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ABSTRACT

Keywords : PBDEs, Building Material, Risk assessment

According to the statistics of the World Health Organization (WHO),
"human life is 90% of the average time in a generalized indoor space”,
and "about 57% of the material intake per person per day comes from
indoor air". The indoor air quality is good Affect human health and safety
and comfort, and indirectly affect the economic productivity, Building
codes require the addition of flame retardants to enhance the fire
performance of buildings. However, there are a wide range of flame
retardants, such as PBDEs, TBBP-A, PBBs and HBCD flame retardants,
which are of widespread concern. Internationally step by step the ban on
the control, as a result of this widely used indoor indoor green health
building materials standard products containing brominated flame
retardants screening survey. This study screened the material safety data
sheet of the currently valid mark and checked whether the current mark
contains brominated flame retardant compound.

Another discussion of international and domestic research on the
status of brominated flame retardants in building materials or related
products survey and further collect the collection of building materials
brominated flame retardants related test standards and methods of
investigation and evaluation of the final study to explore the impact of
brominated flame retardants indoor Environmental and indoor living
people to assess the health benefits to develop future green building
materials mark in the brominated flame retardants to promote the
proposal to effectively understand the brominated flame retardants on the
public home environment and health hazards to obtain a better indoor
environment quality.

This research project finished the screening and analysis of
brominated flame retardants in our country's health green building
materials, and got an understanding of the status quo of brominated flame
retardants in healthy green building materials. At the same time, in the
national, external green building materials and environmental protection
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building materials, The investigation of the status quo and the related
testing standards and methods have the following important conclusions

1~

Collection and discussion of the literature on the control, status quo
and relevant standard test standards for brominated flame retardants
in domestic and foreign construction materials and indoor
environments, including the standards such as ISO and NIEA.

~ The survey completed in this year ended in April, 106, 496

assessments of the current effective health and green building
materials mark and the relevant screening and screening tests of
brominated flame retardant substances of the health and green
building materials standard products all met the specifications , And
to ensure the quality of green building materials products.
Brominated flame retardants contain a variety of different project
compounds, and the screening table is prepared for use by the green
building materials assessment agencies. The SDS of some other mark
assessment books is too simplistic to check the actual additions.

~ Complete the building materials to test the escape of brominated

flame retardants, according to 1SO 16000-25 method and NIEA
T506.30B test standards, draft the draft standard.

~ The evaluation of the health benefits of brominated flame retardants

to the indoor environment, in addition to electronic products,
building materials and furniture as important sources, a number of
brominated flame retardants have been banned in the world, the
domestic building materials do need to detect brominated flame
retardant Agent substances.
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AEFR I M ES Y 2 LA PR HERACT
2,2°,4,4’-tetrabromodiphenyl ether : 2,2'4,4'-w ;8.= F ft
2,2°,4,4’ 5,5 -hexabromodiphenyl ether : 2,2'4,4'5,5'-> 8. = F i
2,2’,4,4° 5,6’-hexabromodiphenyl ether : 2,2'4,4'5,6'-> 4. = ¥ @
2,2’,3,3’,4,5° ,6-heptabromodiphenyl ether : 2,2',3,3',4,5',6-— 4= F @
2,2°,3,4,4’,5° 6-heptabromodiphenyl ether : 2,2',3,4,4'5',6-= 5. = F fi
BBP : ¥ - " R~ AE YA
BFR @ j5. 1t e &
DBP @ #5% - " - 7 fiy
deca-BBs : -+ &5 F
DecaBDE : -+ j4.- Ff
DEHP : #8% - ? fi - % fiy
DEP: #t¥ - " fi=- ¢ fig
DIDP : #8 % = ¥ pa= B % fiy
DINP : s8% = " pi= B I fig
DMP : iR%¥ - " - ¥ fig
DNOP : #8 ¥ - ¥ fi - * fig
EPS : # /2 & ¥ ¢ % (Expanded Polystyrene )
HBCD : = ;5.3 -+ = ¥z (hexabromocyclododecane)
hexa-BBs : = j5.B% ¥
octa-BBs : N LES ¥
Octa-BDES : ™ i&.= F@UR &
PAEs : #8% = © fhfiq%f
PBBs : % ;5.2 ¥ (polybrominated biphenyls, PBB)
PBDEs : % ;5.- % @ (polybrominated diphenyl ethers, PBDES)
PCB: % % B %
Penta-BDEs : 7 /4= F@UR & 4~
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POPs : 4% 4 144 455 4 4

SVOC : 4 M3 #1 &4 (Semi-volatile organic compound)
TBBP-A : = 5. A (tetrabromobisphenyl A , TBBPA)

TVOC : @& 4L 125 ¥ 1 & 4#(Total volatile organic compound)
VOC : 424 |45 # i & 4 ( Semi-volatile organic compound)
XPS : % ¥ ¢ % (Extruded Polystyrene )

A

Xylene @ = 7 %
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2004-2008 2 MW %8 & ~ & T F & #F4 % (the
French Agency for Food, Environmental and Occupational
Health Safety)(AFSSET)® 48 7 T2 H i dr®= w34 | > &
EFHEIERERY > RA G FZERE VOC a2l
ﬂj%%%@ﬁ%iﬁ$ﬁﬁé&ﬁ%éﬂ’@ﬁﬂﬂﬁﬁ
LHFEF P-4 (TVOC) z £2 10 £H - L5 5 8
bty (Bdeprm) 22 FPEET VOC i
s R ke g B AR 2-1 97T e

