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Environmental Impact Analysis of Typical Flame Retardants in
Shenzhen Based on Life Cycle Assessment
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(1. Shenzhen Academy of Environmental Sciences, Shenzhen 518001; 2. Harbin Institute of Technology (Shenzhen), School of Civil and
Environment Engineering, Shenzhen 518055; 3. Shenzhen Polytechnic, Shenzhen 518055, China)

Abstract: This study was focused on the analysis of the environmental impacts of two typical brominated flame retardants: Decabromodiphenyl Ether (DBDE)
and Hexabromocyclododecane (HBCD) in Shenzhen. Based on the life cycle assessment method and the survey data of relevant enterprises, the proportion and
energy consumption of DBDE and HBCD in the process of use, processing and treatment were analyzed. The list of environmental emissions from DBDE and
HBCD was then compiled. At the same time, the various impacts of DBDE and HBCD on the environment were evaluated. And the main links of pollution control at
each stage were proposed. The results showed that the impacts of DBDE and HBCD on the environment were in the order of global warming > acidification >
smoke& dust > eutrophication > ozone depletion > photochemical oxidation; their contributions to global warming, acidification and smoke &dust were 50.47 %,
34.60 % and 7.00 % respectively. In additon, the pollution mainly came from the extrusion and injection stages of DBDE and HBCD.

Keywords: flame retardant; decabromodiphenyl ether; hexabromocyclododecane; life cycle assessment; environmental impact; pollution control link
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K LCIA 302, ¥ DBDE Il HBCD (135 820 #7 45 A
i EEFML. SEERE. B, AL AR A,
SREFEE S . KU MR RYOE, KIS AN S R, &
HAHRRBI IR, AHOCRBRIR N Y B R B S H R
13181, SR P 2 B R AT ST B 2 RO RS R e, sk
(l)ﬁﬁﬂ?:

IR(i)=3 (M, C,) (1)

Hor, i BRI S e M
N IS YIRS B, BN ke Gy N j 1S 1 R
BAY, PAAN kgeq/kg: IR()N i LM TR, BN
kg.eq..

R1 NEFEERN MR LERE

Tab.l Equivalent coefficient corresponding to
environmental impact type

7Sl AL i Hfy MERH
CO; 1
_ CH4 23
RAS I kg.COseq./k:
AERARIE HC g 2eq./kg 1700
N>O 296
R HC kg.CFC-11eq./kg 0.034
SO, 1.2
Rk kg.SOseq./k;
et NOx &>heed ke 0.5
COD 0.022
51 kg.POs>eq./k
BRI NOx grealke 0.13
co 0.027
etk AL kg.CaHaeq./k
Jetb 2z CH, 2.CoHaeq./kg 0.006
T2 &g 2 JE 2R kg CAHER R

1.3.2 bRufEALFEE(E i
AR A ) N 35 22 B A (A v A i 0 AT 25 R 1
BT B, AHT T A A B R 2 PRl

R2 ANWHBEAEE

Tab.2 Per capita equivalent benchmark value

B g B A PRt A e
AIRARIR kg(CO2eq)/(capita.yr) 3.59x103
S KR kg(CFC-11eq)/(capita.yr) 1.03x10"!
[icdia kg(SO2eq)/(capita.yr) 41.90
BE RN kg(PO4+eq)/(capita.yr) 8.35
Hetb AL kg(C2Haeq)/(capita.yr) 6.05
AR & A kg(Dust)/(capita.yr) 29.00

1.3.3 B N [ 22
RS AHP JEISO R G4 OB R 7 AT 5T, A 3.

®3 AEHHERENERT

Tab.3 Weighting factors related to environmental load

Fomp A ESES
A ERAR IR 0.2693
S FE 0.2261
[ivid 0.2039
BEIMN 0.1190
HfbFE A 0.1071
IR &y 24 0.0746

2 R 51w
2.1 DBDE #1 HBCD f¥] LCA V5[

FRAR B PR R &5 SRR T, R YN TT B e AT bt 248 s S el A
DBDE F1 HBCD ()3 A1 H T ZFEAMMLL, B ik
MEMLILIE, MILLZEEAREE. B, Fl. Tk,

DBDE ! HBCD 7E# = b AR, 45555 DBDE
1 HBCD KJ LCA REFE K IREHE . LA AR oAV AT A 77
LR RHAC LU SR, 7380 1 ¢ SRIRJEORH T 45 By i A L

o

DBDE #1 HBCD F% f-J- ABS. PVC. PS. PE. PP, PBT
S8kl . DBDE Al HBCD #& /1 1t B3I FERME N LCA
HIThRESAAL, CAULTh RS B vh S BRI % n 25 B
A 1S RO BERETS 0, BRI  IRF IR TAIEAR
UHIFTIEE N . LCA RGN A A 1.

