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Seasonal Variation of Carcinogenic Heavy Metals in PM, . and Source Analysis
in Beijing

TAO Jun'"?, ZHANG Ren-jian’, DUAN Jing-chun’, JING Jun-shan®, ZHU Li-hua', CHEN Zhong-ming*, ZHAO
Yue*, CAO Jun-ji’

(1. South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China; 2. Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 3. Chinese Research Academy of Environmental
Sciences, Beijing 100012, China; 4. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China;
5. Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710075, China)

Abstract: During April, July, October 2009 and January 2010, daily (24-h average) PM, ; samples were collected at urban sites in
Beijing and 29 metal elements were analyzed by the ICP-MS. The characteristics of 7 carcinogenic heavy metal mass concentrations,
enrichment, and possible sources were discussed. The annual average concentrations of As, Cd, Co, Cr, Ni, Pb and Se were (11.6
£14.0), (2.6 +2.4), (1.0£0.7), (11.3£9.4), (4.0+2.4), (142.5+98.9) and (3.3 £2.2) ng-m >, respectively. Only
annual average concentration of As exceeded WHO standard by a factor of 0. 8. Higher enrichment factors of As, Cd, Pb and Se were
found and their enrichment factors exceeded 500. Their enrichment factors in summer were much higher than those in other seasons.
The local coal combustion and vehicle exhaust should be the dominant sources for the above four carcinogenic heavy metals in spring,
autumn and winter, while regional transportation contributed more in summer.
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1 HBE5HE

1.1 SREEHS

SR b, 5 5 A AL 5 K A B AR T (39°597 N,
116°18'E) , FEES HO I 24 25 m, Sk 5 & Bl 2 A el il
FIAEIX, 5 km 38 FE P9 JC B S R0 YL U ] R G
SRR, LT L TT .
1.2 SRR PRI

F20094E4 A1 ~30 H(RFEHES) 7 H1
~31 H(REHEZE) 10 H 1 ~ 31 H(ARKE)
201041 A1 ~ 31 H(RELF) A/
frmOMNITM ( BGI Co. , USA) k. 4 K BE#% ( PM, |
YIESk ) £ K K4 — 3K Teflon ¥ ( Whatman PTFE,
England) #£ &, RAERE] 2 H 19 1000 2% H 1
1000, RALEFEF N 5.0 Lomin ", Teflon B RAERT
Je CE T IR AR YR A (IR 20 ~ 23°C, MIXHIZJE 35%
~45%) Vi 24 h, FHE RN 1 pg 7 KF
( ME36, Sartorius , Géttingen , Germany ) #4758, >R
FE T8 UG FE S A VKA URAR T - 18°C IR AF R R4 T
=
1.3 Hewk

WA 2009 ~ 2010 AEJL AL G (4 5
54511, 39°48'N, 116°28'E) XU i# XU [f] %5 k. Y £
2009 ~2010 47 3 X 7 M5 Wi 35 SO, 1 NO,
ERSHENAREN
1.4 FEEEIVITE

W Teflon JI5H P % 5 J1 D1 B LM 7, Horpr 172
7K Teflon J5FHIRAR (5 mL HNO, +2 mL HF, Merck,
Germany ) R, O A O T R R S
( MARSXpress, CEM, Matthews , NC ) #F 17 7H i, HAK

THARFR T DL SCHR[ 23 1. TH A v VRO FH P S 5 55
TR BT (ICP-MS) & Al, Fe, Na, Mg, K, Ca,
Ba, Ti, Mn, Co, Ni, Cu, Zn, Mo, Cd, Sn. Sr. Sb,
Pb. Tl, Se, Ge, Cs, Ga, V. Cr. As. Se fil Rb &4
129 Fhot R ICP-MS 5 ¥ 5 I8 36 [# NIST
SRM-1648 (S TIT BRI YY) ) , Horfr Se, As, Cs, Sh Al
Rb I < £15% , HARTTR BT < £10%.
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RUEARBIFEIRI PM, 1 29 Fh 4@ e R IR
{HABFANE S 1S As, Cd, Co, Cr, Ni, Pb Fll Se
7 MU E 48 (BRI He A REH] 1CP-
MS ) . #AS LI B ], A6 X PM, A IEN
(135 £63) pg-m 7, A A A H LU (WHO) 1
A H bR PM, S AEIIME (35 wg-m ™) Y 4 £%. As,
Cd. Co, Cr, Ni, Pb Fil Se 4EYJ{E M BE 4300 A (11. 6
+14.0), (2.6 £2.4), (1.0 £0.7), (11.3 =
9.4), (4.0+2.4), (142.5+£98.9) . (3.3 +2.2)
ngem At PM,  BREEE R (0. 13 £0.05) % ,
Hrr As, Cd, Ni fil Pb AEB{H 2 WHO S5 BRI
1.8.0.5,0.2 0.3 1% 17 As ##r.