%r

%021 M RaEH kA 2 Br b

emission classes
Substances CAS standard C B A A+
formaldehyde 50-00-0 ISO 16000-3 >120 <120 <60 <10
acetaldehyde 75-07-0 1SO 16000-3 > 400 < 400 <300 < 200
toluene 108-88-3 ISO 16000-6 > 600 <600 <450 < 300
tetrachlorethylene 127-18-4 ISO 16000-6 > 500 <500 < 350 < 250
xylene 1330-20-7 1SO 16000-6 > 400 < 400 <300 < 200
1,2, 4-trimethylbenzene 95-63-6 150 16000-6 > 2000 < 2000 < 1500 < 1000
1,4-dichlorobenzene 106-46-7 1SO 16000-6 > 120 <120 <90 < 60
ethylbenzene 100-41-4 ISO 16000-6 = 1500 < 1500 < 1000 < 750
2-butoxyethanol 111-76-2 I1SO 16000-6 = 2000 < 2000 < 1500 < 1000
styrene 100-42-5 1SO 16000-6 > 500 < 500 < 350 < 250
TVOC ISO 16000-6 > 2000 < 2000 < 1500 <1000

(FA %R 2008 2 A 7E & RETF & ks §)

% & Green Guard/UL = #4404 &% F 4R

2011 =& B 4> # B Green Guard # % ¥ UL
(Underwriters Laboratories) ¥ Bl %% 7% 9 % 3 -2 &% > 0
BEPRHLETF S LR T RAEH A BHRENR, > ¥4
AT T AR RA G F £ %(Gold) ~ - BIRES & oo
IR R* LEED £ %35 k2 3 i £ CHPS iu#H
% > HEREIE P A L TVOCs ¥ f~4-PC~ & 3% e PM10
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33 58 - VOCs % » A% % 4 4 & (Gold~ — &) » 40k 2-2
N

% 2-2 $F GreenGuard & HMHEa et £5A P

Maximurm Allowable Predicted Concentrations
GREENGUARD Tier Compliance Criteria

Criteria CAS Numbers Certified Gold Units
VO™ . coo 220 pg/m
Formaldehyde 5o-00-0 613 (50 ppb) 9 (73 ppb) pa/m
Total Aldehydes* - 100 43 ppb
Individual VOCs* - 1/1oth TLV 1finoth TIV
4-Phenylcyclohexens 49%4-16-5 b5 &5 wg/m
Particle Matter less than 10 pm® - 50 20 HESM3
Individual VOC Criteria®
Acetaldehyde 75-07-0 - 70 ug/m'
Benzene T-43-2 - 16 ug/md
Carbon disulfide 75-15-0 - Jof ug/mi
Carbon tetrachloride 56-235 = 0 ug/m'
Chlorobenzene 108-00-7 . 460’ ua/mi
Chlorefarm 67-66-3 - 150 g ms
Dichlerobenzene (1,4-) 106-46-7 400 pg/m3
Dichlorpethylene {1,1) 75-35-4 & 15 p/me
Dimethylformamida (N,N-) 68-12-2 - 40 pg/mt
Dioxane (1,4 123-911 T20f pg/m?
Epichlorohydrin 106-89-8 15 pg/mi
Ethylbenzene 100-41-4 - 1000 ug/me
Ethylene glycol 167-21-1 200 ug/mi
Ethylene glycol monoethyl ether To-do-g 35 ug/m®
Ethylene glycol monoethy| ether acetate m-15-9 2 150 Ugfm?
Ethylene glycol monemethyl ether 109-86-4 30 ug/m?
Ethylene glycol monemethyl ether acetate Mo 4g-6 . a5 pg/mi
Hexane (n-} N0-54-3 - 1,760" pa/m
lsopharane 78-59-1 - 280/ pg/m?
lsopropanol 67630 . J.500 pg/m?
Methyl chlorofarm 71-55-6 - 500 pa/mi
Methylene chloride 75-09-2 . 200 ug/m?
Methyl t-butyl ether 1634-04-4 - 1,800 pg/mi
Naphthalene 91-20-3 - 45 pa/m
Phenal 108-95-2 - 100 ug/me
Propylene glycol menomathyl ethar 107-98-2 - 3500 pg/mi
Styrene 100-42-§ . 450 pE/m?
Tetrachloroethylene 127-18-4 . 175 ug/fm?
Toluene 108-B8- - 150 pg/mi
Trichloroethylene 79-01-6 < 300 Hgfm?
Viryl acetate 108-05-4 - 100 wg/me
Xylenes (m-, o-, p- combined) G 2 350 pg/me
-Methyl-2-pyrrolidinamne’ B72-50-4 : 160 Hg/m?

(74 %R : 2010 ~ Green Guard)
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g, 4 <25ppm | USEPA 3051A
US EPA 3050B
NIEA M353
g, 4 <4ppm | USEPA 3050B
US EPA 3051A
NIEA M317
. 4 <0.02 NIEA M318
7 ppm US EPA 7471B
US EPA 7473
NIEA M353
o o <50ppm | US EPA 3050B
US EPA 3051A
R NIEA T504
EE <2 ppm CNS 13105
DRERE NIEA T504
S <2 ppm CNS 13105
NIEA M618
NIEA T206
Y NIEA W660
B e | SOPRM NIEA W635
§64 LFGB L
00.0034
B 2
ws | wF 4 | <Sppm* | LMBG 82.02
P US EPA 3540C
o : <10ppm | US EPA 3550
pe NIEA W542
P US EPA 3540C
wa | T2 1 <10ppm | US EPA 3550
AP NIEA W542
P CNS 15050
o ’fj,%v <10 ppm* | US EPA 8270D
R IEC 62321
s CNS 15050
wsi | 2" | <10 ppm* | US EPA 8270D
R IEC 62321
10-13 US EPA 3540C
B AR US EPA 8081B
B US EPA 8081A
Pl § <10 ppm US EPA 8082
i US EPA 8270C
R US EPA 8270D
& IEC 62321
P NIEA T801
. | 2T .| NIEAM731
BA -0 <10mPmT s Epa 3550C
fis fia 57 CNS 15138-1
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"% M % % Indoor Air,The 13thinternational conference on
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faaiae g s TRp s pFOAH 2P 3
FAFORY ~ BE PG i%*?ﬂﬁ?%%ﬁﬁ%ﬁ%&
FHNE P F FfrF
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R 4 % iR (4.48%) % 12§ chit it £ R (1.12%) | B
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3’?):@ TL 4 s 5 4 (SVOCS) 2T o BB E

