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PBDE ELISA

-47
17 10
17 11 24 18 2 13
1) i
0.025 1.0pg/L
100 126% CV 1.7 10.3% 10-025 1.0 pg/L
0.025ug/L  SD (3sD: |
1) 0.0033ug/L (10SD) 0.011 pg/L | 8'8§g“gjt
0 ( 2) "0.0053 pg/L ! -Ueong
: 0.006
O'oloog%L Vi 1.7% 1CVh - 2.74%
- : : 0.2ug/L
0.025 1.0pg/L 0 ECV% ) 0-0021
0.0017 0.25 CV% 1.6 20.6% i 0.10u/L
0.025 1.0pug/L : 0.0045
0 0.003 0.064 CVH 1.7 10.3% iCVh 4.74%
1 0.001 0.408 CV% 1.0 26.8% | 0.10ug/L
5 0.02
0'002050091'OoluggsL V1.7 12.2% 1V 3.8%
. . 112, - 0.50ug/L
PBDE-99 88.1% {PBDE-99  90.0%
PBDE-28 10.3% 'PBDE-28 15.0%
PBDE-100 3.83% {PBDE-100 2.45%
2)
0.10 ug/L PBDE-47 | 90.2 108.3%
0 50mg/L 105 114%
ELISA  GC/MS
(ELISA:0.0033 pg/L GC/MS:0.0005ug/L )
PBDE-47 :
0.04ug/L  (ELISA 0.02 ug/L) !
ELISA 91.8 116% CV% 2.58 9.7% !
GC/NS 51.3 75.4% CVh 0.93 12.2%
GC/NS

R=0.872




0.025 1.0pg/L

2)
(0.04pug/L)  PBDE-47
PBDE
PBDE

3)
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1.1

1.1.1
PBDE ELISA
457-0841 5-16-8
PBDE ELISA
PN500090

Abraxis LLC

1,300

OO

oo

PBDE-47 0,0.025,0.05,0.1,0.5,1.0ug/1 50%

15 30

12

40 n=2 1

1.1




1.2

€Y)

0.025 1.0ug/L
0.025 1.0ug/L (0.025,0.05,0.10,0.50,1.0pg/L

( 1.7

10

SD

10.3 100 126 )
0.020ug/L 0.025ug/L
0.0033ug/L 0.011ug/L
0.0053ug/L
8
SD 3 3SD
10SD
0 10
3SD
0.006 2.74%
0.0017 1.7% (0.10pg/L )
0.0021 2.2%
0.0017 0.25 1.6 20.6%
0.025 1.0ug/L )
0.0045 4.74%
0.003 0.064 1.7 10.3%
0.001 0.408 1.0 26.8%
0.025 1.0ug/L )
0.02 3.89%
0.0009 0.055 1.7 12.2%
0.025 1.0ug/L )



PBDE-99:90.0%  PBDE-28:15.0% PBDE-100:2.45%
PBDE-99:88.1%  PBDE-28:10.3% PBDE-100:3.83%
(PBDE-99:0.025 1.0pg/L PBDE-28:0.05 5.0ug/L

PBDE-100:0.1 50ug/L )
¢)

90.2 108.3% (0.0625 0.5ug/L )

105 114% (0.10ug/L )
( 0 50mg/L )

ELISA GC/MS
PBDE-47 0.04
g/l ELISA GC/MS
ELISA 91.8 116%(CV%:2.5 9.7%)
GC/MS 51.3 75.4%(Cv:0.93 12.2%)



2.1
105-0023
03-5444-9891
03-5444-9860
e-mail eco jechem.
2.2
ELISA PBDE
2.3

co.jp

PBDE

PBDE

PBDE

ELISA



2.3.1

(PBDE)ELISA

PN500090

Abraxis LLC

g 1,300g

( )

O PBDE-47 0, 0.025, 0.50, 0.1, 0.5, 1.0ppb
50%

15 30

12

40 n=2 1

1.1

3.1

460-0001
052-972-2677
052-972-4155
e-mail a26770@kankyokyoku.city.nagoya.lg.jp



3.2

e-mail

3.3

€))

&)

3.4

(ELISA )
( )
457-0841 16

052-692-8481
052-692-8483

koj ima@nagoyakankaken.office.to
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4.2

Q)

0.010

450nm

SCETI

Labsystem

0.5ug/L

1.0ug/L
23%

15

MODELG+

450nm

GENESIS-LITE

43%
1.0ug/L

15

10%



4.2

@

4.2.1
( )
PBDE ELISA
ng/L
=+
PBDE-47 AccuStandard INC.
BDE-047S B2090083

GENESIS-Lite Labsystems
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4.2.2
(
PBDE ELISA
ng/L
=+
+
PBDE-47 AccuStandard INC.
BDE-047S B2090083
GENESIS-Lite Labsystems
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4.2.3
( )
PBDE ELISA
ng/L
=+
PBDE-47 AccuStandard INC.
BDE-047S B2090083

GENESIS-Lite Labsystems

10
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4.2.4
( )
PBDE ELISA
ug/L

+

=+

&+

PBDE-47 AccuStandard INC.
BDE-047S B2090083

GENESIS-Lite Labsystems

11




®)

4.2.5
( )
PBDE ELISA
ng/L
=+
+
PBDE-47 AccuStandard INC.
BDE-047S B2090083
GENESIS-Lite Labsystems

12




(®)

4.2.6
( )
PBDE ELISA
ng/L
=+
+
+
PBDE-47 AccuStandard INC.
BDE-047S B2090083
GENESIS-Lite Labsystems

13




Q)

