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Fig. 1 Sampling locations of atmospheric

deposition in Haerbin city
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2 FEaRRE SR

TER X AR AR KT IRIIREFE AL 46 4>, I 1, RAF
JEPUJE (25 X 25 m) Jo g KR . EL#E T A P 58
S SIS QYRI RFRT Ys . FE P & SR AR B (Y BES I
B AR 20 em, B2 40 ecn)EE, REEEE N 1.5 m,
FEARAERTH] 2 2008 4£ 4 H 19 H-—2009 44 A 19 H.

W EE 4 )8 6% Co, Cr, Cu, Mn, Ni, Pb, Zn, Hg, Cd
i As HBFFEXTGE, SR As Fl He 2Rl AFS-230E JfF%¢
JEIEEHINE , AR A S B A AR B T R Ak

(inductively coupled plasma-atomic emission spectrometry,

ICP-AES) I E , [FRIAd R F E K — RAR P BT (GSS R4 it
TTERG BEFIRG B BE Wi . 25 LR, B E & B uZ MK %
JESAE 500 44T s AR 25 0 (AR 1A T T A MERG IG . AR X XY
249 10%, H/NF 10/ e iR, A &k R K] 100%.

ARWFFEFTA S M B ¥ 78 SPSS11. 5 #1 ORIGING. 0 H
#H17 .

3 HERIT

3.1 EERESENE
MRET R R E R SRR 1.

Table 1 Heavy metal concentrations of atmospheric deposition in Haerbin city (mg « kg™!)

JLE /ME L ON ) %K brRifEZE R i B EETR  SREER
Co 8.50 17. 50 11.85 12.05 167 0.14 0. 68 12.70 11. 90
Cr 51.70 756. 00 87.13 66. 65 102. 93 118 6.37 61. 00 58. 60
Cu 29.10 1 371. 00 104. 90 74. 05 192. 78 1. 84 6.57 22. 60 20. 00
Mn 365. 60 940. 40 566. 14 560. 65 92.12 0.16 1.53 583. 00 1 056. 00
Ni 17. 30 200. 00 34.58 27.00 28.91 0. 84 4.77 26. 90 22.80
Pb 46. 60 512. 00 117.15 98. 55 75.98 0. 65 3.78 26. 00 24.20
Zn 156. 10 980. 40 370.77 351.25 134. 85 0. 36 2.14 74.20 70.70
Hg 0. 09 0. 62 0.25 0.22 0.12 0.48 L.02 0. 06 0. 04
Cd 0.81 5.46 1. 46 1. 30 0.76 0.52 3.62 0.10 0. 09
As 1. 00 46. 00 23.50 23.50 13.42 0.57 0. 00 11. 20 7.30

1, 2: The background concentration of heavy metal through the nation and Heilongjiang province from Background value of soil trace elements

in China

MFE LA LIEH, Mn, Zn, Pb fl Cu TR P IE K
B HATTZ SR N Cr>Ni~> As™Co™>Cd™>Hg, Mn
1 Co 5 sH MR, ZuElfEkE T BRI,
Cd B 22 B 50 E M 14. 60 £, 241 16.22 f%; Ni#y
EA N EEEMEE T AR 1.29 F1 1. 51 %, BWEESE
B ICE AT ek T A TE YL,

As RBE R 0, RIES . HATTERNEAE Co MA
PR, FHEMRTPVEE: BRTE ML RE. BREA
BORPT B A E &R TR IR Z A TR, REM
A5 S R B AC BB [R) R AR s A KA R AL 2 U B —
FERZESYE, Z2B R0 FESRSORGL . 3RS,
3.2 ELERBREESN

AT R RIET KR E S B UK, SR KK A&
F, bt T, X KA ESETIREE LE 2,

W IR TH T 4 A LR B 25 K, Zn dei . Hg #I
Cd 4% Bk Hg 1 Cd WA HEZMET 14, HARKILEWE
e bREZ, Ko BA I B 2R E.

I AN R T KA TR IRl e LLE 1, A3
TRUIRES R I Zn e . He flRi s, Wik EmeE
BRI, ERERRBERE R K Zo w AREE, 54,
6 & ZE g 7™ A8 RE M A B &5 2 Zn K,
Hg 7E8 1R T 2 WS H 5 8 W R TR AR

Table 2 Comparison of atmospheric deposition (mg + m™2 -

a~') of metals between Haerbin city and other north-
ern regions

MR KX Cr Pb Zn As Hg Cd

KM 245.58 220.13 817.59 24.76  0.49  3.11

WA R B/ME 5,99 874 33.47 0.81 0.0l 0.14
(20082009 4F)  FH{H  39.09 52.74 177.24 7.78 0.13  0.67
FRfEZ  39.23 43.32 147.00 5.50 0.11  0.54

