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Hil, AERRERABTATENIRGRRLZ —. ATHEBAERSGE,
RE&HSERNEETHBPURTEE, DEORERSHIFRLRMRALY. —
FAH. BEMYFEFUELREHRATEE. “ZREAN” Ak RE. #£. 4
fERREATIGE RS, TTHRERSAHMERNASSAESBATEYR. A5
i, —HHKSRUSHFREIAE (XR4E. 150 P, KBRS RIS THNE
Y. B, AVl DAL, KR ARIFBITHR.

FEZATH. #. CnRNEEAEER. SVFEALER, FELLRLS
REBOTREAMAARRE. HEUBBESETHEE (CP—MS) MIEER,
ICP-MS ZEHTid B F I BETFAE B & R T IR AMMY, LUK ICP-MS EHIRTRINE T4 )
1oL R

BEGHFANELT EBRESER TR E ACP—MS) #ELHFDRE Pt. Rh. Pd
Kt irik. MR TIRTE %, =3, NEALRSLE LPmieRE, .
ERRATEBEALI RSB BNBRS R ANERBRE —EHNEHRX,

FoEMRAHBITRERSEEFHAE (ICP-MS) RIZEYTHERINFE. &

RAEFAINE T FRTARKFERUEFRTERN RN RETROER F, HRE -

MTHETRAR, THERERE (CD) FLRFEMENTR. MHARETENEILR
WX FEEERFNHE LEYEES, B, MMEAEFRRNPENSE.

ENEHRNAREESSETARE (ICP—MS) R EEMPHRERSE P UK
B¢ Pb B95H:, HEETRRAMSBZANXALESTBAREBZHPXR. IR
SRERY, WMEELPTENETSER PR BYEMEM S ERETRAMMEXE.
HMUENTELERTARNEENK, HPERETHRENSESEREBAXEEER
e

FHEBSREMEERRYE, BYSEFER TR TR EFLLPHETRY
SHEERE: KES, RS, SREGES, RESHARMS, HAHICP-MS ERR
TH. BNEREHESSERESR. 4859, IaTRXEARSFLRIAKLE
H, BEFEIRETERS $7E3.96-356.3 ng/g, 2.76-97.11 ng/g and 0.1-124.9 ng/ 2 6], HF
FE R R AE R T AL T /KR AT A4 AR AR 4 R T 4 LK AR 088 (20.14%) >
£ (23.87%) >> # (7.92%).
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Abstract

The research for the distributions of platinum group elements (PGEs) has revealed that the
abrasion of catalytic converters causes an increase in emission of microscopic particles
containing low solubility PGE. Pt, Pd and Rh existed in environments in trace concentrations (in
the pg/kg rang in road dust) are distributed ubiquitously in the civilized areas. Therefore traffic
seems to be the main source of PGEs contamination in urban area. In this thesis:

Chapter one: the main physiological action and the regular analysis method of PGEs were
introduced; research progress of PGEs in the environment sample was summaried. The history
and development of inductively Coupled Plasma Mass Spectrometry (ICP-MS), the overview of
ICP-MS major components and the interferences of ICP-MS were introduced.

Chapter two: dust samples collected from the Beijing metropolitan area (China) were
evaluated for the distribution of platinum group elements (PGEs) concentrations. Concentrations
of Pt, Rh and Pd were found between 3.96-356.3 ng/g, 2.76-97.11 ng/g and 0.1-124.9 ng/g,
respectively, while for the samples collected from suburban as the background were very low in
the ranges of 0.1-0.9 ng/g for Pt, 0.5-1.4 ng/g for Pd and 0.8-2.2 ng/g for Rh, respectively. The
distributions of PGEs from road dust reflect the poliution most adequately matching the local
traffic conditions.

Chapter three: inductively coupled plasma-mass spectrometry (ICP-MS) has been employed
to determine palladium in plants. The spectroscopic interferences of Pd in ICP-MS determination
were studied in detail. Spectral interferences towards Pd were corrected using mathematical
correction equation based on abundance ratio. The potential of the method was evaluated by the
determination of Standard Reference Materials (GBW(7293).

Chapter four: Platinum and lead have been determined by inductive coupled plasma-mass
spectrometry (ICP-MS) in roadside dust and plants including Japanese pagoda, Annual grass,
Holly and Pine tree samples collected from main roads in Beijing, during 2005. The higher Pt
and Pb concentrations were found in samples along road with higher traffic volume. Among the
plants examined, Pb contents in all selected plants well match with the result in dust. The level of
Pt in Annual grass reflects most adequately the pellution of Pt in soil samples.

Chapter five: with modified sequential extraction and separation analysis method, platinum
group elements (PGEs) in roadside dust were divided into five fractions; water soluble, weak
acid soluble, exchangeable, acid soluble and residual. All the five forms of PGEs and total PGEs
were determined with ICP-MS, showing that this method has good precision, accurate, reliable
and easy to operate. Concentrations of Pt, Rh and Pd were found between 3.96-356.3 ng/g,
2.76-97.11 ng/g and 0.1-124.9 ng/g, respectively It’s shown that the sum of exchangeable and
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carbonate fractions presented the amounts of bio-avaiiable fraction in urban roadside dust in the
order: Rh (29.14%)>Pd (23.87%)>Pt (7.92%).

Key words: platinum; rhodium; palladium; environmental samples; inductive couple
plasma-mass spectrometry (ICP-MS)
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REBMARFENAADENESDG”, REBAH—ERLETHREMPIE, HE
BOEFTREREMRLN, BB, WETWRAEH TR, HEEAGAETI
AR, BRRAGEEFRERS. B, B EEARERLN, 3 ZATAEHR
KRR, ARPAGEIERFR: £REIE, AEnULRARORBNAE, —
ERAIFEE: ERETHR, LRFHTRENKEMAEESEEZANNRY, &
HEAmEHRRRERE. EEHH, AMISFARMANTEE ST RNTRY
B 5%, EEIEST], BORREEREE. RERRAMBHRTSE, BkATH
B W ERARRGNERE, & 5. EEERR. SEXNRYES, BKARIK,
BHROEERREAERNASHSERER. SReRATARMERNEANNSER
. ENAA d-RTREM, R RSABTREHR, S LBBFRTRERS TR
hE, EREENBSY, EREZKERNNTE, BEAMTRNBEENSHER. 55
VALY B, Wby, MR, EHMERASEMERATFE. BRYKSR
KRG, B 20 $EMA BT INAF, HhTRRAOME, EXETRBHTIE
HIRH .

MEHKREREZTELNSZEMH, ERBTHBHEERETEWNERENTE
B, MERNFHBREY (RHEFH) RERERAYOER: ZBEAEPHE,
o, HHAERHART: FESSPHERRERREREREANKREES LR,
EXEZMLERNERAED, EAEEANBEREREHFTAES. HYRABARS
%

2. HESRTRNEEEH

HESRAYTRAEXBEXNNEENEDE—NANNBEAREREENFX
¥ Rosenberg ¥ F MR BA T 1965 FAB R BN K H EAREKNEHER PEIR
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my. BERRAT EHTUERYE, CLRAEMIMEENNEAY. EXRARNRAE
K9 85%, fiHRER 80%, FEEN 40%-60%, HAJKIIEM, MR, BHE. sT7IRA,
4

BT RES R A ERERE G — R EnEwAaEE U, BN PR LA
BEREERS AR, SRUBEMLAY 1%—10%) ¥, WA HEHEKT
FENFHET2UH, KPLUR—EARERHELTEN, HFERTLEHALZREEMRE
RPRRFEWEE, AR LKAENERNRHCH_RELHN). ROASHEYS
¥, SRRAFERTEENSY, ARKE. BESEERAUSBEREAFENGLS
VAT s RPPR RAE MBI (R, Bk, Bkl STREmMS) MAKERKLS (ugs.
WES) FHMCl, BAMEETRARVBEREBTREENENBRRET LS, B
HRTALEAE S BHEWE, HREPHNAKRESEATESBRES ST RILMMER
B, mggs. KB, BiERA. Budm. gk, BN, TAmsY. REIES5ReN
XY M T ABERAERAERY, HLRETAEFEHT Smgm’. M THRHA
BLRELE RAEYREMATRIER D, ZERSBOOKSREEHELE, Kikhil
B, #AEFRBRMRLHBNEYHRDE . CHRARSE, KEASMPANSRERE
B 129ng/L, MARMELTERRNFRBEL AVHANSE, FHERBARN 1440ng",
HESREHTEEREREEY. PV EYESRE, EXEDNLEEFEMN HL5%K
AR 1-3mg/L WA RN MR TR B E, EOARPESBONMSSHHERR™
EREEM. LLFHHARY, ENLERSRRENPLAYR-ERREENIR
Y, ESlEEAbtER K. K. SR, AMARBE. B, PLXERGEKSRERNY
ABREREW.

3. BREBARFEL G ZIE AT R R

WMTE 1984 FFFIEHATH XBHEERA W F RN EWFR, RIEHHEPY
HEEREERRBTRERUMLERPH. £, BOHR, TAYNHRBEFEL
AEmEEY, REREXRXEOHDEBRGRR-FLEENNRA: EERMIENF
BLPRTHETHE, EHERTHOSBRIE 12508, TTANERKPLLE Ing, X
RERSB/E, FRFE 17000g, MX—F BELBEIFMH LT PHLEE (4000ng)
M—EREE T, EEXNTEER, RAAE. LR, Hi, 26, RESEFREL
BAENTRY. LRPEYPHORERMT 3-6 57, K 1984 ££3) 1991 4, WAL
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LB PAN SR 3.0ng/g H03] 8.9ng/g®. TT7E— eI TR I 4 (KK T W26 55 S A
HERHEMT 7 1% (1987 4 22ng/g, 1992 4F 605ng/g) Pl 2000 4, EEBEABRREL
JPEHS BN 0.1-87ng/gd”. M. Moldovan et al IR, MTEHRSH. 2. £
THRHBESLBMAELR, KEPHHITE | TRESBM 111.50g K9, 54.2ng 4.

76.9ng HI%E, R TSRMBESLEAHEERITHBITE 1 TRELBER 43.20g R4 41.6ng
8958, 11.7ng Wr5E. 7EKL1T4R 30000 B 80000 TKLAS, #. %. BHBEME2RF
10ng/km BT . MZEHTFHRE, RARILHBHAEASL P, EFZHHLKRGH.
8, B, EFERHEYBEREER, AFPHRERY RMECETFAN, —SEFNEY
AR OSSP HERSBORKT EREME!".

4. BRERTRODTERA

4.1, E%

ABERASFUEPRER, HENABRRBN MR, BES—TRIRN
Bk, W, BTEEREES,

ERHE 5Br- PADMA MEEAMEE, HFEEAT, BLARETFRAS
BB RN L EFIE7E EDTA FE T, T COUBTHAFRBERE, %HEHLF.
A 2 I B AR A(V)ZE RS BB TR eP R P B RO YL SR S K B ALIE R, BT
B 0~32 ng/ml, IR 0.0793 ng/ml, FITF&MEERIELANPANNE, £RFE.
THHEORXAHEKST (LCOF) Xk, I Pr-SnCh RN AL SWIEZBAR
BPHRERE, B 2%JEBKERHD, 402m BKTHITHE, S8kE, SR,
RBFEIE 4.845AMmy/| LEAEENRBERL 100 1§, NATRARFHRUE. X
BASPHRT SELNETHERLEE, 1P R 6GR6G)H PYSnCh)™ I 7 Rk E
Y PYSnCh)y(R6G)T . MA PHS.S MEMNEHR, ERG)ETFHNKMH, FmHEPimA
PIRFCER(TBF), RSB ELEH T R6G « TBF, BEFXEE, BEEVETHER,
HITHE, ZHEMETOERMK, BRERESEEAS Y. REERR, X255 R
ATHEE, RRATELRAPRORE, &RER.

RERSEMRTT PVC HEBEEEEN TR, MRS5S
T PVC LHREIR ERBRAUK KR A N &Y, RE7E BHIN BRSS9 % L BB
# LEATRIE, RHPRA 15ng/mL, HEEEEHRE, AEEH TR RENEAmE.
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42 BRAIRE

421 BBk
RFREAEEREREART (—RREAZL0HET) B8 Pt. Rh. Pd TEHN

R E B PR, HBADP Pt. Rh, Pd TENRSETHARK, bRSEE
BRGEEE, HTMRBERD P, Rh, Pd TERTE, AT SRERSBME-1L
REH A=Iglly=I1gT=KCL (L XE{H).

RFREOGEE S KIBRTREE (FAAS) MABPETRIE (GFAAS), B
KAETHFEGBRER. A, RFHHRBNFR.

FAAS RAXBRTILE, RAUD 25, NO—CH, EARESE, —RAZH
—FSh. FREBCERA. MBELNEN, RAERBNERSSAUL, BEEKIGHBRE:
THFHWFRFIL. PRIHEREE 265.90m ik A0 12.5mA BT IR T REITIE A,
WA OF'. L™ T AME AP, PR SAEETHTH]. |

GFAAS RFAABIPEFHH. BRBHIAGBEAR, ABPr2XHiaEntER
WEE, #HITEREFL. AEPERRT KGR ARG - B AR AR AKX
BHBEERBEZIRS, WAFMBHRECHBTATUNEERE T Bk, ABP
RREFRPBRITLUREMNBASHRESRRENTR. K. BTLEE, BA38FN
REE. HERSD-FEEH%W (MBT) h& &, MEREIREEBARNS, 3
WMHITE R, RIEH GFAAS #IE, 7 EDTA AT, AEBEBBFATHRNE, i
MBELERERE. MES AR, LR, ARPHHRTHE hTFESRETERS
Y, FHESEAGAFE—SERER, BFLERITHN. UEARSNEN
RILERRE (B BRATENSST) LR ERT AN, BALEHRTRERRE
VA, SARh a2, RRRIX 5 ngml, HHETEE 5~150 ng/ml, FRE 939~
104%.