4.2.7

PBDE

ELISA

i+

GENESIS-Lite Labsystems

4.2.8
PBDE-47 AccuStandard 5ug BDE-047S B4090166
PBDE-99 AccuStandard 5ug BDE-099S B4010260
PBDE-28 AccuStandard 5ug BDE-028S B2090083
PBDE-100 AccuStandard 5ug BDE-100S B4010261

14




4.3

@
4.3.1
( )
PBDE ELISA
ng/L
=+
PBDE-47 AccuStandard INC.
BDE-047S B2090083
120860050 A0207160001
GENESIS-Lite Labsystems
4.3.2
S1 17 11 25 3L>=3 PH:7.6 COD: 17mg0/L

15




@

4.3.3

PBDE ELISA

ng/L

ELISA

=+

GENESIS-Lite Labsystems

ELISA

4.3.4
PH:7.6 COD:17mg0/L SS:10mg/L
S1 17 11 25 3L=3 CI-:31mg/L
PH:6.8 COD:7.7mg0/L SS:7.1mg/L
52 SL><3 C1-:1900mg/L
3 3Lx3 PH:6.7 COD:2.4mg0/L  SS:8.3mg/L

Cl :15mg/L

16




5.1
€Y)
5.1.1
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.871 0.703 0.547 0.431 0.203 0.131
0.920 0.694 0.559 0.408 0.202 0.135
0.898 0.689 0.556 0.433 0.206 0.133
5.1.2 [Y=B+(A-B)(+CXY ]
A B C N R?
0.897 0.087 13.7 0.991 *
* RZ
5.1.1

T ThdoZ

0005

I 0.020

17




5.1.3

S0 s1 s2 s3 s4 S5
pg/Ll 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
0.891 0.705 0.567 0.405 0.188 0.130
ELISA 0.904 0.683 0.534 0.411 0.189 0.134
0.896 0.674 0.569 0.415 0.191 0.133
0.893 0.687 0.556 0.410 0.189 0.132
ng/L 0.025 0.052 0.108 0.506 1.259
ng/L 0.003 0.005 0.003 0.009 0.064
% 10.2 10.3 2.6 17 51
* % 100 104 108 101 126
100% %
20%

126%

0.025 1.0ug/L

18
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0904+
o804
0704+
0804+
0.504
o404
0.0+
0204+

oa0-F

“Todoed
oo

I
0005 gg0

0020
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5.1.4

STD1 STD2 STD3 STD4 STD5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.941 0.716 0.573 0.422 0.225 0.152
0.959 0.757 0.561 0.416 0.219 0.148
0.955 0.704 0.536 0.421 0.225 0.152

5.1.5 [Y=B+(A-B)(+CXY) ]
A B C N R2
0.953 0.132 22.7 1.08 *
* RZ
5.1.2




5.1.6

20

S1
ug/L | 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
1 2 3 4 5 6 7 8
0.742 0.734 0.717 0.700 0.706 0.707 0.712 0.708
ELISA 0.728 0.706 0.706 0.712 0.716 0.719 0.707 0.719
0.732 0.719 0.727 0.720 0.704 0.726 0.708 0.710
( : 0.734 0.720 0.717 0.711 0.709 0.717 0.709 0.712
ug/L | 0.022 0.024 0.025 0.025 0.026 0.025 0.026 0.025
ng/L 0.0011
1 33D 0.0033ug/L 10SD 0.011pg/L
5.1.7
SO
pg/L 0
10
0.956 0.941
0.957 0.960
ELISA
0.976 0.927
( : 0.923 0.931
0.936 0.950
0.9457
0.0169




S0 ABS-3S.D.= 0.9457-3><0.0169=0.8949
5.1.5 0.0053ug/L
0.025ug/L SD
3SD 10SD 0.0033pug/L
0.011ug/L Oug/L 0.0053ug/L
( 0.020pug/L 0.025ug/L)
(©))
5.1.8
STD1 STD2 STD3 STD4 STD5
ug/L 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3
ELISA 0.832 0.614 0.500 0.361 0.181 0.125
0.807 0.628 0.502 0.371 0.167 0.123
0.826 0.620 0.494 0.351 0.170 0.114
5.1.9 [Y=B+ (A=-B)@+CXY 1
B C N R2
0.822 0.090 18.8 1.05 *

RZ

21




5.1.3

“[Todoy T 020 I 020
00 0.005 0010 0.050

| Conc

5.1.10

S3

ug/L 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

0.344 0364 A 0362 | 0361 @ 0358 . 0368 0352 @ 0.364

0.358 : 0.352 : 0.354 | 0.365 : 0.357 : 0.367 ;| 0.365 : 0.351
ELISA

0.374 0.352 0.367 0.358 0.359 0.362 0.354 0.370

0.359 0.356 0.361 0.361 0.358 0.366 0.357 0.362

ug/L | 0.104 0.106 0.103 0.102 0.104 0.100 | 0.105 0.102

ug/L 0.0017
% 1.7
0.10pg/L 8
1.7 0.2ug/L 2.74%

22




4

5.1.11.1

STD1 STD2 STD3 STD4 STD5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.817 0.641 0.479 0.366 0.168 0.125
0.809 0.629 0.476 0.364 0.166 0.114
0.789 0.627 0.488 0.354 0.164 0.120

5.1.12.1 [Y=B+(A-B)(+CXY) ]
A B C N R2
0.807 0.100 251 1.15 *
* RZ
5.1.4.1

Todoy T 0020 I [ 030 I
a0 0.005 ado 0.050 ola 0.50 1

| Cone

23



5.1.11.2

STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.812 0.617 0.469 0.346 0.168 0.121
0.809 0.614 0.488 0.344 0.168 0.123
0.805 0.615 0.467 0.348 0.169 0.117

5.1.12.2 [Y=B+(A-B)(+CXY) ]
A B c N R?
0.809 0.102 26.0 113 *
R2
5.1.4.2

070

0804

050

0404

030

0204

0.104

T0.002 T
o 0008 adia

0.020

24




5.1.11.3

STD1 STD2 STD3 STD4 STD5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.818 0.628 0.488 0.366 0.188 0.135
0.772 0.632 0512 0.377 0.185 0.134
0.833 0.624 0.519 0.365 0.179 0.126

5.1.12.3 [Y=B+(A-B)(+CXY) ]

A B c N R?