AWFFE W EE T % ] ICP-AES 1 ICP-MS 43 #t
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BAE TR %, Cd H1 Pb (2008 4E[& 41 ) e ¥ 1t
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B v B 31K, Ph AF S (E M &, R EBUR E 48
AR AR B LA A 2. 5 7 M R 27 e, M
As, Cd, Cr, Pb Fll Se ¥t £ i & M & T 5t W 5
Tk AR 295 oA, db gt As, Cr H1 Ph v 5 B W 5
F&W, 1 N W i in. Ak A,
PM,  H 7 Fh S0 B 4 8 W KIS T AL
T LA

WAL T, Cd, Ph Fl Se ¥ B ZA5 AR A
B8, Co A1 Ni HAT MR Z 10 AR LR IE . & > B =
Bk > K. As Fll Cr Z= 15 AR ARRFAE WIAR X L35 B ., 43
BIREH >HFS>K>ELM >4 >H>HE. 4AK 1
AL, BR TSI &L, Cd ., P il Se 5 PM, s 948 4k
BRI 2 HAlfeS PM, 5 sTlk IR A %5 1)
FHXE. Co Ml Ni 5 AL I AR — 2 H 5 PM, |
(AR AL 3 25 S B IR o] B — 2 ] AR ALY (EDR IR
TRRIE R AT REPER/N. LT, KA Ni B2
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Fig. 1 Daily variation of carcinogenic heavy metals in PM, 5 in Beijing
x1 REFEHSHPM, FHEELERE/ng-m
Table 1~ Concentrations of carcinogenic heavy metals in PM, sin China/ng-m ~3
bt il ( 4F- A ﬁ(i)ﬁ As cd Co Cr Ni Ph Se ik
2009-04 ~2010-01 120 11.6+14.0 2.6 2.4 1.0+0.7 11.3+9.4 4.0x2.4 142.5+98.9 3.3+2.2
2009-04 29 11.4+12.9 2.92+2.7 0.9+0.5 9.1+5.5 4.2+2.6 132.9+£92.2 3.8+2.6
deae 2009-07 30 19.5%21.7 2.7+2.6 0.4%0.2 8.3=%3.7 2.3%1.3 122.5+74.2  3.8+1.7 A%
2009-10 31 7.9+6.4 2.5+1.7 0.9+0.5 17.1+13.1 3.8+1.7 146.7 +99.1 2.7+1.9
2010-01 30 7.6+6.1 2.422.6 1.6+0.8 10.4+9.8 5.8%2.6 168.0+122.8 3.1+2.4
2008 10 2 — - — 91 —
s 2007 - 19 3 — - — 169 — (2]
2006 22 4 — - — 191 —
2005 12 2 — — 139 —
ERAGEAID) 32 +27 4.6 +3.21.1 £0.5 58 = 39 20 + 14 149 + 122 4.5 +2.8 [25]
W i (5
L@(EKK) 004-03 =2005.03 52 28 £19 3.7 £1.90.8 0.5 15 = 10 8 £3 143 = 117 3.1 = 1.9
i () 36 +28 1.7 + 1.6 0.4 £ 0.2 19 = 17 6 + 4 75 + 74 2.5 £2.2
() 27 +24 1.6 +1.00.5 £ 0.3 17 =15 6 5 67 + 51 1.6 + 1.3
M (HZ) 8 41 12 9 £3 — 38 = 11 — 261 + 76 18 +5
N FE _ _
J JI[(%Z{%) 200408 ~2004.00 S 81 +17 14 3 51 = 11 373 + 80 34 £ 7 126]
JH (R 8 46 + 10 11 =3 — 68 = 16 — 304 = 69 25 £ 6
TM (HEER) 8 64 +28 17 =8 — 64 + 28 — 403 + 178 27 = 12
k(& — -
ﬁ%(ﬂ%ﬂ) 2000-11 ~2001-02. 3.93 +3.44 2.43£1.65 5.34+2.74  76.86 +33.90 [27]
s CRIE) 5.07 £3.99 — —  4.51%3.67 6.00+5.14 91.62 £50.11 —
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2.2 BmEEEEERE

BT (EFs) HTRIERBE R oc R X T
TR IZICHE M AR %0 Bl R U TR
IS TC R AR T B RS N IR, 5
N

EFs = (Coomen Creterence ) e (Cotemen” Creterence ) 1

KN, Cpomen HICE B IR 5 ¢ pnee NS HITR

AL R Fe JEH S O R, % S0 5
X Al RAHEHCFEARXT T Fe 2, LA 5T £ B Al
YERZHITR. e b2 2 TR R B ORI SC
HBk[31].