TR AT

(=) EFHR B &F

ERZAYARFLAZ - ZEH AT 2
25 & o 45 (Brown SIK. > 1994 Sk N E R £ F
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P

% D.Norback24 »t 1995 & 4z & K F Az @ jF a1 A

7 @ 7oKk 2K A % R (water-based paints, WBP)z it & 4~ i& {7

B

CE AR AR R R R BT 13

#8 > ¢ 4% - Toluene~ Xylene ~ Ethylbenzene ~ Octane ~ Nonane -

Decane ~ Undecane ~ alpha-Pinene ~ delta-Karene ~ Limonene ~

n-Butanol ~ Iso-butanol ~ 2-ethyl-1hexanol » % 2-14 5 -k {4
Zaplz. 2 & VOCs gk A & -

£2-6 B4 k6l — kMg AL BVOCs ik R B (¥ &

pg/m°)
v & %A %+ B

Ty | Ml | RAE | TimE | SRl | L@
Toluene 109 | 54(3.9) 290 216 | 73(3.3) | 2120
Xylene 107 | 94(1.7) 290 132 | 72(3.1) | 620
Ethylbenzene 56 | 52(1.5) 104 49 | 31(2.8) | 170
Octane 5 2(3.5) 36 24 16(2.6) | 150
Nonane 74 38(5.2) 254 200 44(6.3) 2240
Decane 29 9(6.0) 130 380 | 98(4.5) | 4670
Undecane 29 13(4.7) 114 202 65(4.8) | 2030
alpha-Pinene 9 4(4.6) 28 60 21(6.0) 400
delta-Karene 19 6(5.1) 94 8 3(3.9) 70
Limonene 44 25(3.1) 146 237 72(3.9) 2770
n-Butanol 103 | 67(2.8) 324 302 | 69(5.3) | 2500
Iso-butanol 750 | 236(5.8) | 3600 | 380 | 33(5.0) | 6570
2-ethyl-1hexanol 7 4(3.9) 18 31 9(5.8) 210

(F# % ik : 1995D.Norback® + = g)
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IR SR 2 HY Tz SVOCsc L& F s AKF S
Fav 8 ~ 7St em s AR S I FHE o
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T M AME R PBDES 7 0 B4 2 AR @5 KR
B ARRA %%izﬁr J’ﬂf’ﬁfﬁ»@?}ﬁbﬂs&w;wﬁ]k RRATE

EP\i L\(M}— %%&‘ /’L g’)ﬁ ' ) EJ/F‘ FI‘lp-—¢ s
BB NRNR- 7Y EPNTES PBDES kikie 351 T F A& > RE
JRREA AN g% S RE o

A% M Thit PAES 2 PBDES4p A7 5 >3 &3 4 3 P J,sﬁ ¢

& T3 M TR# SVOCS-PAES # 4 £ B % ! 1345 X.Q. Pei & 4
++2013# % 4 444 SVOCSs-PAES R A ** 3 R 54 % A5 B &
10f iz 2. g pRe = /> 2 n SVOCs-PAES i;‘}a)ii ~ T
By XB R % 2 % % 4o B 2-3 5 SVOCs-PAEs & ik B %
12096.4ng/m> > & DEP ~ BBP ~ DEHP 4 @ p|& 5 2 (* &4 » A
w] 52290 ~ 3975 ~ 2437 ng/m® > § ERET2% > A R EF H 2
ERGPIE > BB 517363 ng/m(Z ) ﬂfﬁ%‘; 11389.5 ng/m®
% 14 % 9739.1 ng/m® > #r‘a | 12K 23 BERE > RER % 5
3.912*10° >+ WP b 7 ] A& B PAES 404 2-39757 o
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4~ Bk - IR R E L (0.12-2.12)  (0.075-86.6)  (5.64-86.6) (1-82.9)  (252.8-1868.1)
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ME 388  REERALEST bR 110 640
4 23 fodn BB AL & E MR SR S 5 858
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& 30144 EREENMZES b . %
i # AEGEERERS (5-816)  (231-1763)
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g 2 HRE - RAAE &2 5 A
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A 651 fFEmkALhLADZER 19 600
" P T : g 135 10:
sl 34648  BEReRAEZ RE - 0(0-2425) 150 (0-5446) (0-45549) 770 (0-40459)

(FA &R )

g5 Wilford % <% [22147: > 2 A% % § ¢ PBDEs
EEAFRWENAERFRLIIP ABHH RA T EY Sl
WeHDEF R AR R %A b FlE @ S PBDEs I N RE
1995 0 B se3t 0 2001 M F % PBDEs EAg i v £ 3 o
»

penta-BDE - octa-BDE 4 %] 5 150610 2 76007 > d **i¢ * &
BREIEPNEBEALITREF R LR PBDES W EE p 2006# £
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Lh - ¥R BYE REN AR PBDES B A 2% R
BDE-209it % p % A-¢ PBDES 7 5% > &2t/ 4a— A %
pEEEAMTEHAR RELREM A Y PBDEs # %
ho 4 2-3-2-2975F
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% 2-3-2-2 LB E P A A7 PBDEs » # 7

BDE-47 BDE-99 BDE-153 BDE-209

Country N Mean  Med. Range  Mean Med. Range  Mean Med Range Mean  Med. Range Ref
Poland 129 21 <2 <2-950 33 <2 <2-1370 2.6 <2 <2-24 5580 270  36-336000  [23]
Sweden 27 21 6.5-460 17 <0.7-300 19 <0.3-77 310 143-310000 [24]
Denmark 42 63 17 3.3-962 78 14 27-1764 10 2.5 0.5-182 1920 332 56-58000 [25]
Germany 20 12 5.7 13-52 20 9.2 1.7-80 4.5 2.1 0.2-26 1230 950 10-3750 [26]
UK 28 20 13 1.2-160 47 23 2.8-320 14 55 0.6-110 45000 2800 120-520000 [27]
Canada 64 300 430 49 630 [28]