0.808 0.107 207 1.10 *

R2
5.1.4.3

070

050

050

0404

030

020

010

—a0

T0.002
00

0.00s oo

0020

25




5.1.13

S1

S2

S3

S4

S5

ug/L

0.025

0.025|0.025

0.05

0.05

0.05

0.10

0.10

0.10

0.50

0.50

0.50

1.0

1.0

1.0

0.812

0.810

0.818

0.606

0.629:0.618

0.499

0.495

0.506

0.346

0.336

0.364

0.160

0.169

0.181

0.116

0.120

0.138

0.827

0.800

0.810

0.640

0.610/0.612

0.485

0.505

0.502

0.349

0.334

0.366

0.174

0.167

0.178

0.117

0.131

0.139

0.809

0.788

0.812

0.618

0.624:0.614

0.484

0.499

0.507

0.337

0.349

0.359

0.171

0.173

0.168

0.117

0.130

0.134

0.816

0.794

0.813

0.622

0.621|0.615

0.490

0.500

0.505

0.344

0.339

0.363

0.169

0.169

0.176

0.117

0.127

0.137

ng/L

0.025

0.023:0.027

0.051

0.045

0.050

0.107

0.104

0.106

0.429

0.414

0.482

1.554

1.121

1.090

ng/L

0.0017

0.0032

0.0018

0.037

0.25

%

6.6

6.4

1.6

8.4

20.6

2.2%)
10%

1.

6%

1.

0.5ug/L

Oug/L

26

(0.10ug/L

20.6%




®

5.1.14.1

STD1 STD2 STD3 STD4 STD5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.871 0.703 0.547 0.431 0.203 0.131
0.920 0.694 0.559 0.408 0.202 0.135
0.898 0.689 0.556 0.433 0.206 0.133

5.1.15.1 [Y=B+(A-B)(+CXY ]
A B C N R?
0.897 0.087 13.7 0.991 *
* RZ
5.1.5.1

T ThdoZ

I
0.005

0.d20

27




5.1.14.2

STD1 STD2 STD3 STD4 STD5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.650 0.529 0.418 0.281 0.157 0.118
0.641 0.503 0.409 0.296 0.161 0.112
0.641 0.534 0.418 0.291 0.160 0.114

5.1.15.2 [Y=B+(A-B)@+CXYH ]

A B c N R?

0.644 0.114 415 1.33 *

R2
5.1.5.2

——o0.0-

T0.dod
i)

)
0,005 0010

0020

0.050

28




5.1.16

SO S1 S2 S3 S4 S5
0 1 0 1 0 1 0 1 0 1 0 1
ug/L 0 0 0.025 | 0.025 | 0.05 0.05 0.10 0.10 0.50 0.50 1.0 1.0
3 3 3 3 3 3 3 3 3 3 3 3
0.891 | 0.689 | 0.705 | 0.519 | 0.567 | 0.413 | 0.405 | 0.292 | 0.188 | 0.156 | 0.130 | 0.122
0.904 0.665 | 0.683 | 0.538 | 0.534  0.414 | 0.411 | 0.292 | 0.189 @ 0.147 | 0.134 | 0.119
0.896 | 0.698 | 0.674 | 0.530 | 0.569 | 0.406 | 0.415 | 0.295 | 0.191 | 0.148 | 0.133 | 0.123
0.896 | 0.684 | 0.687 | 0.529 | 0.556 | 0.411 | 0.410 | 0.293 | 0.189 | 0.150 | 0.132 ' 0.121
ug/L 0.025 | 0.023 | 0.052 | 0.051 | 0.108 { 0.101 | 0.506 | 0.433 | 1.26 1.51
ug/L 0.003 | 0.002 | 0.005 | 0.001 | 0.003 : 0.001 | 0.009 : 0.045 | 0.064 : 0.408
% 10.2 7.9 10.3 2.5 2.6 1.0 1.7 10.4 5.1 26.8
(0.10ug/L
4.74%) 1.0% 0.5ug/L 10%
1.0pg/L 26.8%
151%

29




(©)

5.1.17.1 ( A)
STD1 STD2 STD3 STD4 STDS
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.739 0.618 0.465 0.380 0.184 0.122
0.723 0.600 0.457 0.345 0.185 0.119
0.737 0.611 0.468 0.334 0.181 0.109
5.1.18.1 [Y=B+(A-B)(Q+CXY ]
A B C N R2
0.736 0.111 26.3 1.21 *
* RZ
5.1.6.1

Moo
o

T | 0.020
0003 oo

T
0.050

30




5.1.17.2 ( B)
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.871 0.703 0.547 0.431 0.203 0.131
0.920 0.694 0.559 0.408 0.202 0.135
0.898 0.689 0.556 0.433 0.206 0.133
5.1.18.2 [Y=B+(A-B)(+CXY ]
A B C N R?
0.897 0.087 13.7 0.991 *
RZ
5.1.6.2
T
£ S \‘4\‘
0304 \\“\

0204

0.000

L]

