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=. WHEFEN

AR B BT oM IF . RN A IR A5 5 49 L F AR

BARRBET fdhhe %k, ZHRFER, SRR RBAR — LT LB FHIR
Ba R A S HFRAR LA 2RER X ENE RIFIZFE A, A4 F=
HEREFBERALAGARKE, EFFRBEFTEMDERTENR T GEEFLE S
ETAKR, ZABRREF. REHMEE L RF4H 5. Bk, RERRSXK
WER, TE. DB RBON T ERAFRGA LG, KRB AL RRRBT
MAFRIT R, RET—RPNETFREGHHFE, 80 TFRA KT L4
ARG T, BAFHe T A AR K
1. ERFFEFEMORES TS BTN AHFERAFHRE, 2527 —4
PG E A S ? BRI T EMG R E S T k. BRT A ARMAE
RAEFRSERESHT, FRTFEMGERARIIT T &, FAMCER T 0E
Wag —BFE, FAFEKR, FIRFEARBO BN FEIR, 4484 50T &8 B A 1K
A SN, T RIE TR RIRE T fdh 0 £ X4 5 DNA 9% A B,
AT B IR o
2, ARIAEFTRBARBAKE T RFIE. FHARF G E T IR IFH AL
R AT FOORA. L. KR G ABART 69 8 2303577 fap st
o, FRECMNGERHSHARL LI, ZATFATHAARELETESL
B m M T BRE . REAT ARG S EEMERAPHAREAEE LS EFH,
FERAWF M FRFR,AEFE T LA B R IRT F iy KIEH T4,
3. RHFEBEAR, REFEXHELEREANZEZLEHELSBIREAXE LK
X 3R 2B o R R AARIRE K A4E, 45 Principle Author % sk 25 36 K X
WA R BIMIR S, AT RENAGRAIFERE T 2K, CAXEF
KA TRF . BB RETAANNRE. TREAXREEES T S0 EF
REBEN YRR A3 FIZIRE, moA &R E B IREFI6 T &k FAREZ —,

ZRAERERZERE-FPHEESKETR R PO “REHFREERT”
2315 Fk, ARAREBEANDT N FF L EAF ARG “BREER
FREFERE” 23 KIAERNESENGZEN,, AEEARR T ETALAENGE 30
Ba RGN A RARETZENOHRTFE, EBKRBAIXT F£40489
B Feds® RIET EFER: £EZRBEF EEHF AT P MR IR
BARXIE, EMEAF KIET EZ/ER,
4, B AREMIE. KA B EBRRBIREL T Fo A4 52 2 & (4= Environ. Sci.
Tech.; Anal. Chem.) K& 7T % B, £F 8 BR AWML L3 Eoxsagid
1800 %k, # ¥ SCI #3]A21E 1500 2k ; M B A 4 ARIFEEAE FF L4,
1T ASE “KiTFHE-RHR" , £EANAFLBFIFREIRIAERHE, A8
T 30 ZANR LA IR M AR £ 6 B IRA, 100 £k % 4 B A 30K
KA BB IFRE
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1. T2H/FRKAN

BREZFAELE - FTAFABELRE, RETHLGE RS, 25 RERL
MR T EENRLIEFTEFA., KEREEELEPHEZ A T R A AR R SFE
Mt E EIIR, FR—ARIREFTEMM KR EHRE AR, HERE LY
%, TFEMNHELRSE, AEBPHEENEENGIILZTRRGXE. XZE
RARBEA B, Bl X%k 209 #, BE5 %S AIKRKF =B ZF a9 i+ 548
Mo MmIXLFEMK SO RERM, TZIEHIHEM, B EHE BT
Fe N R FE R AR, HF a2 Ehde B 42T AR F IR T F4,
BT AXE G 5 E.

BERFLT RN ETZN T 22K, ARAMEAR, 2ELRK, ZLERE
F FRBBEE LA, B, RRRRSHGHEDLEE S REL T T
R ARG PR . K E A B AR T KM AEI LR R, 5 R
BN RE T, T REH L RIFIRT F W94 5 AT & A RIK,
FRRAKEOA FRAMER, HAHR BRI GRS, FHT HFTER
5 RSAT A8 Ko

AMBELEARFT, A DRAERARL, 22T — AP EREREST
MR RIFIRT Tt & 3 e e B A ik AT T ik, JER A TRA KX G
FAFIED T, BER AT LR A R TR ERARXG KRR, 2. i
. BREMKATH, SHAE, AAEPROTREEHEATHGZTR,
T e E R ARG T R, BB R BATIEST RN HREAF R
*IF,

1. PR T4 ERFTETEUEOREITH T EARREHFRGREBRAEE
(o #rfes, BN ; REMESL 1. 2, 8)

ZRAFEAR AL RHEARRAG K EE FF) 2 AL MBIANIRIELERT F. AF
REAPACMNA_BE—HFELAKEHEMEREMERNE, 28 —LLL
TR FEY, mBMHRES R, A, RRAZOHAHAL LT ER
— KAF A, AT ARG L. AN B AT —ANHEA & F 35 8 432 X
B, R R Bz R T ke o pt g b, EREBRFFAET TRF
AP AR T MR (KAWL 1. 2), & E £ KA
HouAa T ERGENER, T KREWE L5,

ZEE, ZRABREAL LA BFOMILER T oMM, LT MY 5,
WA FTERSZHRE LRGSR FEAZS, HEKREZNES5ER. ARE K
BT —RMRBREGZELECTEM S AT EMOHEK, FHES, HIELE D,
BTG ERIE, RER, ZES, T—ABFEI=ZEURZE5%H, HF

. EERLKI
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EIH A2 & (H. Liu, Q. Zhou, Y. Wang, Q. Zhang, Z. Cai, G. B. Jiang*,
Environ. Int., 2008, 34, 67-72) . AA1ALA] ) Aw ik 7 7 32 BUAe R 40 ) 4R BUIE 2L OE
FEE-KHOB AR KT L4, RBEARFSTEGER, BLENRRES, @
FELSFATREARET, REBSFORREIEE, XL G EGES, HAERF
Pty B MR T A AR KR ELH (P Wang, Q. Zhang*, Y. Wang, GB.
Jiang et al, Anal. Chim. Acta, 2010, 663, 43-48),

