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Abstract A nuclear microprohe wlth high sPatial resolutioIl a11(1 llIgh aImlyti(m】

scn8itivity was 8pplied to aIIalyze tracc ckllwIlt8，。印ecially led(1，in vehiclc t、xlIallst 0f

Shanghai city．Tlle result曲ows此at the chemical coⅢpositi()n and its corrosp01ldiIlg

x—ray relative intensity are di忭erent arrmIlg di矗h咖t vchiclc exhausts T1lt·ru ar(、111^】1y

kinds of met al elements in particles“v曲iclc exllaust．most arc llarmflll to"‘J汕、

8ucll as Ti，Cr，Mn，P})I etc We fouIld t}l“fhe lead c。nccntration w船6820，峭肚aml
thc bron吐Ile coneenttation w硒5300 j蟮／g in ulc exl、allst from saIn∽a 11sillE lⅢi九l

ga∞line(SULG)，wllich ishighcr tllan a”y ofhcr l【iTl(1s of velllfk cxl川1s‰m lm¨
also detected the miniIIluIIl lead in t11c particks of unlcaded gasolillc aIld“s(()nh-l】{

varics froIn one to ano恤cr． Its mean coIlceIltra“on was 45【J pg／g and tIlc 1iigll(、st
rcached 6210 pg／g．Tlle unleadcd gd80line’s Ph cxistcd in the wllolc panMc w11ilt川¨
Icaded篮asollne’s cnrichcd iIl the s11r{acc of nle T)articlc and was more harInnll to tllI·

hllman bcings．
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1 INTRoDUCTIoN

Shanghaj is a faIrlous econornjc and industrial center of China WmL t11e irnprovo—
ment of the tr拥c reqtlirement，the number of vehicles has i11creased rapjdly by 100，000
per year in Shanghaj．The enhancement of the bllrden of vehicle exhaust directly a仃ects

the atmosphe“c eⅡvironmental quaUty of Shangh aj city．

Some elements in Vehicle exhaust are deleterious to humaTl beings Fo『examplc，

tantalum in the particles of vehicle exhanst deeply in丑uence the pe。ple’s p11ysi0109icaJ

s11I’I)0rted by the Nati(1Ilal Natur柚Scicn(c Foundati011 of Cllina(M}L{or Pru阳t N0_l 0392l⋯J．MI
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functions；1ead could not oIlly damage the haematogenous system，kidney and neural

system，but also induce cerebral stunt amd aHbct the person’s inteUigence；the chrome

in the ceUs could induce the tran刮．er of the genetic code and the induced mutafioll()11

the ceUs Before 1996，the plll】nbic pollution was serious，80％of the 1ead came from t】]p

combustion of kaded gas。line，so the govemnlent has adVaIlced the unleaded gas01ine for

vehicles since Oct．1．1997

Honv about the content of the deleterious metals in the DaTticles of vehicle exhalls L

after using the unleaded gasohne? This is the purpose of our work Furthermore，wP

should k‘Ⅵn the distribution of metal elements in the particles because the bi0109if

activity and toxicity of an element depend on the distribution to some extent

There have been many reports。n the elemental analysis of vehicle e妯laust based

on the bulk analysis．【1]Althou《h the buU(anaJytical methods c。nstitute usefhl t001s^)r

analyzillg the aerosol particles，they still haVe some HTnitations．Becallse many diHbrellI

particles were measured as a whole in the b111k analytical methods，砌biguities。f恤e
elemental distributions occurred even if a large nllITlber of sample measurements all(1 a

time consur血nz statistical data handliIIg were used．12】

The 1irnitation ofbul】【analytical method can be avoided by the method of siIlgle

aeros01 p甜ticle(sAP)analysis．[3】The ass。ciation of certain elements in a particle caI】

be obs盯ved directly by the s血gle particle measⅢement Some elements tend to occur

at reIatively high concentration in a smaU partick． However，in a blllk measureme T1 L，

the concentration of these elements may be at a level lo、代r than the detection 1i面t

