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oF: 20059 o] % =tjol|A] AatE WX o 7RAAI9 4 kel deef WslE ghetslr] Sl
2002 =0 AAkel Ao v]arsteith. HA o] 7haAl= KSM1991 #ell whet nhexanes &= &4
g F&3t] GC/FIDZ A3t $54-2 EN 7lpat 3 Wil wet 0.07 mol/lL gitez A st
o] |ICPIOESE #4131 th. 7H4A1= DEHP, DINP, DER acetyl tributyl citrate’} 71&= 3t} DEHP= 6
7N Ao A 0.2~11.3%= AFE-ET UL, DINPE 67l BX|ollA 17.9~27.8%, DEP= 3t 7] =X] o)A
1.5%, acetyl tributyl citrate= g+ 7§ Ao A 8.9%= EFHTE. 20029 PVC MR e} H|WEHH ZHAAl =
2314 =l &= DEHPOlA DINPS} DEP, acetyl tributyl citrate® I3 & ZAoz 3lgQ)
th SRS AR A QrE|Zo] Antae] Tk o] dolAd A folle BE WAAM 7]EA] o]
2 AEEAeh o9} o] PVC HA = T 7haAl o] Ao AN E AL IAIRE, A Ao e
S HAIE Qe o] B AoR ZAMEITH

Abstract: Plasticizer and heavy metas in domestic PV C wallpaper manufactured in Korea after 2005 were andyzed
to identify the contained quantity in comparison with the 2002 manufactured PV C wallpapers. Plagticizer of walpapers
was andyzed by the method KSM1991 which uses soxhlet extraction with n-hexane and GC/FID. Heavy metds
were pre-treasted with 0.07 mol/L hydrochloric acid (HCI) and andyzed by ICP/OES according to the EN 71-part
3 method. DEHP, DINP, DER, acetyl tributyl citrate were identified from wallpaper. Contents of DEHP, DINP were
0.2~11.3%, 17.9~27.8% respectively in 6 wallpapers, DEP and acetyl tributyl citrate were 1.5%, 8.9% respectively
in one walpaper. Plagticizers have changed from DEHP that has possibility of hazards to DINP, DEP and acetyl
tributyl citrate as compared with 2002. Heavy metds were detected under guide line from al of the wallpapers except
fireretardant wallpgper contain antimony. While PVC wallpaper was improved by use of various pladticizer,
functional wallpapers such as fire-resistant walpaper contain high antimony in this study.
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Thekg A AA A QgE ] AU 27
Fo 2 EF A F71EE A7 ATt 7t
A9 TEES A9 VTS H8 HotEE F
83 FAEY WA7EA FA17171 $13 <HE
23 2o FEEEC] HrhEU.

7taAlE PVC 4] AlFolA iz /a8
NFst7] f1ste] AHg-E = 7 o)™, diethylhexyl
phthaate (DEHP)= 912 PVCo| A1&4d & 714 9
40% °©14& xpAE A2 Ay 7] 5 DEHPS}
DBP:= PVC ¥ Ao 7]eldtthE Rt okl gt
PVC gdzto|ut PVC A FollA W& =+ DEHP=
AT £58 58 &0l @ F AvhA KFH AT
e &4 2 ojHolg A Fd DEHPS} €74 DBR
BBP9} 72 ZEHo|EA 7}A4AY AM-S A8t
pom oyt A & ¢ FA WS AAFG 7]
TWTO)E T3l Zr=toll SR3IAh ol ulg} =)
NME ojHol g PVC &7l o] d iAo A
S A5 9AAIRF DINP, DNOP, DIDPS] 7 $-oll &=
oA Wekg T HIslg Wt B o] Foix)A] gk
Aot el A AAE AL 9= PVC YAl= 4&H]
ko] @70l -85t DEHP thAlel] thekst 7haq2
gAE Ut e Aoz dEA vk fEelA 7t
2A e v S BH 1999 7hA] DEHP7} 42%S
IR B YAA T 200430 SM = 2% FAEE
78-S e o1 DINPS DIDP2] 4H]Ze 35049
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Table 1. Year of production for wallpaper samples
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7tete AES Jep L ik ol 7taAle] B
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21. AN2e &=

2005 d 7} 20063 ol oA AJakE 770 3 AFS]
87 PVC B & AlFdA TH3A AEsATh
Table 12 A7 A8 AR Ax A|7]9 Az
APE AR & eI At 24 AlE= PVC
THES HA3ste] YA Yo =xste] Hezdy
2 oy 2P S AR A3 e, E ¥X= WA