El1 DBDE fl HBCD ] LCA RZAF
Fig.1 System boundary for life cycle assessment of
decabromodiphenyl ether and hexabromocyclododecane

2.2 DBDE Al HBCD [fJ LCA j& 8.4t

DBDE Fll HBCD F{¥ 5l iy #4-3o8 FE 1 4 1Y) HL B A F A7
HLAE R ARG TR SRR G 2 1 kwh HLAE
(95 ReAFIBGR s, WK 4.

F 4 1 kWh BT RFREHRE H(g)

Tab.4 Environmental emission inventory(g) of
1 kWh electricity

15 G e F Het
N20 0.1
SO, 11.6
Cco 0.13
. NO« 5.14
B CHa 423
COx 1245
HC 0.11
JE R 6.14
. COD 0.31
IKARHER ss 032
[i] A2 HE TS [i] 182.5

HR 4 R ARkl ) 38 B AR A B RN R B, DA% By R i i oA
A7 5 SR AR5 G HERSGS BR, 2 A TR SR B AR
V5 G HE . @ SRR RO BN R A EAHTE | km FEEE
151t SRS S REGE AR E, R 5.

R YR AR AL IRTH A L I T R O 1R & . A
MV R IK RS R & S kL, 5 A B S i,
PR AV SRR I T8 T2 BL RS e uE . SR
A RS RS Y HE s R 4TV S, 45 3] DBDE
F1HBCD ] LCA it P& 5,
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RS REBRLWRNE RS R (kg/t km)
Tab.5 Automobile transportation life cycle inventory
results(kg/t.km)

O WRES2 BHEETL PRETI40 EHAEZ14
il 1.40E-01 4.64E-02 2.21E-02 1.35E-02
N0 1.80E-05 3.56E-06 2.86E-06 1.55E-06
SO 3.42E-04 1.23E-04 6.10E-05 3.77E-05
Cco 1.00E-03 1.76E-04 7.90E-05 4.25E-05
NOx 2.70E-04 7.33E-05 4.57E-05 2.95E-05
CHa 3.00E-05 4.44E-06 1.33E-06 2.00E-06
CO, 4.40E-01 1.50E-01 6.99E-02 4.26E-02
HC 9.50E-05 1.64E-05 6.79E-06 3.75E-06
JHA 2.25E-05 6.67E-06 4.98E-06 4.00E-06

2.2.1 AHRIEHIPREIEE E

DBDE F1 HBCD 7£ 15 F By BOHH 5 J5 4l 1 BEFE S M HESL
B, ARYE RTINS AT I B R RS . YT Lt SR
i B SRR A A P R o, fr A 3R 1) % b S8 R ) A P
R AR e b3 SRS, L& 6.

K6 1t WRHEFYIRLT A B (ke)
Tab.6 Average composition of
various materials in 1 t plastic(kg)

R4y {8 1 &

ABS 1533

PBT 108.3

PE 146.2

PP 163.3

PS 172.2
PVC 91.7
IR ZhE 2.5
TR R 16.7
— At 13.3
et 50

T 41.7
RS 20
HEs 20.8

2.2.2 S BRITS S HE U RERE

FR 4 A b SEBR A9 A = in L 2, Gt B RORIAE 2B P= A in 1
PR HE B E X REFE .
2221 A B

SRR JERE A SRR = B AN . R5ES TSR, RAE
R BERZH A, RBURYIS X =N 07 7T R 5
99.4 km {E NIZHBE . Rl EEHTT M, RAHRE R
RIEIEH, FHYPE BRI 10 km. JEAHEEIZH R HIhEE S
A4 1.13 kg F1 0.027 kg
2222 WiFETE

JER Ak ) VR A 908 Bl 5 Y b VR B B AL, B BEML B B R A3
PR N 0.5 h, BiFEIRAHREI E RN 200 kg, 1t JRAHRHER #

T FEAIREFREN 18.75 kwh,

R A B ARSI AT 20, BRART RIS REP B 2 1 %ol R
BIE BT, BRI T NS R 2%, Ry b B
A 90 %, 1t AR R HTEN 100 g. fLSkRAL S
AT 5 G ES AR, B XHLIIENSSkw, 1t
JRARRHE SRR R P SRRV A 2.75 kwh [ FLAE. 1t JRERIAE
PR RIS E 21.5 kwh [ HLRE.

