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Research progress on environmental distribution and toxicity effects of decabromodiphenyl
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Abstract:

Decabromodiphenyl ethane (DBDPE) is a new brominated flame retardant and the main
substitute of decabromodiphenyl ether, widely used in electronic appliances, plastic products,
textiles, and other industrial products. It can enter the surrounding environment through
volatilization or effusion in the process of production, use, and disposal, and result in biological
enrichment and amplification. China as a large manufacturer of electronic products has rapidly
increased its production capacity for DBDPE to meet the steeply climbing demand, and also pay
attention to the environmental pollution and toxic effects brought by its extensive application.
At present, much research has been conducted to describe the environmental distribution of
DBDPE, as it widely exists in atmosphere, soil, sediment, sludge, and outdoor dust. However,
there are few studies on the toxic effects of DBDPE, and the relevant mechanisms remain unclear.
This review focused on the research progress on the environmental distribution and toxic effects
of DBDPE. It started with the distribution of DBDPE in the environment and organisms; then
summarized the toxic effects of DBDPE, such as reproductive and developmental toxicity, thyroid
hormone disruption toxicity, liver and kidney toxicity, neurotoxicity, and cardiovascular toxicity,
with detailed information about the first two; and finally compiled the possible mechanisms of
its toxicity, aiming to provide new ideas and insights for further research.

Keywords: decabromodiphenyl ethane; distribution; toxic effect; reproductive and developmental
toxicity; thyroid hormone toxicity
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RKEBFFMH. BEBARN. £508KXURKEA. )L
BAS M. PEENMR FEEMEBE T RS
[, F 2006 E£FF 1845 DBOPE L 2, N1, HIIEF
££912000t, FEUESESSKHEREL KDY, EE
DecaBDE F 2017 4 (ETESHRE QL) T A M
BN SEYUREMZASHE S, DBDPE ERER
LRt e,

F&& DBDPE A ~=FIEREE M, ERINASIF
1%39% I T DBDPE WIfETE, MABHEAEZEN. BFikF
X T REX K SIFERIK e TFEREINK
SFERAYKF W, 7E 8 F Rk [E] Wt X Kz DBDPE &
F=H#1X, DBDPE I AKSRARAES T i@tX v,
T LVENZR A, DBDPE EIFEN BRRAREZ R
B _EFHAY#E 2 O, M DecaBDE BIRERE TIRE, 1R1E
BY i8] #2 25 $3 0 DBDPE >k 3K °J RE#8 1 DecaBDE A% /9 &
ERIPEMAT ', F1TF DBDPE BETEAL AR, Him4k
EYEE. EMHAMKRE, AMXIIFIERAKER
BEERBENEM. 24537 DBDPE EIF B E YAy
PIERSEFHAHERBETERR, EESIRANXNTF
AR REIATTI B X S E M

1 DBDPEEIFIRMEMERNBI SR

2003 £E, Kierkegaard P B R EE S H M H
DBDPE, HFf DBDPE JZfFEFAS o gl » el
IR Leel S5 sl RSN A Y F IR
FRREMER Y, HFEREZNZEASHES, F1
BETEMIAENAFRTDBOPEMNEE, IULI AR
FEX U AR B DBDPEMNEEABTRAK
ERo

DBDPE G REI/KME, 52 WMIFIE Bk
SRMBERIERNEE N, Ricklund F Y SiTELER
THRBEF 12 ERB 4215k IR )5 DBDPE
RE, RIBEAFITL., #1765 =FEZK5/ -+ DBDPE
B2 % (5.1~31ng/g, UFEIT) BIE, IEMHPE
75 &+ DBPDE A& 77 #8 (52579 160 #1140 ng/g, LAF
5it) BE, MEES/RMX SRS DBDPE F
ENMES, XF220ng/g (UFEI) . T RKER
EHRENREAEAZONEERETR, ERMEI
¥ 2EA¥ 281 DBDPE RYRE 532153 5179 2441, 1350ng/g
(UFE) @, NREBPMEGIES D HRER
FHFFRE I NERN L, BT A B REXE
FR354G Nt DBDPE, Itboh, EEFIBS AR AR EAL R AV ER

BEER, MAERENEEBHESTRERE, FI6E
BHTFHRAKEFIRERESISEIRESKEB DBDPE
REROHE NIF 5 222, X LB 5T 2REA, DBDPE 7E3F 15
NP EBEEFE.