¥ i~ nglg
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¥4 PBDE i¢ iF H & e & @ chjk & - 4= & £ g (Lucioetal,
2008) -

gt 7b> PBDE e @ o P Ai4p B o 45 %] 8LE 4522 7 PBDE

AELBAFEMLIBHEL A > o2 T3 ASTEE B

W FE2 WG HF 1L s r 7 PBDERAEZ LR AER
& o BILT "%d7f21 A 1 %Y nPBDE %2 & 0 BT MGyES
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A% PBDE > % % jid F7Rh1 (TR R A MY o

%Fﬁ%ﬁﬁﬁiﬂ’PﬁﬁmPHE?*@%ﬁﬁﬁ’ﬂ
PLAPARIR R Y kR B R B4R PR 2R PBDE B R A
4-98.5 ng/g lipld z_ & » # ¥ x 2 BDE-47 ~ BDE-99 4= BDE-153 k&
B # % (Schecteretal.,2007) - f14 B #ES*F L1855 %
o A dp 12 20-30 £ p# 54 ¢ PBDE 7 £ 7R e 0 G
wgku—‘* FELRREY T A%RESFILPBDE Z EF T £ €
4 — & (Meironyte et al., 1999) - 1972~1997 # [ » 75 & # % * 4
# 57 PBDEEAR#F T £+ L EFA 2001 £ AR 2 2
e A R ANEA o PBDESER 0 B N E B wiE 40 B o
2002-2005 &£ d =+ 5t ¢ 2455 % 3+ % PBDE T35k R ¢ w37
ntpr~ p A~ 1.57 ng/g lipld - % & 73.9 ng/g lipld (Inoue et al.,
2006) - & @ & 15 (7 F R 5L P B 0T 3eE X G #&P- 1500 ng =
PBDE (Schecteret al., 2006) -
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Indoor air -- Part 25: Determination of the emission of semi-volatile
organic compounds by building products -- Micro-chamber method %
AR FrlRR R EF o 2SI ER Y L FRURRS
& -% 78 K 47 5% &2 NIEA T506.30B

AT ERRGFED 2 EF RS I L MEE Gk 2011 #F
7 1SO16000-25 Indoor air-Part 25 : Indoor air -- Part 25:
Determination of the emission of semi-volatile organic compounds by
building products -- Micro-chamber method
il
7§

AMEEALTR Y MU R AR GERT R G
AA G RE 2 LITF PG 1 &5 (SVOCs)enH o i 47
B A BRIV R EE 5o
A LT AR e B R T
A a‘rr—*g"”fe?d;‘é REHeE o

BRI 2 R REE 2 B 0 R B WP YISO

16000-11 > ip] = SVOC 2. Z § FH k& & 477 2 4> 1SO 16000-6
% 1S0O 16017-1 -

' ‘éﬂ

'L»t"

JER
ISO 16000-6 Indoor air -- Part 6: Determination of volatile
organic compounds in indoor and test chamber air by active sampling
on Tenax TA sorbent, thermal desorption and gas chromatography

using MS or MS-FID
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ISO 16000-11 Indoor air -- Part 11: Determination of the emission of
volatile organic compounds from building products and furnishing --
Sampling, storage of samples and preparation of test specimens

ISO 554 Standard atmospheres for conditioning and/or testing
-Specifications

ISO 16017-1 Indoor, ambient and workplace air -- Sampling and
analysis of volatile organic compounds by sorbent tube/thermal
desorption/capillary gas chromatography -- Part 1: Pumped sampling

B 2 & % I (air change rate for micro-chamber)(n)
WA FR2i0E 7 f AL PE =SR2 d Bt

3.5SVOC 2. ¥ = m # 14t -‘3?< (area specific air emission for SVOC)
ARRBELSS - REBE S HE o kR R T2T

£

Bl AR %’z%‘iff?f %d SVOC #rie = o
B 2.8 o fFATF AT F EF o

3.6 2= # # &-(building product)
ZRIRY EAREZ AL

3.7 37 v #5(field blank)
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Bii- a3 F F (He)& § F (N2) % 3 sr i) 3 B en

SVOC L;iawm@w E 1
3.9 éf%;é%} B £ (mass collected in control test)
ei Ol R A N S S i KL

3.10 % — F# £ F & (mass collected in first step)
WATIE B R AR F BN 0 A RN CHF BRI
SVOC 7 & -

3.11 % = F# L F & (mass collected in second step)
HERRGE > Al F BN £ 2ipl2 SVOCFE -
3.12 3% 3] % = (micro-chamber)
o SR E AR SVOC s ftis2 £ RIIE 2 hE B
313w »]z 7 (recovery)
AR T YRR AR F B2 R SVOC 2 ERIFE K,éf
vt 3R B2 R SVOC B o
B lwfex g A F &7 (%)
B2 v ety MBR > FHaFn -
3.14 £ (sample)
FURAR AR 2 - RN - B
3.15 ¢tk #p FF (sample period)
R R
B Ly g e R ENC A
e A
3.16 X 4T3 M3 it & 4~ (semi-volatile organic compound, SVOC)
i Bk [7](240 2 260) 1 (380400)2. 7 1~ & 4~ -
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WAL = (2 Rl A —|pe Bk A /pe LB ) x 100%

HERE KRENERY FEa R & REFEGE L
* ¥ AZE 190 o

¥R % CV=X/SD

X0 RiRlS KA E LTI -

SD: A45= S ordehz TIEE B L o

2R R H 2 PR B & gy TCH-06 244 ¥ 4L%
By FRATREI D 2 APAER ) 2R TR AT

()3 perez gir

= ;% 1 ;4% *Y(method detection limit, MDL) % % % : - ¢ 7 #Rl$
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BT AR B b ERR RIS - AR K 1 T

e AHOEFEY 5o SRR E-F R TR

NIEA T506.30B
- N X *ﬂgﬁ_@

ﬂ\”‘ ;z ® g oAn kT & (GC/MS) AR EERES T B

A3 2EEAEDF (;21) ¢ L Fa(Decabromobiphenyl ether, CAS.
NO. 1163- 19 5) ~ ~ 8= ¥ (Octabromobiphenyl ether, CAS. NO: 32536-52-0 )
3 7 ;8- ¥ @ (Pentabromobiphenyl ether, CAS. NO: 32534-81-9) (3x2) -
ik TAPICFRFY 580 E5kp 22 —REEE 2 (NIEAT704) |
EEHREEUAE S 12 GCIMS R i% FR s NhD FRE T LD PR
KR o