A3 BRI T F AN a2 KA AT A R AL, AR S
RIFRT S A MR MAE R AR N E S o 21 MR8 T 2N 2677 X
B EESARR AL b R T B R A RMER AR L6y S oHE S A
PR, AL L E M- AR I E F K -F G R R G4 AE, R LR AR
B RBRRE G EARERAMA, AATONEAZTECANGT EH 5T %
A E AR E B R R T M T EAE 2 THRRT 00 5 e i
F&, RATHTE/R G EARFERGERARRF . 5FLTFORMMABLL,
ZRTAEANBRZOTHIEATILMHRE (REAEBL 8). AWM A AT LM
oy, FRATELERT T TR 2 HAARMBEAR, AEF0HTFTEA
fRR/ B E AT ET AR R T o IaTEREH. 5FALRAL,
AR MA T B EAF S5, CEREOFRHE, LARFR TR,
At b fe K 69 B AL (M. Lu, Z. Cai* et al. Anal. Chem., 2011, 83,
3161-3169) . fEsb Ak b IR T — & F| AT th R 4+4 MALDI-TOFMS 747 77 %, JF
KRBT R oM B e g F &4 (M. Lu, Z. Cai* et al, Chem. Commun.,
2011, 47, 12807-09; X. Gao, Z. Cai* et al, Chem. Commun., 2012, 48, 10198-200) .
FEF LT R T LC-ESV-MS #7755 ik, AT A RF FMea Rt =¥, KA EITAE
W RRINA X kA F, A TR EGENERAARINT %85 KE 5 DNA A
ML, Al | BRF I Béghbd F4, HAASENERAE B ANERE
M «CY. Lai, Z. Cai* et al, Environ. Sci. Technol. 2011, 45, 10720-27),

2, FFRTRABRE L L ANT BG4, PhfEsH, FEEeH#R =17
(B, RBAERBR) FRTLRFTEWRL CGRERE, SHLFE, 3R
BEEYE, KRANHBL1, 5. 6)

HRXETERIFMERGITIRT FEALFRTA LM EZ— ATABRFFR
T F B BAFREH A I T L A AR RS A, BT Bk 7k R 8
e b, e FIIRIFMA LIRS F AR A B KK, S AR ALK
VR RT RN T MESAT, BT BA X BT LR FEmE L KRR
R W F 35 AT G R T I 69 1R ST R FAE 69 IR A9 ST ARAR AR T AR B % 8 5k
KB, RALFIHRIFMOLERRIRLIET T,

AT T RA A, IR R ERIE, RBZIREARABMFTEGO T RRK. ANEH
Wi pbE Ty, HBfe S N MR AR R FFES AR PN2.5 89 AP



&

22 7t % IR BXOREER) R 092, KI5 M5 2] 49 PBDEs #4922 & L A AHEY
58-691 1%, HibHtbxbriRiEa a2 RX 5 E £ 10042 (W. J. Deng, et al.,, M. H.
Wong*, Environ. Int., 33, 1063-1069) . *F . F J& 4% Bl AL 5 7 iy 138 A R B2 5% 18 49
DATIEE TRIZAERIRBEFE R — B R S RHEARARAKE RS ZAFR
AREHAET RYE T AT RGTER A HAFRZ—, BBETET
B T A =%t 5 B KRR A T sk — (REk#
X 5). AT HLAlW T 33 IR MR RE RS MG 69 T R R AR Ae & R A S AT AL,
e, &R ILR I REAE S P SRR Z R A& T L AL
LR 10 F= 1000 42 . AR =% Fefe 5 IR BRORER G K E Ao & RAKAB9IRE &
A BEAIE (REELL 1). LRKESILAGIER 2225 RBIAFe4X
M, RN SRR AT R 5% A% (Q. Luo, M. H. Wong*, Z. Cai*,
Talanta, 2007, 72, 1644-1649) . A B 7% 2775 KA 32 ) 69 H2 K 4L & PBDEs 3R
WA RENE R K. A3 KA T KA AT KHRA K TR
KAEMIY G A B, EKEDIF Z R KA Z R REE TR E 2T A A
R s EAX, BaRBRMP AR, BAE XSG EKHHE (Y. Wang,
Q. Zhang, et al., G. B. Jiang*, Environ. Sci. Technol., 2007, 41,6026-6032) .

VEA# RING BT 4, EHEMRARAAERNERH TR FRE. AR EKR
FWFRET —ZINXH @0, SR ARRGEE, RERAEMBFR,
AR ERRE, FARAEANIEL, BE 5 AW ET RDE A PR
WAL R G L8, AMBFfetidhi e, KT 2%k, AR5 LR R
B, FEANAERTFEHEEEFRMNB G _Bhf S AREEOERES S
(TEQ). A& & TAREA S0y A E T AME L 2 Z K 5 K- 5505 %
WG 7 g, T T R G GG B ISR EDIE A AR, 8. FARAR G Fe F Sh
BT R R R LA EENKEAPIZE R R L ER T ES T AT
& «(A. O. Leung, Z. Cai, M. H. Wong* et al, Environ. Sci. Technol. 2011, 45,
5775-82).

St — AR G35 R AR, AT G N BT R A (BER) ©ILsE B F ke
FHI, BEAKAFEROINTIE T, ZHEELNSLERARIARITIES
FAES, RIS THEAMATRENER, FAREEFILRAG 6 NA KXY
BILL LR EBGOBATALE ERILM 57 1%, RIERERE T 1M HiE
TR R A Z AR K. IR S8 F KRB, RAEHE FIIMEIK T KT 4
Bl EM R K B EEEMKANEER, ZARNER UL BL R M RA
nfoR 3 N R AR A 89 K F- 2 WHO ST 4589 25 4%, AEIF R L B ILGKF &S
1142, EBEEH, REOETEREN T XFHERERS ZEEf S 00
FEEF AR RAT, 7T e @21 B2 )L a9 4 & (J. K. Chen, M. H. Wong*, Environ. Sci.
Technol. 2007, 41, 7668-74) .
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KIEHEIBRL BT EDOWKERARIEZ —, LEXARAL KT LN EE
BB BN AEBITILT G EE, TAAXKESISFERERA
BHAYIEE. A E TRALE “ZM” WMRFET S48 05 f 6 T4E,
FERIDIET RABEARAKAMAAMFZEAPRE K URFGERNE, BRT
HRZ WS RAF R A F AL . AT R TR A RS HOR 3 ) SR R AR B
X% 5 NRFEREGRAMRETT M. ERET, FAFERFT_AEW
ARG B8RS4, ZIMHBAG K AKIEHIHRFEHIE (P. Wang, Q.
Zhang, G. B. Jiang* et al, RSC Adv., 2012, 2, 1350-55).