®1 REMXLUKRAEFESFF DBDPEM S E

DBDPE &= BE

WENE ERMOK g ) wesE 0T
AN FREEMK 102 (1.77270) ng (BAFER) 2011 [11]
FREM 402~3578 pg/m’ 2007 [4]
IH e E B 0.077~7.9pg/m? 2005—2006 [10]
Ti% ENfE 75 A B L 31X ND~7.6ng/g" 2008 [13]
hER=AKHA 18~60ng/g" 2007 [4]
EahIikiEEG 19 (1.1~83) ng/g" 2015 [12]
R TR IE 990 (12~4900) ng/g* 2004 [12]
)
ppeistyl FRERARL 200ng/g" 2009  [16]
FEmRAARIA 15 (5.1~32) ng/g" 2013 [15]
FESESNFRE 1700ng/g* 2017 [14]
B E SR EE 24.00ng/g" 2004 [16]
VR =E 120 (ND~220) ng/g" 2004 [17]
It 150 (73~160) ng/g" 2003 [17]
W= 17 (5.1~31) ng/g" 2003—2005 [17]
TRAFITT 31 (7.7~31) ng/g" 2004 [17]
FEFEX 140 (39~140) ng/g* 2005 [17]
FREM 680~27400ng/g" 2013—2014 [18]
ERIMIL ELFIET
NAE 721 (170~1846) ng/g" 2008 [23]
B=E 153 (55~2126) ng/g" 2008 [23]
W=
BEHIR 23ng/g’ 2012 [23]
BERR 9ng/g" 2012 [23]
FRE
RERE 2441ng/g" 2013 [20]
REEYH 1350ng/g" 2013 [20]
*REE 564ng/g" 2014 [24]
ERDAE 997ng/g" 2014 [24]

DEIND : ki tHo * : LIFEit, DBDPE : HRZARZ I,

B8R 5 % PH, DBDPE FEEMMARB 217 .
AR o) kg el s he | gEgE T D R A fR e eh
B & ¥ DBDPE 11T, XTI B AN AR —B
FEYMIF R X EYS 1T DBDPE T RIKF DM, &
R 2 RDBDPEEE XS EHEMINALR hZiw H >,
shiE WIE 52 (FEXG) MANAY. AFREADS AR Fr3g il
% DBDPE, # H ' i A DBDPE ;R E & T AL A0 AT A,
2010—2011 F &5 [E K H 2 FEFFAE4¥ 24 # DBDPE AV4S
HE R 35%, HFRE25E09 (23.4460.0) ng/g (LIAEE
it) B AR AR 203 FE MR ERAARIOLD
WMOT ISR 4 MR FHITIRN S E A,
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89% M £ AT 44 M 4 DBDPE, FREB D HEE K
H ~20ng/g (LUBEET) U9, ItbSh, DBDPE BJ LATEAEY)
KIERMFRZEEE. WECVHFRAM, £/
FEE2ALD. SZORFNFE LSO H DBDPE, Zheng & 132
S ERSCALA. SBEMME/NISAR (AAFAFAE) 89
MRBEAI T EXMBILR, DBOPE R/ NEAIAFEE
Ex =0 DBDPE Al ITEEMA A B R A AWK,
YA DBDPE NS E5EYMNIBEFIEF B YL
WEZYEEER B, 4N, Law E PR A E SRR
B4 414N DBDPE & 2% =, ALt DBDPE XYIFIFAA
RERAEBENED. BRSAXEEERANENRN
BEFE, AN ARERETERSRYNET
&), RRE X BETIBEMAEL#H1T DBDPE 1
M, E&2455%0795.90. 3.85ng/g s