__j\;"#%]:ﬂ

AR TR R 2
t‘——l-/g‘_\__ iﬁ&"\ . = -

BN

(-)RE - RHSPF B 32T TR SEITHELAES D S EE
$%§$@7£”ﬂ’~ﬁﬁﬁin$% R Br @ 2B g Tk
fs 1€ 2 A Wik ,‘?.\t%é VLR 0 Nk R 2 3 T R AR R
e s BREC O BRI & T RgbR 0 RECISUARTAMET T o M B ANETE S g0 @
Bi5 % o

.

=

~|

(Z) Ao A Hcprr » @ B Z 0 HEE TAF AT 2 R4 lich 7w
oo PRtk S aJRiEAEY 0 T AWM TS 0 BFERT i F el Mgl i
N J{Arr [0S ;P"‘wllﬁ*, 3 A ek AR o

C)H&F? 2 FRPFERRLTFa B o TR BESFRE RS 7T 5§
fOEEASPEE SRR AED T ST p G Z (NIEAM182)
BHE N S ERT o

CRE 2P
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FRPR ST RN AP

() F4k47 F# & (GC/IMS) ks

FARRATR DB AIEARS AR B A RER
FHARTERPE TR -

1~ L& §#Fp 353 800amu 2 # % 70 T3 RiFn BRFTHK
#3411 * decafluorotriphenyl phosphine (DFTPP ) 1% & B 3# &k o b #3873 7% >
ArFTHREVAAPDEL - FTEBARS > 225453 50ng -k FR
TS VAL PBEL S ZTERARERE -

2~ L& % m 353 1000amu % i * 70T + REFL BRFOTHEK
i3k ¢ % decafluorotriphenyl phosphine (DFTPP) i¥ & B & ik e #2873 7% >
ArFTHRETALIPELA - FTER AR > 22553 50ng -k FRL
BEg TALP LA L TERARE -

EREFERTET T2 - AR AR

1~ UAPBDE-15M-0.05F » 16 m (& & ) x0.25mm (p &) ; 0.05 pm
("% )+ 100% dimethylpolysiloxane for high temperature use 7 ‘g 41 -

2 - DB-5HT - 30m (£ &) x025mm (pjE) 501lum (%5 )
(5%-Phenyl)-methylpolysiloxane =+ m ¢ 41

() 54 (He) : #R 5 99.009% 1 + » 3@ % 2 k2 4§ 520 .
(2) Bl FAARB FHRET WP EIp AL 2 T i -
() Megiist4- 1 5SulL > 10puL -

(

X1

RS SR TE SR L ERE Y 2 5
('_) A S #f;fi—j_ 0.0001 g-e

Eg 2

-) " FAE-
(C)Ba%:Adn-
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Mg~ AR E Y Sk FRURRIC A -F AT T R

(=) MRRER R Fi% Cfie #l 7 perylene - dip s R84 % HE B R 22,000
% 4,000 mg/L 2

(z) +isz Fmdk® . CAS.NO: 1163-19-5 » IUPAC Name 1, 2, 3, 4,
5-pentabromo-6-(2, 3, 4, 5, 6 - pentabromophenoxy) benzene - = % ¥ %55
BDE209 -

() ~isz FEgE%E & @ CAS. NO: 32536-52-0 » IUPAC Name 1, 2, 3, 4,
5-pentabromo-6-(2, 4, 5 - tribromophenoxy) benzene » F s 3 % %. BDE203 - i
B o Bl - 17 o

(=) 7%= FEYE® 5 CAS. NO: 32534-81-9 » IUPAC Name 1, 2,
4-tribromo-5-(2, 4 -dibromophenoxy) benzene - F i 4= %L BDEO9 - i § ¢
Yol HTE o

(=) 3 & S8t #5273 7% : decafluorotriphenyl phosphine( DFTPP )% i ©
¥ fiz#l 5,000 ug/mL 5 DFTPP i i & =t i3 84 50ng 14 33 B 7 3% & o > 1@
RFERARAREANFTECER o

(M) B EREE AR FEHSRE 8% 2z T (N2 H - Isomer) » 12
I ER L ERE AR  WiITRERPF > U ERERR R
ERAEdge oML Jj%ﬁc‘%lsﬁ@'jl'l}}?'/%}i *ﬂ—gzp/x’%’T/fJ‘étﬁaF\
TR h> o E ki E SRR FRF SRR 13 10 £ 250 pg/mL 2 & -

> \'A

|~

(1) WERAPRIRR {110 TR0 M LRI R PRLT] ERE R
2 AR o "%+""Li‘—ﬁ R 7 ﬁk‘/%"’j ﬁt»"le TR ij)@lil%’&“lfiﬁl& 13
BEREFRIY T RRBH > PR APHEERZ R FT
N TN

RRCAEO BT § g £ RS % — S8 % (NIEATT04) |

2R

() % 2B s DU AR R REREHE P
T4

Ex (material safety data sheet, MSDS) - £ Faza¥ 2 3E% ¥ 49 3%
(2) R BHRS R B GFRTELRS B o B S  FEFG 0 E1F
B E I -

() BHERTZAEREAB IR 20 2R AUF LI 2L HIE R
BB L R o WAL -
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AR R RN AT

(F) 2> 297 * LB 3 A RBpET AR 2 i,gi—ﬂg%ﬁ
BAMEFEETREL P T GER P ERWEY - PR AEH
it 2 R ERAM LR 2L TR 2L R A AT A
b oLy A4 fRL R LB SR~ 5 el £ ks Fp
NG FRE TR FRTAZHEE AR T TRTRR T IRES R
FPRESECRPFEERCY T ARP RN RS T
A R S T -

