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2 o °4:rL°ﬂ Mg sl FH Bl g4 A F deE R A AFEEEL, AN, =E,
AFol) 2F9] eFE AN ANER At SRR SRR AHL e =
geolE 8T F5AAE detaitt. & ATAF AN 852 T CIEF F Benzyl butyl
phthalate (BBP), Di-n-octyl phthalate (DNOP) % Diisodecyl phthalate (DIDP)= 2& A S04 7A&3H] v
HEAHE)CE YEh SRl e ARt A e A o= YElET Aol A9l I Alsel
A] Di(2-ethylhexyl) phthalate (DEHP) 2 Diisononyl phthalate (DINP)7} 22%~28% &= 20, A-1, A-
3 2 A49] AEoIME DINPZF ZHzh 28%, 24% 2 28% HEEHULH, B2 AN AR 64
TAIEES! 1,000 ppm ©]3F= HEF AT E3H C-2 AE9A] Dibutyl phthalate (DBP)7} 1% % %E]
™, C-1 & C-6 A|E9|A4] DEHP7} 0.3% H = 74 gl:»]oi ™, D-3 A]5ol|4] Di(2-ethylhexyl) adipate (DEHA)
7} 0.1% FFEORE HAESHAUT & A4 AN 22 0] ER F DINPE F2 A97HollA v 713
2 TR AEEeH, Al Astddrs 8ol AMshe HEeR IR HES T =52
7FsAdol 2 49 Zlew AdEH3Ith
Abstract: This study was performed to survey the school supplies such as pencil, eraser, notebook and color paper.
Twenty-two kinds of samples were collected near the school zone, and eight kinds of phthalate which is one of
the environmental hazard factors analyzed to estimate the contents characteristics of products. As the results of these
research, three kinds of phthalates (BBP, DNOP and DIDP) were not detected in the selected samples. In the A
group, DEHP and DINP were detected in the rage of 22%~28%, and DINP was selected 28%, 24% and 28%
in the A-1, A-3 and A-4 samples, respectively. But the selected samples in the B group were detected less than
1,000 ppm as regulated level. Also, The DBP was detected 1% in the C-2 sample, and DEHP was detected 0.3%
in the C-1 and C-6 samples. The DEHA was detected 0.3% in the D-3 sample. In this study, the DINP was mainly
detected the eraser, therefore this kind of phthalate can be exposed through dermal exposure.
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A o]

5x05 cm AER 71sA 2
AEE AN 298 @

=47171 & 719
AARA 2 &5 UARE A g @99 FAE

A, &Y FF7 X (soxhlet extraction device)=
&8 I, Y2EA, 5 o3 B 7HeEF
A ToR FAHJY HEUE jJE1(thimble
filtler)= AEZ Q2 AL 0.1% ©l3te] FAE
Sk 28x100 mm 2719 A& ARE-EIAT Syrmge
= FEAEE AHs e, syringe filter= 0.45
um ©]3}e] H] Z £ (polytetrafluoroethylene, PTFE) A
o] f718n A&HEE At 7AAZRE
) zg ulo] e Bl ZE(PTFE) A2 & A3, A
EZA 7171 A ARt E ol 9 FREA 7(GC-
MS): Aglient Technologies 6890N-5873 NetworkS AF-&-
skt

AFEd BAF e 570149 J.T Bakerol A
A 2= = HPLCH 9
liquid chromatography and spectrophotometry made in
USA, Baker analyzed® HPLC solvent CH;(CH,),CH;)
3} o} A= (Acetone: for use in liquid chromatography
made in USA, Baker analyzed HPLC solvent (CH;),CO)
S ALg-3HsTE T olE DN (1,000 mg/L)
AccuStandard®] Diethyl phthalate (DEP), Dibutyl phthalate
(DBP), Benzyl butyl phthalate (BBP), Di(2-ethylhexyl)
adipate (DEHA), Di(2-ethylhexyl) phthalate (DEHP), Di-
n-octyl phthalate (DNOP), Diisononyl phthalate (DINP),
Diisodecyl phthalate (DIDP)$] 8% & Al&3l9 o,
WHEEFEZ L fluoranthene-d10 (CHIRON) &
10 ppm o2 3] ste] 717] 4 A A7}sisit.

=3 2H(n-hexane: for use in

2.4. 2MuhH

AR A 2009-116914 st de =g
O|ER =Rl AAE] e ofde] §F T2
7Aool e el EA 135F 72 A=l
2= &7 < DBP, DNOP, DEHP, DINP, DIDP, BBP,
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Sample
(1 g 1 mm size)

v

* 150 mL Hexane
for 6 hr

Soxhlet extraction

|

Hexane extraction
solvent

|

Filteration

|

Concentration

|

GC/MSD

* 250 mL mass-up
using Hexane

* 045 m syringe filter
(3~5 mL)

Fig. 1. Flowchart of analytical method for phthalate contents
in school supplies.