2223 Bl

AR BT B ALVE B 84, Br WL RERE 32 22
RN EBEHLFHLE IR AR5, HIhF 05108 37 kw Fl 24 kw,
RINEN 61 kw. FFH BN R4 RHE FE N 250 kg/h,
M1 ¢ FAHRN I R FE 244 kwh HLRE.

BHESHFENAGREERTAH RS, 204 UV
Je i DA R rE PR B i AR HE B KSR, ER AR A F
BIES G AT, R TERA HAERE 3 B AR B O A
LR UV BANEE 2, LD 40 51009 3 kw Rl 6 kw, B IhHK 9 kwo
PRV AL E 1t R AR AR RS TR 7.2 kwh HLRE. 1t
JEARRHE B H I AR RE 251.2 kwh B HERE
2.2.2.4 Pk

BB 4% 7 R M R 2 L Uk e & RSB IRoRE, LIk 4%
MR EIIRN 4 kw, FPEONEFHE B R BERHEFEE 250 kg/h,
FEAE 1t BRI ILTEAE 16 kwh [ FEAE .

2225 TR

BRI T R A IR A KRG, fERT VIR, DIRiFY
B2 5 SR R K o BT R P R A BR R 2 RK Ay . TR
TR AR B FE AL T 2 ¢ (B BERE, TR PR &
F2 B HG R I AR L AN A, T BN 20 kw
4 kw, BIIEN24kw. WEREERIZ 2 h 58 kT4 3,
T 1t BRI BERL LS FE HLAE 24 kwh.
2.2.2.6 B izkiid 2

SR EERME A N W T oMb f JER AT, AR D037 1
WS, JEEY 20 km /E BB IR B RIET W BI85 iE 2, %8
Jie B S7 ) 2R 2 i R R R HEATIE M . 7 B 1S it B AR T 0.27 kg
2.2.2.7 Bl FE

72 S TR A, (B SRR RERIE B & % R &
PibE, BEER BRI E 150 kg Wk, HIhZE N 4 kw,
PRI 0.5 h, BRCalr B 1t YR FE 13.33 kwh (K HLAE.
2.2.2.8 FHILE

A MR P P 5 4 0 RERE 5 T A s LA A R AN
4 HINRARHN 23 kw Fl 14kw, SBINEK 37 kw. %
BRI THFE 120 kg Pk, MUVEYE 1t IR~ 57 8.33 h, ¥E
YA T TN HE 308.33 kwh i HLRE .

A ER BN RS E R T &%, /34
i UV 6 LRSS M R HE AR, AR 12
BIEIR A RS G I, R SAE B A I BERE - B A,
FEE O RHLA UV A5y, L5508 7.5 kw 11 kw,
MINF N 18.5 kwo AbFRVC AL E 1t WL 7248 (10 15 A< T T 46
12.85 kwh Hifg. 1t ¥BIR7= S0 v 20T FE 33 %€ 321.18 kwh
I HLRE .

2.2.3 Af R FE R B HERGE

HE 4R B8 Rk 0 B HETTE B L &N Lo B [ R S s
YeHECH3E, 57 DBDE F1 HBCD 7848 FH I Bt 7= AR [ 55 HE
R, SERET.