4.3. ICP-AES

RERSFRTH (ICP) BRSAEXAAREER. TRS. KUCHARE. ANY
SENFFMEHFRR, DRERN—FFHITER, B ZRATFETEUMTEI TR,
ICP-AES M P HEN ERTHARRES, FREBRNBANS, BEBRIHT

4



HEBEANTZTR OB

ROHBRT RN AL ERNDERERALTRANEER ERSETRE: YRELEEAE
WL R, HITERAKE (B04:71 ICP-AES X fUE T LRI R TS, 5
A AFHTRIE): REGHBE RN DR EIREE R S AR TE AR, A
bR —FEF .

ICP-AES KA A AT L ohfett. EMNAGHEURREEE. REEE. ViR
B, BHAURENZTEANIESES, ERFHREMIEDLERIFATH, T8
RT —EEINTRAE, WET W, FFETEEARE. 1HARRL ™RGN HEE
KEASH, ICP-AES HIMERE. WERMRBEN —RERAHFRLEEN. X%EE2CRRX
el LIE#RE Au. Ag. Ru, Rh. Pd. Os. Ir. Pt A\FMRSRTE, WL REENE
FRECGERIE. RE, BESRTESER. REAYEPURE THAM TritonX-100 /1 FH ik
FXt ICP-AES e HHREHIEBIER, R— MRG0 TIE.

44, BEFE

Bk, B, PFELE. RAPBAESUEATORSRTENNE. &
FHEPPRT PYU)-diBr-PF B &M HPLC 4 B AW & HH(diBr-PF 4, 5-—MEED
M), HE PHS.0 MBI K MIREH, BHBIL 0.02ng, MAFML. F4
EREAAPHGTE . SRR, RRSMRENE T —E 24508
HYHIS SR, WL 0.07ng. XEFEBRRRBER, BRUBREERKHE, Hig
B $EBEPIRAGEMER, E-ZEHRAEETRHODTC)SHELRE
(CODP)R KL, 4 rE3E 945 &%) PUDDTC),, KSR, BoM B8NS
Bxt & BMERTR. FEFIRGTEAOTEETSEMNE, HRERGE, BTAR.

EEBTRAGUEYE, —RREATHENTHSRONE. BAEPRHTR
RBGHER A R#R D REEREH X HER B EORA)MEHEHPOH. Lk
wAEE, HEEE RRER.

BEEIR BN &, . ERTRMIE. A= EXRARREHT
BER, B P THTE, FHRMERERATRER, e, M. EaEn e
ETH, BEERALBMEFER, BRARLARSSHTENRENTR, HER
¥.

PFELENAAATHRBE. RRMR. BENANERSHRACHRNRMNE
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RERATPEE R A,

RERE, AP EIRT BIRAMBEE N E &R T R LB HAAR, BRAFREE
W, 8. EHX BRSO, Hitoshi Hoshino ZUF A -5 Mk & BT 4 st
THARNZEE#AFERNELE. R (RAFHREAYE) PHOHSE, &UEGEE
50nM~150uM, kYR 6ng/mL. EIZESF, HFAEPHIHE. WA, EETHEET
#, EEMAT EDTA BTHR, HRTHR. B4, WRFZHY BRGHEIEAES)T
EREHERTE.

=, B A SR T RIS B R

- BBRS S {5 1# (inductively coupled plasma-mass spectrometry, ICP-MS)& 20 il
£ 80 FRERBRISHT AL 20 ZFHREHE, CHEAR. BT ICP-MS HARM
SN NERURRELNTESTEAR, L2 Z MR TR MR 8 AT E
B MRS Hu.

LEFEAERE

BAIHT ICP-MS IS BT 1970 €, RE T4 ICP-AES HRMERBZ BMcE
RN T —REARITNBRANT K. REFEXMBREATG, BRAR, §5
RYFHBREMIRR, BRNBRR™ER. ERGEY, BN BRNTERRE
JLHEW Ca, Al I Fe RIBXMHBTERR, EEXTROSRLBERN. Bt BT
BETBXBHTETEEPERAEMESAERS R ETAFRENBHRBROBE
HERuTE.

BFE#S T RME—REAMRI R BRESTE, RALKISEENASESK
TERE B RBENERTEEAR . SR Gt—Fr 8 ICP-AES A B T AWAN
BREMNMNSHBER. BR, RUE, FBLEREISTTENEEH AR KICR R EER
T RESUBEEAE I T R XA R At A B S R B R E R T E . R KRN CS
FHR)R R A 5 04 (B A0 BB A B AR T8 EAVR & LA i ks,

B ICP-MS BEMM. HE. EZ. #HE. A ISESTREH T ZNA.
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FERIAH, ICP-MS WIR #1337 Wt 78 20 42 80 48 ICP-MS KR EE
P FERRI IR AN, BAHRREUR— S AR L, HENHMEAR
BTSRRI, 90 AR ICP-MS FE—HE B RN B VTS, R
NEMBREEEEREESINZRART, EXRMBETEE, AES—FH,
fERRE, 8. HAHMSHT TR, ICP-MS IF2Hi N B4 s K E TR BT 4,
FRUBBHEMES, REKXBOEE. STFHERBTEFAICP-MS MFE£K A
{€.ICP-MS B & T UL 5 AL B MR-

(1) AERFHMBETENES, EEHAERTHEAT, AHEEIEASRERE
B5TI0 Na,CLS,P A Si FERBA T HE A ER LR B Epg/s B ng/g AR,
QERTEWBTENEHREE EKEATOREREERET 0.Ing/mL, WLKKR
H R, AT A A2 K T K A K RS K R R B K

(3) REHATAMERESHTRE K8, B R E SRR TS, 51T
e, ICP-M RYEK H BB M RATRE B I8BT40, T T LA % T Rk SR B 5 T
] AR R TS RS IR K ,

(4 B & YGE, R i B8 7,38 B S R 1R R 18 % 2~5min(iE FE & SERLIEFER);

(5) TS RMAAJICP-MS X% EL R (CA,WHe, PO =4 M EWEE S
PRET TR RATF R,

(6) ICP-MS MEHFEZXENRBEAXREMBANB AT ES RN, LiB,Be,Si,Re
L

() THHEBARAEERHENBERNREGS TR, AT, B HER RO
OB R T &R IR B T AR B AR B E SR REHE S B SR R ER
BEEX;

(8) MR K ILEREE RGBT NBREFFE R R btk

2. ICP-MS &4

ICP-MS EEHRRSIARE. BFH. RESMSR. BTRMNBNABREMR, L
A1,
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Turbs
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PIETE

Plasmna pag ————

Lulary 03 e——— —-—I

Speay charbst

# i Fiatary pump Plotary pump
Sarmplo cong Interace 1o
VAL famp

B 11CP-MS RAETREE

2.1 ICP A FHRMFERABIARS

SRR 40 AU AR E At Fe ik Ak A A S A%(GC) A
SR E. cC TR RBRENENERENENSRLAY, E TR, B
BiEEPE— S4B ENATRANRABEIERE RENLEBILAYDH ST RE R
HFEZ—. RERIREEABALYHC) - RONELRES.

BRGSO R G ETERA LR ESEK, ICP - MS FHERMZLRE
FEHFL X, Babington 0 Frit HBAHE. B2 EAERZAERIAZRE
HE,STIEBE ICP-MS PRTR EAHSEAERESTRARERZAERANE
HBEERRRAN,EZEPHERRFEZHLKT um HHH, N EREHEEER
BHEBAEE T H@lsme), FEE FHPLBETHEREE SR TER > FRAAHER
THREEETUNEEHZETHETRAE FUETEE R 3 REHNS5HBLE
R, BENE4 EANAT ERFLRNSH. ERRNARR. ERNS5ZLE
AR PERRIE, A E A MEREE SR X P NS B 4 B B (TDS) A28 HEESR
Mo FSHHEHED - BEBILUSN) . BHRFERETV) . BEZALEN) . EESIADSD
FUBARAELC) FHERE AR XX bk s M TUH .

B G4 0 ELER PR 047, 7T CA R S B 0 2 L PR MR B S D S . (B
8
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R AN S5 T ER S E AL MFRHERE S BT E B B A &
HRRETA#GUIETHHEALSY. Bk ANEARERIAEIES KIEEM
(SB) « BOLHEUR(LA) » SN. DSI METV %. LA BIAE5 ICP - MS BEF) Bes 174t
HENEEE IR R T RO TR S B,

i 3 _'j z Samph
= e TR
-_'}:g . (C_, A ':n’ + Ll
ol _)} “¥ ='JII«- E il -
= Pards Wk e A I ! BECTI
Sokd
Sampla
| Mebulizer {liquid) | Spray Plasma [ Mass
Laser (sofid] | Chamber | ! Spectiometer

8.2 RABRENAERIIAT REQE SHERTE ICP-MS b

WRARET BHE

PN=
(R

B3 B FLRHEE

BT RRBIASFRTH(ICP) 5ETREEBMCRKICP #F,3kRE—A k3
BAREEARMEREY ERSE ARAE, L hAADRB S He e EH TS
B VIR, RGN E R (A TRE A BTRSETFARBSERN TS
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S5REA RYRETEEZHBTHET AR AR RESL:ME B0EEAr X
FERE BT X 10000K I F B T1E1E. RSB RHAEE TFHEERRERR. 28, &
KMAE. FrEROSERT AR AN RIERHe T4,

22 JEENH

R R E TR ENE FRAR o/ 2) ARSI % B0 MR E Kk
TEREE. CATHE(TOF) METHEY KRR EEHREPHANRRE 5848
o DOARFFRICP - MS A RIK(0. 3~1. Oamu) , ¥ F— BT RMRMEAEE~ENMLEE
BT, Hmgise of, i FEERMFMLE Se FSe* ZYA% F¥A0Ar" FH#H,2
BEEFEERNse” Hse” ERBERIR. NBARBOVIBHERT HFNEE R
BT REREEGOVRE . EESI AT URAICP -MSH T ERBE AR HHEE
A F PO i SO PR AT LA BN Flpy L E B A AT A BT LUER
JBTFEFRRAERA RN TR, EEDURITICP - MS FE THRHIMIFe . K. AsFICr &
HIEXR/ 5 FHAT.

23 BETRMS

ETHRMEEFARTEYZSOENER. EREFE-IEHENEREIE,
ARBENREE, T BHSEMHERAN L. NU ARFRHNSEZRAERES5HE
TFHRIEMC- ICP-MS) REF1RPDERFHAMEFiH- IR BiEERE BERKFIEE
FIGr R ST 28, (E R LR 2 IR T ER T L. M4 MC-ICP-MS ZERIL
FERRHE R LA EF) T #6885 i#(Thermal lonizationMass Spectrometry , TIMS) K
FB0 | VARIAN AFMHAIREH MIEX K Digital & E, R IKE M ng/ L3
JLE“mg/ L, Fi#47“digital to analog”HF & #D ,
24 WBIR%

FEAERE. B0, BEONE RNBARLS. MMREEFARBRMT 2S84
B IEH BT, R AL B 1 B REHE, U NI F- T RESRE, ICP-MS MR
HRZRE. AZRE—BOVBATERRR S TRET #F4R™. 1cP £¥ETT
e, TR BT BERETF L AFICP F=4METFRSHEARRMT RO BIRRS 7T
ICP HEJERMRES TR ZAE—MREFIIRMEE ED, SRR X Eh2 MEAHR,
EIAIERA R SR R B SR R BEGE. M AN P LR — 0. 5~

10
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1. 2mm. 3 EFFEAMAEREH S B EHEHTTIAZ10-3 Pa . ICP Sk
KLI6000K I BBESE AR AL, I TR AR S B T b, BFNREIAE T,
SAMERERE TR EFETEROLERSFERER L. BIRNEE BTHEER
GRBEHNRR V%, 5T RRETERBAVAK 5 53R LS 2% 1L S5k PERKIN
ELMER 2 8RR AMETLR MBS ECREHEAI N Imm B #A019mm) . VARIAN
AARAAHZOBAREREE T HRERBH TR AR T WIS FIeEW. HE
BREAR PR THRAARXBAEZ P RGPS D FRIEAEIEOD EAR,
Rl i BB B MR B R SR . BT BT R BGE S A AR TR B
% BHEOERNRREE T ZROTHZHE R B 2907 SR80\ DAL T AR I3 4 70 Bl ) o,
BLIEF#RTRREICP MAFHANREMIS. BT EENEES bR S F B
TR TERMF, XTSRS EBEERIBL. VARIANAFSFINEEER
G I BT A 90°, TN F AT B sl (P B 7 35 30, B B T 5 R 5 2 T4k
521, Rt (Collision Cell) HAREREERR BT B2 MR E— AR R/ IRATR
b T RAE LSRR e R E S R FEFRERED TR, SHARNM
(DynamicReaction Cell, DRC) RAH — MR RAN R, SHRRSSHTFHET
RH K& (ICP -AES) MR X BH S KELEMELDRC -ICP - MS A& UHAT
Jii 8 341 2 ADICP -MS - MS ,DRC #8437 b2 RN 3 5 3 PURAT R S H LB 7
VPR, DRC X5 AHETHELEDME. Mot Fe i NH,5AI0" R4
R, /0. Ar FINH,", RFNHRBE(17) 5%Fe" HERK =4 RBA M 7E
DRC MPURFFPmpImETusEs 2. FHADRC HARTLAE MR YA 59Ca * 71 Rb
SF8r HTFIR, MK LRI ABRICP - MS ik LAk 200, Tanner 15 )8R/ R A
HITTREBE.

3. ICP-MS ik Fik
3.1 JALW TR (oxide ion interference)

ICP-MSS)4fr PR Yy R A2 B o UL B TR A/ o TE R A 5 B T/ i)
HEMOHMHIBE S HER. BRHEFNNRERHLMAMOY (MO+HM+) FIERL. BX
BEERRERFTRALERDELS%, FXFEMURTERN, ICP-MSKIEL
Vitits— B R FICeO+/Cet, B hCeORFIH R Bt sa B 1, AR BT B R R AR R,

1
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ICPHITREREH, WICeO+HIMRE MR, MHMF LB BEEENER, BHikCeO+MHF
B TFRREET A BB T ENEAD TR,
3.2 Hiff FiR (doubly charged ions)

WHE AR EHEBFOHEF. BYEHERETRFLETRNG, BT AE
AR E, RAARAERAMERERRBN—E. 61, PSIEERAIEHET,
Frif R R B4, 54CatlA, HATAM TR, ERNENCAKE SN, BTN
BT W, T EL AT CUE S R (B X A A 0%, T BB TR 5 B kst
ITRIE, ¥R LDEADTHBIRH, TBRTFREEM, —RIBEES TR TIRE
1%~3%%% .