K224 T DBOPEEABEELRATHNEE, ERE
TRE B F IR B X K DBDPE 7= #1X, AKKIAY
DBDPE B E2FHE S T HMMX A Z 8 A, Liang F "
WS AT &R I T B F R [E] W X 3R R T A %3t
XAS5XTENERUNBHHXERN L.
MMmEEZ, WNEEI, IKEIA. BFUREUK
XEERUMEXE R &+ DBDPE RE72 #9251 H
82.5. 29.4. 10.9ng/g (LI FEit), I35+ DBDPE HY
8D 93 125.2. 56.1. 13.8ng/g (WUAEET),
B F IR IR T Ak 2B+ A DBDPE S E2EE
STBFIREWXEMmRS 58X TIENER,
0 B8 F 47 3% [o] W 3t (X & R 3k & 0 Ifn 55 #° 89 DBDPE 7K
EeTFHmER. XK\, BFLUIRGIESIZHAEE
=4 KEZDBDPE, SHEBE AR LA M MBHE A

x2 BWABHFAF DBDPEMSE

DBDPE &2 wH BF
Rk CRESEE) X (%) @k

(=N KR

kKR OANIE B FHIREEX

FBRITA 82.5 (21.2~238.5) ng/g? 100 [5]
B HREIREER 29.4 (ND~197.0) ng/g? - [5]
BXER 10.9 (ND~36.6) ng/g? — (5]

miE AIEBFHIRERX
N 125.2 (26.7~439.5) ng/gb 100  [5]
B EIREE R 56.1 (4.2~127.2) ng/gb 100 [5]
HXER 13.8 (ND~33.2) ng/gP — [s]
LIZR% DBDPE £ T A 3.91 (0.087~54.4) pg/gP 100  [36]
PR LLZR% DBDPE 4= T A 8.6 (ND~142) pg/L 96  [36]
AZL AbRmRESE 5.96 (ND~35.3) ng/gP 88 [37]

DE] - RAXBPEHENIENT. a: LFEit;b: UEEIT.
DBDPE : +:R K Z o

DBDPE #& H &350 Wang & B¢ Y& 111 % % DBDPE &
=T TABMBEMRERESR, #TRNomEEI,
[ ;& ¥ & 7 DBDPE RV 2 9 100%, Fi2 73 #CHE
790.087~54.4 pg/g (LUBEE1T) ; FRI&H¥ & DBDPE AY
KEZEAN 96%, B2 RESEENRK L ~142 ug/L, 2014
FHEIRWEN AL AT, DBDPE B HZH 88%,
BN YCEE RS E ~35.3ng/g (LBSEIT) , 7E#IE
MY 6 i BUR R BAMATI A DBDPE S 2 RS o HiE
AR AR DBDPE BT R in B Ham i E M
%, RER S LB EFFMERRKE, DBDPERY
SRIEBERT X,

2 DBDPEMISEAESHMN

B35t 7<PH, DBDPE A I sV ETEA B =4
—ERIEM, Nakari #] Huhtala B 3451 5 & GRAY R 53
&I, 25x10° ug/L DBDPE 35 1] S X & OR 7 14 X ER
SRR, SIRBECHFRCRBEEAS. EXR/NE
|4 #A £ 28 DBDPE (100 pg/kg, MUAEIT) AISHF
R/NRRBITHEERERS, RHEFR/NENEKLE, &
BELRE N, Mg F /) 5 AR BERT XS B
BHE—EHRERS ERAR—5, Hardy E %
Maa K, MCEUNZERFRZFE T 110 mg/L DBDPE B,
FRFEHENFEHRN, Jin ZE " HZEAI, EHS
22T DBDPE JSHAY AR (1000.0 pg/kg, LATFIRARY)
i), MM S BB ENFETRNBERYEE
BR R M, £BEE W KR A O E S 445 DBDPE
[FEFE49 57 0. 100, 300, 600 mg/ (kg-d)]20d,
HWMIER,, gi5IiR. FFREELEHET . BAl
*F DBDPE £FE A BFH MMM R, MIIEHR
RE, X7F DBDPE WA A B S HNHREIEHA—
H, XAESERSHIE. RENEBAREURREY
¥t DBDPE RYBUR MR REE %o

