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II. POPs(Persistent Organic Pollutants)

[J Organochlorine Pesticides
[] Dioxins & Dioxin like PCBs
[] PBDE(Polybromodiphenyl Ether)
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II. POPs (Persisitent Organic Pollutants)
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O 80180 RE TRY RIBER HE(ER)

e Asemrage.
Mirex | | Mirex

ntaraty

Toxaphene T
C1-7, jon 343
20000
10000 ‘\
o
T
s "‘h 3 CI-8, ion 379
30000 * 4
‘E 20000 2 *———— Toxaphene
= 10000
° Isomers
C1-9, ion 41 Z:/
s
30000 19 4y
20000
10000
0 30.00 35.00 40.00 45.00 50.00 55.00

e ey iouEm

OZH A &2 S

O POPs= BAHZ| 0|54, MESSY, R4, 23240 23 2

O 30N Zo| AT S

O ME7HME K| FHHLH, MelA) T S8 0|2 FHZS FA|
O UNEP X|d POPs(223) : 59F 143, Dioxins, furans, PCBsS 82

O FUOME 145 5% 25 SE FHAEYAL S 28 Ho| gl 5%

¥ o|2{¢t Ro|ste=2| M =2} A8 S Aot =M e = TASESHY,
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OrPOPs 28 UE7IE
OZRE t7IE U&7 >2¢
O EY, XMLE T UL >+E QHE~=9)
O #|&/d < 1,000 pascal, Henry's law constants or Fugacity calculation
O EAH2 0|Sd : th7|- 7 & 0|5, HM, L HE > 55, dalg &, MAx|f 2
O ME=X : 0{F0jA BCFZ} 1,000 ~ 5,000 (Kow > 10,000)

O7|et 1 &5 : 7|5, A8 EEY, 5| S 0| 5 T S

e ey iouEm

ma %
O POPs #3 FNZFH N : 987 1837 (99. 6)
O UNEP A POPs 23 223 : 5% 143, M8 T F0E 83
¥ 143 592 2% 058 T= §334 NZA 4N

) POPs HH2R 37 X 8%

2 Y g8k 2U AHE0F 2y =2E IUMNMBHR
Aldrin = o SEESF2069) Mirex = ot 05
Dieldrin " " (*70) Toxaphene ) SEH A (82)
DDT " S ('69) Heptachlor e it ('79)
Endrin 2 A ('69) PCBs Mg  BHEIIE
Chlordane u os= Dioxins HaE -
Hexachlorobenzene " SSHA (79 Furans e =

# POPs FE2E 10%5(09, 11) : Endosulfan T 5% 5L(FHI0|AME), PFOS T MRULIGIEAN 535
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[] Analytical compounds for POPs
Class Components LI
comp.
HCB, a-HCH, B-HCH, y-HCH, 6-HCH, Heptachlor, o,p'-DDE, p.p'- DDE,
OCP 0.p'-DDD, p.p'-DDD, o0,p"-DDT, p,p'-DDT, Aldrin, Dieldrin, Endrin, Mirex, 2
R Heptachlor Epoxide. frans-Chlordane, cis-Chlordane, frans-nonachlor,
cis-Nonachlor, Oxychlordane
Industrial 2378-TeCDD, 12378-PeCDD, 123478-HxCDD, 123678-HxCDD, 123789-
HxCDD, 1234678-HpCDD, 12345678-OCDD, 2378-TCDF, 12378-PeCDF, 17
By' 23478-PeCDF, 123478-HxCDF, 123678-HxCDF, 123789-HxCDF, 234678-
product HxCDF, 1234678-HpCDF, 1234789-HpCDF, 12345678-OCDF
344'5-TeCB (#81), 33'44'-TeCB (#77), 33'44'5-PeCB (#126), 33'44'55'-
Industrial | HxCB (#169), 2'344'5-PeCB (#123), 23'44'5-PeCB(#118), 2344'5-PeCB 12
Wastes (#114), 233'44"-PeCB (#105), 23'44'55'-HxCB (#167), 233'44'5-HxCB
(#156), 233'44'5"-HxCB (#157), 233'44'55'-HpCB (#189)