31




5.1.17.3 ( 0)
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 1.084 0.818 0.670 0.511 0.267 0.193
1.052 0.806 0.667 0.500 0.255 0.190
1.081 0.814 0.676 0.511 0.256 0.197
5.1.18.3 [Y=B+(A-B)@Q+CXY) ]
A B C N R?
1.07 0.136 14.0 0.974 *
RZ
5.1.6.3

on

Todod
00

0005 0010

0020

32




A,B: C:
5.1.19
SO S1 S2 S3 S4 S5
ug/L 0 0 0 1]0.025/0.025{0.025/0.05{0.05{0.05|0.10{0.10{0.10({0.50{0.50{0.50( 1.0 {1.0{ 1.0
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
0.779:i0.891i1.068{0.583:0.705:0.829|0.499:0.567:0.676|0.348:0.405i0.493(0.172:0.188:0.269|0.132:i0.130:0.187
0.790(/0.904{1.087{0.605/0.683/0.825|0.493/0.534/0.685|0.349/0.411/0.513{0.178(0.189/0.252|0.128/0.134(0.187
0.785:0.896:1.078({0.592:0.674:0.816{0.499:0.569:0.690(0.334:0.415:0.496(0.182:0.191:0.263|0.130:0.133:0.187
0.785{0.897{1.078({0.593{0.687{0.823|0.497/0.556{0.684|0.343{0.410{0.501{0.177{0.189{0.261|0.130{0.132{0.187
ug/L — — 0.025:0.025:0.023({0.046:0.052:0.047|0.104:0.108:0.106|0.395:0.506:0.454{1.205:1.261:1.258
},tg/L 0.0009 0.0034 0.0018 0.055 0.031
% 3.9 7.2 1.7 12.2 2.5
12% 1.0pg/L

120 126 125%

33




Q)

5.1.20.1

STD1 STD2 STD3 STD4 STDS

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3
ELISA 0.812 0.617 0.469 0.346 0.168 0.121
0.809 0.614 0.488 0.344 0.168 0.123
0.805 0.615 0.467 0.348 0.169 0.117

5.1.21.1 [Y=B+(A-B)/(+CXY ]
A B C N R2
0.809 0.102 26.0 1.13 *
* RZ
5.1.7.1

—on

T oz
0o

0.005 a0

o.620

T
0.050

34




5.1.20.2

S0 s1 s2 s3 sS4 S5

ug/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3

ELISA 0.810 0.629 0.495 0.336 0.169 0.120
0.800 0.610 0.505 0.334 0.167 0.131

0.788 0.624 0.499 0.349 0.173 0.130

5.1.21.2 [Y=B+ (A-B)Q+CXYH ]
A B c N R?
99.9 14.3 343 1.24 *
R2
5.1.7.2 PBDE-47 (%B/Bo)

ZRB/ED

—

100

Togod 1
0o

0.00s

0010

0020

T
0.0s0

35




5.1.20.3

S0 s1 S2 S3 sS4 S5

ng/L 0 0.025 0.05 0.10 0.50 1.0

3 3 3 3 3 3

ELISA 0.810 0.666 0.526 0.368 0.183 0.131
0.800 0.661 0.534 0.363 0.174 0.134

0.788 0.670 0.527 0.368 0.180 0.131

5.1.21.3 [Y=B+ (A-B)(@+CXY ]
A B c N R2
100 15.9 43.9 1.39 *
R
5.1.7.3 PBDE-99 (%B/Bo)

ZRB/ED
100

——o.0-

S0+

80

04

B0

S0+

40+

oL

20+

T0do2 I
0’ 003 oo

0020

T
0050

36




5.1.20.4

SO S1 S2 S3 S4 S5
},Lg/L 0 0.05 0.10 0.20 1.00 5.00
3 3 3 3 3 3
ELISA 0.810 0.712 0.649 0.553 0.369 0.197
0.800 0.709 0.652 0.572 0.357 0.192
0.788 0.694 0.649 0.570 0.367 0.192
5.1.21.4 [Y=B+ (A-B)(@+CXY) ]
A B C N R2
100 10.4 1.59 0.764 *
»
5.1.7.4 PBDE-28 (%B/Bo)

%B/ED
100

S0

a0

04

g0

so-t

40+

30+

20+

a0 | 0.020 T [ 020 I 20
ag 0.005

37




5.1.20.5

S0 s1 s2 s3 sS4 S5
ng/L 0 0.10 0.50 5.0 10.0 50.0
3 3 3 3 3 3
ELISA 0.810 0.667 0.534 0.314 0.240 0.103
0.800 0.658 0.520 0.316 0.244 0.110
0.788 0.659 0515 0.303 0.236 0.105
5.1.21.5 [Y=B+ (A-B)Q+CXYH ]
A B c N R?
100 -8.50 0.615 0.474 *
R2
5.1.7.5 PBDE-100 (%B/8Bo)

SB/B0
100+

20+

80

04

60

sot

a0

EEE

20+

—n

T 1
0.050

oioo.ow 0.0

5.1.22
PBDE-47 PBDE-99 PBDE-28 PBDE-100
50% ug/L 0.077 0.0874 0.743 2.01
100.0 88.1 10.3 3.83
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3 PBDE-99 88.1% PBDE-28 10.3 PBDE-100 3.83%
(PBDE-99 90.0% PBDE-28 15.0% PBDE-100 2.45%)

5.2
@
5.2.1
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.838 0.624 0.499 0.387 0.184 0.137
0.808 0.626 0.518 0.377 0.171 0.135
0.830 0.631 0517 0.369 0.193 0.140
5.2.2 [Y=B+(A-B)(@+CXY ]
A B c N R?
0.825 0.101 17.3 1.03 *
. R2
5.2.1