= \«H}%

(-) R FAARATFHFRFE LT

F AR R AT R TR 2

1~ A& 1 300C -

2 fRF RS F 0 9 ImUmin e

3 ?ﬁm_f;fi 15 m UAPBDE-15M- OOSFWFMH—J 734 :160°C(3 min)
™2 10°C/min # ;8 3 300°C (10min) -

4~ At 110

B kAR (TR

Lo A ivfist 242850 (BL70eV) -
2" kg A 300C -

RN 4R 4w (scan )N iE 43 F PI(selected ion monitoring SIM) -

4;4: FRS N FEE TR FRZERH I ot 2 AT 750

4~ FEEF >l

(-) wERWIE

Iy @FAEEITTHRET S s s FRARE S R

FREWRPFR > TEFHSIREA - R AR AR EFRERTE
A gAY T AR AR 2 D F IR 12 ’J‘F’?’/’F‘Tiﬁfﬁﬁh‘)ﬁ%— Z o
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G- S e ACE & X (L SN 3 & HIRBERS W B i U= 3¢ P

2 HRFHEAFRDESERE BRI OCEEN A RERSRE
REMRRE FREA 2 MR EAR L~ FARAR T T RA T

3‘ /”\*‘:[';H’L»‘:J\‘%;’TZ:W%\‘EE\‘%\E 7”’1‘;|JLL‘*,¢ ﬁ%ﬁ-'*£ ﬁéﬁ_}@'}\*ﬂ
BTl aN g T A7 RIER Y SR I F]F (Response
factor, RF) -
_ﬂxxci
L
He

Cis : M 243 %? gk R (pug/mL)

d PR REL REE R NE - i g entiog ¥ (RF) ~RFERFR
Z (SD) % ta ¥tk i £ (RSD%) » H3H B 4eT ¢

RED% —%xlﬂﬂ%

RSD% % /£ <20% > sbzﬁm— § ot B A o ar%aué F g R M
WAFAAPFRFHR SORERNR FRFBIE EXMEZRESN L
K'Jf“‘b@j\ﬂl’l °

4 -~ ERWF TR E - RARESRARTRESRY BER 2

2% % iR st ﬁt»"%i ﬁl}/w R BT A TR H AT EAPHEL ER
A +20% 1P o
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FERPAL L L R HA BT

(Z)®ERAY

FERLT s FRURR TR S A Z S A ZARPE o URERL PRER R
FERME RO M B2 2 f A FERERE T »F *E%ﬁ%&&
KoM PR FRC A raR BFF (RF) » R T a0z 5 Hap
gL iE (%) -

B (%)= ngf «100%

He¢ RF» " &4 bl B 2 phanT o g 7+
RFE 5 &4 Lh P airpag 7+
(z) &4 17

I PR TAPOELTY F B0 Ehkp i —BEUg 2
(NIEAT704) | W Sk 4 » FEP BT £ 4 0 RAER G
£ 40 pg/ml > @ B Stk B AHRE S P RESER AR -

2 i BB AUE 2 PRI DR B RIS E R SRR
L et A

3 M RIBEFHFRFORR  WERESUG AR #
R RAT R R AP 0 RIS R R A 0 R R R T bt B AP
FIP &8 k& 20%~80% 3 i o

d-  FREC PR RRLAFRENARLL ERT LR
ol Hos g B oA 2—1%\«!\@@3‘.%- T EHERRFF LA TR FE
W& TREFREL 1T SXFRPEZ TR ERF MRET S
*éf;’-;‘e‘éf“%b.%"fé“f—i%%’ﬂiﬁ/&%fminb",é?Kﬂ’pfrxé;,anb 2 (NIEA
M182) ~ %4 Fm& R 2 —F K47 B 247 2 (NIEAMB02) &
Hp o432 57N B 2w T 43 500%~150% 0 & 7
FEFH% T

NN R ST

(=) s

FEd FRP AL 5 CRAPHF TR T S BT
Fx,‘l ]% * 'ﬁm?ﬁ@«& Ii%’fﬁ‘ﬁgm |f: ’ K/{dﬁ ﬁ*ﬂ_ﬁ-wm}n\*%%ld N l,( ]FP ’Fi
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e~ AL H R S FRUR RIS - AR R AT R

ARy o Bz ~Ble 2 BT S HE- FHRFE A PR NGRS TR
%ﬁ%ﬁizﬁ:¥ﬁﬁﬁﬁﬁ‘ﬁ%@@ﬁ@cAF_imﬁzﬁ R
FANFHFTANTE 7588 A RETRERAYT - K5 FRP R
ok 8 R T

1 -~ *® 50 %m:ﬁﬁ#p%**gﬁﬂﬁ(RdmwemENMnﬁme’RRT)ﬁéﬁ
AR 2 RRT ¢9 £0.06 8 =2 N F TR RRM 12 ] Bp ok 540 41

T R Py
oS R AT F R FRIP LR aE YRR L L ERI T R
%ﬁﬁﬁiﬁ’ﬁ—ﬁiﬁﬁ%ﬁ’i@ﬂé@ﬂ;ﬁf#m,qgm 40
HF gty S NgeT

RRT = ET,

Ho
RTx: FRlyF g PR

RTis - ot R &F TR

2 . VU 2 S SRR 2 7 BB SN AR FR 2 Rt

ﬁﬁ%&*Fral(ﬁ**&*?é&ﬁﬂ%@S%mmi?%%)ﬁ%
(i * 30k ?ﬁﬁz%ﬁi?‘]%[ﬁ 1000 amu 2. 3% & ) 5 £20%2 fF -

(=) TEAH7

1> B OERY ARG o A Ry T S B AT o 4

HEEREZEFTTE o

C) = 2L XV XDy g,
A, = BF W =10

He

As=FRld 2 T 3T X% 0

Cis=i2 » p 8 2k R (pug/mL)
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(e R PR SR NI LR TR Rl