OURY RILAES

[J Analysis of POPs by GC-HRMS

Extraction

; Crop : H2504

B

Clean-up

DB-5 column $P-2331 column : ENV column

Analysis : HR/MS

- Resolution =10,000
-13C-internal standard
- 1sample : 4 times
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O POPs EMOfH|E £ X7t A7 HA

) EJVITES | EX Rk
7L, SHEAE, B SHHEINE | IusEn
YL, YN  3upsmey

#I0H | sax E3H

7|Ef: A7tz FHX| AEX|, £ EeT

NEEO SR Ajory

2HHUE ZA mME 2 olaeH

NER | 2o, Az 2P
ETl ISR

sME s3%
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“ | AZz FEX FU Y B

Organochlorine Pesticide:

1. Organochlorine Pesticides
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0
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Organochlorine Pestici
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Organochlorine Pestici

[0 - POPse| HE s&2H| 1

[dE5k Hn ]

1000

HCHs DDTs CHLs HPCLs Drins DXNs

gwn L e
?;:10! I . | ® oés
S | 8 8 1 .
E L] L * . H : 3
g e 1y |8 .8 1
SN RLEE N R I B
001 . : s ! e 8 '
0.01 g 3 . :

Organochlorine Pestici

[1 FDA/US action level
Substance Commodity Action level (ppb)

Cereal grains 20

Aldrin & Dieldrin Luttuce 30
Pepper, spinach 50

BHC Apples, Beans, Citrus, Luttuce, Pears, 50
Peppers

Chlordane Beans, Luttuce, Peppers 100
Cereal grains, Mushroom 500

DDT, DDE, TDE Corn 100
Grape 50

Heptachlor & Heptachlor epoxide Root and tuber vegetable 10
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Dioxins & Dioxin like PCE

2. Dioxins & Dioxin like PCBs

Dioxins & Dioxin like P

9 1 9 1

8 Y 2 8 9

7 0 3 7 O o ‘3

Clx 4 Ck Chk 6 4 Ck
PCDDs PCDFs

Polychlorinated dibenzo-p-dioxins Polychlorinated dibenzofurans

- =xpae . 322 o X 300C
P 25125 :700C 0|4 - 20| Cf3 881 % : 0.072ppb
=

log Pow >35
O%sixoz i oty H2E340| 2 2W= ASHQ AN 2
O 2 Y=ZH ATl 2 Z(EDs), HFER7|I2LYEE(POPs) 2 X
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Dioxins & Dioxin like P

[ Dioxins & Dioxin like PCBs2| @ €&l

SHHUER _ Al E 2yl
stetE HE HetiE HHEE HE SEEE, SBOIEX, &FH2 5)
7|18 22 ZAHZ|E, ¢HYHHZ[E, 2278, £aX[e] 2240 E HaY
= EE, HI4H G ERje| o BIX|
ALFQl | ‘
1% ] B F0[H= FastEE0] QT #MME| S
HH
S 3% M,
&4t A AF2 (2-Chloro-2-bromoethane)
7| E} SR 7], Ol x| 4H|7F B MYALES
XHE QI Wy SHL SEAf, B & AR S
can | ABEH 284 ¥¥, B7I5Y UYYS £ 20U s L HHE S

Dioxins & Dioxin like P

[0 =78 Dioxins 2| 1Y ®a 45 F( pg/kg/day)

A Al AE 2= CH DI E Y

8t = 0.46 0.287(62%)  0.000(0.0) 0.173(37) 0.003(0.6)
2= 2.62 2.406(92) 0.000(0.0) 0.17(6.5) 0.044(1.6)
o= 0.93 0.898(96)  0.000(0.0) 0.02(2.2) 0.012(1.8)
sd 2.00 1.955(97) 0.020(1.0) 0.0245(1.2) 0.001(0.1)
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Dioxins & Dioxin like P

{— |
O O[S4 1Y B == 2.6 pg TEQ/kg/day(A & 2.4)
o gd7|1& 7] 0.6 pg TEQ/m?
=2 1lpg TEQL
EQF 1,000 pg TEQ/g
O AZIA|MZ=H 52 : 1.8 ~ 5.1 TEQ/kg/day
AZAE FH 32 NHSE T sEH R
(pg TEQ/g)
i 2 E ¥ sSiE
& 0| 58.6 (31.87)* 0.002 (0.001)
X} 15.4(9.75) 0.045 (0.004)
Al 2 % 29.08(25.7) 0.212 (0.019)
& HY == 20.5(13.22) 0.000016 (0.000079)
( )*: HRHEX|