3.3 ZREFHFT (ployatomic ions)

X lpg/ml ZRHEREE, FETEPEETFESABRREENHI R TRE TN
B KRBT RS 1005, ZIRFTBAMFE BN T2 A~ERN, IMER
MEERE, FENETFREERTR. SHARMEBEREEHERLM AL ORHZ
B, AR RMAE, P4 OH;. ArO fil ArtH BB . LR WA= ik 254
REMRFHET, TERAESHREETURANERRELIAERD, BNER™
BTk, P *Fe B 7Fe MIMERF YAr'°0,°Ca'%0,Ar"0'H 1 “Ca'°0'H T 1K,
B REARE BT RGN TR, BASEFEIELBRNETR AL, H
OKZ, REREIMEZRTRTEBMNETH, HPBRZHEHE Ar, H, O FHI—4,
BRUETRE™EEM KK N, Cl, PAIS, HXAEHUKFERR. BRXEN
RELNEHNEE. BASETRYRTHERERENERRRRET 0 MEAR, &
A 80u L LB E RENERTFHE, XRE sou L TRERBEN AN TERRE. &
WOTRERZEFETTRE—F, wTBSERFEFTFRA PG, HRER
TRTTROTERE: EAMARFE, RANSHTRRESE; RILAESERME
RASETHER: RN RS,

34 ABRARMVEER TR

HERHEMLY. WEFAERTEFRITR, 5—AEHRGTRTFREMTFEEN
TR ICP-MS SHTE k. HBLTEEFENRANENRRBAER IS R™
HYH, GRPEMEEEHT. REhET2RFSHEARFRERU R TIRMR A
¥, REZXFZEHATHBRAGETR, EEETRANEE. R, Z2OFEELT
DESSE B X EZHTERBEN, SETUMETRINI—AFRLERGEHFN

12
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Yrig b BT R TBURE. XHARTIRB™ENL Ar R Ca T ERMEMESR,
B Ca REEF DM ERRLEME. MEMR Ca lBPURKKRELE, B EEEEH
ROTLAEEZ .

3.5 B (matrix suppression)

5 ICP-AES £1H, HEELEN Na. K. CaZiREMMNB XXM MEFHEI R
SETHYEEE, REATHHERZ —. 0.1% wv BLERRENEUER TR, B
LR REHRE S HOET R BRI P BIET 1%8AKF. B%ASMTAA, ICP-MS
P K ABHLE ZE L ICP-AES F /M £, BRI Emlt, EXfRP, LR king
BRI R AR BN AL LR BT E B BRI T H RN THE R B RS 0.1%
B 0.2%w/v, SAMERTEBRBREENTE—MIKT c00ugmL, HFEERPEET
NEBTEHR . SRLFPNERE—RIET 5%. EREEEmASRPHNE
FEAL, HPRETRRER, M- ER{ERHED. MENEEKBRTEARTH
AR TE 0.1%W/V # U PIEIEE N 0(Z Li 2 B & BEEH R MATH B LA FIZ] 90%,
REEEHAESETHINETERERAS, BUUNEEXRBNHEZETER T
EHRAARETHAR TROLE, CRANNBERES. XthirEREREMR™
ERTR, BoZBERERE. MAUREMESAN —E R, AL
o, FEMALR, AURHEE REEANTEOBBREREMNEGT Y B HRRT
.

3.6 VBB (physical effect)

ICP-MS HH BFE TR, —F &5 ICP-AES 44 P2 FKTIE, B 43242 BB (memory
effect) JCP-MS KR AZ 300N 2 15 P8 &0 PP B P B8 S 00 85 B R BB IE 12U 78
FHBRMTREESERAN SR, REERRATARNETF. 555753 0.1%H 8K
FEKF—RE 2~3 HHZE, BEETRESHERANERERBE, ERIIBXEEN
0.01%HyHYE IR HEM KB EEEZ T . THMBN S 1ICP-AES PHMMNREM, BH
MS AIREFEEMEAHKE, AMCZBNERETE, CLANETELHTHE A
BRAARIEE NS LR HYNIER, ERRSERMRMALW Pb, Cd, Lis BERIK
WEPMBRZIZEN S EY, MREERND U S ZRN s,
DMRRRAE, CEFEIRMENIHATHREPCIZENE, &8ES0HE R
RFREH N HEZ RN RXBHE, FREANESHREFEORINE ST ERE, B
EXREZRYHN, TRRBTHEANSHBTENLE. SEERFEFTER

13
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EEITHRME R BE R N RIERNYR. BAUSHBITES, BEWPHIASSH
BRESRRE R E M, i R AR, EKAT UL S AR R R
R—MHBIFMFLEF, EMFRAEREREEPRRE, RIEEIIAKR, W
REXHHEM.

ICP-MS EMAKYHETIHR BRNAFETESTEACA DHMRNTL, Eik
WERKER BB — 0y 5 M TR A, SERERE R EAN RS ST R EER S
JEHITR T4 500C. BERBRT M EETHRERRNMIY XA RGE, 7EH8TL
RBER—BEABR. EHIUREHKEA™ BB T HRE RS E k8 BRI
DEAHERBERE. B 1mm REXERRELIDT 0.1%0E S BHFHRL
FIEMEGEREA 4 RER. FIRWHLERER YELY, WREAGHELYH
EENS, BASEEH 1%EFLUHERET. RETHREAPMERGTEH, HJHK
B —EEENEREBEF L TEERES, EFRNWAEHER, &3FE, ER
MESEAOIRREEEEN. HKEXHEEN—A0F. BRERNEE, wHmE
&, PEAMTIRT LR BER S B, ETRBICEE TR, B4 8E TRNES.
R ERIXHNES, WEETLURATRNERIFERER, HARRE—MEE0E
B, EHOFERSTRERINFRENBERAZA. XMERTLIERERSH A
G UEREIHER, WhE, \NFRRERMERKE, ERIEHAXKEERHE
BRHNE, UEERTHMERON T RERMER, EXHEBRAGELER, X
.2 ICP-Ms BRjRBHEHZ —.

=, MBS S E TR T E A
RiF

BERS R 7 HE(ICP - MS) RARBER. R RE. KtEahELEEMT S
TEARANBEERALRAINERR—HRE MATRORBERBR)ENETES
iR ERELRHTPRE T NA.

L TR
Rl B THAEFENICP-MSMEHETKNNRARRUETRAEZRTFHTT

14
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R, T LB i i B R T M R . LAY S S H
AT DARRAS 40, (A R RS AR & AR SIS U T LU S AR TR Rtk
FIF BB, B>, R R RE SRR T, 5 T ORE
RSB, LR SRR R ATHEEER(TDS) . ¥TDS kF2y L K&
BREASEXRFRNBENE NIRRT ESETHRRES TP EE BT RLHE.

e B R R R R R X —

R 1 HEARARBUETUNEZRFEFTHR

HWTHFTR

REX R

JMass . Element
96  Ru(5.5) Mo(16.5)
98  Ru(l.9) Mo(23.8)
09 Ru(12.7)
100 Ru(12.6) ,Mo(9.6)
101 Ra(17.1)
102 Ru(31.6) ,Pd(0.96)
103 Rh(100)
104 Ru(18.6) ,PA(11.0)
105 Pa(22.2)
106  Pd(27.3) ,Cd(1.2)
108  Pd(26.7) .C4(0. 88)
110  Pd(11.8) .Cd{12.9)
184  Os(0.02) ,W(30.6)
186  Os(1.6) ,W(28.6)
187  0s(1.6) Re(62.9)
188 0s{13. 3)
190 Os(26.4) ,Pr(0.01)
191 ir(38.5)
192  0s(41.0) Pt{0-8)
193 kr(61.5)
104 Pt{(32.9)
195 Pt(33. 8)
196 P1(25.3) Hg(0.2)
197 Au(100)

108 Pt(7.2) Hz(10.0)

2. HRLBHER

BRTERRRFEEMRE, —RE0.1~10 ng/gfi A, EFH LR (INHFRR) FiE LM

¥ S OH Y500 BoutAr ™ppit

Polyatomic jntesference

¥ 50

 SOH "Ni®%Ar “NiR

¥ %0

37 SrOH VS50

8 SrOH,¥YO #Cu¥Ar

* 710 ®YOH
0 70 .nm
# 700 ¥Mo0
16&&0 'l“m
l?OEro .l'r’bm
Ulm
iano
U‘Fm ’I’MI.rO
YLu0

176 YO ’lﬁm ,175Luo

T HO
a0
Y0 P HOH
1Bopp0 , 10W0 ¥ T20
10 W0
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HMMERXZH PR

i 5 A, B S HE TR B R B P B L B S VA B R ER AT G R EXREE. BT MK
EAMERLETETERTRASE. BETE. RIS ENESHE.
2. 1 k&

WA R B S P R T B A B AR R E T B RER SR SR
k. —AH10~100 g R M KAERL RSN R EEMRSNG D% 585
B TR RO BERRT DA S IR E 1R B R AL ol T T R R
RABERE, R %7 B 3 B R EA SRS BH FR#EAu Pt Pd RIRW ™Y %8k
R AAE ERGERBHEN UEXIH S B EREB MRS, RRSHET R
FrAMHELE, BT EERNES. NiISHKESMAHCIER, BT R R ERE B, L0
BRAREWRESFRABBESEETHRILNE. RENHARBRENRBINRE
B I KSR EMBAERLT,0s RL10s0, WHERERHZ. X T R AOs Ravizza
Sl s T WIS MRS R, — B A EAKIEH B HOs RMEOs . F—#5
FIRRAE RN HAL AR TR, B TEBBES AR L RPFEERE— B R
P FIG ERE T B, RIS o0 R U 2 Bl E M, X AE T — R F RS
iR UFE BN . TAES B EKEFNEH BERRE AL ERBERESS
BRI ENRETE R AWRRSEE BRI SR TR RSN TR
BEARBERNTE. ReEbHFHATHRAFEENRAANHERL TAMER.
BRI B AT LA B L B2 B, B ELF X EM LA™, s R
AELERXBRLGESRSH BERATHESRRLEER BAETERRLEEER
B TR SR T Ing/ g WIHURFE R PRECESE TEREI .

2.2 BEE

MBS EEEERRN, MEFHHBEMCarivs HilR FANB—REEK, Fit
ERRNEBRHEEMANFT. MFRREMNSTENORD, ERET—RELHA
FiltiTHRe. FERRIASARERER, HE BREBABRTE, 0s HifK, Nl
0s. REFMEBERER, 0s FHALRSZHEGS, BRI S, BhTFED
BLBRBIER, BAFEX G REMEWRIRE. BEFHHEMD AT ANR
A—REEEFRHMERR, EREEARED, B ER D, BB, A&
AMERHERR. BAGHERHHAURTHOBRANETANR_SHRAS. &
EFAHERERNERTRNERTERRIA TS, REALEUARAESHMERES
M, BREMCarius B220~240 CHEMN, EHHERE FAEAKERER, BEBER

16
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Be A, EHIET LA B RS £ 4 A PR EOs, Ry, Pt, IrfiPd. Carius BHRE LR,
AT B FHYR, TR, XMCarius EiHMEREPCE MGt S ERSLEE
(BB RET R, BATILES) , HEFIPCE WA AL R, KT Bk
REEE, XERETUETETRBRRA. BRIFH, N TFLIRSBROVINER
FEih, Carius BRBBHMLTMNEISENER IFSLHUNERRR) .

2.3 BiBs: .

BEE (EERSFIMEIEE) MELEL, SRS IR &5, R
ZAMLEIE. BEHPERESCHEBEE D, YRS HETENRERAN, &
BRWHRENEM. BRETE—RERHPEETEES DI LRI RN S
¥r. BN TR R AR IR R, P24 2r0 FIHFO SULYBTETR . BEEE B
WA T, BT RIRE IR, M IRE T RICH 2 E1E, X AEHiAR
e, BTHERASBTRREZRATHER AR (TS MR, A TESRSE R
BRE-BELISEEELE, BEANS B ERERRBLTREY ", ’

2.4 EiiE

EERFARL T —HARELELERES, ZICP-MS MERSBHAKTEN—F
FRMETEN, ZHFEHRRER. KRS SN SHKETERLYT TES80°C,CREL
NaCl FIFETFHUAE BEMPE RERHC B TEIBREAE T KRS LERNY
BARESRE . FAEREMRARIRIE BRI AERBERE2S~250g XEEXH
HRHER L RPGE ST AMAB SN RNEE—HEFETRNBEER.