DEHA, DEP, 8%& “SH4A] T2 Zedo|EA 7}
2A AZH, KS M 1991(2008)S EW & 3l
Fig. 1] ZAA}e} 22o] A3t

A AF A E 2 1 g8 0001 g7hA ARAE
ol &3] FAE At FAE A AEE S5UE&
IR £7]3 100 mLe] =T34 T2 Eghaa
o] 713t} MES|EY 28 28 =Tt 1
(69 °C)dll =3t §Ho] FF= 7] Alztet
AIZE B FETT FF 98 A27HA
% 250 mL 3 ZA2=d] 73 &

LR AL 4 EEe] HiT. o BN

Table 1. Analytical conditions of GC/MS

Table 2. Molecular ions and retention time of phthalates

Retention M1 M2
time(min) (m/z) (m/z)

Compound

10.804 212 213
6.287 149 177
9.519 149 223
14285 149 206
14.858 129 147
16944 149 167
19.602 149 279

Fluoranthene-d10 (IS)

DEP (Diethyl phthalate)

DBP (Dibutyl phthalate)

BBP (Benzyl butyl phthalate)
DEHA (Di(2-ethylhexyl) adipate)
DEHP (Di(2-ethylhexyl) phthalate)
DNOP (Di-n-octyl phthalate)
DINP (Diisononyl phthalate)™ ~ 18~22 293 149
DIDP(Diisodecyl phthalate)™ 20~23 307 149
DINP and DIDP : Detected the multi-peaks

1) The result same as Reference No. 10.

EIHZ g oA R | pLE 7AAZvE Y

AHRA7)(GC-MS)o] FY3}, TeoE B &
de U 2ANA 3-5EA ] T2 AR 1P
FHe Agstel WrEZY O JYstelch, 71718
Aol AL Tuble 13 FoH, &y olE FF&EZ
o AmnEaYH A7) BE 2NELY B
e BAeke Table 29 LFERRRITH.
3. AW ¥ n&
31. 3 - ¢ EEE*EHOIEE BeY Ay s
S, v, Q8 FYAT ofele] §Fol

e ZeHolERS] sy ‘%k A0S TR0l Table
390 g2leATh 4 <A3e] DTI (Danish Technological
Institute)ol] A 3 107H =7kl ofdo] Az W
A Gl B s R
SR2WH DS ol&ste] Az W gt Hol e
8] ZHEo|EA 7IAaAE AlFEaL o, d&
o] o= otMEF n-FiHg o] &3t FEst=

Type

Condition

Column
Carrier gas flow
GC Inlet

He, 1.0 mL/min.
300 °C, splitless

DB-5 ms (30 m x 0.25 mm x250 pm)

100 °C = 15 °C/min. = 200 °C — 5 °C/min. = 270 °C — 10 °C/min. — 300

Oven temp. program

°C(15 min.)
Source temp. 250 °C
MS Transfer line temp. 280 °C
Ton source EI mode
Scanning range 50~500 m/z
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Table 3. Contents analytical method of phthalate in the world

Classification Analytical items Extraction method Instruments
- CCly : MeOH(2:1)
ASTM (D 3421-75) bop - Soxhlet Extraction for 16hr GE/FID
- Hexane
USA epsc Total phthalate  Soxhlet Extraction for 6hr GEMS
(CPSC-CH-1001-09.1)  DBP, DEHP, BBP, DNOP, DINP, - THF/Hexane GCMS
DIDP - Filtration : 0.45 pum PTFE filter
+ Hexane
‘ KS (KS M 1991) DEP, DBP, DEHA, DEHP, DINP - Soxhlet Extraction for 6hr GC/MS
orea
- Aceton/Hexane(3:7)
KFDA (2008) DEHA, DBP, BBP - Filtration after 24 hr GC/FID
DMP, DEP, DBP, BBP, DEHP, - DCM
EU b1l DNOP, DINP, DIDP - Microwave extraction 2hr GCMS
DIDP, DINP, DBP, BBP, DNOP, - Diethyl ether
EN14372 DEHP - Soxhlet Extraction for 6hr GEMS
DEP, DBP, BBP, DINP, DEHP, - DCM, Methanol
Canada  Health Canada DNOP, DIDP - Filteration : 0.45 pm filter GOMS
- Aceton/Hexane(3:7)
Japan ST 2002 DEHP, DINP  Shaking 24hr GC/FID
Table 4. Method detection limit(MDL) of phthalates
Phthalate concentration in sample 1 g (ng/g)
Sample ID
DEP DBP BBP DEHA DEHP DNOP DINP DIDP
MDL 1 25.200 16.350 25.600 24.700 24.800 23.700 111.839 66.325
MDL 2 25.550 16.850 26.650 25.200 25.600 24.600 111.059 65.607
MDL 3 24.900 19.500 25.400 24.350 24.600 23.700 110.994 66.453
MDL 4 24.950 20.100 25.450 24.500 24.800 23.650 109.105 64.475
MDL 5 25.450 19.450 25.300 24.400 24.700 23.550 107.132 64.099
MDL 6 25.400 17.750 25.100 24.350 24.650 23.400 115.482 64.047
MDL 7 25.450 17.700 24.300 23.250 24.400 22.700 102.235 66.292
average 25.271 18.243 25.400 24.393 24.793 23.614 109.692 65.328
recovery 101% 73% 102% 98% 99% 94% 88% 52%
stddev. 0.260 1.446 0.697 0.587 0.381 0.559 4.167 1.091
n=7 3.143 3.143 3.143 3.143 3.143 3.143 3.143 3.143
MDL 0.82 455 2.19 1.84 1.20 1.76 13.10 3.43