Company A B

2005 * *

year of production 2006
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7haA 9] B8 TFEZ LS SigmaAldriche] 99%
DEHP (diethylhexyl phthdate), 99% DINP (diisononyl
phthalate), 99% DEP (diethyl phthalate), 99% Acetyl
tributyl citratleS 99% n-hexane (J.T.baker)oll o] 714
FHe] FFEEH R ARG £ F& Al &
)2 AFE-E 99% n-hexane S A 22 AES ALE-3}
Atk WEFE -2 SgmaAldrichAH] anthracene-dyo
< AHEEHA

2 8l(Corning glass)2 pyrex A 2] AES A&
9L, FE0) AHEH Y5 IR = A2 2AF
2 ® ADVANTEC NO.84(Toyo Roshi Kaisha Ltd.,
28 mmx100 mm)E AHE-3IATE A& AA| A] AFE-S
FA7] dEE 045ume Supor Acrodisc 25 (Pdl
Gelman Sciences Inc)2 AH-3151

5% AA e 35-37%2] HCl (Wako)S A+&-3t
Ath HCIE 7138 A8+ 2187)(Jeio Tech, RS)=
ol &3l Egtet &, L0 B (Vison, VS-1202D3N)
o] o] 37°CE W7 FAXFHY. AA g7t &
A EE 045ume] FAL7|ZE (ADVANTEC, AD13JP-
050AN)E Al-8-3te] A3ttt

23. PVC HX| Jfad 2aiuhy

PVC ¥%)9] 7144 gk ‘KSM1991 Aldyos
243 th ¥AE 05x05cm= 22} 3.0gS thimble
of W& ¥ 180 mLe] n-hexanes 718k % 69°CE 8
AlZE B HHE R FEIUY T2 FAPE
B2 o3lste] A7 1 mLol] WE¥522 (Anthracene-
dho 400 ug/mL) 500 ULE 7713t GC/IFIDE 33] uF
B BEAGh 7t o A REEHY] WRE
A7k GCIMSE ERR1sISTh A FEA e s HE
Azxd 7t BFEHEY AFAE /A AEE e
™, anthracene-dyp®] WA 02 B33t GC/FID2)
B4 2712 Table 29} 2.

= |

A Fo| TEE FFS EN 71-Pat 3 AEY L
2 433t EN 71-part 34 4 tide® &k
AE W, HIA, 7IEF, MR, v, 3F, 72, A
¥ 871A] &3S ICP-OES (perkindmer, Optima 530
DV)& 2485t} 05x05 cm & kil ¥z 02 g
< 20 mL f3ol ¥ 007 mol/L HCl 10 mLE
7tk H wpiR 9 AB71E o] &-sked 170 rpme =
N7 E3He T 32 0 BolA 37°CE N 7S F
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Table 2. Operating conditions of GC/FID for wallpaper
GC

Model Younglin M600D
Column DB-5 (30 mx0.25 mm |.D., 0.25 um film)
Carrier gas He (1.0 mL/min)
Injector Temp. 250°C
Oven Temp.  100°C (2 min) - 10°C/min - 280°C (6 min)
Detector
FID Temp. 280°C
Gas H, 30 mL/min
Air 300 mL/min
Make-up 25 mL/min

Table 3. Operating conditions of ICP/OES for wallpaper
ICP-OES

ICP-Optical emission Optima 530DV (PerkinElmer)

spectrometer
ICP source Argon plasma of high temperature
RF power (W) 1350

Nebulizer flow (mL™Y) 0.8
Plasma flow (mL™%) 15
Auxiliary flow (L/min) 0.8

AANAY. AAHE 7t 8 AIZE 045 um 4171 FE
= o] g3l ofFale] ICP-OESE #4383tk ICP-
OES?] B %742 Table 33} 7t}

3.1. HiX|el JiaM EE AE Zn

311 JiAAe] HESHA

7HeAl ol AETAE T3 A= FEAM AE
7Fed A TR BEAAlsel 471719 vig Al
3¢ v)(sgnd to noisa)S o] &-ste] FalATh 7HAA)
o] A&341E DINP7} 5mg/l 912w, DEPS} DEHPR,
acetyl tributyl citrate= 0.5 mg/L Tt

312 JiAMe HiESE

Fig. 12 ¥2 & ¥x ¢y 953329} n-hexane
THS- 69°C ool 8A7F BF3Ete], £&E & &
GC/FIDE #Algt a=nfE ol d3fe} o], 2t
A v EEE HETH olstE B, wEhA
7HAAl A Al viEE = IESHA] i)

— ol

3.13. 7taAle] AE=M
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Fig. 1. Chromatogram of blank.
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Fig. 2. Chromatograms for standards of plasticizer. Peak identity as fellow.: IS: internal standard, 1: DEHP, 2: DINP, 3: Acety!
tributyl citrate 4: DEP
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DEHP

y=0.0041 = + 0.1537
R2 = 0.9965
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Fig. 3. Calibration curves of DEHP, DINP, DEP and acetyl tributyl citrate.