2 A5, As. Cd. Co. Cr, Ni, Pb 1 Se

i) EFs 4F ¥ {8 73 %) & 508 . 1860, 4. 20, 12,
599 13 145. 4 EFs <10 B} il %N M iZ e K%
AR H BOZ A B AR, As. Cd, Pb Al Se
EHEMEHE, Cr M Ni EEREE R, M Co JL
TP EE. Al 1L, As, Cd, Pb I Se & &2
JE 5 AR R HERC DA 5. 4SS BUR 4R
EFs (K ,As, Cd., Pb 1 Se B 7 EFs B &
T HEZEY. B As A, B 6 i 8UEE 4 E M
AT R P e KE PR e 2 2 (HH EFs
BERENMHRERE S, HFEFHERE RS T
R AWRERM, N 0.69 wg-m Al HEET
0. 3 A, DT A5 5 2 A< I vh B0 T 4R Ot
ESTE
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Fig. 2 Annual average enrichment factors and their seasonal variations in Beijing

2.3 BUmELERIEST

R T A 4 R E A 08 4R T RE SR IR, X
As, Cd, Pb, Se, Al, SO, fl NO, & 7 Fii5 Yy 17
AP (6 2). e 2 Al 40, Hi5E e % Al 5 Bk
B E LRI, R FABUE E 4R RO
T HHEK. F2E 4 FIEUEE LIRS S0, ZEAH
PRS-, 2 W 4 FhE0E T 4R 5 A0 8 R IR % )
FHSE. Pb Hll Se 5 NO, WA F4F (AH &, K BIHL5)
ZEHEHON Ph Fil Se A7 — & B BTMR. FRAZ 4 Fhaloi

H4 RS SO, Al NO, FHICHEAR XS 8L, R B FiR %L
IR R S IR LS A HEOC R D) (B T
&, B4 MEURESIE S S0, ZEULFAHHICEAH
KMERE 5 NO, MG, R B &= FRBUEEH &R
JUAR FEORIET XM .

AAH5E K H PSCF ( potential source contribution
function) BEADRHE—L T i 4 Fid B R 2R HE)E
AT REAY AR LA i % 6 2. 1] 3 AT, As 1) PSCE
A X EE A A R B RS Yl bzl
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Fig. 3 PSCF spatial patterns of higher enrichment carcinogenic heavy metals in Beijing
x2 kEARAEVEEL£ELEZEAMNMBEXKE
Table 2 Correlation between higher enrichment carcinogenic heavy metals in different seasons in Beijing
E=ST] 15944 As cd Pb Se Al S0, NO,
As 1. 00
Cd 0.69 " 1. 00
Pb 0.82"" 0.90" " 1. 00
FE Se 0.79** 0.86" " 0.98** 1.00
Al 0.21 0.21 0.19 0.15 1. 00
S0, 0.74"" 0.81*" 0.87"" 0.88"" 0.43 1.00
NO, 0.41 * 0.42 = 0.65" " 0.66 " * 0.09 0.68" " 1.00
As 1. 00
Cd 0.73** 1. 00
Pb 0.64"" 0.70* * 1. 00
H% Se 0.47°* 0.47** 0.82%" 1.00
Al -0.09 0. 06 0.03 -0.03 1.00
S0, -0.02 0.15 0.43 = 0.52°* 0. 44 = 1. 00
NO, -0.07 -0.06 0. 00 -0.02 -0.09 -0.10 1.00
As 1. 00
Cd 0.89"" 1. 00
Pb 0.81"" 0.95"* 1. 00
& Se 0.70"* 0.85"* 0.95"* 1.00
Al 0.05 -0.11 -0.19 -0.27 1.00
50, 0.50"* 0.69"* 0.80"* 0.80" " 0.02 1.00
NO, 0.68" " 0.83"" 0.86" " 0.84"* -0.17 0.87" " 1.00
As 1. 00
Cd 0.91"" 1. 00
Pb 0.96" " 0.83" " 1. 00
&7 Se 0.94%* 0.78"" 0.98** 1.00
Al 0.10 0.18 -0.03 -0.04 1. 00
50, 0.82"* 0.69"* 0.86"* 0.89"* -0.13 1.00
NO, 0.74" " 0.61"" 0.76"* 0.83"* -0.16 0.83" " 1.00

1) # % RoR a=0. 01 AP b AHSEER 38 (UL ) 5+ KR8 a =0. 05 /Kb ARSEIE 38 (B 50 )
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