Thoes ] a5 T T o \
0° 0005 ga1n aoso olo 0.50 1




0.10ug/L PBDE-47
0,1,5,10,50mg/L
5.2.3
HO H1 H2 H3 H4
Na mg/L 0 1 5 10 50
3 3 3 3 3
0.382 0.363 0.360 0.382 0.367
0.361 0.363 0.357 0.368 0.364
ELISA 0.373 0.356 0.359 0.366 0.363
0.372 0.361 0.359 0.372 0.365
ug/L 0.105 0.112 0.114 0.105 0.110
% 6.03 2.31 0.88 4.87 1.19
% 105 112 114 105 110
PBDE-47 0.10ug/L PBDE-47
100mg/L
¢)
5.2.4.1
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.782 0.594 0.467 0.359 0.168 0.132
0.770 0.591 0.457 0.360 0.167 0.128
0.774 0.583 0.470 0.342 0.167 0.122
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5.2.5.1 [Y=B+(A-B)/(l+CXY ]
A B C N R?
0.775 0.094 18.2 1.04 *
RZ
5.2.2.1
- Todes | s nn 0ds0 [ o ok
iu 001 L
5.2.4.2
STD1 STD2 STD3 STD4 STD5
ug/L 0 0.025 0.05 0.10 0.50 1.0
3 3 3 3 3 3
ELISA 0.804 0.625 0.478 0.348 0.191 0.150
0.788 0.631 0.471 0.382 0.184 0.149
0.797 0.638 0.497 0.361 0.183 0.154
5.2.5 [Y=B+ (A-B)(+CXY
A B C N R?
0.797 0.137 34.1 1.23 *

RZ
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5.2.2.2

——0.0-

ToeeE
ik

) 0.020
0005 0010

T
0.0s0

5.2.6.1 (ELISA )
3 3 3
1 0.748 0.737 0.808
ELISA 2 0.741 0.753 0.793
3 0.779 0.722 0.789
1 <0.0033 | <0.0033 | <0.0033
2 <0.0033 | <0.0033 | <0.0033
po/L
3 <0.0033 | <0.0033 | <0.0033
ug/L | <0.0033 | <0.0033 | <0.0033
%
ELISA 1 0.0033ug/L 2 0.0053ug/L
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5.2.6.2

GCNS )

<0.0005 | <0.0005 @ <0.0005

<0.0005 = <0.0005 = <0.0005

no/L
<0.0005 | <0.0005 | <0.0005
ug/L | <0.0005 | <0.0005 & <0.0005
GC/NS (VDL)  0.0005ug/L (1000
5.2.6.3 (ELISA )
) ug/L | 0.04 0.04 0.04 0.04
3 3 3 3
1 0.669 0.637 0.638 0.674
ELISA 2 0.661 0.661 0.645 0.687
3 0.664 0.659 0.644 0.663
1 0.018 0.023 0.023 0.017
2 0.019 0.019 0.022 0.016
no/L

3 0.019 0.020 0.022 0.019
ug/L | 0.019 0.020 0.022 0.017
% 3.07 9.60 2.58 9.71
* ug/L | 0.037 0.041 0.043 0.034
% 100 110 116 91.8

50%
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5.2.6.4 (GC/NS )
« ) ug/L 0.04 0.04 0.04
3 3 3
1 0.018 0.030 0.033
2 0.021 0.029 0.027
ng/L
3 0.022 0.030 0.027
ug/L 0.020 0.030 0.029
% 10.6 0.93 12.2
/ % 51.3 75.4 73.5
PBDE-47 ELISA GC/MS
0.04ug/L PBDE-47
ELISA 91 116% GC/MS 51 75%
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(€H)
0.025 1.0pg/L
@)
(0.04pg/L)  PBDE-47
PBDE
PBDE
3)
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2.1

2.1
457-0841 5-16-8
052-692-8481
FAX 052-692-8483
E-mail koj ima@nagoyakankaken.office.to
105-0023 2
9
03-5444-9891
FAX 03-5444-9860
E-mail eco jechem.co.jp
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3.1

PBDE
PBDE ELISA
ELISA PBDE PBDE
3.2
3.2 1
PBDE ELISA
PN500090
Abraxis LLC
1,300g

OO O

PBDE-47 0,0.025,0.05,0.1,0.5,1.0ppb

) O

2 8

12

40

n=2

1.1




3.2 2
0.025 1pg/L PBDE-1
0.020ug/L 0.025ug/L
0.006 2.74
0.0021 2.2
0.0045 4.74
0.02 3.89
PBDE-2
GC/MS R 0.872
PBDE-3

Barbara Hughes (QA Manager)

17 8 30




4.1

17

17

4.1

12

11

10




4.2

4.2

4.2

€))

ELISA

&)

ELISA

©)

ELISA

4)

ELISA

®

ELISA

(©)

ELISA

Q)

ELISA

@

ELISA

&)

ELISA




o
OELISA
OELISA

2 ELISA
OELISA

OELISA

ELISA
ELISA
ELISA
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ELISA

Lot No.

00000

Lot No.