If these particles are measured iIIdividually，the associated elements can be detern正ne(1

easily． More advantages of the sin91e particle analysis have been djscussed by Orlic【刮

and Grime．㈦Although the electron microprobe can measure SAP very e币cientlyl】ts

relatively 10w allalytical sensitivity rest“cted its application，because some importallt

trace elemellt featllres in SAP mav be lost．【嘲

A nuclear rnjcropTobe is suitable for SAP analysis because of its reasonable spatial

resolution(1 pm)，high analytic出sensitivity，and versatile analyticaI techniques．【7 8】sonle
successful cⅦ“vses 0f SAP bv the nucleaT Tnjcroprobe have been reported．【9—11j However，

accurate quanti矗cation of the element concentration in a sin酉e p盯ticle is very d1币cuIt

due to the geoⅡletrical and morphological innuences of a sin91e particle．Some calculatioll

methods，which try to reduce these influences，haⅣe been discussed，but the ac叭lracv is

stiu n。“deal㈦13J We can an“yze eacll particle directly by its spectrum instead nf m
chernjcal comuosition

2 EXPERIMENT

2．1 Sample coUection and preparation
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The individual particles of vehicle exhaust were c01lected from three kinds of Vehlcles

and矗ve kinds of exllausts，i．e，exhaust of santana using 1eaded gas01ine(suLG)，exhaust
ofnew and。ld santanausingunleaded gasoline(NsuuG and OsuuG)，exhaust of bLlses

using diesel oil(BuDO)and exhaust of scoot盯using unkaded ga301ine(suuG)T11c
exhaust of O SUUG means the particles let out from the Santana that used 1eaded gasolinc

previously aIld now uses unleaded gasoline；the exllaust of NSUUG means the particles

let out fram the Santana that has used the unkaded gas01ine since leaVjng fhctory The

MEXA一324 M vehicle exhaust analyzer is used in the vent of the vehjcle for tw。hours

alld the s啪ples are collected on polystyrene矗ber矗lters
In order to measure the single particles one by one，it is essentjally impor执n C fo

isolate the particles from each other on a thin foil．The isolated particles s110uld be close

enough to be fbund eas订y during abem scanning Keeping these requirements 1n Injnd，
a new method for singk particles sample preparation was deveL。ped

A s01ution of nyl。n powder in Iso·Butyl alcohol was prepaTed at a ternpera“Ire nf

80。C A droplet of the s01ution was dropped。nto a rotary beaker of deionized wat盯at

room temperature The droplet stretched and a Very tllin(o 2肛m)nylon foil was formc(1

on the water surface．Just after the formation of the foil(jn a few seconds)，the couect e(1

singl8 particles were dr。pped djspersively from the mter onto the sticky foi】by a snlall

shaker．After矗、陀minuteg of sohdi丘cation．t11e foil attached on a stainless steel fra血1e was

taken out of the water．The single paTticles were s印Ⅺately enlbedded in the thin，tmlt
and丑at nylon foil After 24 hours baking at a temperature of 60。C，the single aeroso上

particle s锄ple was ready for indiVidual par“cle analysjs by the rmclear土Ilicr。probe
More than 90％of the c01lected particles are smaUer than 10“m and 70％of t11enl

are smaller than 3 pm． So those bigger tllaⅡ3，zm are used for po抽ting analysis a11f1

those smaUer than 3 pm are used for scanning analysis

2．2 Single aerosol pa“icle measurement by nuckar microprobe

A reliable aIld e历cient experiment for sin91e aerosol particle analysis demcⅥd5 g()o(1

performance of the nuclear rnicroprobe．Because most of the p缸ticks are smauer tlI㈨

3 pm，both hi曲spatial res01ution and hi曲beam current盯e needed．The Leipz唔nuclc盯
ITdcroprobe，LIPSION，satis矗es the experimental requirements．A detailed descripti。n ot．