Dioxins & Dioxin like P

[] Standardized analytical methods
9 o. 4 9 1 2 3
O Dioxins & Dioxin like PCBs ¢ Q DZ smz 4-®_Q‘
§ 6 °” 3 ? d = R ’ e E
CDDs CDFs PCBs
PCDDs PCDFs co-Planar PCBs
CI No. | Congeners | Isomers C:;!Efm PCDFs | Isomers C:;Efm Congeners Isomers c::ifm
1 MCDD 2 - MCDF 4 - MCB 3 -
2 DCDD 10 - DCDF 16 - DCB 12 -
3 TrCDD 14 - TrCDF 28 - TrCB 24 -
4 TeCDD 22 1 TeCDF 38 1 TeCB 42 2
5 PeCDD 14 1 PeCDF 28 2 PeCB 46 5
6 HxCDD 10 3 HxCDF 16 4 HxCB 42 4
7 HpCDD 2 1 HpCDF 4 2 HpCB 24 1
8 0cCDD 1 1 OcCDF 1 1 0cCB 12 -
9 - - NoCB 3 -
10 - - - DeCB 1 -
total 75 7 135 10 209 12
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Dioxins & Dioxin like P

=2 = 0 n]] o] =
O gM% 3 oIS X fAToSMR(PCBs) RT3
0.025 O Cto|§41 B RAICHOISHFE S0IE HE5US(0~0.019pgTEQ/¢
- %ﬂ%{rawr A1 o) QHHB +EY
¥ 5Y(5~40pgTEQ) : 4 EEE2 M4, S5 =2 o HAHE A2
0.020 | BWHO1998 TEQ(PCDDs+PCDFs) | WHO1998 TEQ(Co-PCBs)
0.0174
0.0163

- 0.015
a 0.0135
=
é 0.0113

0.010

0,00 | I
0.0055 0.0052 )Is.u 052 i
0.005 F : 4 : 00D SRR W T e
i
do l 0.0023
) 280010 *
. ; . . B o GcRR0R BT Goin 1
0.000 T
7} ; 2} | L} =]
& At *] lf 5=

Dioxins & Dioxin like P

100%

. S4S7HZTEQL| 47|10 EE FACIOISHO| E=/US
BEN -

O WHO1988 TEQ{PCDDS+PCDFS} B WHO1998 TEQ(Co—-FPCBs)

BO%

60%
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A0%

20%

0%
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Dioxins & Dioxin like P

O=EY § CHO|SHUFe TURSE A TEQ 7|0

5 (O PCDDs > PCDFs > Co-PCBs

= LO Co-PCBs2| &HiX 7|6 =7t &2 X%
OCo-PCBs  BPCDFs  BPCDDs =

pa-TEQ/g

Dioxins & Dioxin like P

OREEY F Co|SHUFL TUHFRSE R TEQ 7|9 =

5 ( Q PCDDs > PCDFs > Co-PCBs
Lo Co-PCBs2| NTIE 7|07} £2 X|2 918
O Co-PCBs B PCDFs B PCDDs
4
£
o
-
&
(=13
2
1 1
= iiﬁﬁii
0
a a4 5 [} T 8 a
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Dioxins & Dioxin like P

OCo-PCBs

O YHAEY T QoISNF

BREY A TEQ %%

O PCDFs > PCDDs > Co-PCBs
O Co-PCBs2| &L 7|0 =7l =2 X|

S PCDFs B PCDDs

pg-TEQ/g

O0s3XNES

X

il
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Dioxins & Dioxin like P
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Dioxins & Dioxin like P

O &2|7F =E2% = Dioxins?] Zta 2 H3}

s g
& 400 2 3
Z =
-] 1

300 1.5 &
o =7
=% ~
S 200 | |1 2
: :
= 100 052
z =
e’ %%

78 79 82 85 86 88 89 90 91 92 93 96 97 98 99 00 01 02 03

O =712 SBXEY T Ci0|S4l THReE H B2}

=]
otz :1.66, 2UE :3.80 pg- TEQ/gdry wt.