WA SHAER EER RSO EHBR SR, CERERGERERENLEHF S,
RIN% AT R A % B HERB G EH BRME T EBHIKL 4500 KAT 48X
M, §THRAZTEMXME, SREXAELFABRA NG Fh3 5 EOIEHB S
FERLK, REBHEKLEGLREBERGARKERE. ANLEN, £5E
FHBEIKFERL LR Z UL EARR A MR EHEHR. SHERERX ARAMN
TR IIFAT AFe £ R R R T BT S A IR 58 KRB KL A
BV RS & J7 e K KRG IR A AR A E 269 & L (R E R 6).

3. AGARNTRARR LETELETEMWNEIEZRE. FEFTAURT 4
EEDERASHFRENEELESEE RBERE, DA ; REMERIL 3, 4,
7)

AFBAGEAEATETEFHHRIIEFTLEELEN)H, BiTAKEDHES
BREDN, RYAPRET EEFTRMOAR TR, AT 4 A 09 ARiE
B R e #EATT IR o\ RIRE B -Fa9 A AL T 8T R e R 6945 K Ae LA
SPHEEE LT, BTEMMRLIEHRBTEFTE, BARBK; KB
LEPE PRABRKAGT BT FEOEERR. TABAER TS ZHET
HRERAAFKE (MAC) , MBS Z L& T H AL X SR AT IRE 69 K-F, Al
HITHRREEDZRRBAZTCLAAIRRALTHEBHFEA=E (D),
%K KREANTCE LT TDI 8 70%. sLIPRE KK As 4= Hg -F34 EDI
1&F TDI, f2fERHARALT R hhe i), Fnfotkdn, LT SHAFE
/& TDI RFiZFH. ARAWFAREN, KPR ZHEGRKRGEFEAHEE
L EREBEHLER, TETRRARBZFAEZETEMFPCRABGER, LREEE
FEAEZRE T/ T ROGAF, b, Lpstidd gt £meFasE4 TR
Ko RE (REELLT) .

A B AT 2 Bt T A RF T T mBEMmIENGTAR T, KN Fik it
T—NEFTERKFAELEMAFT LS EHTAKGERMY, OFEZH. £
. HTFHRF, ARITERADFOLETHT Z2BETHEEHMRAE
71, ABAIBEEETTIHLTREET LM F. ARLEBTT ZRE
WA AR LR TR E, XERETRBLEH KL, LEK; LA
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B & R AT 25 A B AL B iR I (RAM R 4). BiL 5 MmB 947 7,
AT B AR HAY R B AP 69 F A A TR B RS Fehe iR £ KGR, R
HEELEFTREBERLELSEROEMAER, RS HFLET KRR E
A RFT R, AFUEHRE, A ZAALE N RFAAALAZEREK
AR Iy ZRAK, At EIE ZHRARETHFEOTL (REAMRRILI).

4, BETERFRBEFEMETIMNGFTERIL, BETERARX X THAETMN
FRMIIETFRENANFE—FF L (DTS, FRFAS, REML 6,
HACGERAAF 1. 2)

ARB BT RPEIZNE, BT 8%, RABRFLLHEARABFL LT L
MEZNGRL, REFRLREERAZARBENNY, AADE Rl EL
WA K P 3R e AR P, &AL IR KRR F KRR LARIRE PR &
f, 2B Afep E, fitkey 20-30 FIARG b AR E N 2 KA, B AL
£ 205, BAAWMFEILAS TR 1015, 1994 555K P 694 1k 1972 5F 3% /e
T# 150 42 (REM#EIL 6),

REFHIR 2003 FELEZARFELT ABE—FBRETH _ERLEERT
BEHREBABRKEZ AR FRFAESPA EWROGEERS .. A NESRT
FAAK, BB REBAZBEFT RO IARREH R TAE, HEFIFERLK
R FIRE, FIRBEE 4 S AT TR T @ BIRSE, S
SERFARNE . EBIAREREEDNT 2 RIGGAMFRIE, THSE
PRAt S A B SOIF R 428, MR R B F KA S B 407 09 5T 5 ANBAE
&9 5Tk (W. Xu, Z. Cai*-et al, Anal. Chim. Acta., 2013, 790, 1-13; T. Wang, Y. Wang,
G. B Jiang* et al, Environ. Sci. Technol., 2009, 43, 5171-75), s isk b5 7
“TEAMHPATEARELFERE”, AKBRRTI ET 2 EIRSL LN fo 238
AT A BARF G PIRFORRAR TRSEFRZAXNEZN T, T
Ttk K £ 84 % (Principal Author) RE & —A % —AMieFRENATE
RIRXHARA T RN Fd2 ] RE, AT EMGRA], Bisf s iR
BT A ) 0k AE (GRAEIERAAMH 1, 2),

ZEE, KARAZESFOHIT, FRAFER TANEA T 0557 L4009
FUIE TR, PR R G9AR M 77 ik 3T A R IR 5 S AL T T RRvh; R
FANT KRELE 57 2R IBEAIERE, BIFT FMa9H R X,
EEFRAFHARG TR RERET REGHFALE, EFHF34MT KREFE
B RIIET LA TR, FIRT RENEBEEFIRT, B RE LA R
AEMRFRRF A —FZ XM TRATHR, 2EEL, %29 B FFREG4H
RN P B R I K e KOG FET RN LR T A5 sk BARIE, H AT 7%
RO KM B RIRIF T R RFER T RE R FEEAF AR T 2
TH, Ak, A B AFRPREIFFERA LS E R G T LT 4007 LK
h— % BT A,