3 DBDPERYERRERAEZETILE M

ERKBRAZ (thyroid hormone, TH) BI LU{Ei##£A 4R
. ERKMBE, THXITHI89EE BB USSR
EEE(EA ™, H5u%KPE, DBDPE AT LUEIE FH THHY
KFES AP WZEEL. SunFE BT BB AT/ NE R
75 DBDPE 30d, HEFFE200mg/ (kg-d) BF, /MR
=M ERIRBR R &L (triiodothyronine, T3) A& BB KR
2 (thyroid stimulating hormone, TSH) 7K3FRE(E, BIR
BRZ (tetraiodothyronine, T4) B FE#EES, XETREE
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DBDPE i S AN (A B4R 2 % P4S0 BS (cytochrome
P450 enzymes, CYP) # & % ¥ BE BR ¥ #2 B8 (uridine
diphosphate-glucuronosyltransferase, UDPGT) BY7&E M4 F+
=8 %, b4, Wang F ! {F B 100mg/ (kg-d) DBDPE
WARREOFE ood FNEHMBENIENR, MK
B T37KFEF 5, 7<AA DBDPE = 5200 FUIR AR &= F 187,
R A RIET & B AN # 1 KR F5 DBDPE 28d, &
FEFE500mg/ (kg-d) BY, KERMEAHhFE =
FRIRBRREER (free triiodothyronine, FT3) 7KEFRAE,
TSHKFFH S, BEIREEIXZER (thyroglobulin, TG) .
RBRIT ELES (thyroid Peroxidase, TPO) & F i -
& - BRI X EREBIFRIA T A, X7REH DBDPE 7]
BB FIUT AN - 1A - KBRS R KRR T EE
RIR U, Smythe & U7 3 A {4 R AR BR 40 B33 4T DBDPE
28, EZFREN 260nmol/LBY, DBDPE 88 351l
AR BRI Z AR IEES (deiodinase, DIO) FSMNAIRE:
#% B8 (sulfotransferases, SULT) BYEME, MR T4 A
T3 %1€, HltiAJ9 DBDPE B % — M DIo JEERYAE
RENTEY), XLLRA, DBDPE B E SRR KR
MERES, SHERERESWYEEZREL, 18XTF DBDPE
X ELA A 73 b B R R R I s R IR B

4 DBDPE®IEfMEM4
BRTEABLEEAESMNT S| L BIKREVIEES
ZL5h, DPOPEF A B E S M. MET NS, 4R
EEMURONES S, FFATZ DBDPE (EARIEE2S
BEZ—, HRAM/NEFEETF 200mg/ (kg-d) DBDPE
B, Al —ERRENFRRGMIIgER S, FHAlt
SHHEMBEKFEFAS ), FengF ™ @il B8z F 5¢
100 mg/kg DBDPE X il 88 42 &, & Il DBDPE & £& 30d
aRafREnE v RRE, BRdatkEAS.
BARIME 7 BOER S A 2T 82 AT 4 AR ¥ 1T DBDPE i35, AT
INRe 547 UDPGT j&E 14 15 58, H % DBDPE & 55 /R E
BF =, UDPGT /&M IG5R E N B &, Xt BH DBDPE 5|
BT HARBRGS, RENMRRKRE, EEaZO%
£ DBDPE 8 A /5 AE /)  RNA (microRNAs, miRNAs)
AR ENT, miR-155. miR-205 F K Z #X miR-
10KEMR R LAY JinEW NS & NREE
TERMHIT AR (ARiEkiR R A B Bk EDD) 1T
' DBDPEXYBI BB M BEMTANFMN, ZIMA
£ SR E (1000.0pg/kg, LAFRFRHYIit) DBDPE 8
B, T 120nENHSEHNEEHIKEZHESR