Dr= 418 & #c

A= R E SR TR #S L 6
RF = (4 if] 4 0T o iy 75

W= &5t £ ()
L&A

(-)Fd & FREFEEFTHREARP TASLE 21143 - BB e
b kR 110 -

(C)@eFErREL 247 hFD > ST A RRREFEH T Y 297 R
IR EL X RAC R TIPSR R PR 20
AT R R EN B FE S e

(2) #7F & F B #lddp > B SRR g 4

(z)ERT e Z 5B FIRAFER L BT 2 4p #1453 i L(RSD%)
Jo ol ¥ B 20% o

(T)F 12 )@ wfuyd FEARBEARAPRESR  FHPHFLEL
+20% 0} > PIF R R E RS 1T FAZE 120% PIBREATH AR ER

(Z)F# e (15 20 BHS) AR & FR{F- BL6 Harirs - B
EAF R &AL T o

CHBBA A

%‘VE 53,‘5@”2 . N j;ﬁLl}

BRSO FME TR RO
Fipoes i R anbmR i HRAT

—‘L-—- ~

\\\?{r

*—'ﬂ%

E 4
kJ

7}_‘

() TR LS G e AR R R
EPA-95-1401-02-02 > {7 sl Bt 2k TR 8L 2% 97 > i«ﬂ95ﬁ 12 7 o
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BT AR B b ERR RIS - AR K 1 T

(2) TFEFTA B ELR TS 5 T AL 22 5 BTS2 (%2
#) | » EPA-96-1401-02-01 > 7 rclate B TH F BB FH T ¥ F3 K 96
£12 0 o

(2) Frcamks ®ES > T £ AP & #%p~ 2 20 (NIEARL01.00C) - #
88 E 2 .

(m) Frctalks BES o L4TE G R L i k4 T
% (NIEAM731.00C) » ¢ £ ® Ol & 37

(F) Frealk B Fdk - AR EF T 5B 60 RRI1S 2 —HSWE 2
(NIEAT704.20B) - ¢ £ 96 & 10 ¥ -

() FRmBRFEF AP FLRTY R LR —F AT
W%k (NIEAT706.20B) » #* #3 ® 96 & 10 * -

(<) Frclatk i i ¥ - & a4t e 2 (NIEAM182.00C) » ¢ #3 K91 &
31 o

(M) Foctes B % 0 $0h FRURRIC 2 —F AT B IR T
(NIEAMB802.00B) > ¥ 3 {96 £ 54 o

(1 ) USEPA, Draft EPA Method-1614: Brominated diphenyl ethers in water, soil,
sediment, and tissue by HRGC/HRMS, August 2003, Draft.

(-+) Canadian Technical Report of Fisheries and Aquatic Sciences 2389. A

comprehensive multiresidue ultra-trace analytical method, based on
HRGC/HRMS, for the determination of PCDDs, PCDFs, PCBs, PPBDEs, and
organochlorine pesticides in six different environmental matrices. 2001.

(++ - JUSEPA, SW-846, Method 8270C, Semivolatile Organic Compounds by Gas
Chromatography/ Mass Spectrometry (GC/MS): Capillary Column Technique,
1995.

(+ = ) USEPA, Contract Laboratory Program, Statement of Work for Organics
Analysis, OLM3.0, 1995.

Ll Ak herfie TARLERE, & TAEG IR ERIS, 0 Bk
i TR ¢

L2 A EATf Hihs FRC NS FRE T L PR g Rk
R F AL EPFTLRY -
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&R T AR A

% - DFTPP 7 &5 & & #1453

i 58 & 1R

51 7 £ 198 130~60%
68 3R 69 2%
70 3R 69 2%
127 7 & 198 :140~60%
197 R 198 £ 1%
198 B+ 40 > 100%4p 55 B
199 7 & 198 :15~9%
275 7 & 198 1 10~30%
365 < 3R 198 e

441 T i o] R 443
442 < 3§ 198 1140%
443 TR 442 1 17~23%
% =

PR FRGER R R2 2 L4 3 (hexabromo ion group) 3 RR R B
Bo R & FARE (4 % v 2 Bk iRl 4° 7] 800 amu 2. ¥ % )

e (1) 5

635.9 (H+2) 7 639.9 :737.1%3 23.1%2 ¥
637.9 (H+4) % F 639.9 5179.3%3 70.9 %2
639.9 (H+6) B4 4 100% Apdtas A

641.9 (H+8) % F 639.9 5179.3%3 70.9 %2 ¥
643.9 (H+10) % 639.9 :137.1%3% 23.1%2 ¥

RS R L +0.3amu



LiE=as

+
~

It

l]——l-/g_\ $M+ﬂ£r7 "ng-‘ri%ﬁ‘*

NESEALE £ 8 LIRS N 3.5 FIREEE I P Ll e 3 95

- (molecular ion group ) 3 B k2 5 A

B RARE (G % v E T E dictk iRl B 1000 amu 12 b2 R
955.8 (M+8) 7 £ 959.8 £150.9 %% 44.5 %2 ¥

957.8 (M+10)
959.8 (M+12)
961.8 (M+14)
963.8 (M+16)

fr§ 959.8 5785.7 %% 82.9 %z
Box 4 100%4p 3 &

{8 959.8 5785.7 %% 82.9 %=
fr £ 959.8 5750.9 %1 44.5 %=

P FEEiR® L +0.3amu

*w
e R RS 33 3 (hexabromo ion group ) 3 % %"f;ﬁé I NS
* 2 dcie R 45 ) 800 amu 2 %”ff;iéi%a » B ks FRC N PR TR
?M? AL I L EL
8- pw s  AE X EHI L KBS 2 KT 3
g T ETER s R (%) mR (%) #A (%)
perylene-di» (1.S.) 264 260 265 -
091 01 Lig- ¥m 6399 637.9(75.1%) 641.9 (75.0%)  643.9 (30.2%)
091 02 NG FEC 6419 639.9 (75.1%)  643.9 (75.0%)  645.9 (30.2%)
091 03 74- ¥FE. 5639 565.9(99.9%) 561.9(50.1%) 567.9 (50.1%)
* 31
v g o F Az 4+ 3 (molecularion group) B RE R 0o A
T2 dicte iRl 45 [#] 1000 amu 2. %‘ugnx BB ¥ N F@ET A F
fz 3 RS RS E A
T eereg Lt ikil AEEET SRR
S I+ ek (%) w i (%) whE (%)
perylene-dq2 (1.S.) 264 260 265 -