00000

4.3




4.4

PBDE

Model-6,

BLK
-parameter logistic fitting

GENESIS-LITE

10

ELISA



PBDE

PBDE Standard Solution PBDE47:

50
4.4.1
4.4.1
ng/L
0 0.025, 0.05, 0.10, 0.5, 1.0
PBDE-47 ’ ’ ’ ’
.02 ; .1 .5, 1.
PBDE-47 0 0.025, 0.05, 0.10, 0.5, 1.0
! PBDE-47 0. 0.025
0.10
PBDE-47
PBDE Congener99 0.025, 0.05, 0.10, 0.5, 1.0
PBDE Congener28 0.05, 0.10, 0.20, 1.0, 5.0
PBDE Congener100 0.10, 0.5, 5.0, 10, 50
3
8 SD
SD 3SD 10SD
1 0
10 SD 3SD 0
2

11




n=8

PBDE-47 (PBDE Congener99, PBDE Congener28,PBDE
Congener100 3
50
PBDE-47 50 / 50 =100
50
50
20 10
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GFC 1.2um

PBDE-47

4.4.2

4.4.2

PBDE-47

0.1ug/L

0 1 5 10 50 mg/L

PBDE-47
ELISA

13




3.2

3.2

14

ELISA

10



Development of a Sensitive Magnetic Particle Immunoassay for Polybrominated Diphenyl Ethers.
Paper presented at the 2005 Dioxin Conference,held in Toronto Canada on 8/22/05(
PBDE-4)
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& AT+ PBDE-1
1D BEdRHE

1.30 A
1.08 +

0.82 4

0.71 A

0.8 -

Absorbance 450 nm

0.28

25 1 100 400 1000

-PBDE Congener 47 (pgimL)

EEEH:0.025 ~ lpg/l
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(¥ PBDE-2

-7 %R
(BB, =a0%i-m R EL 1= d N TR L TFEH PR S0 e A PR i B 2N TEREE LT R
1)

LDD50% B/Ba Compound {ppb) (ppb)
PEDE Congener 47 0.m7 0135
PBOE Congener 29 002 015
PBDE Congener 28 05 09
PEDE Congener 100 Q085 54
PBDE Congener 153 0075 10
PBCE Congener 154 a5 580
PBDE Congener 183 135 2000
PBEDE Congener 2049 0 3000
2,2' 4.5 Tetrabramabiphenyl 66 250

2,2 44" 55 Hexabromobiphenyl 130 >1000
24' 5 Trbromehiphenyl 160 2800
2,2 5 Tnbromebiphenyl 175 2800

2 4 5 Trbramahiphenyl 240 3200
2,2 4,56 Pentabromobiphenyl 320 =1000
3,3 4 4' 5 5 Hexabromobiphenyl =1000  =1000
2,24 4'6,6' Haxabromobiphenyl =1000 =000
Decabromobipheny| >1000 =100
PCB Aroclor 1254 3 180
PCE Congener 37 160 2000
PCB Congener 77 =1000 =000
2,7 4 4' Tetrachlorobiphenyl 16 360
2.2 4 4' & Pentachlorobiphenyl 54 1500
PCP 3300 =10,000
24D =10,000 =10,000

The following compeunds demanstrated no reactivity in the PBOE RaPID Assay at concentrations
up to 10,000 ppb:  Biphenyl, 2,5-Dichlorophenal, 2,3,5-Trichlorophenol, Di-n-octyl-phthalate.
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WAT&EE  PBDE-3

2-(D A

BEAK~ORMEIRER
BigEAK4Y 7N GGERK, HFAK=fEIK, i, BKE»LER) ~OFM

GIEL ST

PBDE #M& EEvEL 3
(ppt) EHEME (ppt) | BHEREZE (ppt) | BIRE (%)
62.5 56.4 2.87 90.2
125 131.5 5.30 105.2
250 2706 12.8 108.3
500 5104 28.32 1021
Average 101.4
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Development of a sensitive magnetic particle immunoassay for pelybrominated diphenyl
ethers

Fernando Rubio', Carmen D Parrotta’, Qing X Li%, Weilin L Shelver®, Fernando Rubio*

1Abraxis Lic
Zpepartment of Molecular Biosciences and Bioengineering, University of Hawail at Manoa
3USDA-ARS Biosciences Research Laboratory

Introduction

Polybrominated diphenyl ether (PBDE) mixiures are manufactured as flame refardant additives for electronic
equipment, plastics and texiiles’. Three types of commercial PBDE mixtures find wide application?, namely
“pentaBDEs", “octaBDESs", and “decaBDEs", The penta formulation consists of a mixture of PBDE congeners that
includes® BDE-47, BDE-99, BDE-100, BDE-153, and BDE-154. The octa formulation consists primarily of BDE-183,
while the deca formulation consists primarily of BDE-209. North America accounts for approximately 98% of the

global demand for the penta formulation®.

PBDEs are ublquitous environmental contamlnants. their bioaccumulation has led to the detection of PBDEs in many
species of wildiife®, human blood plasma and in human mother's milk’. PBDEs are structurally similar to
polychlorinated bcphanyls (PCBs), polychlonnated dibenzodioxins (PCDDs), and thyroid hormones, and therefore may
interfere with thyroid hormone homeostasis®, Because of their potential health consequences it is desirable to have a
rapid and high throughput assay to monitor PBDEs.

The quantification of PBDE samples is usually done by gas chromatography-mass spectrometry (GC-MS) or GC/
high resolution MS (GC/HRMS). While these methods are reliable, they are sophisticated and require extensive
purification using large volumes of extraction solvents. The analysis of large numbers of samples using these
techniques is not feasible. Therefore, a rapid, simple, and cost-effective method for the screening and quantitative
analysis of PBDEs is required. Rapid, sensitive, accurate, and cost-effective enzyme immunoassays (ELISAs), have
provided the analytical chemist an alternative tool to traditional instrumentation methods.

Magnetic particle-based ELISAs have previously been described and widely applied to the detection of pesticides
and other environmental contaminants® ' in various sample matrices, including water, soil, produce, and fish tissue.
The uniform dispersion of the particles throughout the reaction mixture allows for rapid reaction kinetics, precise
addition of antibody and superior analytical sensitivity. This paper describes the assay performance of a PBDEs
magnetic particle-based ELISA in ground water.

