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Distribution of Heavy Metals in PM,, and Its Release in the Simulated Acid Rain

FENG Xi-dan', DANG Zhi', WANG Huan-xiang®, LU Yan-bo?, LU Xuan-wen', Huang Wei-lin®
(1.College of Environmental Science and Engineering, South China University of Technology, Guangzhou 510640, Ching;
2.Environmental Monitoring Center Station of Guangdong Province, Guangzhou 510045, China; 3. Department of Environmentsl
Sciences, Rutgers University, New Brunswick, New Jersey, 08901-8551, USA)

Abstract: The distribution of heavy metals in inhalable particulate matter (PMy,), which were collected in Foshan during December of
2004, was characterized by scanning electron microscope-X-ray energy dispersive analysis technique { SEM-EDS) and inductively
coupled plasma-atomic emission spectroscopy (ICP-AES). The releases of Cu, Ph, Zn and Cd were also examined for their potential
releases in simulated acid rain, which were quantified with batch reactors. The results showed that the daily average concentration of
PM,o was 0.19 mg/m®, about 79% higher than the secondary standard of China. The relatively contents of Zn and Ph in PM; were
much higher than Cd and Zn, whereas the releasing rates of Cd and Zn in simulated acid rain were greater than that of Cu and Pb.
The releasing rates of heavy metals from PM,y were increased as the pH of the acid rain decreased.

Key words:inhalable particulate(PM,,) ; simulated acid rain; heavy metal; relesse

BEBEYBRTEEREREMR TS IRERR
2 EE BT R B iR R4 B UL AR F AR T 1
ViR 72, A (E 2 B0 T o K BT 3 B v5 A
R ASCR I (B B R %)™ SUR ey Rk &
PRAREDERRE , ELrE T RPHETRR
L FERRERTESRAE S IR EYH
S AR BB B R, W AT R B
(PMp) B 4 R AT T RERR A Ok, 3k A SR8, 28 R
TKIH PM RSB HRY HEEERBAA
ERE D PR T AHRE —Z B, PMKBR
M — L 2 R AA I, 3T AR @R B K
BE XF PMy R ESENFIR, TEUHEH
Bt s e S R S oy 0 j A
T FL 8- X ST REIE 0 A (SEM-EDS) WL 31~ B s 49
HIR/NRITEAR , 3 38 B AT % A4 4 17 R AL 4
MREMER T HXBREAES PM,, T ESE

I6) A 4 LA R B LR, [ P LA 3 2 R TERRT
BT AL S B RUTS 5 FRAHE
TR FF DM, B SRR A 3 254 1E LA BB
B i AT RATI.
BUTEREBRASREHX > — B4R
B VR SRR SRS, BIATRER 174
BT X 2 — ) B Tk ook & &, LS 8
eI, HERC A K 4 M 2h Sk BB 18 B KR A Aot
AR AR B R RS R
G ZE M 5 T R o T R T U MR ST PM,
FE S RE BRI, AT I ST LT PMo%
EERABERESHRR S HFHER L HE PMy

Yot B H8:2005-12-15; #1T B3 :2006-03-15

ECTA . AEHHTEXREMMH (2004A30308002)

TEHMM B9800~ , & LB E, TEBHEH M AR
BER Y PEERNEYH B, E-mail; xd994 @163,
com

* @B FE A ,E-mail: chzdang@scut. edu. cn



12 48 3 )]

2 £ 2387

PRI E S B Cu.Pb.Zn 1 Cd 7EH 81 BR 7Y A B9 R AL
B BT PM P E L2 R AERWHIRPATEEEH
e EAFRAXSEPESRTRAEN R
B-EEEE AT R 045 1 A OUR LA R 4 S
KRS ERBEAEER .

1 HRS5HE

1.1 HEgRE

2004-11-16 ~2004-11-20 7E @ 1L 17 11 58 45 A0 A
HEWEE 6 N FA A, A TH-1000CIT B K
ERBEBNHBA ERBEHET PMMHRPORE. R
A S E 101.75kPa~ 102.90kPa, B B 20.0C ~
26.0C, M 1.2 m/s~2.6 m/s, LR R MmAILA.
FHEBHEREL 20 h RE, ZESREN 1.05
m®/min, 6 & R FE TAE 5d, LEH 30 4.
1.2 B3 BR T (7 L

1993 £F DAkt L i K FEAK 8 pH EH S E
N 4.39~4.65. M 3F B BRA 3 TR B AL ER WY 6%
£%Y A 1 mol/L H,SO, T B [ pH 18 HHE31
MW A ¥, pH 4394 :5.00,4.66,3.17,2.55.
1.3 ERRI :

BIEEEa N 84, K | b THBBRES
FAGATEZRSENSE, ®& 6 {3 THIUER
1.3.1 H#EEESI

HEEEEETHCE, YT 1/ REE THRE
Temimrab B, A EC A BE B A M AL B X RE B AT
AHT A8 TS . SEM&EDS JSM6460LV /EDAX.
1.3.2 H2£RLEMT

P2l HE BT B, 0 F 100mL B INBRZ BB,
IEA 1% % HNO; 20mL, B S %K. T e 1K
Bin#E T, A 14mL & HNO, 1 6mL HCIO,,
MAERBIFET.INA SmL HF, 4622 A ZER T .
A 20mL 1% ® HNO, npBE#F 82, IR e vk, %
B2 SomL FEMT, AEZEFRMERAEZR,E
BESE, T 4CHKARASN.