091 01

L FE

059.8 957.8 (83.4%) 961.8 (83.4%) 963.8 (47.7%)
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E AP R A g

091 02 AL
091 03 I

vy

UGN
PR

801.9 799.9 (80.1%)
563.9 565.9 (99.9%)

803.9 (80.0%)
561.9 (50.1%)

805.9 (40.1%)
567.9 (50.1%)

+ =
=~ 7

78 $a%E 091-01 M B % 54 7 3= kA& (10 pg/mL, 100 pg/mL, 250
ug/mL) 7=xE£4F {2 Brek 2 HR AR (L) &%

L PR 10 pg/mL 100 pg/mL 250 pg/mL
Tio (ug/mL)  9.09 98.95 251.88
L (ug/mL) 0.33 2.40 6.26

wEr (%) 90.9% + 7.3% 98.9% + 4.9% 100.8% + 5.0%
Her® (%) 7.3% 4.9% 5.0%
ALy 10 pg/mL 100 pg/mL 250 pg/mL

T 3iE (pg/mL) 9.65 100.13 252.26

EEH L (pgmL) 035 5.70 4.96

Bt (%) 96.5% + 7.3% 100.1% + 11.4% 100.9% + 3.9%
wear® (%) 7.3% 11.4% 3.9%
LNy 10 pg/mL 100 pg/mL 250 pg/mL
Tio (ug/mL)  9.83 104.55 247.53

i L (pg/mL) 0.29 3.43 5.63

wrEr® (%) 98.3% + 5.9% 104.5% + 6.6% 99.0% + 4.5%
Her® (%) 5.9% 6.6% 4.5%

TIREREHRARLZE DS eT AT o

X o __ THE
AR FlAiELEE

= iE s o _ zxgﬁﬁ o
B-*a-ﬁﬁfo-—q:ﬁﬁ x 100%

® 100% £ 2 x

FEE .
g < 0%
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B i~ B

Br Br
M

e ",
By i
B

B— 1,2, 3,4, 5-pentabromo-6-(2, 4, 5-tribromophenoxy) benzene 2 {EE2 &L

B — 1,2, 4-tribromo-5-(2, 4-dibromophenoxy) benzene {22458
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FRMALZ SRR ST

Abundance
140000 &
130000 b & =
120000 - % i
110000 = I =
'IﬂﬂﬂlKl:i i %
30000 =
BO00D E
70000 7 E
BOOGD 2
50000 £
40000 3
o &
20000 ;
e ek
Timemin) T oS T Gba | 1000 1200 1400 1600 1800 2000 2200 2400 2600

W= $p1FE* R FRAFR 000 52 243 k476

chrysene-d,,

pervlene-d,,

Cretabromobiphenyl ether (14 96)

wol LN i

e ' T T T T T T T T T T T T

Time {min} .00 B.OD 10.00 12.00 14.00 16.00 1600 20.00 2.0 24.00 26.00

W RESGECRT (7 F) S SerREL s FRGRR
200 wpg/mlL) Li&#ﬁ-‘*%*‘rﬁl
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Abundance

Time iming ~ '

]

220000
lde] !
180000
160000
140000
120000
100000
B000 i
E0000
40000

200040

BT AR B b ERR RIS - AR K 1 T

i

-

perylene-d ,

cluysene-l,
Pentabromoluphenyl ether (9 |

-
1

T T

s T T T 4 d
600 B.00 10.00 12,00 14.00 mlm 18.00 20.00 2 00 24.00 26.00

MERF &R AT (9 F) e rREeT b FRCRAS
200 pg/mL) 2 233 K 7 @
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T

HEET I R T R B A

VA TR A A

ALHPY

444l m s X
ik

E= gy

5 % iE R
vz

PRy
RSt

@ i

6 L7 ml A

e

T i e
P S

MSDS 2z
AR LR ae |
R

2 CAS NO

ik

TBBPAT79-94-7....cooii e,
HBCD 3194-55-6.......cccvviviiiiii e,

25637-99-4.....ii []

A

-7 JRIR L -
B_.}:‘ /-*-‘I% L - 0=
-7 LN
]ﬁa PBDE

3

av

v 4. ¥ 40088-47-9...
T 8- ¥ 32534-81-9..

- 8

=
= 8. ¥ @ (BDE-154) 207122-15-4.......c.cen.....
= 8. ¥ @ (BDE-175) 446255-22-7......ccev .
-~ 8- 3@ (BDE-183) 207122-16-5.........cevn.....
A F R 32536-52-0.
LB FELL163-19-5.

PBB G7774-32-T ..o

A %= ¥ (BDE-47) 40088-47-9...
¥ (BDE-153) 68631-49-2.....................

134237-50-6......ccvvviiiiinn
134237-51-7...ovviiiiiiiii
134237-52-8......ovviiiiiiii
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$ o2 WA

b2 R

N
ol
pulls
™

R 'S2HERAS I REFEFFTAALZALBMR), >
RN AAT T T T X R 4R 2 5 2012 ¢
CNS15200-1-1» Mgl 4z 2 — % 1 — 120 3 B —— 4z
S (RERS R ) | SRRNY L {RE R > 2007 & o
AL g “HA R SEHERERETERTET Pk
ik AT G #2009 & o
MR > A F BTG I IR TS FE L e )
AR IR G b B2 A §;‘féf ;fuﬁz,j R dh < 0 2004 &
HHE BIAEH? REFU IR EFZ IS HRGLDEF
T O PFEIVEAF T T S R4FEL > 20140 o
A TR/ CE P EREF G PR TR PR R
EEARR 2T 0 PR AA Y At 2001 &

%470 R F15 $H 3 p 22 VOCs 2 Formaldehyde 4¢3 2 2 5
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