Materials and Methods

Carboxy terminated superparamagnetic particles of approximately 1 mm diameter were obtained from Seradyn
(Indianapolis, IN). N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3-dimethylamino-propyl) carbodiimide (EDAC) were
purchased from (Sigma-Aldrich, St. Louis, MO). Rabbit anti-PBDEs serum #122 was produced by immunizing the
rabbit with 42, 4-dibromo-5<2, 4-dibromophenoxy)phenoxy)butyrate-BSA in according to Shelver et al.'2 The
PBDE ligand and horse radish peroxidase {HRP) were conjugated via NHS and EDAC reaction to yield PBDEs-HRP
conjugate {Abraxis, Warminster, PA). TMB peroxidase substrate was purchased from BioFx (Randallstown, MD).
PBDEs, PCBs, PCP and 2, 4-D were obtained either from Chem Service, West Chester, PA or AccuStandard, New
Haven, CT).

The anti-PBDEs coupled magnetic particles were prepared by NHS/EDAC activation, according to the procedure
supplied by Seradyn. The unbound NHS/EDAC was removed from the particles by magnetic separation and washing ~
two times with 50 mM of 2-(N-morpholino) ethane sulfonic acid (MES) buffer (pH 6.0). The PBDE antiserum and the
activated particles were incubated overnight at room temperature with agitation. The reaction was then quenched with
glycine buffer and the covalently coupled anti-PBDEs particles were washed and diluted with a Tris-saline/BSA
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preserved buffer.

During the assay procedure, magnetic separation was parformed using a magnetic separation rack (Abraxis,
Warminster, PA). The device consisls of a magnetic separation rack and a test tube holder, which fits over a
magnetic separation rack containing permanent rare earth magnets. The two-piece design allows for up to sixty tubes
to be set up, incubated and magnelically separated without removing the tubes from the tube holder.

Water samples were analyzed directly without any sample extraction or pre-concentration. After mixing 1:1 with
mathanol, 250 mL of the sample and ant-PBDE coupled magnetic particles (500 mL) were added to a disposable
glass test tube and incubated for 20 minutes at room temperature. An aliquot of PBDE-HRP solution (250 mL) was
added and the reaction was incubated for 20 minutes at room temperature. A magnetic field was applied to the
magnetic solid-phase to facililate washing and removal of unbound PBDE-HRP and to eliminate any polential
interfering substances. The enzyme substrate and chromogen (peroxide/TMB) were then added (500 mlL) and
incubated for 20 minutes, The reaction is stopped with the addition of 2 N H,50, (500 mL) and the final color was

read with analyzed using a photcmeiat by determining the absorbance at 450 nm. The observed absorbance dala
were compared to a linear regression line using a log-log standard curve prepared from calibrators containing 0, 25,
50, 100, 500 and 1,000 parts per trillion (ppt) of BDE-47.

Results and Discussion

Dose Response Curve and Sensitivity. Figure 1 illustrates the mean

- standard curve for the BDE-47 calibrators collected over 24 assays, error
= bars represent one standard deviation (SD, n=24). The displacement at the
g 25 ppt level is significant (84% B/Bo, where B/Bo is the absorbance at 450
g nm observed for a sample or standard divided by the absorbance at the zero

standard). The assay sensitivity in water based on 90% B/Bois 17 ppt.

Precision, Table 1 shows the results from a precision study in which surface
and groundwater samples forified with BDE-47 at 3 concentrations were
> = = - - each measured 5 limes per assay and on five different days. The within and
between day varation was estimated by the method of Bookbinder and

Panosian'®, Coefficients of variation below 5% were observed.

Table 1 Table 2

Precision of BDE-47 Measurements in Water BDE-47 Recovery in Water

Conc. of Recovery Control 1 2 3
BDE-47 Mean SD. Accuracy. Known amounts
Added (pph) (b (ppll % Replicetes 5 5 5 of BDE-47 were added to
Days 3 3 3 four groundwater samples
62.5 64 29 %0 I
125 131.5 53 105 Meer e g ;; if , | obtained from Warminster,
250 2706 128 108 % CV (withi 12 22 20 PA. The samples included
500 5104 283 102 Cuibinessy) o : ' waksr B0
: %OV (etworn assg) 44 43 40 a municipal wa urce, a
Average 101.4
reservoir, a lake, a pond,

and a creek. The accuracy (recovery) was assessed by analyzing the
samples before and after the addition of BDE-47 and then subtracting the estimated concentration of PBDE before
spiking. None of the samples had significant levels of PBDEs. Added amounts were accurately recovered (Table 2).
An average assay recovery of 101% was obtained.
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Table 3 Specificity. Table 3 summarizes the cross-reactivity data of the PBDE
assay for various PBDE congeners as well as other environmental
e - contaminants such as PCBs, PCP, and 2,4-D. The percent cross-reactivity
Specificity (Crass-Reactivity) was determined by estimating the amount of analogue required to displace
EON 0 Bo 50% of the enzyme conjugate and comparing to the 50% displacement of
Capoured () (eph) the BDE-47 standard curve. The resulls. showed that the antibody
BOE 47 oM 0435 recognizes BDE-47 and BDE-99 equally well, the higher the brominate
i e I substitution the less cross-reactivity was observed. The antibodies have
BOE 100 o055 5% less than 0.1% cross-reactivity for Aroclor 1254,
BDE 153 8.075 10
BOE 154 as 580
BOE -183 135 2000 Conclusions
BOE -209 37 3000
Aroclor 1254 3 180
m 1%0 32& This work describes the performance characteristics of a magnetic
PCR 300 0000 particle-based ELISA for the detection of PBDEs in groundwater samples.
24D © 10000 >10000 The assay is fast, and eliminates the need for expensive instrumentation
-] and soclvent disposal. The ELISA exhibits good precision and accuracy

which can provide consistent and cost-effective monitoring of water
samples. Using this ELISA, fifty resulls can be obtained in about one hour. Future efforts will be to extend these
observations o the analysis of other type of matrices such as food, serum, milk, soil, and to perform comparison with
other analytical methods.
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PBDE
PBDE ELISA
ELISA PBDE
PBDE
(
)
PBDE
20
PBDE
PBDE
PBDE
33’557~
Color Solution
PBDE
20
Stopping Solution
PBDE
PBDE
PBDE ELISA
PBDE PBDE