2.5 HAbhJrk ‘

HAEHENCERBANCEARHEE TN EHETENSAZSEBEEREAL
TRAECEERAPFENEEGER. ERTHETEREM L AEREAKTEL
HRPOFERETREEL, B ARNRREFEESTRHAER. BTERTHE
TEREEMTHRER R L REVE S AN— BB S HRRE O BRI, IE
HRTRMRINT k. Galettis 2% F KRR FBERANBEIIM216 .05
HPLC-ICP-MS 5387 T K WHIRTGESEY. Klueppel H1PVEF) B m s st s,
HEEFMARTHEE - DBRRSFHE TR ERT THYRE=Y PR Ess
#7. Krachler % HEME R MAET R FH T RIRRFERLER S, Sk
BRABLERER, B THRTHTURE. KERBKSSENEANES BENRE
G, Li SRR — R R R R IR BN SR R A R AR B R E R A S

17



HEMERXFR L FMRX

AR R AR ERRMETRE RN ES TRERR PHKTEESS
B.
3.5 BR LA ,

RS &% 8 T RS WT R AT A TR M R B o 4 T R (3
BEfIRe- Os FIMLEASH, DK ARER TS ETHEE. M8, TEATERMEAM
T AT WEE. MR FEIE D EER Y TRERS AR E R M, SRR kT
F A BT, T PEAYS BT, 0 1 A AT ST A S e B o A B T
TR, ST REESYP RN A E A EEANES TR SR BES
HRTROEAHETHA. AARBRSSETAREMOEKTER SRR X EAR
A BRI AR LB A E RO RS, 4 RauchE BRI R T A BRI A
PUBTEOF ST EVERPHEETERRE S SR TR EN R, X EaEAA
ICP - MSFIRT#IEPt A1 B RHUBER A WP 12 1 REALRS B R b ik T ™,
FR B A ENEAE S S TAREEARSNELLE+ b DRI EHIM216
BIRKERT RE AW RFE R T H Gl R A S T AR ST R A TR
PP HR BV REE ST,

., FEHAHNE

ERAARATHBESSETHRE (ICP—-MS) ¥EL#+HE Pt. Rh, Pd 94
V. W T EHR 23 =35, U MILF AL L Pt R B E SR EHH
Kzttt HERABRIOBES R OB ERR AT —EHIEMEX.

WARBLTHBRASSRTHRE (ICP-MS) MW PHBEN L. FATRT
HRITAER T RN EFETRENZHMEETR BYTHOTHREE, THXH
HERE (C) FAENEHENTR. KAFRREFEHEL R X T EARERBHFN
MR LEMESE, BR, AHATIRKEPENSE.

NASBREEHTHRE (JCP—MS) MEHPTFRERSE Pt IRESA Pb.
MALEREY, FEARPREBVNESAREFERAPHNSBSEFEBAERR
HRRMHXE. BUEYPEERRTARBEEAY, HPEFEPHNANSREE
MEAXEEERR. GUSUENEERRTE, BIATRBEFLLPHARTRNFER
AR S B A: KEAR, kA, BREEEE RASNREE, A ICP-MS &
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ﬁ:‘ﬂﬁfﬂ‘ HAEHEHEESSBRESE. Z2REY, R FEARFLEPHAK

TESD, ENBHEEDH 154.23 ng/g, 62.77 ng/g, 77.97 ng/g. HhEBREHERAT

AR T AN AT SRR 8 20 8 LU IR e (29.14%) > 48 (23.87%) >> 1
(7.92%).
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Chapter 2 Distribution of platinum group elements in roadside

dust in Beijing metropolitan areas, China

1. Introduction

Auto-catalytic converters containing Pt, Rh and Pd have been used successfully for
lessening exhaust pollutants such as CO, hydrocarbons and NO, by changing them to
less toxic gases such as CO,, Nz and- H,O (Palacios et al,, 2000a). However, the
research for the distributions of platinum group elements (PGEs) has revealed that the
abrasion of catalytic converters causes an increase in emission of microscopic
particles containing low solubility PGE (Moldovan et al., 2002; Bencs et al., 2003). Pt,
Pd and Rh existed in environments in trace concentrations (in the pg/kg rang in road
dust) are distributed ubiquitously in the civilized areas (Gomez et al., 2002; Rumyana
et al., 2003; Bruzzoniti et al., 2003; Whiteley and Murray, 2003; Niemeli et al.,
2004;). Therefore traffic seems to be the main source of PGEs contamination in urban
area.

PGEs were considered to have little effect on the biosphere. However, there is a
concern in recent studies that they may be toxic as their bio-accumulating in life
forms including humans (Gomez et al., 2002; Moldovan et al., 2002). Moreover, some
species of Pt, Rh and Pd have been proven to have high biochemical activity, e.g.
cytotoxicity and mutagenicity, are emitted in the form of fine suspended particulate
matter from converters and therefore might be inhaled and accumulate in the lung of
humans, bringing risk of significant negative effects on human health after chronic
exposure even in very low levels (Palacios et al., 2000b; Ravindra et al., 2004; EK
Kristine et al., 2004).

In developed countries, the impact of PGEs in catalytic converters on the
environment and concern over potential human health effects have promoted many
interests focused on PGEs in environments including water, earth, plants and
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dust(Rolf and Gerhard, 2001). Catalytic converter loading PGEs has been required by
law on newly manufactured vehicles since more than 20 years ago in North America,
Japan and Europe (in USA 1977; in Europe, 1980). Although many papers on PGEs
{e.s. Pt, Pd and Rh) distributions in environment had been published by many
research groups from different countries, up to now very few reports had been
published from the area of Asia and from developing countries as well.

Beijing is the capital of China and has a large population of more than 13.81
million. During the past ten years, the number of vehicles has been dramatically
increased up to over 2 millions. Catalytic converters (Pt/Pd/Rh) have been mandatory
for gasoline-powered vehicles in Beijing since the late 1990s. Even if time elapsed
from the adoption of automobile catalytic converter in Beijing is shorter than other
developed cities, monitoring of these metals and the study of their distribution with
environment are of the prime now and in the future.

In this paper the levels of PGEs in Beijing were firstly examined and evaluated.
Dust samples were collected in 2002 and 2004, respectively. A procedure for
comprehensive and stimulate determination of distribution of Pt, Pd and Rh by
inductively coupled plasma mass spectrometry (ICP-MS) in road dust and soils was
developed. The limit of detection for Pt, Rh and Pd were 0.2 ng/g, 0.2 ng/g, 1 ng/g.
and the recoveries for Pt, Rh and Pd were 87.6%-104.7%, 93%-95% and
98.2%-108.4% with satisfactory, respectively. The results show that the levels of
PGEs in the wban area are obviously higher than that in background samples
obtained from Wu Ling Mountain in Mi Yun district and compare with the levels of
PGEs in 2002, the levels of PGEs in 2004 in some areas are apparently increased.

2. Experimental
2.1 Sample location and Sample preparation

During the spring of 2002 and 2004, total 112 roadside dust samples between 0 and
2 cm below the surface were collected from urban areas with different traffic
conditions, details of which are presented in Table 1 and Fig 1. 11 of background
samples were collected with a grid of 50X 50 m? below the surface 20 cm from Wu
Ling Mountain in Miyun district, where is located in the far suburb county of Beijing
(99 km far from Beijing urban area ) and receives little influence of the pollution of
city transportation. Approximately 3-4 samples in different positions and totally 200 g
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were collected per sample location, stored in plastic bottoms, and labeled.

All samples were first air-dried for 24 h and oven dried at 80°C for 4 h. Crushed
and homogenized samples (< 100 mesh ) by agate mortar and ball mill (QM-4H,
Shanli electronic equipment factory, Nanjing) for analysis.
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Fig.1 Location map of sampling sites in Beijing metropolitan and suburb area in 2002
and 2004, the upright: Wu Ling Mountain in Miyun district is 99 km apart from the
center of Beijing

Table.1 Sample locations and traffic volume and labeled number

) Labeled Sampling  Traffic volume®
Sample location
number (n)* date /h
The east second ring road Al (@) 2004 9660
The second south ring road A2 (8) 2002 5535
6) 2004
The west second ring road A3 (8 2002 11436
(6) 2004
The north second ring road A4 (4) 2004 7206
The east third ring road Bl (4) 2004 10794
The south third ring road B2 4) 2004 6954
The west third ring road B3 (8) 2002
12798
(6) 2004
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The north third ring road B4 (8) 2002
@ 2004 12105
The east fourth ring road Cl @4 2004
The south fourth ring road Cz (4) 2004 2130
The west fourth ring road C3 @ 2004
The north fourth ring road C4 (4) 2004
The east fifth ring road DI @ 2004
The south fifth ring road P2 4 2004
The west fifth ring road D3 @) 2004 1314
The north fifth ring road D4 (8) 2002
© 2004
Miyun district E (1) 2002 Little

a. nis the number of samples collected from different positions among same road
region
b. Liand Tao, 2000

2.2 Instrumentation and Reagents

Measurements are performed using a ICP-MS spectrometer Agilent 7500c (Agilent
Technologies Co. Ltd, USA). The optimum measurement conditions are presented in
Table 2. Tune solutions of 'Li, *Co, *Y, Ce, TI (Agilent Co. USA) were diluted
by 3% HNOs; to 10 ng/ml to optimize ICP-MS performance. 1 pg/mL solutions of °Li,
“Se, *Co, Y, ""In, '*Tb, 2Bi (Agilent Co.USA) also diluted by 3% HNO; to tune
the instrumental P/A factor,

100 ng/mL of Pt. Rh. Pd mixed standard solution were diluted by 3% HNO; to
0.005 ng/mL. 0.05ng/mL. 0.5 ng/mL. 1 ng/mL. 5 ng/mL to give the standard curve
with r>0.999. 1000 ng/ml of Pb, Zn, Cu and Cd mixed standard solution were diluted
by 3% HNOs; to 0.2 ng/mL,1.0 ng/mL,10 ng/mL, 250 ng/mL to give standard curve
with r>0.999. The interference contribution to the mass of '®*Pd could be subtracted
according to following equation:

Pd(108): [108]x1 - [114]x0.03098 + [118]x7.2x10*—[107]x4.573+ [109]=4.724
(1)

Therefore the mass of '®Pd had been calculated mathematically using equation (1)
and EPA 200.8. The cotrections for the interference of HfO" to Pt were introduced as
well.

27



BHREMAXPYFLFMRX

All standard solutions of metal elements were purchased from Agilent (Agilent
Technologies Co. Ltd, USA). All water used in the experiment were Milli-Q water
(18.2MQ «m), the reagents and solvents for digestion were of super purity, the 3%
HNO; was diluted by 70% HNO; (BV-III level, The institute of chemical reagent,
Beijing, China)

2.3 Measurement of Samples

Each sample was digested in Aqua Regia and analyzed by ICP-MS with three
replicates, 12 ml Aqua Regia (HCL: HNOQ; 3:1) was added in a 150ml conical beaker
contained 2.5 g of sample. After stayed over night, the sample was digested at 120°C
for 3h and then heated to near dry at 200°C. 5 ml water was added to the residue and
heated at 100°C for 10min. The final solution was diluted up to 100 ml. After 1:10
diluted, measurements were done immediately under conditions listed in Table 2. All
glassware was washed with hot Aqua Regia before use.

Table 2 Measurement parameters of ICP-MS

ICP-MS parameters
Sample introduction
Temperature spray chamber 2°C
Carrier gas 1.12 L/min
Blend gas 0 L/min
Plasma
RF power forward 1400 W
RF power reflected 1w
Tune
CeO'/Ce* <0.5%
Mass spectrometer
Sampling cone Nickel 1 mm orifice
Skimmer cone Nickel 0.75 mm orifice
Measurement mode Peak jumping (peak height)
Detected isotopes 103Rp, 193p g, 195pt 17 ¢ 28pt, 8671 65y F1 i Cd
Number of replicates 3
Internal standard 17
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3. Results and discussion
3.1 Analytical results of PGEs

Even though sample heterogeneity maybe one of potential problems in the
analysis of Pt, Pd and Rh concentrations, alf sampies analyzed showed the significant
PGE enrichment relative to background samples (E). The average concentrations of
PGEs in different sampling region are listed in Table 3. The statistical parameters of
analytical results are listed in Table 4,

Table3 The average concentrations of Pt, Pd and Rh in Bejjing urban areas

YEAR Pt ng/g Pd ng/g Rhng/g
Al 2004 169.19+43,5 31.942:30.22 43.29+19.85
2002 81.97+49.34 41.20+14,49 20.42+10.22
A2 2004 143.35+11.48 18.55+18.88 26.4+6.22
A3 2002 110.84+46.04 44.04+14.23 24.82+7.90
2004 165.96+35.58 18.38+4.82 29.51+4.98
A4 2004 204.19+133.79 59.37+£56.06 53.46438.01
Bl 2004 100.43+26.48 15.5948.00 21.89+2.89
B2 2004 87.11+24.92 26.7£15.14 21.0247.37
B 2002 72.39+49,89 30.84+13.11 14.58+8.,26
2004 100.88+17.76 19.02+14.81 22.81+6.73
B4 2002 78.21+£59.41 29.96+11.01 12.44+4.59
2004 75.64+15,94 19.5849.74 20.94+5.22
Cl 2004 67.07+46.96 17.7148.65 11.22+2,70
C2 2004 88.55+12.99 37.46+24.87 30.48+16.24
C3 2004 30.32+24.88 3.05+2.00 6.25+2.76
C4 2004 30.95+11.00 11.1946.28 10.1445.67
D1 2004 15.5+1.24 1.4+1.84 12.62+9.90
2002 18.2846.56 10.69+2.41 5.06+1.13
D2 2004 6.54£0.85 4,77£3.07 2.77+0.01
D3 2004 6.16+3.11 2.7242.32 3.3440.54
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2002 36.67+15.54 48.71+37.14 8.74+2.74
2004 7.91+1.08 4.15+3.94 3.23+0.67
E 2002 0.75+0.25 1.02+0.31 1.49+0.46

Note: Values are means £ SD (in each sampling region, 2-8 samples in different
position with a distance of >100 m between each other have been collected)

Table 4 Statistical analytical results of dust samples

Pt ng/g Pd ng/g Rhng/g
2002 2004 2002 2004 2002 2004

Samples 40 72 40 72 40 72
Mean  15.89+48, 97.16+69. 34.21£16. 19.92+2 22.74+17 79.66+52.

+ 8D 22 24 42 1.04 .06 42
4.21-39. 3.96-356. 6.61-115. 1.6-124. 2.76-97.1 10.4-235.