GC/FIDZ 2A 37 ). wea

P egetn Ak ER, Sevel 4t
[e]

DCM, THF, =&

G2, A E 5ol
8 g 2 &

ol erA7|E ‘%?1’01]*1_ KS M 1991 A1 &H

183t &<

FE3= f?}ﬂk Al‘d*t“u o] A A=

73kl o) A ek A A A=

¢t &4 FE38kd GC/
]_

MSZE 48ttt Table 39 VERS

o] &Zo THFH ZEYOEFHF

SHES
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e

2 o e _IL%

o} 3ko] o™
=
()]

it

= 2 A3 W
£ 71&0 B8ty Jow dejzAt 39 8

w48kt

3.2, HHAEsH| I M ZHE

%EME}— A& EA ERL B 7| A o] 7lo] A

% DEHP, DBP, BBP?| ¥%Z 1,000 ppm (0.1%)
016}, L 3670 olste] of”olzt §f Lol ¥We F
2= AE 3 DINP, DNOP, DIDPY] H%EE 1,000
ppm ©]3tE AT IEE FA3IIL AUt ZEH|E
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2 2
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S O Table 59 A&, Table 59 vebd b}
9} 7ol ZAMNA 8F < ZEdHo]EHF F BBP,

DNOP ¥ DIDPE RE A FdA BHZ2 Jeht
EFFAME AFEEA JA B= A2 Ve
ATZH$70)2 A$-olE A2 AlE°1A DEHP7} 22%
AEFNoH, A-1, A3 2 A-42] A FAE DINP
7}V Z+zb 28%, 24% R 28% AEHATE 2, A-5
2 A-69 ABAME MF AEHUT. BE(=E)]
gl 2AE AR 67 BF HAEES 1,000
ppm °|32 AEFEHUT 3, CH(AD)9] Aol
C-2A1 89X DBP7} 1% AZ=H AL, C-1 & C-6
A &olX DEHP7} 0.3% A= HE= AT DEHF
o])e] A-$ol= D-3 Al 8914 DEHAZ} 0.1% FF&
2 AF=HAU

Zdgo|E9]
Y Ao,

O

WEH % A2E AT, A 2
53] ¥ 2All A HAE SHEE]

Table 5. Analytical results of phthalate (unit : mg/kg)

Group DEP DBP BBP DEHA DEHP DNOP DINP DIDP

A-1 63.14 7.82 n.d n.d n.d n.d 279,111.86 n.d

A-2 tr 9.60 n.d n.d 220,258.60 n.d n.d n.d

A A-3 3.53 23.39 n.d 21.00 n.d n.d 242,012.37 n.d

A-4 48.12 6.53 n.d n.d 17.81 n.d 283,774.67 n.d

A-5 tr 9.32 n.d n.d n.d n.d n.d n.d

A-6 1.45 n.d n.d n.d 15.93 n.d n.d n.d

B-1 tr tr n.d n.d 87.60 n.d n.d n.d

B-2 tr tr n.d n.d 119.98 n.d n.d n.d

B B-3 tr tr n.d n.d 5.07 n.d n.d n.d

B-4 n.d 10.83 n.d n.d 15.34 n.d n.d n.d

B-5 n.d 6.60 n.d n.d 11.2 n.d n.d n.d

B-6 1.41 tr n.d n.d 14.47 n.d n.d n.d

C-1 6.09 534.69 n.d 16.75 3,339.30 n.d n.d n.d

Cc-2 tr 10,096.74 n.d 440 27.21 n.d n.d n.d

c C-3 tr 5.39 n.d 1.64 8.58 n.d n.d n.d

C-4 0.90 9.75 n.d n.d 61.11 n.d n.d n.d

C-5 2.46 tr n.d n.d 35.99 n.d n.d n.d

C-6 n.d n.d n.d 941.47 2,955.63 n.d n.d n.d

D-1 tr 5.99 n.d n.d 10.84 n.d n.d n.d

D D-2 2.24 8.06 n.d 15.47 9.01 n.d n.d n.d

D-3 n.d n.d n.d 1,189.43 17.44 n.d n.d n.d

D-4 tr 791 n.d n.d 15.40 n.d 724.08 n.d
Regulation criteria® - <1,000 <1,000 - <1,000 <1,000 <1,000 <1,000
TDI'™Y (ng/kg/day) 200" 10" 200" 600" 201 150" 370 150"

%t is greater than detect limit but less than quantification limit
n.d is less than detection limit
TDI : Tolerable daily intake
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Fig. 2. Contents character of surveyed phthalates in school supplies.
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