52, RIFDBOPEXHI S BN EBRENEEITAS
¥, DBDOPE BB A LIS H ARSI, 7154
fR3515, mEERE (100 mg/L) DBDPE AERRR4HARAR
BB 5o SN, FRFEA Rl B AT MM AR
Z+35 DBDPE 28d, HZREFIE/9500mg/ (kg-d) BF, K
BUOBEFIBE E shAX VA SHBREGHZI, MEFH
A EL PR S ES (lactate dehydrogenase, LDH) SEM4EIZ 10 ;
ESRERN, KENBRBEMIENZE-18 (interleukin-1
beta, IL-1B) . IL-6 1 ff J& £ 3E [A F a (tumor necrosis
factor alpha, TNFa) i ; SEUMERNKINEEMRER, M
B A K % -1 (endothelin-1, ET-1) F1 40 A (8] %4 Bt 5
F -1 (intercellular adhesion molecule-1, ICAM-1) 13,
X 15 BH DBDPE Al RER X LM E RAFEBE M,
ERXLE5TZRER, DBDPE A] 5| #2 % A EMIE MR,

5 FIEEIE N

B, X7F DBDPE W= EAH A PR, B
R <A DBOPE AJ e BB IE S AW~ ESMHE
Fo TR AT, 1A% #7110 DBOPE Al S R E & M E AT
AL IE NV EIEBR YL ES (superoxide
dismutase, SOD) . & W S EE (catalase, CAT). ARt H
X | YIES (glutathion peroxidase, GPX) A& 14
RSB HE K (glutathione, GSH) EM ZHY R AKX
REB T i3 K2 R EE BT I B R R 5 Feng & 55 41
EIMT XMW, HLUFEERZENEL,
B E4HE B HE (reactive oxygen species, ROS)
A& Z# (malondialdehyde, MDA) BIIRE F 56 X
A REREMARZ IR EIFMRISRES, B{RA~5 ROS,
RBME NI EEHS, LIREAEN &N XS
REVARF R ; MATARIIMTEE ISR, HIE
FEEREROS, B TH A AWENEREES,
SRS NG, SBARGG, BEMERNTR
S ERIROS, MTEEDAZ EE, DBDPE AJ LU%
SABREWRIE, BINMEKE, @i AR S IRz
{& (constitutive androstane receptor, CAR) / 2}z {&K
(pregnane X receptor, PXR) 5 S @RI MMM B E
B CYP2B2 mRNA. CYP2B1/2 EH KA, NLHE
K, NMESHRFRESE, TNGECYFET
DBDPEXIHI S & BN IS EMEMSEIXR, &
I DBDPEXHI DB BB MEN, BriEdek
THEUENEERARSaNnathERA,
DBDPE KEAR BRI M S AAE & itifh ; BiEEH]
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HENHNERREVEEERNA—X, HafigEea
AMAEHEY SOD. CAT/EMERBRITFE X, T MDA
MGSHERMREFHITFEE N Wang E IR A,
B K FR 445 DBDPE AJ S 3 H K AR sOD /&4 2 71
SR T, 51 MDAKFEAS ; lingZE B iRtk
Il DBDPE A& T A WEEHE Y, B OAAR
FAE EchEXE R, MTISEAEIHEERR SO ML
Efifh, X3t ER, DBDPE A AEIE T i &K &N
HEHOMESESMY, BRAANGEFE—TRIT,

6 RE

BEIXF DBOPENSEFHR TIELFELM
ER, X TEHSHNMRREMENKRLD, HSERANE
HARAERE, B THE—P&Rit. BT DecaBDE VEH,
DBDPE HHTAUR R FRMAFIER LM, HEMERE
WA EREF ML R, HERIREM A — IS
o BAF RS IFRENKTE, TEREIFIES
DBDPE BY75 /K F#3E ; ‘R N\ 53 DBDPE FYIF IR %
3. 5EYIK S FEIRAE B EA LUK DBDPE B 5150
HE, FNMERERENSHRE. EERNRSE
N SERNES S E#HITRANRIT, 79 DBDPEIRIE
BEMNERERTSIREEICKIE,

B2
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