LIPSION can be fbund elsewhere．【14J A 100pm object diaphragm and a 100 pnl apernlre

diaphragm were used to produce a fbcused beam spot with 1 pm size and 80pA beanl

current for most singl8 particle measurernents． The particles are s。smaU that it c。uld

be considered as thin target measurements The 2 5 MeV prot。ns could penetrate most

of the p缸ticIes．The beam charge was coⅡected by a downstream FⅪaday cup There

was no conductive coating on the smpIe surface and no data correction for the eff色cts of
the particle matrix and sh8pes．A 20 nC integTated beam charge was required fbr each
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particle measurement Much experimental tinle was spent on searching for is01ated snmll

particles．A proper searching procedure was irnportant for上li曲emciency of this work A L

矗rst，a big scan iTl st印s 1ike 70pm was needed to s11rVey the sample in order to mld盯eas

where the isolated small paTtjcles were cultivated with hjgh distribution density T11e

coordinates of each smaU Particle in the big scanned aTea were digitized and recorded for

further small scans．And then，set up the smaU scan area in size of 6—10“m and H10ve(】

one or more isolated smaⅡDarticles into the aTea．The three diInensional movement of the

sample stage was precisely digitaUy controlled．The accuracy of the sarnple displaceITleTlt

was better thaIl 1 pm． One or more isolated small particles were covered by the beaⅢ

within the scanning areas．Each single particle measureⅡlent took about 15 TTlinutes．The

characteristic spectrum of single particle was extracted from raw data accoTding to the

particle sh叩e in the small scanniIlg area

3 RESUI』TS AND DISCUSSIoNS

More than 100 particles of different vehicle exhausts were analvzed． Fig 1 s110ws

the representative IIlicro．PIXE spectra．From the spectra we can丑nd that the chendca】

comDosition and x—rav relative血tensitv are diffjrent because nle crude oil’s abstracLjf)11，

prep盯ation and combustion processions were diff音Tent In ordeT to quantitatively analyze

the dif『erence amonz the cheInical elements ofthe Particles，SPSCAN software was use(1 to

calculate the elemental contents of the particles The design and theore“cal background

of that software can be fbund in Refll51．‘】hbk l酣ves the resmt of this quantitative

analvsis Ftom this table we can see there are manv kinds of metal elements in vehicle

exhaust，most of which are harmflll to people，such as Ti，Cr，Mn，Pb，etc And the

1ead concentration was 6820×10叫and the brornjne concentration was 5300×10一“in¨1e

SULG，which weTe higher than those in anv other kinds of vehicle exhausts because there

are antiknock with tetraethvl 1ead and puri矗cant wjth bibroHⅡde enlvlene in the ka(]e(1

gasoline．So we can make lead and brotujne as the“矗ngerprints”of leaded vehicle exhausl

But in the OSUUG we also detected the high lead concentration一1430×10—6 and a lit“e

broIrIine concentration——95×10—5 It means that there was st订1 a Uttle vestige of leadc(1

gasoline油the engme althou曲having been changed to unleaded gas01ine when t11P

engine operated，the remainder 1eaded gasoUne was let out To ouT surprise，we have

detected the miIlimum 1ead in the Darticles of NSUUG and its content varied from one to

another Its avera臣e concentration was 450×10—o a工1d the hi曲est Teached 6210×l 0叫’．

、Ve consider that there isⅡdnimum lead in the unleaded gasohne from the crude o订 This

1ead has the enrichment eHbct血some sin91e particles during the contribunon process，

thereby resulting in high concentration lead in some particles and no lead in othel'oIles