10
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2. BrIRRME

T H 58 NAE S 7 R S SO0 AR T SRR R R AR RS VA
BARDT AT S8R, AL T RSNk, PRI B R R
AR B R RIS B A e s IR AR 207 i e kAL, W TR
R LR

BT 5 0 75 9 AT O AR OB AR 9 AN I B0 BT A e A A
NP EMRES . SRR, BIER &R HEm R R S AR5
s JENL T IR 5 G 22 IR IR I (1 DR R B R S e M T i IR
JS2FH - S AR 0 [X 5 R AR ORI 7E A0 B AR Bt (3 B Ts e 2R A B
YRR T 7T 07 TS T —Le QBT RCR . B2, XL TVE PRI A % DX s K&
MM IS BE 7 0, B2 B 13 . WHRTIRIESEBRmE AR R 5, H B0 R L%
HARE R LAk ot Pk Es nl ge 24 /it A 27 H . teln, JPR—
SR TR, PR ELVERE,  DATE RIS YA AR i X ARSI )

AR o M B R A A X R R IB R L 5, LG I B PR DR e T AR
il 355 AT B T K HE O X385 G koT (s . AL, R ELATAR 2R 1)
SEREAT SR R A RSCRAT AR SO BOR L 5, (3R R B4R S5 I (M5 7
WA SEUF . AT E AR, R LR, fEE L. aH
feit, B RS RI I ACT FEAR R T 52 Ve B, A2 S AT 7T Hodhs S I B KA
EHRBEZ .

11
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REMILX 1 RATEFHRIESEMRE T B FRIFFENELREREY
' PBDEs g8, XEHERIPBNEZ{LFR Anne P. Vonderheide &+
ESIAZXENRE , X ERAE FHRIL# T PBDE KAWL/ ERETEE
#E, ANRANEFHREFEZRBRNELTHNFR , AMAMEREBERTS
7 P ESHY IR F M—"Recently, the ion trap mass spectrometer operated in MS-MS
has seen an increased number of application as investigators search for a less
expensive means to obtain the selectivity of a high resolution instrument....This
instrumental scheme additionally displays quite low limits of detection due to
background removal in the second stage analysis”(f &5 1)

RERMILX 2 BN 7 B FI K B SEED L 3EW PBDE N8, ZBETEHKZ
FENARBIEFRXE PBDE 28NS EE , ATHMHRIZLX PBDEs 55
ZHXRR, FRENPBEE, MBEZACRESERERPHEKEMEH L
Athanasios Katsoyiannis 18+ K& 5| A HTME H AN KR KM LN EARN
TEEHRERN PBDE BEY HAETHEBFINIRTEPSRHE™ER PBDE
YIiT-- “the major PBDE congeners detected in soils, were ..., Tetra-(BDE-47),
penta-(BDE-99) and hexa-BDE (BDE-139, BDE-153, BDE-154) were the
predominant congeners in the studies of Wang.et al.and Cai and Jiang”. #{¥E{L%
2R Tasneem Abbasi F1EH 4RI M T 4y 88 B4 5245 P47 4 25k (3] 482 s B AT /Y
R +3E P PCBs, PAHs, and PBDEs SRS R MR EL T EABEE (R
KMBIX 2).

RERMILX 3 GFRTHBESEY XEMAN T EBESNESER , BHEY
= NEHFANEEN TEACHBEPTXESRSRABERFEEEN —RF
B FINAZHN R EZHEFAZRMNOMRUSA NN “— M ERWERRERSE S
IREABNHHRTRES | BONAKNTR , B BARIEXBEYSHE
P H IR E XS T ESH IR —A successful revegetation program can not only fulfill
the objectives of stabilization, pollution control, visual improvement and removal of
threats to human beings” (4R 51X 3).

REMILX 4R THRESHIFMETH 12 TMENX T4 , 8, AUREZEES
BHEEMENTENSERER AN XEEYEEENEYEETE PN
BT i, BEHIR Agnieszka Klink AR “Z T Fik R & EHAEY 3 T4
NMNESEEYEERETEEMNHRIE —The knowledge about the abilities of
certain macrophyte species accumulation of metals provide insight into choosing
appropriate plants for wetland control and phytoremediation systems"(1X 2R 145132 4).
RERMLX 5 HETHEFAHRIGHX ( BFUREWH ) ZREER, S8
BRE, ZKXRBERDIENRRRARYNZE D5 , iz XAHES
BEERPREMHETEEHREIE H4 SCI 5| AEE 277 X E KR # K% Hauser
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HRANETHERABENOMERAENE , —REEENBEEEATUER
MPE AR NHBREMGRAXHNER , LHRE ZRRINE)TRE MY
Eih[X” —“Given the large worldwide burden of CVD, the potential role of dioxin
exposure as a preventable risk factor could be of substantial public health and clinical
interest, especially in the context of recent reports of elevated environmental dioxin
levels in China"(fX & 5| XX 5).

RERMILX 6 G 7 SREEBRERL HXATFTRIVR , AERIX LT M+ #
TERMHMtEXWER, EEEREBEMFEEKE Richardson HIREHLR
RN P KB AHER TZFFRRT ZREEABERL M XHRFEHERI
R, EEEMRBETH TR L X ZREREBSEANIVR , ASRONMILE
WX ELRENHT TXLE , BERIEX (FEXME. BAR, PFEEE 5
EN#FME ) ZREXBSEMIAFETRONNLEZBX , ERE-LEITR
MIT i XS REEBEE THRENKSE-- PBDEs in the East Asian
environment were the subject of a review by Wang et al.,”who summarized and
critically reviewed the status of PBDE pollution in East Asia and compared levels to
those reported in Europe and North America. In general, levels found in East Asia
(China, Japan, Hong Kong, Korea, and Singapore). are_comparable to or lower than
those in Europe and North America, but in some highly populated and industrialized
areas, the PBDE levels are among the highestreported in the world (X214 513C 6).
REMILN 7 AR THERBARB FINREIREXIORPNESESEUR
NAGBREEENEERR, B KE Lidinghui HREHITFRH L EHAKS]
AXEHFEAEEAFRNBRE “BNRKIARE-BHETN T ARKP R
AESE  EHRSERRELANMERDEHLAL (FAO/WHO ) AFBRBEAEM
Ee., ...”We found only one study that evaluated the dietary intake of heavy metals
fromrice (Fu et al., 2008). Comparing the tolerable daily intakes given by FAO/WHO
(WHO, 1993) with the mean estimated daily intake ...” (fXRMEIX 7).