Fig. 2°] A=vf=13]& Kl DEHPS DER acetyl 27k AR = w5 Azl £vhe
(o] 1=}
= N

tributyl citrates A HESA| A Y HI3= Alo]e] WA

R JA T, DINPE o8] 7je] #3228 o= 21s = H

1) o)A DINPY] 7§ o8] o] ddAE 2 = 7

ekl 7] wEe] 9 HAvt obd o8 Az F3
A

139

welEo] ks 2ol mebA DINPY 4% 3 42 98] ¥ W= Ax¥ DEHR DINP DER

Vol. 21, No. 2, 2008



140

oldel -

7%]—!:‘-‘—,-'

K

Table 4. Plasticizer contents of wallpaper product in 2005~2006

W

Plasticizer contents(%)

Sample DEHP DINP DEP Acetyl tributyl citrate  Total (%)
AVGY RSD?(%) AVG RSD(%) AVG RSD(%) AVG RSD(%)
A N.D.% - 19.9 8.0 N.D. - N.D. - 19.9
B 04 10.8 27.8 87 N.D. - N.D. - 28.2
C 11 54 17.9 39 N.D. - N.D. - 19.0
D-1 0.3 74 214 9.0 15 27 N.D. - 232
D-2 N.D. - N.D. - N.D. - 8.9 19 89
E 11.3 4.4 N.D. - N.D. - N.D. - 11.3
F 7.2 1.0 0.9 20.6 N.D. - N.D. - 8.2
G 0.2 6.2 18.7 19 N.D. - N.D. - 18.9
1) AVG : average contents of plasticizer
2) RSD : reproducibility
3) N.D. : Not detected
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Fig. 4. Chromatograms of soxhlet extraction of wallpaper produced in 2005~2006. IS: internal standard, 1: DINP, 2: Acetyl

tributyl citrate, 3: DEHP, 4: DEP
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acetyl tributyl citrate 328N 9] AA Aot D
9} DEPE 10, 100, 500 mg/L & #| %3 XF=E
A3 3L, acetyl tributyl citrate®} DINP= 100,
1000 mylLE A 23 XE=EDS ALEslo] 7
A F 33] wkE EAMEte] Ha WA S IS
54 EMAHE dojd A4 e YWHES
anthracene-dy2] WA o7 RAsle] JH&slitt. 7
AT o] R?Zko] DEHPe] 0.9965, DINP7} 0.9900,
DEP7} 1 acetyl tributyl citrater 0.9983° 2 1}9}A]
=2 A4S Ve

STy
< AN a1
S 5
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q
o o FN

3.14. HX|9| JAA|

2005 =04 20061 d ol A4kl PYCHIX| 9] 74
A 385 et B35 Fig. 4= 248 A
29| aznE g olt}. 7}4A= DEHP DINP, DEP
acetyl tributyl citrate7} A& = ATh.

Table 4= HAEH 7t2A FF79 FFS vepd
Zolw AAAE thE RSD 10% o|st&E vhebtth,
DEHPE B, C, D, E, F, G 67 XoA AZE o
), 0.2~11.3%°] &S YEHh E F HA| oA 7
ZF 11.3, 7.2%°] =S YUERdE A ol2lo= 1% olst
o] 325 vekdth DINP= A, B, C, D, F G 671
WA A HEHJ oM, 77t 09-27.8%°] TFFS 1
ERRTE F EA oA 0.9%2] s vERd o]l 1
w2 HA= 18% o] 32 Yelith. DEP= D-
1 HA A 15%F e ™ acetyl tributyl citrate
= D-2 §A 4 89%2 &%Fg el DEHPE
F2 AMEE ¥R & E, FEA 2%0]%0 3, DINPE

R 20 — ga%
= — 75%
I
=
=]
Q

— 50%
10
& ’L‘

— 25%
5%
2002 2005-2006
year

Fig 5. Comparison of DEHP content of wallpaper between
production of 2002 and production of 2005~2006.