OI'

Dioxins & Dioxin like P

Dioxin® H&2°I¥
£7:0.045
pg-TEQ/g
8Y:0.38
pg-TEQ/g
o 3 4
pg-TEQ/g

&0l : 0.0011
pg-TEQ/g
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Dioxins & Dioxin like P
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O Cho| & EL2H0 gt &2 7|&

= 3 of & pe-TEQ/g H 1
9 1998, 0j&l0] =0l 100 oTao] mat
HEO ZEERE] 1,000 [}2 EX|0|80 7 HMgt
AI?I‘XI .'i“_% 1.000 ‘MQ%E%FEE %E, A_U(H
p . EQko| Mt
H4E2XY 10,000
1991, 5~40 o B ZYZEALRt HiZ QMo M
K| O (5~40pg)
LRSCH0|SA sSEZALE AL
s4A + AlgAZ o M, ot 282 9 HAHE A
b ) 0 (40pg 0| &)

HEX 2 0|85 RES AN
A2 SOl O|ME|X| &S0| =l Aot 8lE.

e EPA =X 1,099 & axo
(1998) SR Z A 50002 QALEx| ot Hep-F 2 HHo17| 2l HESH
HHS/
ATSDR PIESY 1.000 HEdo o8, FH AFX M HLEA
(1997) 25 ! STYY S E Felore =5
e LIRS HZA| 1.000 Autol0] UptMes FRstH= Y40 LS F5|0]0F
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3. PBDE(Polybromodiphenyl Ether)
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PBDE (Polybromodiphenyl Etl

S ERLE
= IHE 50g EYsg
@ Clean up spike ” .
@ Clean up spike @ 50% Acctone/Hexane @ Clean up spike
@ Hexane ! . @ 10% Acetone/Hexane
@ Cone. H,80, i ]
L E -
= |
il j _—» Na,80, 6g
,|, —* Silica gel 0.5g
—* 10% AgNO, silica 3
A A = 7o Ag 0, g
ilica gel 0.5g
F Multi layer chromatography —* 229%, H,S0, silica ﬁg
| @ Hexane 120ml Ll
| @ 10% DCM/Hexane 100ml —* Silica gel 0.5g
x : —>  44% H,S0, silica 4.5g
— s 5 —> Silicalel 0.5g
—* 2% KOH silica 3g
< - Syringe spike —* Silicagel 0.5g
GC/HRMS /

PBDE (Polybromodiphenyl Etl

[ PBDEs O|'d4| M &F A 2|+2

PBDEs RRF ;
%) | mC, | e,
) ) 405.8021 | 417.8424
2.4 4'-Tribromodiphenyl ether(28) 1.03 914 |
| 407.8001 | 419.8403
2,2' 4 4'-Tetrabromodiphenyl ether(47) 0.73 108.2 483.7126 | 495.7529
5 B , 5 | 33.44-Tetrabromodiphenyl ether(77)" [ - - 485.7106 | 497.7508
) 2.2' 4 4' 5-Pentabromodiphenyl ether(99) | 0.89 | 177.2
4 o] 4
2,2' 4 4' 6-Pentabromodiphenyl ether(100) | 0.77 | 1024 R
gie 5 15T JUS m 5 A
5 6 6 5 =2 5656191 | 577.6593
3,3',4.,4' 5-Pentabromodiphenyl ether(126)" | : =
|2 |

2,2'44'5,5'-Hexabromodiphenyl ether(153) | 1.27 | 108.5 | 4816970 | 493.7372
2.2'44'5,6'-Hexabromodiphenyl ether(154) | 1.03 | 693 | 483.6950 |495.7352

2.2'3.4,4'5' 6-Heptabromodiphenyl cther(183) | 1.06 = 97.1 50N 5735457
* Syringe spike Rl e e ' ' 563.6035 | 575.6437
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PBDE (Polybromodiphenyl Etl

12

10

ppb

BDE-28 BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183

PBDE (Polybromodiphenyl Etl
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(Risk Assessment)
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(Risk Management)
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