REMIX 8 BXFAE2FENAT SPE RIHER , AR T SHEERER |, #
&% T7TAEH SPE/ME , EEMEREELTHEITERAME. ZITHERER
ERAEFEESHMEATHERIARE , ARk TEERERAASHENRHESR
HER =, J. Chromatogr. A ZZEEmF MK H. K. Lee HRE THACTRE LR RER
RiFNLiu FEXGAEFHARNAT SPE RHER. . BIATHEERNFTER
L E Y78 HAYZEBLBE I—The first utilization of graphene powder as SPE sorbent
was presented by Liu et al...This work demonstrated the outstanding extractive
ability of graphene towards aromatic compounds...”(fS& M 53 8). XH A EH
EHRRBERTSHMMRERPNSISEATERNAEHFEE ST B,
Chromatogr. A, 2013, 1307, 135-143; Talanta, 2013, 109, 133-140; J. Chromatogr. A,
2013, 1293, 20-27; J. Mater. Chem. A, 2013, 1, 1875-1884 etc.).
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THE NOMINATION FORM FOR THE STATE NATURAL -

SCIENCE AWARD, P.R. CHINA

1. GENERAL INFORMATION

Project Title

Mass Spectrometry for the Investigation of Emerging Organic
Pollutants and Their Pollutions in Representative Regions

Primarily

achieved by

Zongwei Cai and Ming-Hung Wong
(Hong Kong Baptist University)

Yawei Wang, Qinghua Zhang and Guibin Jiang
(Research Center for Eco-environmental Sciences, Chinese
Academic of Sciences)

Subject category

Environmental Chemistry

Mass Spectrometry

Brief introduction
to the project
(within 500

words)

This project was from the ‘interdisciplinary research of analysis
chemistry, environmental chemistry and environmental toxicology.
Mass spectrometry method development as well as the investigation
on environmental pollution and toxicology of emerging persistent
organic pollutants (Emerging POPs), including polybrominated
diphenyl ‘ethers (PBDEs), perfluorochemicals (PFAAs) and
short-chai chlorinated paraffins (SCCPs), have become a major
global“issue of common concern. The detection of emerging POPs
and assessment of potential hazards is the important research topic
currently. The chemicals with a great variety, wide range of levels in
various environmental matrices, as well as the different physical and
chemical properties, have posted significant impact to
environmental and human health. Therefore, development of rapid,
sensitive and efficient methods for the separation and detection of
the emerging POPs has become a research forefront. In this project,
mass spectrometry-based analytical method of emerging POPs were
developed and applied for the investigation of pollution
characteristics of emerging POPs in specific regions, with
significant of innovative achievements.

1. Mass spectrometry-based methodology of emerging POPs

A series of extraction and determination methods of PBDES were
developed, to simultaneously analyze and separate polychlorinated
biphenyls and dioxins from PBDEs. The formation of DNA adducts
of PBDE metabolite was studied by developing and using LC-MS
methods. Genotoxicity mechanism of PBDEs was investigated.
Moreover, a new LC-MS method was developed on perfluorooctane
sulfonyl fluoride (PFOSF) based on a chemical reaction, which
solved the analytical problem due to the lack of ionizable functional
group of PFOSF and thus became the first published analytical




&

method for PFOSF. In addition, the project team was also the first to
develop the mass spectrometry method for the analysis of SCCPs.

2. Investigation on pollution characteristics of emerging POPs

The pollution characteristics, distribution, transportation and
toxicity effects of the emerging POPs in specific regions such as
electronic recycling sites, waste water treatment and chemical
manufacturing sites were studied through the analysis of various
environmental matrices. Also, the project played a leading role in
the investigation of POPs in “three poles (south pole, north pole and
Tibetan plateau), which showed the long-distance transport of the
POPs. Furthermore, the outcome of long-term tracing study and
observation allowed better understanding on the effects of measures
of environmental protection on pollution levels of the specific
regions.

3. Significance to research on emerging POPs on China and
Asian-Pacific region

The project team was invited to lead an international consultant
team for collecting and writing the 1% and 2"! Asian-Pacific regional
report on POPs under the Stockholm Convention. With the
sponsorship from the United ‘Nations Environment Program
(UNEP), the team has organized several regional and international
workshops on the POPs.

The State« Key ‘Laboratory of Environmental and Biological
Analysis© in \ HKBU-"was established, which provides a
comprehensive ‘technology platform focusing on research of
emerging POPS and providing support to relevant studies in Hong
Kong ‘and Mainland China. The Dioxin Analysis Laboratory of
HKBU participated has been approved as first tier laboratory of
POPs analysis and monitoring by UNEP and played a leading role in
the Asia-Pacific region for POPs monitoring.

4. Brief summary of academic achievements

The team has published over 500 scientific papers on POPs
research, many of which were on top journals in the areas such as
Environ. Sci Tech. and Anal. Chem, with high citation rates.

According to the instruction, 8 representative and 20 major papers
were selected. In addition, the project has also trained numerous
talent experts in POPs-related areas. The team has organized 15

international conferences of environmental and analytical chemistry,
and the team members have been invited to give plenary and
keynote speeches for over 100 times.