Range
48 3 82 09 1 95

Median 1372 9052 3258 1373 2031 69.04

Geometric
13.94 66.67 30.84 i1.91 17.09 63.97

mean
Detection
- 0.2 1 0.2
limit
Recovery 87.6%-104.7% 98.2%-108.4% 93%-95%
Background value in Beijing area®
Meant
0.73+£0.3 1.0240.3 1.49+0.5
SD.
Range 0.1-1.9 0.5-1.4 0.8-2.2

Notes: a. Collected from Wu Ling Mountain, Miyun district (99 km far from Beijing
urban area) as reference background samples in 2002

3.2 PGEs abundance vs. traffic volume

The results in Table 3 and Fig.2 show that sampling site with the high traffic
volume also had the high concentrations of PGEs, which was in agreement with other
studies (Cicchella et al., 2003). As shown in Fig.2, the more cars drives, the higher
contents of Pt, Pd and Rh existed. The second ring road and the third ring road are the
highest density of traffic volumes in Beijing urban, whereas the fourth ring roads are
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at relatively lower volume. And the fifth ring road has not been achieved, so that it has
little automobile streams and the lowest traffic density. The Pt, Pd and Rh produce the
same general oblique distribution.

The results shown in Fig.2 also revealed that the difference of PGE contaminative
levels. Pt is the most serious contamination in every sample location. The average
concentration of Pt in urban area is about 100 times higher than that in the
background samples, which is similar to the previous report (Gomez et al., 2002). The
result either can be indicative of the most widespread PGE element as the main
catalytic component, or reflect that the earlier introduction of Pt based catalysts in
Beijing. The results indicate that concentrations of PGE is in the order by Pt >> Rh
and Pt >> Pd, Rh and Pd have the similar distributions.

B Traiiic volumex 10 "/
[ o [ v O 1 H

Concentration, og/g

Sample site ‘

Fig.2 Relationship between the Distribution of Pt, Rh and Pd and traffic volume in
Beijing urban areas in 2004

3.3 Comparison of PGEs concentrations between 2002 and 2004

The comparison between 2002 and 2004 levels of PGEs, shown in Fig.3, reveals
that Pt and Rh concentrations in road dust have been increased within two years
indicating the fast increase of vehicle number in Beijing during two years. The results
in D2 and D4 areas are abnotmal probably due to the fact that D region (the fifth ring
road) has not been completed until 2004.
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Fig.3 Comparisons of Pt, Rh and Pd concentrations (ng/g) in the Beijing urban areas
samples collected in 2002 and 2004,

3.4 Correlations between PGEs

If the traffic vehicle is the main source of PGEs in the environment, the
relationship between platinum group elements existing in urban areas will show the
positive correlations which could be stronger than those in land soils from uncultured
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areas,

Fig. 4 is a series plot of correlations between Pt, Pd and Rh including all samples
collected in 2004, in which (1-a), (1-b) and (1-c) are the samples from urban areas,
(2-a), (2-b) and (2-c) are from Wu Ling mountain in Mi Yun district far from the
modemn area and relatively poverty and lack of automobiles. Fig.4 (1-a), (1-b) and
(1-c) indicate the positive correlations of concentrations of Pt, Pd and Rh, the
concentrations of majority of urban road dusts fall within the same field and have
similar ratio values, whereas no obvious ratio trend existed in farm land soils from
outskirts as shown in Fig.4 (2-a), (2-b) and (2-c). In urban samples, the relationship of
Rh-Pt levels is subtle stronger than that of Rh-Pd and the correlation coefficients are
0.9396 and 0.9082 respectively. The correlation between Pd-Pt is the weakest with
R’=0.8118. And in farm soil samples, all correlation coefficients are under 0.6, with a
range of -0.22-0.52. From the results in Fig 4, it can be concluded that anthropogenic
inputs, especiaily traffic vehicles, to the downtown environment are the main source
of the eclevated concentrations of Pt, Pd and Rh. Generally speaking, auto
manufactures do not publish the ratios of Pt, Pd and Rh of their catalytic converters,
and latter are continuous changed to obtain optimized performances. And these ratios
vary for cars from different or same automaker as well as countries. Therefore we
could not compare if the ratios between PGEs in Fig 4(1-a), (1-b) and (1-c) are agreed
with those in catalytic converters. The results obtained from samples collected in
2002 showed the similar correlation.
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mountainous area as background reference
3.5 Correlations of PGEs with other metals

Take the advantage of ICP-MS, in addition to PGE, concentrations of Pb, Cd, Cu and Zn
could be determined simultaneously, which have been used to evaluate the contribution of
anthropogenic input to the urbanized environment. Table 5 shows concentrations of Pb, Cd, Cu
and Zn in the selected samples which have high PGE levels in the A, B, C and D regions. It can
be seen that some of elements such as Zn and Cd remain relatively constant in street dust and
others such as Pb and Cu have the similar trend with the traffic volume. Table 6 indicated the
correlation coefficients of selected trace metals (Zn, Pb, Cd, Cu and Pt, Pd, Rh). Whereas some
studies have demonstrated a strong positive correlation between the PGEs and those metals
(Cicchella et al, 2003), in our studies none of these metal elements are mathematically strongly
correlation with any of the PGEs except Pb. The average concentrations of Pt, Pd, Rh and Pb
among every main road (the second ring, third ring, fourth ring and fifth ring road) are depicted
in Fig 5. It is well known that Pb and Cu are often used to evaluate the pollution levels from
motor vehicles, and Zn and Cd reveal the influence of the corrosion of building materials, It is
not surprising to find the high Pb levels because in Beijing, lead additives has been forbidden by
Jaw until recently and drastically forbidden of the use of lead added petrol may haven’t been
achieved. The strong correlation between PGE and Pb is further proved that the traffic is the
main source of PGEs.

Table 5 Average contents (meansSD) of Cu, Zn, Cd and Pb in road dust collected from Beijing,
China

In cd Pb
He/'s /g ne/'g He/g

Site

A 54.02415.92  241.93+62.56  0.7840.20  49.94+27.47
B 122.00+80.48 329.83£145.90  0.7440.21 41.37+9.63
C 46.71£15.62  289.62+202.39  0.74+0.18 33.53+5.86

D 31.98+8.91 213.85+144.6 0.48+0.13  29.14£11.05
Notes: A, B, C and D represent from the second ring, third ring, fourth ring and fifth ring road

Table 6 Correlation coefficients of distribution of Zn, Pb, Cd, Pt, Pd and Rh in road dust of
Beijing metropolitan area in 2004
35



HBMEXER L ¥R

Pt
Pt 1 Pd
Pd 0.95 i Rh
Rh 0.99 0.93 1 Zn
In 0.02 0.09 0.02 1 Pb
Pb 0.98 0.90 0.98 0.98 1 Cd
Cd 0.62 0.82 0.61 0.23 0.23 1 Cu

Cu 0.09 0.11 0.08 0.72 0.57 0.23 1

= PLPb » Pd-Pb ® Rh-Pb

440 - e

1 R’z0.9008 -~
120

Concentration, ng/g

. . v - - . v
25 30 35 40 45 50
Concentration of Pb, ug/g

Fig.5 Relationship between PGEs and Pb average contents in dust among different ring roads in
urban Beijing, 2004 (MeantSD)

4. Conclusions

In conclusion, the distribution of the PGEs concentration of the road dust in urban Beijing
indicated that the traffic were mainly responsible for PGEs poltution, and auto mobile emissions
are the major source of the elevated PGE contents. Using ratios and associations with other
metals, PGEs in road dusts can be attributed to catalytic converter attrition. The concentration
level of PGEs appeared to be in the order by Pt >> Rh and Pt >> Pd, and Rh and Pd have the
similar distributions,
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Straightforward relationship between PGEs concentrations and traffic volume could be
established. There is a strong pasitive correlation in the group Pt-Pd-Rh in road dusts in Beijing
urban areas, although their release to the environment is from totally different types of cars no
matter with or without equipped catalytic converter. The high Pt levels observed in Chinese dusts
may, either reflected the earlier introduction of Pt based catalysts, or resulted from differences in
PGEs loading during manufacture which may be indicative of Pt as the main catalytic
component.

Further research is required to understand the behavior of PGEs emitted from auto catalysts in
the urban environment of Beijing, such as PGEs mobility, species, plant transfer coefficients as
well as bicaccumulation need to be studied.
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EHERPHIEE, EERNRHERGER 1975, #EE 1984, B 1993)% 5 FFHAEH
EEH, BIESHEBAROEERLBLE MNOERERSTHEFSED—EL
B, BELSYRBRRLEVHLARER DI ELK. REAK, EHHEEHARRE
REMTES, BEEARSREETRFEPERBEAA P, R Pd SHRKMH
B, #R Pt Rh R Pd ST RS R A RO EH KIS, '

ICP-MS HAZERBESHHERRT EMENHRACT, B FEFFRABA—IFE
SRR B FRICP-MSER KA BT TAE . 45 50 B A HT i 7T St e T 52 vp 402 BRI
R, WA ETR"'CA, EEFET TR Cu™Ar %20 Ar%%, EHENENTE
ITHBEERE, WBEANERIE, BTHETHYE, SOEKASE, XEFENKEH
iR R E.

AL OB X DR, BdRETIRR
Pd(108)=[108] X 1-[114] X 0.03098+[118] X 0.00072—[107] X 4.573+[109] X 4.724
MNTEREERBHBRBER ICP-MS RIE®, RESERANEIANR (DDTC) B4 E
B9 5 EEREAT EOB DA R BT R BEHUR S AT AR HEY R GBW07293 K944, - T
Wi, AMBY T —FREEBOTTE, FABREXFEERMELRTHX ETEAR_
RBA=DRERRFENE, R, MHEEFR, NHRELEDTENS R,

2. SEUSER 4y
2.1 (XM

Agilent 7500C ICP-MS (Agilent Technologies Co. Ltd, USA) ; DHG—9023A Rlthi#h
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BRAZATES (LEEREERATD: HEBRE (3522 BIOHIT A7),
HETRBETFHERE, FERAFHERE (Agilent Technologies Co.Ltd, USA); &
JBTCEFFAERE SR (1000 ve/mL, AREKATRBE): 3%MiMeth T0%Mi% (BV-II4, b3k
ZRMHRH) RERHBE,: HHER REEtEd, bahERmmagm: L%
& FREAK( 1 8.2MQom), B Milli-Q B2EA R A1 BUL, ZIH, #iAH(DDTC),
WML (s, bRl AN), HkTEY B RS Hiia D R
GBW07293 (MhERMEBIMERILEENRITUN). BT BB B (A s R AT AR,

2.2 R, FHARRERLE

BaRT 2005 &£ 7 H. EYBREMAQRAKMESE, BRERGEREMRG, —KKH
%. EHERAREZERT 240, 90 CHA 4 h, BIERETEIRR, HE. LI =FR
EHERBHEEFEVARBNER, SEES MRS, SR AEE 2-3 BFEMAE
Vi, WERRET, LHBE, HTAMZREEE. HINIARER RET EHPE
ERBRES. TAARKERRLEK, BELRBRA 60 AR, ZEBTHSTRE D,

2.3 ICP-MS 2%

f# ] Agilent 7500C ICP-MS (Agilent Technologies Co. Ltd, USA) Rl EH: 5. ICP-MS
RO LESEHRBLARLIRERE, HEUBRERETKHRER, FRE.
RERSFEASH, HPALRHEFEELDTRSH (CeO™/Ce’) Bh, NBREHFHE
HIEE 05 %, ALRFAFMUE Pd(108) BIEHE: [108]X 1~{114]X0.03098+[118] X
0.00072—[107}X 4.573+[109] X 4.724.

WEFFEBGRLE: '®pd /) "WRe, HF WRe HHHFTE. ABSHENEK . &
IR S 1 ST, B 100 ng/mL B PA ARHEAH F 3 %0 HNO, B B AT IR HE 5 1% 0.005
ng/mL, 0.05 ng/mL, 0.5 ng/mL IR TR, EHRIE, L& HAHNH T E#Z(r>0.9998),
HX 100 ng/mL RISFEESPREB A 3 %I HNO; BB HIRE 3 A 02 ng/mL, 1.0

ng/mL, 10 ng/mL, 250 ng/mL f1#x# TAERH _EMBE, LHMMH TG (10.9998).

F1 AR TESK
Table3 ICP-MS instrument parameters
IHsXH REHE I8 HEHE
Parameter Value * Value
Paramet

er
A hE 1400W  R#H  lw
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WYHmE 0 g’ﬂﬁ 1.12 Vmin
¥ HRE 15 Umin %ﬁﬁ 2ER
FHERE 2 °TC ?ﬁ?ﬂd?j Bk i AT AL
BHREK 5 gﬁéﬁ 8.5 mm
K 1 mm g&ﬁx?& 0.75 mm

T2 Pd (108)=
[108]x1—{1141x0,03098+] 118]x0.00072-[107]x4.573+[109]x4.724

2.4 FERhHME

BRI B Sg R THREE S, A 10 mL RER, & E—EHRS. B
B 12 h EEAIR 140 ClBER, FHERREREET (MT1ol) BN S mL HieE
FEK, BEMM10CHBENFHREEET, WA SmLK, 5 10 min, 44, EA.
R, B 1055 EHE IcP-MS HITRIE P EN S B,

FEMODTC)E A7 B D). M 1 mL B, MA 05mL1% KLEE Smin, i+
pH=4 3 MAZBPHEHER, WA 1mL1% DDTC J&, 2mLCCL R, ZTHA, &
% 10mL J5 ICP-MS 4T E M A &/, EBMEFLE “rd.

IR FHAR: X1 g BIRTTERAEY BT 50 mL % PTFE @, 1 mL K
iR, ZEmA 10mL FHEEEKELNF LT, HELIH, fMO 40°CHE. 30
FAMA 10 mL FK, 442 180°C HMHAZHEBEMT 2mL, WTFMA 3 mL A5, =
EHRFREAZGE 140°C mAHEME 1h )5, KD, FHES 200°C, RHEREARAMT
2mL FECF, B, B&.

3 RS

3.1 HREIREE

H TR RIE M R TR B BT E, SRR RRRE D,
HAHEPERR, EREXLEFRBALD, FRIFRAPTELENFEELHIEARY
RERTTHRNEE, HERNTEEERRANBEKNERRERERE. ERANH
FREFRSHAEEDHRS, DREK, KHR K IANHER. LREH LR
PR A AER AR R AR, ERBREYERAMNE EXATHEELEBETE
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BEEP RO RN BREMANE B LR K, TR 76 M BRI AR G B K gkae
BETEHBED, SREE, BHRTAEDRD, REZRFAMNEN SREFEMAS,
B, LR PR EESTHR.