The s啪e conclusion is印plicable iIl the diesel engine exhallst，and the 1ead concentrati01l
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is Tdativelv low一90×10～．From Tabk l，we also矗nd that Ni
exists only in unleadcd

gas01ine Because the cnlde oil’s abstraction and prepaTation processlons were
dlnerenl

between Ieaded aIld unleaded gasoline，Ni was 1eft oveT in the un】eaded gasoline，but

abstracted out from the 1eaded gas01ine In scooteT exhaust，there were TelatlVely high

concentrations of rare earth IIletals，such as Rb，ST，Nd，etc，but 110 lead These
raI e

eaTth metals perhaps caⅡ砣在om the cat alytic and puri矗catory equipIⅡent of gasolillp

There the lead concentration was so low relative to these rare metals that we c011ld 110L

dptert it．

Ener口y【k“)

Enefqy(keV) Energy(k“)

趾．；“器譬黜献⋯fparti(1。。fr。。帆。。。：臀肇‘甚镰。bFig．1 PIXE spectra of parti(‘lcs
from dlHPrcnt Vctucle exIl“usB

A．sdIltaIla usi“g leaded gasolinc(suLG)，B．01d StaIltaIla usi“g 1lnleaded gasollllc(()suuG

c．New stantana using uIlleaded gasoline(NsuuG)，D．Bus 11sillg diesel oil(BuD‘))，

E．scooter using unleaded g豁ollnc(suuG)
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Table 1 E1eInentahIlas8 perceIltage8 of ex}lau8ts froIn di乳reIlt vellicIes

vi，113
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!【b evaluate a certain element or com—

D0und’s innuence to the environment，we

need to know not onlv its content，but

also its distribution in the sin91e aeros01

particles．In this paper，we eIIlphasize on

the ekmental distributions in the Darticles

of the SULG and NSUUG．Fig．2 shows

the distributions of Mn，Fe，Zn，Pb in

the paTticles of the leaded gasoHne．王'om

this矗gllre，we can fhld that Mn，Fe aIId

Zn seem to have siIIliIar djstributions and

they distribute equably in the particles，

but Pb distributes mostlv at one end of

the surface of the particIe．If the particles

of the exhaust of the leaded gas01i工le are

breathed in the human body，Pb is more

1ikely t。be brought iIlto contact with the

stomach and intestines That is，Pb in

the 1eaded gasoune is more easiIy to be

absorbed into ll蛳an body． Fig 3 is the
elemental distributions in the Darticles of

NSUUG．Two particles were an由yzed at

the same time．The left 0ne has the hi卫her

concentrations of Cu a丑d K，and the right

one has the Mghet concentTations of S and

Pb Meanwhile，S and Pb in the right par—

ticle haⅣe the s眦e distributions．which
means口盯h卵s Pb e]【ists in the form of

suUide． This矗gure also proⅣes that Pb

has the enrichment e抒毛ct in sorne Darti—

cles．and as a result the lead concentrati。n

increases in these Dar“cles．

4 CoNCLUSIoNS

There are many kinds of metal elements

harrnful to people，such as Ti，Cr，Mn，Pb，etc

Fig．3 ElelneIltal(11striblltioIls“palr训l-s

from new SantaI上a usi“g 1111lcadc(1 g州川1ll

(scanning ranEc：10pIIl×l【】pnl)

Tot：Scanni”g矗gllrc of two parmlt、}

in vehicle exhaust．most of which are

Although the 1ead concentration i11 Lhe
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unleaded exhaust is lower than that in the Ieaded exhaust，it is still hi盛h in some Ph—

enTiched paTticles So the‘unleaded’gasobne is not reaUy unIeaded bec洲se its exhausl：

has some Pb-enriched particles．

Due to the difrerent sources of Pb in the leaded gasobne and unleaded gas01me，Pb

exists in djffbrent forms after gasoUne burning．The uILleaded gasobne’s Pb exists in t11e

wh01e particle，and the leaded gas01ine’s en“ches in the surface of the particle and is

mllch more easily absorbed by the body．Therefore，leaded exhaust is more harnlful to

the atmosphere and we工I]【ust enhance the control of the leaded exhaust
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