Table 5. Plagticizer contents of wallpaper product in 2002
E
Company —FF D F G
a b

Content of DEHP (%) 142 166 110 256 180

Vol. 21, No. 2, 2008
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1 222 5k 141
2 ALg3s HW2E= A, B, C, D, G ¥XA] 5&0] 4,
acetyl tributyl citrateE F2 AFE3 WA E 1 Fo|9
t}. o]} 7ro] 20050l A 20061 =0l AYAFEL 8K
= T 7E2AIE obd tekst F/9 THAAlE A
s JSATh

Table 5= 20023 =0 =jellA] A4kE 47) 3)AF 5
N BR Q] 7AA TS B35 Agolg B £4E
2 E HA| o)A DEHP7} A&E A2, 11.0-25.6% A
o]9] gtk JERth Fig. 55 A A48 DEHPY
a2k W3S box plote® WERd Aotk 20029 Lo
AE WA 7 Ht 17%2] TS vERd el vl
2005-2006'd =0l Al ztE M= o FE 10% ©]3t=
DEHP2] Hx] ZF g&o] Zol& AS AT 9]
1> DEHPS] A7} 7 sts]o] DEHPS] AH8-& Z©|

AE Ao AT

2
I

32. HX|o| 34 ¥ AMEH ZH

321 E359| HiEsSE

W2 A EE WX &e w20 mL FEHS AT
HAE AT o} F4& Aoz AXHE 3t
Aok, v&, 7IEE, QHEE, v, 38, 52, A
45 8714 E2& ICP-OESE #43it) thiE o]
FaEo]l AEgHolete] W FEo R HEHU.

322 HX|e| 2% &zt

Pb, As, Cd, Sb, Ba, Cr, Se2 0.1, 1, 10 mg/lLZ A
Z392m HgEe 0.4, 05 1 mgLE Axs9 2, 7z
7} 335 EAste] o R ARFAE Pt B
T Fagolr AaAF7r 0999 o) e 959

Table 6 2005 ol A 2006\ 71A] A ALE = 2] 9

Favlol JE FFEL B4 Aotk E¥AE

Table 6. Heavy metal contents of wallpaper produced in
2005~2006

Heavy meta (mg/kg)
Pb As Cd S Ba Cr Se Hg

N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
-2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N.D. N.D. 82 1155 3.1 N.D. N.D. N.D.
N.D. N.D. N.D. 23 N.D. N.D. N.D. N.D.
N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

Sample

Y90 w>
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Table 7. Heavy metal contents of wallpaper produced in 2001

Heavy metal (mg/kg)

Sample

As Cd Sb Ba Cr Se Hg
a 00 00 00 60 16 26 N.D. ND.
b 31 00 00 140 43 20 00 00
c 44 00 00 155 279 21 00 00
d 16 00 03 94 213 25 00 00
e 00 00 00 59 431 16 00 00
f 47 00 08 165 375 25 00 00

FI=F, SEE, vFe]l 27t 8.2 mglkg, 115 mg/kg,
3.1 mgkge 2 AZHA. PEX= FE]=o] 2.3 mg/
kgel A& AT E9 F ¥ o]9]of th2 Wx]o| A
£ FE50) AEHA Lt FAviae] gEE V]
F 20 mglkgell B3l E ¥ X += 115 mgkgZ <F 64l
ol wA AEHAL. ol W75 S F187] A
3l FEE SIFES ARSIV W E A H
Table 7& 2001\ ol AAbE W] o] FF& dFgfo]
thM 2001 =0 AAtE WA= Suiae rjER
2o FHE TS JERH T, R HAA
3 FEE, AE, vF, 2EC] HAEHAY AT
2005014 2006714 A4t WA= F ) HAE
AL elie AT

lojotz HEH A

4.4 B

200510114 2006 Alolel] AR PYCH#|2] 7}
A8t FEEEF A Adde v 2ol 89T
F Atk 7EARAY] A AA gl B S 67f HAo|
] DEHP, DINP7} %= 3 DEP acetyl tributyl
citrate7} Ztzh § 7l WX oA 7 & = A th DEHPS]
gat& _um 20029 = HA) o] duboldtE Fo=e
ATk, 2002515011 Ag*ﬁ ]9 7}HAA|
H, 7hAaA 7} oheks)
T Ugen ZekgolE AlFo]| ol acetyl tributyl
citrate®} 7+ 7HAaA| 2o AT o] R AT

i

FEEL WP o) A okE Eo] SArle] 71 ol
o Uehto} B $F5EL 71E 3 oloi®
LpERstTh o]9} o] 2006d kol AAEE HAE 7}

aAle) GdshE B AN tede e 2
oJUzka Qigith et of%) geAs e Ay
NS4 AN E SEE Fae] Be Row 24}
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