(Ranasinghe & Silva, 2019)2.2 DMF #&
FE AN $ ok 2, olE SR Al
42 ALtd7el I E o] 7HEEA g S
2 Aot}

6 4o b

2 H
Ay [
2 = of d
e
o
[o
)

L
rlo
2
ot
Ja)
o
%0,
o
¢
24
>
ofy
o)

H e AES Fuiste] EAToEN AA| f
BAES EgZ TS = Ao, AR &
I 59 Hi AH ol tisiAe & 4 itk 5
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AlgolA Eedet 2R 1252 A &
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