32 THEmER

{ERICP-MSH A M R PR S RET, SRARKPAFRFNEHFETRIET
W, FRICP-MSHEZIREHE R PER TR R2. BEDTRAEN SRR
YT E S B LAR RSN RSERETHE, BT FRAEERAMEN
EMEMREE, FREATR2. ZREN, HYEREEPECRSEOUEHTZH
ERHTROEM, "UPaRCPAINRE (relative %) WK TF100, FH™E, 7'pdflEiR
EE15%ER. I TRE"®C, YA zn*, 22:'%0", "Moo O UH T4, WA T HEQ).

Pd (108)= [""®*M]x1-["®BCd}x1-{®Zn* Ar}x1- [*Zr'O I- ["Mo'°0} ¢}

AHFE (D B, [MIER awvz=x &5 5 B RES R KR E A

ERTOHTRI W T'OPd0IEW, SRAEK2, RARHZLAMoFFEN, Fir-k
FFRA12%, FREAD, TLLARE. MRACIMZInEAN, FENREN4-16%, T
BYRER P P e R EEER A T PCINC I AC TR TR, 5B () BAZKT
ZIAMolI TR TR T .

Pd (108)= ['®*M]x1-['®Cd]x1-[*Zn*Ar]x1 (2)

Hea Cd(108)=["Cd)x0.89/28.73 (3)
Cd (114)= ["MM]x1—[**M]%0.02311 (4)
8700 Ar= ["'Zn"Ar]x18.75/4.1 (5)
677,407 IIMM]XI- ["’7Ag]XI (6)
Ag(107T)= [""M]x27.33/26.46 (7

ZEHR Q) - (D TUBEHFRE (8)

Pd(108) = ["®*M]x1-{"*M]x0.03098 +["*M]x0.00072-[*"M]x4.573 +['PM]x4.724  (8)
APMIRT miz=x LE S BREMNAREME; 0892873 £ cd M1 "cd £F

t; 18.75/4.1 & ®Zn/A'Zn £/ H; 27.33/26.46 & 'Ag/PAg L.

F22. ICP-MSHFE A H &y h e T BRI T IR 47
Table 2 Isotopes used for the analysis and interferences in the ICP-MS determination of
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palladium in plant sample

Element Mass interferences * Relative Error (%)

WA Cu’(0.004%), >100
35C13+
Pd 105 ¥Y'%0'(4.6 %),
831150'H(0.063 %)

196¢d4(0.36%), >100
© A Zn*(0.0001%),

Pd 106 ¥Zr'°0+(2.4%),
BY60'H(0.7%)

198Cd(0.34%), 16-20
% Ar%7n"(0.0003%),

Pd 108 Zr'°0%(0.83%),
2Mo'50*(0.08%)

1%84(0.34%), 14-16
Pd 108

P A15870"(0.0003%),

27:1°0%(0.83%), 1-2

Pd 108 “Mo'%0*(0.08%)

1%8C4(0.34%), 5
YAr®Zn*(0.0003%),

Pd° 108 %Zr'%0%(0.83%),
”Mo'%0"(0.08%)

Notes: a. Established interferences as relative % from the concentration of the interfering
element

b Determination result after correction by interference equation (8)

Y CARIT R’ (49 500—3000 ng/g) tk Pd BH) 2—3 A MBZE, Zn(2 40006000
ng/g)tt Pd 8 3 MEEE, MEARATRERE, BTFREX "pd H1EW, FHAUTRE
}16-20 %. EAHRE (8), HE ZEHNEAERSBSS ICP-MS BE B F T
STRRLCE, PIR TS 2 ME 10 MR LR R EEER CPTIM, ERA
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R 3, MRRERERE 02% 75 % M, NATRIEENEHDELDPREEMNER

1, HEERE.
3. R BEHER T RS B EMILESE R (ng/g n=3)
Table 3 The results of two methods for determination Pd in digested solution (ng/g, n=3)

Tk TRAERE

Method1. Fik 2 AR, TR
Application of equation Method2. Refl*! Validation
(8)
# Iﬁff D Tdiff SD Variance (%)

1 2.066 0.17 1.983 0.51 2.9

2 2.105 0.26 1.904 0.90 7.5

3 1.116 0.04 1.017 0.63 6.9

4 1.914 0.30 1.742 0.33 7.0

5 3.285 0.09 3.105 0.85 4.1

6 1.590 0.05 1.524 047 3.1

7 0.897 0.01 0.849 0.24 4.0

8 3.735 0.21 3414 0.91 6.6

9 0.689 0.03 0.687 0.18 0.2

10 3.032 0.15 2.859 0.86 43

HTFRAANRE T AR YR, AT BT R AT
B E RS SRR R (GBW07293) MBI RHUEIT THle, MEARIE 4, &
R E S5 R GIREEMMHAHRER 5 %, HXEHEREN 3.9 %, WARERTFRIBHE
FMEARYERE, SlFEENATER, TRRRITEN. S35, ERAM2
ST HRE R PA108) = [BM]x1-[*M]x0.03098 + [''*M]x0.00072-['""M]x4.573 +
['"M]x4.724, TTCAMERRBNERIRIE, & ROEREARBEINSARE, TEEEBR
SELR, ERTRLEXRESMNHRIE.
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R4 AT ERBIRIZ B MY R (GBWO07293) MK E 4R (n=7, ng/g)
Table 4 The determination results of digest solution of the reference standard PGEs (n=7, ng/g)

_ st
_ ks
E HEHE _ (RERTHHF

(ERFHHR)
Element Certified B
Determined
Determined

i Pd 568+51 573124 651126

3.4 ES PRSI ER

FEUR TG TETENEZARRIZK, AEAESHEEREFFERGRETIE
BRI AR HTERRBER K02 ng/g. BFERTATO0, HAKR Gl TH# R, W
BRELEROHMTRERERIINTI0 %, FEEERRE, MREMEL A 93.48
£9.79%, &RHE.

REF LA FEAB IR EEN 24 MRESPEDRS, ZRIRRMEYS
TRMOEERRBENRAFER, FEEEER, SH, ERERM£FNRIERHTE
AL MY AT RN SRR E KA pd BIRE, HPE RS FB—-REXHEE, 4
BAE 5. IRRATXEDERPEREHARHTERES, TRHRAEDENCIF
MRS REENER. NHEYPEEERREIER, RLTEEESBEHRASP
BEEERENEEHANR, #—PHAREPHRTRINESBNELER.

x5 =230, ZHBENHEDPE, EREMKRERNER (ogg)
Table § The determined results of Pt, Rh and Pd among four kinds plants collected along the
second ring road and the third ring road (ng/g)

FJ& (Categories) f"
Z3 =11
ER MeantSD 377136
Range 0.51-6.74
Tk Mean+SD 3.50+1.70
Range 0.17-5.99
R Mean+SD 3.040.79




EERME KER ¥ LRI

Range

S Mean+SD
Range

=% =13

B Mean+SD
Range

E-2 Mean+SD
Range

IR Mean+SD
Range

PHAE Mean+SD
Range

BEH Mean+SD

0.554.91
1.4240.45
0.47-2.51

2.27+1.81
0.62-4.52
3.88+1.55
0.45-5.34
4.82+228
1.31-8.35
3.30£0.56
1.44-15.58
0.4530.16

Notes: 1 is the sum of the total sample sites
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Chapter 4 Distribution of platinum and lead in environmental samples in

the Beijing metropolitan area, China

1. Introduction

More and more researches have taken aftention to detect platinum concentrations in
environmental samples because of the introduction of automobile catalytic converters since the
mid-1980s""), Autocatalytic converters containing Pt and other platinum group elements
(PGEs) have been used successfully for reducing emission of pollutants such as CO,
hydrocarbons and NOy in exhaust by converting them to less toxic gases such as CO,, N;and
H,OP), However, the research on the distribution of platinum group elements has revealed that
the abrasion of catalytic converters causes an increase in emission of microscopic particles
containing low solubility PGEs. Pt that normally existed in the environment in trace amount
(in the g/kg range in road dust) is now ubiquitously distributed in urban areas. Therefore,
traffic seems to be the main source of Pt contamination in urban areas.

Previously, Pt was considered to have little effect on the biosphere, However, recent studies
have shown that Pt may be toxic because it was found to accumulate in life forms including
humans, which is cause for concern. Moreover, it has been found that some simple species of
Pt has high biochemical activity, e.g. cytotoxicity and mutagenicity”), and as Pt was emitted in
the form of fine suspended particulate matter from converters, Pt may be inhaled and
accumulated in lungs of humans, leading to the risk of significant negative effects on human
health after chronic exposure even at very low levels. Complexes of PP* are highly toxic to
plants ™ because probable biomethylation of Pt in the aquatic urban environments may be
damaging to life similar to methyl Hg!®), The accumulation and characterization of Pt and Pt
species in plants were investigated by size-exclusion chromatography coupled with ICP-MS,

then found that high accumulation rate of Pt in roots of grass grown in hydroponic cultivation,
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and Pt can be detected in the leaves already after a few hours exposure,

Lead is one of the most anthropogenic contaminants, mainly due to emissions of vehicular
traffic and paint. Anti-knocking additives for gasoline containing tetraethyllead (TEL) and
tetramethyllead (TML) was produced and used comprehensively over almost one century,
causing ubiquitous pollution and toxicity to environment. As known it remains relatively
constant in soil, street topsoil and suspended particles !, Pb has been used to evaluate the
contribution of man-made or transport input to the urbanized environment. The study of the
concentrations of Pb in environment was to make sense.

Although many papers on Pt or Pb distributions in urban environment had been published

by many research groups from different countries***"

, up to now there is no report published
from China and the city of Beijing as well. Beijing, the capital of China, has a large population
of more than 13.81 million. During the past decades, the number of vehicles has dramatically
increased to more than 2 million. Loading of catalytic converters on gasoline-powered vehicles
has been mandatory in Beijing since the late 1990s.

The objective of this investigation was to determine the total concentrations of Pt and Pb in
roadside environment among main traffic highways in urban district of Beijing city. The levels
of Pt and Pb concentrations in topsoil, Annual grass, Pine tree, Japanese pagoda and Holly
samples have been studied and compared with reference background samples. The correlations
between Pt and Pb among different roadside environment samples have been evaluated,
respectively. The sequential extraction scheme proposed by Tessier et al. (1979) was adopted
to give some messages about the chemical characteristics of Pt and Pb existed in roadside
topsoil.

2. Experiment

2.1 Sample location and preparation

Both topsoil and plants were collected at each sample location in July 2005. All sample sites
were selected along main roads with high traffic volume. Where possible, a soil sample was
also collected immediately adjacent to plant sampling site. Background samples of topsoil (the
same type) and plants were sampled from two parks in Beijing. Both two parks, where motor
vehicles had been forbidden, were heavily wooded and the sampling location was
approximately 1000 mm from any major road. The details of sample locations were presented
in table 1.

Topsoil samples were collected by scraping up the surface soil (0-1 cm depth) in the
flowerbed, and then the plant samples were collected from the same flowerbed also. Only
leaves of plant were stayed as analytical samples, Sampling was performed according the rules

50



ERMHKE@R L PR

i

The soil samples were air-dried for 24h and then oven dried at 80°C for 4h. The samples
were crushed and homogenized using agate mortar and ball mitl(< 100 mesh ) for analysis. The
plant samples were cleaned from soil particles by washing with tap water, dry at room

temperature for 24h, oven dried at 89°C for 5h, ground and homogenized using agate ball mill
to fine powder for analysis..

Table.1 Sampling locations and traffic volume and sample number

Labeled Traffic Sample
Road No. Sample location volume® species
vehicle/h
Al Su Zhou crossroad 8530 Soil ,
A2 Ma Dian crossroad 8530 Japanese
Thethird A3 An Zhen crossroad 8530 pagoda,
ringroad A4 Mu Xi crossroad 6500 Annual grass,
AS Hang Tian crossroad 11260 Holly and
A6 Hua Yuan crossroad 11260 Pine tree
B1 Jian Guo crossroad 7330
s:o?:nd B2 Xiao Jie crossroad 6300
ring road B3 Dong Zhimen crossroad 8800
B4 Fu Chengmen crosstoad 12400
Background Ct Park 1 Little Soil,
site C2 Park 2 Little Annual grass
2.2 Digestion and Reagents

AlI conical beakers were washed with hot Aqua Regia(HCI:HNO;=3:1) before use, all used
water were Milli-Q water (18.2 M(rcm) . The reagents in digestion were super purity (The
institute of chemical reagent, Beijing, China) , the 3 %HNO; was diluted by 70 % HNO;

(BV-III level, The institute of chemical reagent, Beijing, China). The standard solutions were
purchased from Agilent (Agilent Technologies Co. Ltd, USA).

Each sample was digested and analyzed with three replicates.

12 m! of Aqua Regia (HCI: HNO; 3:1) was added to 150ml conical beaker contained 2.5 g
of soil sample. Afrer being allowed to stand overnight, the sample was digested at 120°C for
3h, and then heated to near dryness at 200°C. 10 ml of aqua Regia was added and heat at
180°C to near dryness. 5 mi of water was added to the residue and heated at 100°C for
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10min. The final solution was diluted to 100 mi. After 1:10 diluted, measurements were
carried out immediately.

10 ml of 65% HNO; was added to 150ml conical beaker contained 5 g of plant sample.
Afrer being allowed to stand overnight, the sample was digested at 140°C to the residue was
near dryness. 8m! of Aqua Regia was added and heat at 160°C to the residue was near dryness.
5 ml of water was added to the residue and heated at 100°C for 10min. The final solution was
diluted to 100 ml and then filtered. After 1:10 diluted, measurements were carried out
immediately.

2.3 Sequential extraction

The sequential extraction scheme, proposed by Tessier et al. (1979)'” was adopted to
partition the platinum and lead into five fractions, each fraction was defined as follows:

Exchangeable: soil (5.00 g dry wt) extracted with 20 ml of pH 7, 1.0 mol/l MgCl;in 100
polyethylene centrifuge tubes for 1 h at room temperature with continuous agitation.