Antibody Coupled Paramagnetic
Particles

PBDE
100 60mL
PBDE Enzyme
Conjugate
100 30mL
PBDE PBDE Standards

0.025, 0.05, 0.1, 0.5, 1.0ppb
PBDE(#47)
50%
100 2mL

Control

PBDE ELISA

PBDE 0.25ppb
50%
100 2mL

Diluent/Zero Standard (Sample

Diluent)
PBDE
100 35mL
Color Solution
337557~
100 65mL
Stopping Solution
0.5%
100 60mL

T Washing Solution T

100 250mL
Test Tubes
100 36 3
2-8
250, 500 pL
1mL
Magnetic
Separation Rack
450nm
6N
PBDE 1.0ppb

Diluent/Zero Standard (Sample
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Diluent) 10
900pL
100pL

%

100ppm

PBDE
PBDE Antibody Coupled Paramagnetic
Particles

Magnetic
Separation Rack 2



0.25ppb

°
1
2.
< >
No.
12 / , 0 ppb
34 1, 0.025 ppb
5,6 2, 0.05 ppb
78 3,0.1 ppb
9,10 4,0.5 ppb
11,12 5, 1.0 ppb
13
14 1
15 2
16 3
3.250 uL PBDE PBDE
Standards Control
2.
4, PBDE PBDE
Antibody Coupled Paramagnetic Particles
500 uL
5.
1 2
6 20
7.250 uL PBDE

Enzyme Conjugate

2.1mL T Washing Solution T

4.12. 13.

500 uL Color

Solution

10,000ppb

5444-9860

16.
1 2
17. 20 ELISA
18. 500uL Stopping Solution 25
_n_
19. ImL T
Washing Solution T 20.
°
20. 15
450 nm 105-0023
2 1
9F
1 TEL: 03-5444-9891 FAX: 03-
E-mail: eco@jechem.co.jp
1. URL: http://www.jechem.co.jp
2.
B/B,
3. B/B, Y
X
4. B/B,
° Abraxis
PBDE ELISA
0.017ppb B/B,=90%
PBDE ELISA
B/B,=90%
50% 2
LDD
50% B/Bo Compound
(ppb)
(ppb)
PBDE Congener 47 0.017 0.135
PBDE Congener 99 0.02 0.15
PBDE Congener 28 0.045 0.9
PBDE Congener 100 0.055 55
PBDE Congener 153 0.075 10
PBDE Congener 154 35 580
PBDE Congener 183 135 2000
PBDE Congener 209 370 3000
2,2',4,5' Tetrabromobipheny! 6.6 250
2,2',4,4' 5,5 Hexabromobiphenyl 130 >1000
2,4',5 Tribromobiphenyl 160 2600
2,2',5 Tribromobiphenyl 175 2900
2,4,5 Tribromobiphenyl 240 3200
2,2',4,5',6 Pentabromobiphenyl 320 >1000
3,3,4,4',5,5' Hexabromobiphenyl >1000 >1000
2,2'4,4'6,6' Hexabromobiphenyl  >1000 >1000
Decabromobipheny! >1000 >1000
PCB Aroclor 1254 3 180
PCB Congener 37 160 2000
PCB Congener 77 >1000 >1000
2,2',4,4' Tetrachlorobipheny! 16 360
2,2',4,4'5 Pentachlorobiphenyl 54 1500
PCP 3300 >10,000
2-4-D >10,000 >10,000
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PBDE

L] 11 n 25 25 25
2 Mean (ppb) 0.047 0.095 0514
PBDE %CV ( ) 3.16 2.17 1.98
% CV ( ) 4.35 4.78 3.97
)
HPLC
Data Reduct Lin. Regression
Xformation Ln/Ln
° Read Mode Absorbance ®
Wavelength 450 nm
Units PPT 105-0023
#Rgt Blk 0 2 1
HPLC N OF
Calibrators: TEL: 03-5444-9891 FAX: 03-5444-9860
#0of Cals ' 6 E-mail: eco@jechem.co.jp
ss #0f Reps 2 URL: http://www.jechem.co.jp
0.2 um
AnOtOpTM 25 PIUS, Whatman, Inc. Concentrations:
#1: 0.00 PPT
#2: 25 PPT
#3: 50 PPT
b #: 100 PPT
#5: 500 PPT
PBDE #6: 1000 PPT
Range 20 - 1000
Correlation 0.990
Rep. %CV 10%
° Abraxis
B/B, 90% 17ppt
0.017ppb
4
PBDE
d 11
1.
Amount of  ---=---mmmm- Recovery -------------
2 B/B PBDE Mean S.D.
0 Added (ppt) (ppt) (ppt) %
3. B/B, Y
X 62.5 56.4 2.87 90.2
125 1315 5.30 105.2
250 270.6 12.80 108.3
4. B/B, 500 510.4 28.32 102.1
PBDE Average 101.4
PBDE Control 1 2 3
Replicates 25 5 5 5
Days 5 5 5
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