K7 MRARES TBIRHTBUE B (k)

Tab.7 Environmental emission inventory for each section of the using process(kg)

15 YL HER B s ZHA Ei7gas il PZIp A IZHIB T4 TR bacez|
N>O 1.83E-06 2.15E-03 2.51E-02 1.60E-03 2.40E-03 4.19E-07 1.33E-03 3.21E-02
SO, 4.42E-05 2.49E-01 2.91E+00 1.86E-01 2.78E-01 1.02E-05 1.55E-01 3.73E+00
CcO 5.02E-05 2.80E-03 3.27E-02 2.08E-03 3.12E-03 1.15E-05 1.73E-03 4.18E-02
fr— NO 3.46E-05 1.11E-01 1.29E+00 8.22E-02 1.23E-01 7.97E-06 6.85E-02 1.65E+00
CH. 2.30E-06 9.09E-02 1.06E+00 6.77E-02 1.02E-01 5.40E-07 5.64E-02 1.36E+00
CO; 5.00E-02 2.68E+01 3.13E+02 1.99E+01 2.99E+01 1.15E-02 1.66E+01 4.00E+02
HC 4.42E-06 2.37E-03 2.76E-02 1.76E-03 2.64E-03 1.01E-06 1.47E-03 3.53E-02
JHA 4.65E-06 2.32E-01 1.54E+00 9.82E-02 1.47E-01 1.08E-06 8.18E-02 1.97E+00
ol COD — 6.67E-03 7.79E-02 4.96E-03 7.44E-03 — 4.13E-03 9.96E-02
AR SS — 6.88E-03 8.04E-02 5.12E-03 7.68E-03 — 4.27E-03 1.03E-01
[1] & HE ik [i] Iz — 3.92E+00 4.58E+01 2.92E+00 4.38E+00 — 2.43E+00 5.86E+01
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2.3 DBDE 1 HBCD [{IF 5 50 34y DBDE 1 HBCD {145 52 M 28 3 b 748 A0 3 15 HL b v AL 7
2.3.1 R i, WK 9FE 2. WIEARHEBELHELSE BRI, BB

DBDE Fl HBCD 1] LCA HF#GE ., KA e % S5HEeTEMBMLLL, HoEf g mi/h. DBDE f
T, SRILEK 8. HBCD 7 LCA WP A5 M ()& 4 BR AR . B 1k DA R 2
2.3.2 FMAVEE bR &N AR EEIAY,

RS MERWRBKNHEHE

Tab.8 The equivalent value of the environmental impact type

El

B2 il

EATE IV N B " ZHiIA Eingas i LA Z%iB T TR bass]
it T H B3
CO; 1 5.00E-02  2.68E+01  3.13E+02  1.99E+01 2.99E+01  1.15E-02  1.66E+01  4.00E+02
CHs4 23 528E-05 2.09E+00 2.44E+01  1.56E+00 2.33E+00  1.24E-05  1.30E+00  3.12E+01
P kg.CO2zeq./kg
A BRAR R HC 1700  7.52E-03  4.02E+00  4.70E+01  2.99E+00 4.49E+00  1.72E-03  2.49E+00  6.01E+01
N0 296 5.41E-04  6.36E-01 7.44E+00 4.74E-01  7.10E-01  1.24E-04  3.95E-01  9.51E+00
St 5.81E-02  3.35E+01  3.92E+02 2.49E+01  3.74E+01  1.34E-02  2.08E+01  5.01E+02
Papeao HC kg.CFC-l1leq./kg  0.034  1.50E-07  8.04E-05  9.39E-04  598E-05  8.98E-05  3.44E-08  4.99E-05  1.20E-03
Frt N
Y Mit 1.50E-07  8.04E-05  9.39E-04 598E-05 898E-05 3.44E-08  4.99E-05  1.20E-03
SO, 12 531E-05  2.99E-01  3.50E+00  2.23E-01  3.34E-01  1.22E-05  1.86E-01  4.47E+00
. kg.SO2eq./kg
714 NOx 0.5 1.73E-05  5.53E-02  6.46E-01  4.11E-02  6.17E-02  3.98E-06  3.43E-02  8.25E-01
it 7.04E-05  3.55E-01 4.14E+00 2.64E-01  3.96E-01  1.62E-05  2.20E-01  5.30E+00
COD 0.022  0.00E+00  1.47E-04 1.71E-03  1.09E-04  1.64E-04  0.00E+00  9.09E-05  2.19E-03
o kg.POs>eq./kg
B EIL NOx 0.13 449E-06  1.44E-02  1.68E-01  1.07E-02  1.60E-02  1.04E-06  8.91E-03  2.15E-01
it 449E-06  1.45E-02  1.70E-01  1.08E-02  1.62E-02  1.04E-06  9.00E-03  2.17E-01
Cco 0.027  1.35E-06  7.55E-05  8.82E-04  5.62E-05  8.42E-05  3.10E-07  4.68E-05  1.13E-03
Ak kg.CoHaeq./kg
sk CHs4 0.006  1.38E-08  5.46E-04  6.38E-03  4.06E-04  6.09E-04  324E-09 3.38E-04  8.15E-03
Mt 137E-06  621E-04  7.26E-03  4.62E-04  6.93E-04 3.13E-07 3.85E-04  9.28E-03
JHA&R A MR kg iR 4.65E-06  2.32E-01  1.54E+00  9.82E-02  1.47E-01  1.08E-06  8.18E-02  1.97E+00