1.3.3  HEHDIRR PR b S0 B8

H LB BEE 100ml W EMIE RS, I AR
BB SomL, 4 BEEMBREREBRA . KA
BCREF, FIEES(E 12h## 3 15min) . B —
BtetA] J5 (6h,12h, 1d,2d,4d,8d)  BUH A B IR, B
i R (I FLIRAETLAR 0.45,m) , BB T 4°C vk FE 4R
PR

1.3.4 ELRTEMNE

F| A IRIS 1000ER BVFE 1 & &1 M54, % g
MW ES R (CuPb.Zn,Cd) M3k BE #7702 .
I AR R A R EIYK0.999 9.
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Fig.1 SEM image of PM); collected on membrane filter
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Fig.2 X-ray spectra of PMy; collected on membrane filter
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Fig.3 SEM image and X-ray spectra of single particle
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2.2 PMBEREREPELZENSE

EHEEMRAE SR EEBERE ST
 24h BHE ,FHIRIF 25T 1B 50% . JERN R
HiE M =R PM B & . 30 D RES R, PM
MR B KER 0.10~0.29 mg/m’®, FH R RIKE R
0.19 mg/m®, 5 B K ~FIRHE(0.15 mg/m* ) A L,
BRRE B IA 79% , UL 09 R AL B M B 1L i PM,, 15 3
KEE.UES£RB(Cu.Zn.Pb.CA)HWHES PM,,
SEZUENESEAE PMpybP M HEXT & E
(pg/mg) B2 | AT, Zn Ph BYAEXT S BB E 1
CdFl Cu iR &, X 5 SHE BB e I —2.
2.3 BRI LR

3s

5 —a pH=5.00 —g— pH=4.66
—&—pH=3.17 —n. pH=2.55

(1] 1 2 3 4 5 6 7 8

BIBE%

%1 PM,, FESMTRHNRETHE

Table 1 Average concentration of heavy metals in PM,

TR ERWE pgrm™? WM SR /ugrmg’
Cu 0.01 0.06

Pb 0.38 6.73

Zn 0.70 0.88

Cd 0.01 0.02

2.3.1 E2RWMBIUFLT

B 4 % Cu.Pb.Zn.Cd 4 B EEAN pH EE
BT A R B R AR BRI
—BEMEEESRAEFERTHBENESEELE
PRBEBZH.

td

B 4 Cu.Pb,Zn.Cd FEFF pH Rl E A RIER
Fig.4 Releasing of Cu, Pb, Zn, and Cd in simulated acid rain with different pH
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EERK. WHAMY EAMEZEL CO BHER
FIE,CAO B R U T 5 5 M B4 P % % &
F,UENEWHBESELGFE, BHEREEAERM
T.CAWEBRBRER THUEES B BENE, X5t
R T A4 Cd L BRL BT & b A RE R
BB . —BAEHAEE NS TK,WESER
HARPERGZER - EHBENESEER TER@,
FHIlt Po & BEEERBRNEK. OWE pH #Y
B BERKIFGESRIBRES TR B4
FERBRBEL SR FAIRARBADEGSHER
HAFER. FREERF pH EHEREMR REHR,
REKBREAMRTCE ATV ESBEE, BILE
HEERPHESRR AN M.
2.3.2 ERBRARPEBRN pH Tk
BRAARFRESRNBRNIBEITERESLR
BFS58EFT H ,Ca® ,Mg?" ,NH, Z T
Z#UA KT pH T YR ERYE K&, 358 pH 2
EHESLRLALFTIHFTERRD PMFES
RAERUBMER P BEHREEY pH T/ WE 5
™, REBRBTG pHESRHE BB EH
A E—. BHGEEE pH EEAR A AREN
BRMBENER 1 HrERE SRR P&k R (8
[B] ¢ <48h),pH BER BT B AW L, HF EFABH
TRE . — 75 T BURL 9 o W B Y BR A E AL R TR

RYFBRERER pHEN TR, - TEES

REBEERBRTRTHHFEMES pHAE L
Ft. LR 48h J5 , W R I8 B4 B B, B R AR
R Y38 A, ¥ W pH AL K. ¥R pH HE 2R LM
A—THERRTESERBMRNI ¥R, 7Y
PM, P E 2 R M L2EAT R 2303 pH (B RBLK.

1+ —a— pH=5.00 —— pH=4.66
—a— pH=3.17 - pH=2.55
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Fig.5 Variation of pH values during leaching experiment
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(1) FREE 2 REF , 51U PM, B FE%KE
#0.19 mg/m*, SER _RInHERL, BHEER
79% . REFHRWERISPELEHESER, LR
HEREAEBEAFE PMPEAH —EEMW In,
Pb.Cu il Cd,H*F Zn.Pb H& & H F Cu #1 Cd.

()FEE R IE HKMAT, TRABRSF
Cu.Pb.Zn.Cd HE R FBEN R, HEE2dRA
BT CAdF Zn WBREHBEHT Cu fl Pb,
BROER MR pHEHEF W 4 BEL R BHE
MIFEFEE,MH pHEWEK ESBOBRE
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