Prepared by NOSTA



http://dict.cn/Qinghai-Tibet%20Plateau

&

2. PRIMARY DISCOVERIES

Emerging persistent organic pollutants (emerging POPs) are known for the complex
congeners and low levels in the environment. Therefore, highly efficient extraction,
purification procedures and sensitive analytical technique are required in order to
effectively detect these substances. A series of mass spectrometry (MS)-based methods
have been developed for the analysis of emerging POPs in complex environmental and
biological samples. Systematic studies have been carried out for polybrominated diphenyl
ethers (PBDEs), perfluorinated compounds (PFAAS), short-chain chlorinated paraffins
(SCCPs) and other emerging or potential POPs. The source, distribution, transportation,
accumulation, amplificatory behavior and toxic effects, as well as the level changes upon
the stringent environmental regulatory measures were investigated for the better
understanding on the pollution characteristics. The obtained results not only had sientific
significance but also provided the support to fulfill the Stockholm Convention on POPs.

1. Development of novel methods for extraction and detection of PBDEs, and for
distinguishing PBDEs from their chemically and structurally similar substances-ike
PCBs and PCDD/Fs (representative paper 1, 2, major paper 9)

PBDEs were extensively used as flame retardants in furniture, building materials and
electronic components. The long-distance transport and bioaccumulation made it a widely
existed emerging POP. Mishandling at e-waste recycling, site resulted serious PBDES
pollution in the region. The project team published several reports, for the first time, for
PBDEs pollution in various environmental.matrices in regions near e-waste recycling sites
and investigated the pollution status and effects on environmental and human health in the
specific regions.

Coupling with <Soxhlet extraction and multiple-step column chromatographic
clean-up, gas chromatography/ion trap mass spectrometry method with high accuracy and
sensitivity was developed-to determine PBDEs. Up to 43 PBDE congeners could be
determined in the soil sample collected from the e-waste recycle site (representative paper
1, major paper. 9). As the structure and chemical property of PBDESs are very similar to
PCBs and PCDD/Fs, a simultaneous quantitative analysis method for PBDEs, PCBs and
PCDDI/Fs from a single extraction was established with low relative error and relative
standard deviation. The application of this fast and efficient method allowed the complete
separation of the three kinds of substance and achieved accurate determination for each of
them (Talanta, 2006, 70: 20-25).

Furthermore, three commonly applied extraction techniques for POPs, namely
Soxhlet extraction (SE), accelerated solvent extraction (ASE) and microwave-assisted
extraction (MAE), were applied on samples to evaluate their performances. For both PCBs
and PBDEs, the two more recent developed techniques (ASE and MAE) were in general
capable of producing comparable extraction results as the classical SE, with higher
extraction recovery for some PCB congeners with large octanol-water partitioning
coefficients (Kow). For PBDEs, difference between the results from MAE and ASE (or SE)
suggested that the MAE extraction condition needed to be carefully optimized according
to the characteristics of the matrix and analyte in order to avoid degradation of higher
brominated congeners and to improve the extraction efficiency. The establishment and
evaluation of the extraction protocol provided a solid technique support for accurate
measurement of PBDEs (representative paper 2).

2. Investigation of PBDEs distribution in atmosphere, soil, water, plant, animal and
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human samples collected near the electronic waste dismantling sites. Formation
mechanism of PBDE-DNA adducts was reported, for the first time. Genotoxicity
study of PBDEs metabolites was investigated (representative papers 3,4,5,6,7 , major
paper 10,11,12)

By using the above developed methods, PBDEs distribution in various environmental
and human samples collected near electronic waste dismantling sites were investigated.
Sediment and fish samples was collected and analyzed for PBDEs from rivers in Guiyu,
China, a typical e-waste recycled and disposed area. The total PBDESs concentrations in
sediment, fish muscles and livers were found 10 to 1000 times higher than those from
other studies. A significant correlation of concentration of each PBDE congener between
sediment and muscle from Guiyu was observed (representative paper 3). Levels of total
PBDEs (ZPBDE) in fishes showed the following trend: grass carp < mud carp < crucian
carp < silver carp < carp. PBDESs congener concentrations in muscles correlated well with
their lipid content, suggesting that bioaccumulation of PBDE was closely related-with
lipid (representative paper 4). Air samples of total suspended particles (30-60 microm),
and particles with aerodynamic diameter smaller than 2.5 microm (PM2.5) were collected
simultaneously at Guiyu, three urban sites in Hong Kong and two urban sites” in
Guangzhou, South China. PBDEs congeners tested in Guiyu were up to 58-691 times
higher than the other urban sites and more than 100 times higher than the studies reported
elsewhere (major paper 10). Surface dust collected from printed circuit board recycling
workshop floor, road, a schoolyard, and an outdoor food market-in Guiyu, China, were
investigated for levels of PBDEs and PCDD/Fs. PBDEs: concentrations in dust from
workshop-floor and on adjacent road to thie workshop were highest among the study sites
whereas PCDD/F concentrations were highest at the schoolyard and in a workshop.
Analyses of <2 mm and <53 pm dust particle-sizes did not show significant difference in
PBDEs concentrations. The cytotoxicity.of the dust from Guiyu was higher than dust from
the other sites investigated (representative paper 5). This study showed that the primitive
recycling of e-waste introduced toxic pollutants into the environment, which might be
potentially harmful to the health of e-waste workers and local residents, especially
children, and.thus warrants an urgent investigation into the emerging POPs related health
impacts.

Multiple human matrices (human milk, placenta, and hair) of child-bearing-aged
women at another e-waste recycling site (Taizhou, China) are collected to investigate
PBDEs body burden. The body burdens of women from the e-waste site showed
significantly higher levels than those from the reference site and were higher than those
reported in other studies. The estimated intake of PBDEs of 6-month-old breastfed infants
living at the e-waste site was 57 times higher than that of infants from the reference site.
The difference between the two sites was due to e-waste recycling operations, for example,
open burning, which led to high background levels. In fact, in addition to PBDEs,
primitive e-waste recycling also leads to high body burdens of more toxic PCDD and
PCDD/F. The estimated daily intake of PCDD/Fs within 6 months by breastfed infants
from the e-waste processing site was 2 times higher than that from the reference site. Both
values exceeded the WHO tolerable daily intake for adults by at least 25 and 11 times,
respectively. These studies provide evidence that primitive e-waste recycling in China
leads to high PBDE, PCDD and PCDD/F body burdens in local residents and can
potentially threaten the health of infants (representative paper 6, major paper 11). More
importantly, metabolites of PBDEs, PBDE-quinone (PBDE-Q), might possess higher
cytotoxicity compared with PBDEs and OH-PBDEs. DNA adducts were characterized by
using electrospray ionization tandem mass spectrometry. PBDE-Q with substituted
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bromine on the quinone ring was proven to be a favorable structure to form a type | adduct,
while the absence of bromine on the quinone ring resulted in a type Il adduct; suggesting a
potential genotoxicity of PBDES (major paper 12).