Carbonate: Residue from exchangeable fraction, extracted with 20 m! of pH 5, 1.0 mol/
Sodium acetate for 5 h at room temperature with continuous agitation.

Fe-Mn oxide: Residue from carbonate fraction, extracted with 40 ml of 0.04 mol/t
NH,OH-HCl in 25 % acetic acid (v/v) for 5 h at 96+3 °C with occasional agitation,

Organic: Residue from Fe-Mn oxide fraction, extracted with 6 m! of 0.02 mol/l HNO; and
10 ml of 30% H,0, adjusted to pH 2 with HNOs. The mixture was heated to 85+2°C for2h
with occasional agitation. A second 6 ml aliquot of 30% H,0; (pH 2 with HNO;) was added
and the sample was heated again to 8542°C for 3 h with agitation. After cooling, 10 ml 3.2
mol/L NHsOAc in 20% (v/v) HNO; was added and the sample diluted to 40 m] and agitated
continuously for 30 min,

Residual: Residue from the organic fraction was washed with water, dried in a force-air
oven at 80°C for 24 h, weighed and ground (100 pm). 2g of sample used for determining Pt
and Pb contents by the method of digestion of topsoil sample,

2.4 ICP-MS

Measurements were catried out using an ICP-MS spectrometer Agilent 7500c (Agilent
Technologies Co. Ltd, USA). The optimum measurement conditions are shown in Table 2. The
correction for the interference of HO" to Pt was introduced IV,

Table 2.the optimized ICP-MS parameters
ICP-MS parameters
Sample introduction
Temperature spray
chamber
Carrier gas 1.12 Ymin

2°C Blend gas 0.1 I/min
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Plasma

RF er RF

pow 1400 W power 1W

forward reflected
Tune

CeO'/Ce" < 1 % basically (best at 0.5 %)
Mass spectrometer

. Nickel 1 mm Skimmer Nickel 0.75 mm
Sampling cone

orifice cone orifice

Peak jumping Number of
Measurement mode . . 3
(peak height) replicates

2.5 Method validation

The accuracy of the methods was checked by analysis of GBW07293 (Platinum group
elements for geochemical analysis, Standard reference substance, China) and Lead powder
(Standard substance, Beijing, Chinz). The accuracy (relative error) varied between 2-10%,
detection limit for Pt was 0.2 ng/g (soil) and 0.1 ng/g (plant), for Pb was 2 ng/g (toi')soil and
plant), precisions (RSD) for Pt and Pb were both below 10% in topsoil and plant samples.

3. Results and discussion

3.1 Distribution of concentrations of Pt and Pb

The concentrations of Pt and Pb in topsoil and different plants along main roads in urban
Beijing areas (Table 3 and 4) have a wide and variable range of values. For topsoil sample, the
average concentration of Pt and Pb were 141.04 ng/g and 41.04 pg/g, the maximum was
219.52 ng/g and 86.3 pg/g, minimum was 51.28 ng/g and 11.5 pg/g, respectively. For plant
sample, the average content order for Pt was Annual grass > Pine tree, Japanese pagoda >
Holly. The order of mean concentration of Pb in plant sample was similar to that of Pt. The Pt
and Pb content in topsoil were 59-104 times and 11-22 times more than that in plant samples,
respectively. And compared with the background sample analyzed, in soil profiles, the mean Pt
concentrations in urbanized area was 68-300 times as much as the mean value of the sample
collected in a mountain areas; in plant profiles, the total mean Pt concentrations in roadside
environment was 4-7 times the mean value of background reference sample. The catalytic
converters in cars have been introduced for only about five years, this result reveals that the
high accumulation rate of Pt in roadside environment of urban Beijing.
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Table.3 The Pt contents of roadside topsoil and plants in different main roads and its
background values in Beijing area (ng/g)

Annual Japanese
Topsoil Pine tree Holly
grass pagoda

Al MeantS.D. 143.35+53.5 2.33t1.0 1.96+0.3 1.31£0.2 1.36£0.9
Range 81.97-212.69 1.29-3.1 0.5-2.74  0.81-1.37 nd’:23

A2 MeantS.D. 160.11425.2 2.711£0.8 1.8410.2 1.3340.2 0.98+0.5
Range 78.21-219.52 0.8-4.3 04-22 0.3-2.7 04-2.9

A3 Mean+S.D. 160.431+36.4 3.45£1.5 3.01+0.3 1.70+0.2 1.67£0.4
Range 60.87-139.65 0.83-4.1 0.57-1.7 0.7-4.1 0.8-2.5

A4 MeantS.D. 90.22+11.3 1.431£0.6 0.89+0.3 1.4110.3 0.6910.2
Range 71.0-104.2 0.7-2.1 0.6-13 1.0-1.9 0.5-1.1

AS MeantS.D. 170.43432.2 3.02+0.9 2.40+03 2.6710.1 0.99+0.5
Range 88.55-217.39 1.35-3.5 1.30-3.9 2.15-3.5 0.80-1.66

A6 MeantS.D. 165.96162.2 2.8940.6 2.8240.7 1.9410.1 1.79+0.4
Range 110.48-189.39 0.3-4.5 0.24.6 0.6-3.46 nd.-3.27

B1 MeantS.D. 100.88+26.9 2.16+0.9 1.71:04 221102 231106
Range 75.64-154.83 1.0-3.8 1.2-23 0.91-28 . 0.6-24

- Meant8.D. 75.64140.1 1.51+0.8 1.4610.4 1.7740.2 1.14+0.3
Range 51.28-151.81 04-3.1 0.96-2.2 1.14-3.4 0.45-2.7

B3 MeantS.D. 169.19+33.2 244102 1.081+0.6 1.6610.1 1.2340.5
Range 110.01-210.21 13134 0.93-2.4 0.47-1.8 0.5-2.2

B4 MeantS.D. 174.19£21.0 2.10£0.8 1.26+09  2.3840.6 1.330.2

Range 154.48-211.2 1.03-242  0.52-149 1.454.1 1.13-28

0.3410.1 (Annual grass
C®  MeantS.D 0.754+0.3 ( grass)

Notes: *Not detected

"Background soil sample collected from WuLing mountain, Miyun district (99 km far
from Beijing urban area ) and background plant sample collected from a mountainous area,
Men Tougou district (60 km far from Beijing urban area)

Table.4 The Pb contents of roadside topsoil and plants in different main roads and its
background values in Beijing area (jg/g)

) Annual . Japanese
Topsoil Pine tree Holly
grass pagoda
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MeantS.D. 35.61£6.7 3.1540.6 2.4610.7 1.5410.9 1.44+0.3

Al Range 21.2-43.7 0.9-4.0 0.6-2.3 0.5-2.8 0.9-2.5
oy MeamtSD. 3641445 370106 174802 239105 12406
Range 21.2-43.5 1.84.1 1.1-2.1 1128 0.7-2.3
a3 MeamiSD. 358664 40753 331402 197404  1.89+0.5
Range 28.1-43.2 2352 2.7-4.1 1429 1.2-2.9
aq MemiSD. 2838892 266407 132106 143+0.7 127403
Range 17.6-40.2 1.5-3.4 0.6-2.0 0.6-2.3 0.9-1.5
s MeantSD. 483369 322402 337409 299404  2.49+0.7
Range 29.4-51.4 2.742 1.8-4.6 1.4-5.1 1.2-4.0
ng MemiSD. 6487449 5.06£1.1 270409  3.42408  3.11+04
Range 51.0-77.7 2.1-7.6 3.4-6.3 1.8-4.4 1.4-4.2
gy MeatSD. 3174164 237408 182405 1.66:0.2  1.8410.1
Range 20,1-42.3 1.23.9 1.0-2.8 1324 1.5-2.2
gy MeaSD. 3001467 332104 134305 157402 1.13£09
Range 11.5-46.3 2.4-4.5 0.4-2.0 1.9-34 nd.*2.7
py MeamtSD. 3828106 49009  3.10£14 228103  1.78:07
- Range 23.1-56.9 2.2-6.3 0.8-5.5 1.3-2.6 0.8-2.7
g MeamtSD. 61094133 460101 256102 363105  2.05£0.7
Range 47.4-86.3 1763 1.1-3.6 1.2-4.1 0.2-3.1

C® MeantSD.  18.146.9 1.440.2 (Annual grass)

Notes: * Not detected

b Background soil sample collected from WuLing mountain, Miyun district (99 km far from
Beijing urban area ) and background plant sample collected from a mountainous area, Men
Tougou district (60 km far from Beijing urban area)

3. 2 Relationship of concentrations of Pt and Pb with traffic volume

Many reports published the concentration of Pt and Pb were positive correlation with the
traffic volumes™, Fig.1 and Fig.2 show that the relationship between the traffic volume and
concentrations of Pt and Pb in topsoil and plants collected in metropolitan areas in Beijing. As
it depicted, the highest concentrations of Pt and Pb both present at the sample stie with the
highest traffic volume (A5, A6 and B4), whereas the areas have the lowest Pt and Pb
concentrations have the lowest traffic volume (A4 and B2). Those results suggested that the
emission from vehicles could be the main source of the increasing concentrations of Pt and Pb
in Beijing roadside environment. The conclusion could be drawn that the more automobiles
pass through the road, the more Pt and Pb released and deposited and accumulated in roadside
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environment. The

result of topsoil,

concentration of Pt in Annual grass has the most significant correlation with
and Holly’s has the worst correlativity, however Pb contents in all selected

plants well match with the result in topsoil. The levels of Pt and Pb contents were quite

different among those four kinds plants, the order of concentrations of Pt was that topsoil >

Annual grass > Pine tree and Japanese pagoda> Holly, and Pb also followed the same order. It

could be supposed that the abilities to adsorb and transform and metabolism were different

among Annual grass, Holly, Pine tree and Japanese pagoda.

[k | Topsoil B Annval press [ Poe wee 0 Jopemneser prchog [ Helly
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800 ggpp 3900 gsop 11300 19300 7400 Ga00 8800 12500
Site and Volume/h
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Fig.1 Pt concentrations in different environment samples collected from ten different locations

with their traffic volume
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P 50 -
£
> a0
: 1 I
'.,l l ™ [ |
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Fig.2 Pb concentrations in different environment samples collected from ten different locations
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with their traffic volume

3.3 Correlation between concentrations of Pt and Pb

For a plant, the processes of different metal taken up by plant roots and the capability of
accumulation were different, vice versa, Lustig ['“had studied the platinum uptake by nutrient
plants and after one growing period, only approximately 1% of the platinum naturally
presented in soil is availability to plants. Only small amounts of Pt could be metabolized and
transported to the leaves®. As shown in Fig3- Fig.7, in all five series samples, positive
correlations existed between Pt and Pb concentrations have been established. This suggested
that the vehicles deposition was the main source of both them, even though the modes of Pt
and Pb released from automobiles were different absolutely. The correlation coefficient in
roadside topsoil (R2=0.6796) was weaker than those of Pine tree (R*=0.7751) and Japanese
pagoda (R*=0.7293), and approximate with that of Holly (R’=<0.6411), and stronger than
Annual grass (R2=0.4173). It was considered that the strong correlation in piant samples could
be concluded that the similar metabolism of Pt and Pb existed in plants, which have been
surmised!*),

654 [
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B
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Fig.3 Liner fitting and the correlation coefficient between Pt and Pb concentrations in
Roadside dust samples in urbanized Beijing areas
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Fig.4 Liner fitting and the correlation coefficient between Pt and Pb concentrations in Annual
grass samples in urbanized Beijing areas
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Fig.5 Liner fitting and the correlation coefficient between Pt and Pb concentrations in Pine tree
samples in urbanized Beijing arcas
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Fig.6 Liner fitting and the correlation coefficient between Pt and Pb concentrations in Japanese
pagoda samples in urbanized Beijing areas
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Fig.7 Liner fitting and the correlation coefficient between Pt and Pb concentrations in Holly
samples in urbanized Beijing areas

3.4 The fraction percentage and the transfer ratio

Platinum and lead were introduced into environment as many species, and not all species
could be assimilated and then enter the biosphere. Table 5 presented that the percentages of
individual five chemical fractions of Pt and Pb in roadside topsoil in urban Beijing areas.

Table 5 Pt and Pb fractions expressed as percentage of sum of fractions (%)
5
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Exchangeable  Carbonate  Fe-Mn oxide Organic Residual

Pt MeantS.D. 0.410.1 1.5t4.5 1.7£0.8 17.244.0 73.116.7
Range 0.2-0.5 3.5-144 0.8-2.6 13.0-21.5 62.4-80.3
Pb MeantS.D. 0.410.2 7.7£1.5 0.6£0.2 62.3+4.4 29.045.0
Range 0.3-0.6 6.1-9.0 0.3-0.8 58.0-69.6 20.6-32.3

The exchangeable fraction was the first to be brought into solution and is considered to be
easily available for plant uptake. The carbonate fraction was susceptible to pH changes and to
enter the groundwater and plant under the acidic effect of acid rain, humus and organic acid as
well. The Fe-Mn oxide fraction was unstable under low Eh conditions, the organic fraction
could be degraded under oxidizing conditions and the residual fraction was not considered to
create a bio-available pool since it was not expected to be dissolved over a reasonable period
of time under natural conditions !'”), Only very small amounts of Pt and Pb are present in the
exchangeable fraction, most of which are present in the organic and residual fractions. The
highest percentage of Pt associated with the residual fraction averages 73.1% and the lowest
with exchangeable fraction averages 0.4%, the percentage of Pt fraction follows the order as
residual>> organic >carbonate > Fe-Mn oxide > exchangeable. For Pb, however, the highest
percentage are associated with the organic fraction with an average of 62.3% and only 29.0%
with the residual form, and the percentage of Pb fraction follows the order organic> residual>
carbonate > Fe—Mn oxide > exchangeable. It may be concluded that that due to the difference
soluble proportion of Pt and Pb species in roadside topsoil, for most species released from
vehicles for Pt were metal and oxide!'*!, however, for Pb were ion salt and alkyl compound "4,

Although the behaviors of Pt and Pb emitted and their probably easy soluble species could
be different under the complicated influence of soil deposition, micreorganism, acid
precipitation and so on, the amounts of non-residual fractions regarded as the amounts of
probably activity. The non-residual fractions of Pt and Pb in urban topsoil average 26.9 % and
71.0 %, respectively, which suggests the potential mobility. Nevertheless, It was thought that
the sum of exchangeable and carbonate fractions presented the amounts of bio-available
fraction, only 7.9 % of Pt and 8.1 % of Pb in urban roadside topsoil were fair available for
plant uptake.