% 9 DBDE 1 HBCD #-# 3R B M bnii LI (5

Tab.9 Standardized potential values of various environmental impacts of decabromodiphenyl ether and hexabromocyclododecane

; brifEfk . . N . o , . .
FAESI — — IZHiA EirEas i YKL ZHiB Tl pEREN a) it
HEUEE AL

srpasg 00 KeCORD o p 0 934E.03 1.09E-0I  6.95E-03  LO4E-02  3.72B-06 S.79E-03  1.39E-01  2.81E-01
x10 /(capita.yr)

SR LO3 - ke(CFC-1leq) ) yop 06 781E-04  0.12E-03  S8IE-04 871E-04 334E-07 484E-04 LITE-02  235E-02
%1071 /(capita.yr)

AL 419 ke(SOea) ) (b 06 846E-03 9.89E-02 63003 94SE-03 3.87E-07 525E-03  1.26E-01  2.55E-01
x10! /(capita.yr)
— kg(PO4>eq)

EEHL 835 (eapitagy  SISEOTLT4E03 203E02 L29E03  194E-03  124E-07 10SE-03  2.60B-02  5.23E-02
ety ke(CaHicq)

KA 6.05 (eapiayy 220F07 LOJE04120B-03 76405 LISE04  SITE08 63TE0S  LSIE03  3.09E-03

S o keDush) ) (0507 8.00B-03  5.32E-02  3.39E-03 S.08E-03 3.72E-08 2.82E-03  6.80E-02  1.40E-01
x10! /(capita.yr)

TEEINRL, A2 FE A BB e, WLAR 10 A1A 3.
HIZE R AL P AEBORR A Z 5 HAER

B2 ISR LI
Fig.2 Standardized potential values of
various environmental impacts

233 IS5 A&

DBEE 1 HBCD Eﬁfﬁﬂﬁﬁiﬁﬁﬁﬁﬁﬂiﬁ@\ b2E)ii
Rl o T At 3yt / 0 kT N
RERMFF Y . TR R B ZE 3% . %7 DBDE A1 HBCD HIAr#EfL B3 IAUS AIF SRS

Fig.3 Weighted total environmental impact potential
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% 10 DBDE il HBCD [¥).2 SRR i85

Tab.10 Total environmental impact potential of decabromodiphenyl ether and hexabromocyclododecane

PAlEY ZHiA i Brih YIkL 2B T R0 bas] &it
ARRAIE 4.36E-06 2.51E-03 2.94E-02 1.87E-03 2.81E-03 1.00E-06 1.56E-03 3.76E-02 7.57E-02
SRR 3.30E-07 1.77E-04 2.06E-03 1.31E-04 1.97E-04 7.56E-08 1.09E-04 2.64E-03 5.31E-03
7 3.43E-07 1.73E-03 2.02E-02 1.28E-03 1.93E-03 7.88E-08 1.07E-03 2.58E-02 5.19E-02
BERN 6.40E-08 2.07E-04 2.42E-03 1.54E-04 2.31E-04 1.48E-08 1.28E-04 3.09E-03 6.23E-03
Fetb A 2.42E-08 1.10E-05 1.28E-04 8.18E-06 1.23E-05 5.54E-09 6.82E-06 1.64E-04 3.31E-04
2 &b 2 1.20E-08 5.97E-04 3.97E-03 2.53E-04 3.79E-04 2.78E-09 2.11E-04 5.07E-03 1.05E-02
Bt 5.13E-06 5.23E-03 5.81E-02 3.70E-03 5.55E-03 1.18E-06 3.08E-03 7.43E-02 1.50E-01
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VLAt A . A ERARHE . BRAL AN 2 & 42 IR BE IR AR S5 o
EL23 51 50.47 % 34.60 %< 7.00 %.
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M o
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