Sewage treatment plant (STP) was also found to serve as an important source for
PBDEs pollution. Water, sediment, and aquatic species including plankton, fish, and
turtles were collected from a small lake in Beijing, which receives effluent discharged
from a large STP. The samples were examined to investigate PBDEs and PCBs. A strong
linear correlation (R? = 0.92) was found between sigma 12 PBDEs and sigma PCBs levels
in aquatic species but not in sediments. The different PBDE congener profiles in
sediments and biota samples suggested the possible metabolic debromination in the
sampled fish. The logarithm bioaccumulation factor (BAF) decreases with the number of
bromines in PBDEs molecules, while the log BAF versus the number of chlorines in PCBs
appears to be parabolic (representative paper 7).

In summary, investigation of distribution pattern of PBDEs in atmosphere, soil, water,
plant and animal as well as human samples surrounding the electronic waste dismantling
place and sewage treatment plant have suggested that POPs pollution has become-a
serious problem for these typical areas.

3. Long-term follow-up investigation summarizing PBDES contamination status in
East Asia, and the impact of stringent environmental-protection measures on level of
PBDEs and other pollutants (major paper 13)

Summary and critically review of the PBDEs contamination status in East Asia, with
the emphases on the comparison to Europe and North“America and the interpretation of
the difference were conducted. In-general, .the concentrations of PBDEs in atmosphere,
sludge, human and biological samples of East Asia were comparable to or lower than
those in Europe and North America. However, in the sediments of waters near the densely
populated and heavily industrialized areas, PBDE levels were among the highest ever
reported. In Japan and. China, concentrations of PBDEs in sediment cores showed an
increasing trend for the past 20-30 years. Also, PBDEs levels in human breast milk in
Japan “increased about 10-fold in the past 20 years. Regional and inter-continental
transport cannot be confirmed due to insufficient information. However, the detection of a
number of PBDES congeners in a pristine lake on the Tibetan Plateau may be an evidence
of the'long-range transport (major paper 13).

Primitive e-waste dismantling activities is the main reason for PBDEs pollution.
Regulations on illegal e-waste recycling activities should be strengthened to reduce the
potential harm caused. Rice in areas near e-waste recycling site was investigated for the
temporal trends of PCDD/Fs, PCBs and PBDEs. The average concentrations of the POPs
in rice hulls have markedly decreased during the period of 2005-2009 (Chemosphere,
2012, 88: 330-335). The congener profiles indicated that levels of lowly-halogenated
congeners decreased, suggesting that they have been gradually degraded from the field
soil over the years (Environmental Science-Processes & Impacts, 2013, 15: 1897-1903).
These studies also suggested that enhanced regulation had effects in controlling the POPs
pollution, with a gradual decrease of overall pollution levels.

4. Study of PFAAs in vivo occurrence among employed workers and the general
population. The first quantitative analysis method to detect PFOSF based on
derivatization and LC-MS analysis (representative papers 8, major paper 14,15,16)

Perfluorooctane sulfonyl fluoride (PFOSF) is a main precursor of environmentally
ubiquitous perfluorooctanesulfonate (PFOS). PFOSF presents significant challenges for



&

mass spectrometry analysis due to the poor ionization efficiency. A new method was
developed by derivatizing PFOSF with benzylamine to allow rapid quantitative analysis
by using LC-MS. The derivatization was selective for PFOSF, whereas PFOS did not
nearly react. The developed analytical method with good reproducibility not only was
applied for analysis of PFOSF in the environment but also for supporting investigations on
environmental fate of PFOSF, particularly its environmental and biotransformation to
PFOS. This is by far the most accurate method for the determination of PFOSF (major
paper 14).

PFAAs has a very strong bio-accumulative property. The can be released to the
surrounding environment during their manufacturing and usage. Investigation of the
release of PFOS and other PFAAs to the ambient environment around a manufacturing
plant was conducted. Very high concentrations of PFOS and PFOA were found in dust
from the production storage, raw material stock room, and sulfonation workshop in the
facility. A decreasing trend of the three PFAAS levels in soil, water, and chicken egg-with
increasing distance from the plant was found, indicating the production site to be the
primary source of PFAAS in this region (major paper 15).

PFAAs were also widely detected in general population. 85 samples of human blood
collected from nine cities were analyzed for PFAAs. Among the“10'compounds measured,
PFOS was the predominant compound. PFHxS was ‘the next most abundant
perfluorochemical in the samples. No age-related differencein the concentrations of
PFOA, PFOS, PFOSA, and PFHXS were observed. Gender-related difference was
observed, with males higher for PFOS and PFHXS, and females higher in PFUNDA. There
was difference in the concentration profiles (percentage composition) of various PFAAS in
the samples among the nine cities \of China, suggesting the source of pollution was
different from place to place (representative paper 8).

Toxicological effects of PFOA and PFOS on male Sprague-Dawley rats were
examined after 28 days of subchronic exposure. Abnormal behavior and sharp weight loss
were observed in'the high-dose PFOS group. Marked hepatomegaly, renal hypertrophy,
and orchioncus in treated groups were in accordance with the viscera-somatic indexes of
the liver, kidney,-and gonad. Histopathological observation showed that relatively serious
damage occurred in the liver and lung. The highest concentration of PFOA detected in the
kidney and PFOS in the liver, indicating that the liver, lung, and kidney might serve as the
main target organs for PFAAs. Furthermore, a dose-dependent accumulation of PFOS in
various tissues was found. The accumulation levels of PFOS were universally higher than
PFOA, which might explain the relative high toxicity of PFOS. The definite toxicity and
high accumulation of the tested PFCs might pose a great threat to biota and human beings
due to their widespread application in various fields (major paper 16).