4. Summary

The main conclusion arising from this paper on Pt and Pb concentrations in roadside

environmental samples of the Beijing urban area can be summarized as follows:
< The Pt contamination existed and has been accumulating in the Beijing metropolitan area.
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Considering that three-way catalytic converters (TWCs) have been mandatory in Beijing
after 2000, the accumulation of Pt in topsoil was found very high (more than 100 times
than the reference background values).

Even if Pt concentrations in roadside environment in Beijing was lower than others cities,
it was evident that Pt released from TWCs and deposited into topsoil, has entered the
biosphere which has been established by the result of Pt accumulating in plants along
main highways in Beijing.

The distributions of Pt and Pb showed relationship with traffic volume: the road with
higher traffic flow seems have higher Pt and Pb concentrations in its roadside
environmental samples. This confirmed that the vehicles pollution was the main source of
Pt and Pb in environment in urbanized Beijing areas, no matter that Pt and Pb were
released in different mode.

The correlation between Pt and Pb existing in roadside plant samples may be attributed to
the similar assimilate mechanism that should be further investigated.

In roadside topsoil sample, the percentage of Pt fraction follows the order as residual
-(73.1)>> organic (17.2) >carbonate (7..5) > Fe-Mn oxide (1.7) > exchangeable (0.4),
however, the percentage of Pb fraction follows the order organic (62.3)> residual (29.0)>
carbonate (7.7) > Fe-Mn oxide (0.6) > exchangeable (0.4). The difference between the
orders of the percentage of the five chemical fractions could be concluded that, that due to
the difference soluble proportion of Pt and Pb species emitted into roadside topsoil. The
non-residual fractions of Pt and Pb in urban topsoil average 26.9 % and 71.0 %,
respectively. And about 7.9 % of Pt and 8.1 % of Pb in urban roadside topsoil were fair
available for plant uptake,

The further investigation of Pt and Pb transfer ability is necessary under control
conditions in dependence of the soil properties as well as types and parts of plant (root,
trunk, branches, leaves and so on).
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RAE LEHWREFEEPHRTERL

. 7N

1. A

il

Bl AEHBEFLBHERHEERAABIESH R ERBEUHEETE
(platinum group elements, PGEs) fE h X B FIR A ERTHEU RSN (catalytic
automobile exhaust gas conversion systems, CAT) ., XFHELBARBARTURPKERS
FRALSY. —RLRPEELYOHR, BEFELETREEER, ARTHRTES
BHLERNEEPHTRFHREEKD Y, Fbb AR B R T,

FEPERAGHEATIBE I ERRTHFENLERR. TRLEREH, XS8L
Pt HBH0.6~130 ng/kgZ 8], X4 %0.02~5.1pg/m’ Z fil. B A HEHIIPE — 243 LA
SR AT, WREH43~ 88 ng/m® (BB 40.1~20 pm); B—#F5 HPt Q1LY
WREEAE21~53 ng/m TR A . PLEE A TREH0.5~8um B AR DBR b Rk
HE pt S EEI0~43 %2 iA. HEHWARABLEY, SHFERFEAYTRMEE,
B, EEQRINETRILRER, A BEDENER, PRTRLRE—ENE
AFMpTHL, RETHEENTROETEFFBETEAESG K, Bk, MOKTEE
HEPFEMNFERERITHRABEEME L.

ICP-MSH R B L H M EA A M BB B ESEH TR 468 ( ICP2AES)
RO AAS) MIRBUEH T E010—10015 EZ 100048, XFERE ICP-MSHIX
SR R E/D AR T 10—10006%; BEMIE AT M EMAESBTLIPI0EEI10068, ZHRAK
AT RERRA NN E®, KK FTessier A RN HRIE TR 2
EPEETRODECEERENEGE, BEBUMERN, BYTER TSRS P
HETENLERSOF & RN ATHEMTERTR S A L. SREN
WERE, PRARTRETROINRTBES, NP X5 T EYREGHE A
HIATEAE R Sy, ALY, TS, URMXEHNEE RSB RNE S TN
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EEPHEHS. BELREIMAPERTRELRPHFERS, AT THRASEREE
EBHE.

2. LR ER
2.1 B8

Agilent 7500c ICP-MS ( Agilent Technologies Co.Ltd, USA); B.L24l; PTFE #H & L E,
PTFE & HME, LR PHEHABAK (182MQ «cm), W Milli-Q BAKRZFIE; 3%
THREH T0%MHM (BV-IIK, bREFANAALR) HREHEE, HER (Rhgd, 1t
FUEARARL): T8, 30%H0,, BUEEK, TKZERY, BRELER, 28 (&
ik, ERWERFFAR): AELERSFEER, FEREFEER (Agilent
Technologies Co.Ltd, USA); # Re RS & (10000g/ml, PEHAERL); WELTET
B R MR R GBWO07293 (iR MER{L S B BRA BT BT BB BRI
WRAAEKE%k.

LMK T 20054 6 B, EBH MR, BHE EHREF (B, 8=
B ERAEEN (B2); B EREETIE (AD MEEIHF (A2), URFEZIFH
EMEREIB (A3), 8K ARKIIAMEIFES 100 m (9 2x2 m KIBREE, #AMBL
5m WEME 02 om KIRELR L, &3, FERAT 24h 5, 80°C HET 4h, EISIREIGIE
PL¥— (<100 mesh) SERRIRHE, W

22 RESRE

HLRPOHEAREEEEERRES MIFTF, SHEHRNFNEERRN
ABHEW T

K#&: BSgtEMA20ml 1.0 mol'L”! MgCl,, Mz, 7K¥7%&%2h, 8000 r/minZ530
min, BH LEFRSmI, ERITH2K;

WA RA: DI MA20 ml pH 5801.0 mol L' NaAc$Wi, Ki&E %4 h, 6000 /minB >
20 min, WRELLEVEBSml, BEERDIIE2IK:

. BEEME: UIEEMA 20 ml 0.01 mol L HCl #i#, 80°C K& &% 3h, #F 1h, 8000

t/min B 4> 30 min 785, WH LEHK Sml, PHITE 2 &K

BMEA: JFLIEMA 10ml 1 molL" HCI%#K, 9045°C K# M5 ah M OE 1h, 4000
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t/min B4 10 min, YEHRIUE 2 K, BN EEHRE 5Sml, &G 2 K, 90°C BT,
BRE, BR: B3 g MEMAPRTEERAT S0ml PTEF () &%, A 12ml

FEHEK, BRE 1h FEBREK L nANBEREYEEAT, A 1ml HF, 285823

REWHELET, WA Sml KEMH 10min, AHEEE.

J PGEs ff1 8l 52 : #REX 2.5 TR MA LK ELEMA 12ml FAHM EKCHC:
HNO3 3:1), & 10 min J5 4R 120°C Mn# 3h, MEFHEE 200°C, BEEF, BMA
8mt LK, fREF 180 °CINAHAE, HRMYDOT 1ml, WA sml KW THERHY, Fi
b 10min, BTAHER. HE 10 55328 ICP-MS RIE.

€M Aglient 7500C ICP-MS (Agilent Technologies Co. Ltd, USA) W& . ICP-MS
BN TESEANURE AFMELREA L, HENREEIREERN R BT, HRME.,
BEHEZHS K", B FETHD.

BRRERMET, I 100 ng/ml {9 Pt, Rh # Pd REFERR, F 3%08 HNO; BLH
BB BIRE 55125 0.005 ng/ml, 0.05 ng/ml, 0.5 ng/ml KA TSR, EHRE, 24048
R THERHLR (r>0.9998), B 100 ng/ml BIFFEEIR S HRAEIEHUR 3%00 HNO: B B B4
REESY A 02 ng/ml, 1.0ng/ml, 10 ng/ml, 250 ng/ml MFFME TEEH EHURIE, L5
MR TEME (r>0.9998),

3.5 R 5118
3.1 BREMFHRL

BIBBIR AR PR R EEL SRR YRR TR RE, PEA
THREE LRI TR BT HEYRE N T AR S PCL>
P(Cl™), #TTEFHA M RREEDANTTHEANEDE . KB Tessier F IR 1
Hah b, BT HERARKNERETRNNE R,

BB —RIREFREAG TURNES, WHETEOELYE, 8
HLipH=2 W, MG KNRILER T L34, BAEMNTE N B8N T
AN KRB E AR RAEENESBIX— R BANS R,

W moll WHCI RIMEER A THEMIE K4 T ol IR, SEAE RIS T
FOER X-¥FEERERTHRTRBENFERLES, CEERENSSPRER
FHPRNEEY, —RARKHETAER, EHNTRESDEGE WS, REMRN
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TGS B X ) F 35 MR 0] 5 A BT 4 F pHEL R 2 B9 LS, NESTRE ARG,

BEALREMARE, HEENBEERREST S EBMNLTY, 1.22%F1.21%, Kk
RIRBER S R BIN17.25%, 7.46%H12.37%, R XHM LB URTHETEN
BEEE.

3.2 2 EHERPRRTRICERE T

EEERTRAS BRI LI EET —EZ RN ARES RS, KB ERHFR
FERNRETHHAE, SMAFTIR, MESRLR. BTFRFMEEMBPETES
BiEEYRE, LPRBEMEFRTENREETEENE T LM PR, HHER
BEREBH (AR , ErAMAERAMRESHEMEERNRENZ B AT RIFH—K
t, BRESAHE.

L P RESE, ENEURESHEAFE, S8 M ESERIFHRES> B
AT RE> BRLEEERSKES, BREAREETTLS BAS- PRERRE
F>KEE. ERTREF LRI BETESR, ERENERBESNT LSBT Y5k
(37.82%) > 48 (2745%) > #1 (26.87%) ; HPAEBAREHHEHATRHART AT
PR RO R 3B B O ELIRFE R BE (29.14%) > 4B (23.87%) >> 41 (7.92%) . H
BT REAT AL ER THIA, HRVNESENBETET AL, xR
X@EFLEMEDPHEARSBOTAFHREA, AYPHEBEZKTRY f Pd.

HAZAERBAMBEELL T PHRESBRTERARMIBE", AXHASEK
HXBENELTPHEER T ROMESRE RS —8. IRPHOBRTRLEI S
B, MHHERE——RERTHERPORUNRSRLE R, WEESHHIEER
BEOFEREAR, LI RRt. SARREARSHIEANESREITEA SN
R, PRBAARARELSRNESLERFIRE, SHRFEREEE, HEXTLUA
& TAR DR RSN FER PO ERFSANERAR: TREANES
SREAZUE D, BTFFHAPEEEEE LHEEICNAR, H5E I 1T MR
%, ARG BEMEHERARSRERENR, USRS ABT 3.

ERITAER, FRRE HEERN=RRARARISERAE, WEARHX L
BFHEHERBER, BATEERMEKSHERFHEARERETRHELREN
g, RF&R2"M, AR ERERIBUBERRTRPHEHR (BRNSERRT—

BEI995F AL, PEILFTHEE200FER) , RPEBRINBEEL+HHEERE
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RERABEORR.

F£1 IPREGERTR ABFLLPHECER, ENENEZEENREER (03,
ng/g) K E (%)

Table 1 The analytical results (n=3, ng/g) and the recoveries (%) of chemical species of PGEs
used sequential extraction process

Pt Rh Pd
HERS
nglg % ng/g % ng/g %%
EHME 059 039 0.49 0.82 0.71 1.05
KE % 037 021 0.16 0.26 0.50 245

0.85 -0.53 -0.85 -1.33 -1.39 -0.48
FeE 1063 753 16.13 28.32 16.65 22.82

B % # 580 349 13613 1521 11.81 12.34
-1558  -14.36 '0' -46.79 2248  -31.58

FHE 0 270 170 0.72 1.22 0.84 1.21

FRIEERS g ¢ 0719 028 0.35 021 2.33
- 457 262 122 200  -1.32 037

FiyE 2615 1725 4.47 7.46 1.61 2.37
B s 2082 13.00 346 507 0.97 0.83
3619 2154 638  -10.47 3.2 -0.88
EWME 114106 7313 4096 6218 5816  72.56
2LE sp 0265 6238 1549 4128 3424 6030
B 13326 8029 6293 7805 9116  -84.99
BE 15423 10000 6277 10000  77.97 100.01
% FE 91.7 95.5 111.2
(*]
E 893 -118.4 87.4-113.7 90.1-119.0

R FREFBXEDETPHER LS RILE

Table2 The comparison of concentrations of PGEs in different countries

v 4] 4 Pt Rh Pd
(R ng/g ng/g ng/g
Beijing 2005 154 63 78
(FH)
Bialystok 2000 110.6 422 19.5
(¥=)
Booragoon 2003 229.60 45.10 150.10
Swamp
(AR
Saarbruecken 2001 135 30 90

€-1:)
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4.5518

MARALERTEBEZFL P HELER, BRESMESRRMTHE:

LEAREE> BES> RE> BRIEERE-KES: BN %RE I
> BEDHREERSKES.

28 EHEPHFBETENES NS, KESTHAIEENRBFROMAEE, T
LHAE BRAAER FTHREAR T RGBS EREN, SHEYZINE KT
HEE (29.14%) > 48 (23.87%) > >  (7.92%) ;

3 ERERSEEMEREKNIERTH I RERR LA TREDRENES: B
AERREATUUBRHTHEER, ML, BREESEEE, ERTEESFIRIBE
TES, RN FEREERE S LA RTF R 5(37.82%)> #(27.45%)> $H(26.87%) .
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