It is apparent that global large-scale production of PFOS products is no longer a
feasible option due to the toxicological considerations. As China is the major
manufacturing country of PFOS, it is necessary to consider the impact on the environment
as well as the current production and application of PFOS. Investigations on the
environmental risks surrounding the manufacturing plants, the exposure pathway and
health risks of the occupational group are of crucial importance. The data would serve as
reference for the policy making, control of industry standard and risk management
(Environmental Science & Technology, 2009, 43, 5171-5175).

5. First development of quantitative analysis method for SCCPs and published the
first manuscript about the SCCPs of China (major paper 17, 18, other evidence 1)
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Short-chain chlorinated paraffins (SCCPs, C10-C13) is the relatively more toxic
components of the chlorinated paraffins, and has been is listed as emerging POPs
candidate in Stockholm Convention in 2006. However, there is no report of environment
pollution or cytotoxicity of SCCPs in China in 2008 when audit on the draft risk profile of
SCCPs was conducted. As a result, the project team published the first manuscript about
the SCCPs in China, indicated the importance and urgency of SCCPs research, together
with the first quantitative analysis method for SCCPs (other evidence 1).

SCCPs have a huge number of homologues, enantiomers and non-enantiomer, plus
the interference of medium-chain chlorinated paraffins (MCCPs) during detection,
resulting in inaccurate quantitative results and poor reproducibility. By calculating the
ratio of the abundance of qualitative and quantitative ions, the use of multiple injections
and the time window dividend technology, combined with mathematical calculation
method, a quantitative analysis method for SCCPs is established. The interference of
MCCPs is greatly reduced, and the accuracy for SCCPs quantitation is significantly
enhanced (major paper 17).

Sewage treatment plants is a major SCCPs source. A field study was conducted-t0
determine the behavior and possible removal of SCCPs during the sewage. treatment
process in an advanced municipal STP. It was suggested that the activated sludge system
including basic anaerobic-anoxic-aerobic processes played an.effective role in removing
SCCPs from the wastewater, while the sorption to sludge by hydrophobic interactions was
an important fate of SCCPs during the sewage treatment (Environmental Science &
Technology, 2013, 47: 732-740). The concentrations.and distribution of SCCPs in farm
soils from a wastewater irrigated area in China were investigated and a noticeable spatial
trend and specific congener distribution ‘were observed in the wastewater irrigated
farmland. Soil vertical profiles showed that ESCCP concentrations below the plowed layer
decreased exponentially and had\ a_significant positive relationship with total organic
carbon in soil cores. This demonstrated that effluents from sewage treatment plants could
be a significant source of SCCPs to the ambient environment and wastewater irrigation
can lead“to higher accumulation of SCCPs in farm soils (major paper 18). A follow-up
study in East China Sea showed that a significant linear relationship was found between
total organic carbon and total SCCP concentrations. Spatial distributions and correlation
analysis-indicated that TOC, riverine input, ocean current, and atmospheric deposition
played an important role in controlling SCCP accumulation in marine sediments. The
results suggest that SCCPs are being regionally or globally distributed by long-range
atmospheric or ocean current transport (Environmental Pollution, 2012, 160: 88-94)

6. First study on emerging POPs in “three Polar Regions” (south pole, north pole and
the Tibetan Plateau), indicated the long-range transport (principal paper 19 and 20)

The long-range atmospheric transport is one of four basic characteristics of POPs,
which was considered as the main influence factor of global pollutants. Analysis of POPs
in the Antarctic and Arctic were carried out. The PUF-disk based passive air sampler was
employed in Antarctic atmosphere for the first time. The atmospheric concentrations and
distributions of PBDEs were reported for the first time in Antarctic air. The atmospheric
concentrations of PBDEs were at very low levels, reflecting the pristine status of the
Antarctic air. Long-range atmospheric transport and local sources from the research
stations were suspected to contribute to the pollution of PBDEs in this pristine area. The
levels and distribution PBDEs were investigated in various environmental matrices
including soil, sediment, lichen and moss from Fildes Peninsula at King George Island and
Ardley Island, west Antarctica. BDE-47 dominated the detected congeners, whereas
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BDE-99 and 71 were more abundant in the dropping-amended soils from Ardley Island.
These results indicated that long-range atmospheric transport could be the main pathway
to King George Island although anthropogenic influence (principal paper 20; Rsc
Advances, 2012, 2: 1350-1355.)

Compared with the Polar Regions, it is more convenient in the long-range transport in
high latitudes for monitoring POPs. Surface soil samples were collected from the Tibetan
Plateau that is the highest plateau in the world, which includes the northern slope of Mt.
Qomolangma. The TOC-normalized concentrations of PBDEs and PCBs were
log-transformed and then correlated with the altitudes of the sampling sites. Regression
analysis between the log-transformed TOC-normalized concentrations and the altitudes of
the sampling sites showed two opposite trends with regard to altitude dependence:
negative relationship with altitude below about 4500m followed by a positive altitude
dependence above this point. Considering minimum anthropogenic activities and very
sparse precipitation in the north of Himalayas, the trends above 4500 m imply that the
significant altitude dependence of these two groups of POPs were irrespective of pollution
sources, but could be predicted by the global distillation effect involving cold
condensation in high altitude mountain areas. Increased levels of heavier congeners were
found in higher altitude sites, although the lighter congeners were-the main contributors to
the total amount, suggesting that less volatile congeners seem to become enriched easier
than those more volatile at higher altitudes in this region(principal paper 19).

In summary, the over-years project has resulted significant number of data and evidence
on the emerging POPs, with the development ‘and-applications of novel mass
spectrometry-based methods. The obtained results led to a large number of high-impact
publications and stimulated a lot.ef follow-up study on emerging POPs in China. The data
also contributes an important scientific basis for the Stockholm Convention in China and
Asian-Pacific region. In-addition, the developed methods may have extensive significance
for relevant studies of ‘other emerging POPs. The outcome of this project may also provide
important analytical tool for-investigations on the associated toxicity and genotoxicity of
the emerging POPs. It is anticipated that the project may have significant long-term impact
on the environmental and human health protection from the contamination of emerging
POPs.
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