K P (20082009 4F) % 17.85 15.71 78.81 0.81 0.03 0.17
K#117(2006—2007 490131 10.67 12.31 48.15 4.79  0.03  0.25
JEEH (20052006 4F)[14) 118,55 219.95 544.92 29.00 0.24  2.36

Note: * Data from a research report given by TANG Jie at Jilin University in

2010

/R Cry Pb, Zn, As, Hg fil Cd JUFKF-8 TR A7
MR, Cro As fl He B UMK PR T =Mt R 2
PR TR AR s BOR A 1T B B 1 A ZR 15 i Y
JE YRR . BRARBESS W R T ok 51y rp it A 4 L
AT G AL 20~45 mg {9 He, DKITHRBR)EHE 5 R R )
Hg JiFERE. Pb Al Zn JG R I W U0 IR B 5 B8 R R A
AR WRETTRAERBTURACH R T atl, K%
JE PR BT R TG AR T BB A Bl 5 i 4
e FR R SR DR o AN ]l DXOR T <3 i e & e 45T
. A IR B AW 25 5 B AR 1
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R, Z NHESFm, G /RET A E S Cr, Pb, Zn,
As, Hg #l Cd =,

3.3 EERKRESH

3.3.1 Pearson & %%

FIF Pearson REE T8 ICER Z BIAHSCHE, TLER 3,

K ICR Z MAFAEE W B A AE A . i, Cr Al Mn, Zn 1 Cd
Z I EAAW BENAEE(=>0.5, p=0.01), LEHHHH
ATRER R T IR —Fh 5 Ye Wi, 1M Zn F1 Co, Pb Al Cu, Zn Al
Mn, As Fl Co Z [MZHH B EH M, #R THIFERIER AT

AEME. (H2. 7E0.01 EAE/AKFVT, He oK 5 HMA TR
AFESE . UEH] He 5 HA T 2 Al Be 2k I8 T A 7] 19 A A 15 g
3.3.2 EEBRRY EIRSHN

XF A& TCER LR B8 R JEAT A 4 . ok KMO
(kaiser-meyer-olkin) 5 5&:{H 4 0. 865, Barlett’s #‘%{ﬁj{] p<<
0. 001, 5B SMAKE A RH S HE B A B B, 3 A ik 32 A
5303 o ARYEHRAE 1] F PECHE I CRREE™>1. ), /\TEEX 3
ERIy, WK L.

Table 3 Correlation matrix for the concentration of heavy metal

Co Cr Cu Mn Pb Zn Hg Cd As
Co 1.000 0
Cr 0.197 3 1. 000 0
Cu 0.236 8 0.007 7 1. 000 O
Mn 0.1640 0.677 5*~* 0.129 1 1. 000 0
Ni 0.172 6 0.116 1 0.038 6 0.023 6 1.000 0
Pb 0. 267 5 —0.0001 0.3685* 0.081 9 0.099 6 1. 000 O
Zn 0.299 2~ —0.072 1 0.041 8 0.305 4% 0.086 1 0.049 2 1.000 0
Hg —0.0426 —0.1181 —0.0918 —0.1616 —0.0121 —0.1206 0.082 2 1.000 0
Cd 0.044 5 —0.067 3 0.090 0 0.105 2 0.050 5 0.0328 0.5001** 0.162 5 1.000 0
As 0.354 9* —0.057 7 0.183 2 —0.308 0 0.116 0 0.253 8 0. 083 6 0.097 0 0. 008 5 1.000 0

*

Correlation is significant at the 0. 05 level; * % Correlation is significant at the 0. 01 level

Table 4 Calculated eigenvalues, relevant components and rotated values

o WG R A TERG AR U - B e JiER o BRI S A
FROE(H SR/ o BITRRERE/ Y0 ¥ SRR/ Y BIMRRE/ Y FRE[E BRMRRE/ % BIMRRE/ %
1 4. 906 49. 060 49. 060 4. 906 49. 060 49. 060 4. 685 46. 851 46. 851
2 1. 226 13. 262 61.322 1. 226 12. 262 61.322 1. 360 13. 600 60. 451
3 1. 063 10. 632 71.954 1. 063 10. 632 71.954 1. 150 11. 503 71.954
4 0. 748 7. 481 79.435
5 0.725 7.251 86. 686
6 0.593 5. 926 92.612
7 0.271 2. 708 95. 319
8 0.224 2.236 97.555
9 0.137 1. 371 98. 926
10 0.107 1. 074 100. 000
Table 5 Component matrix of atmospheric deposition 71.95% , Hp 8 — 34 G RRAR B 68. 18%0; L RA
J A BT RN 2% e Y LW )T+ 45 I B F IR AFE L3 5.
1 2 3 1 2 3 MFES R LR, H—F S8 EEH Cr, Mn, Zn,
Co 0.029  0.517  0.736 0.105  0.144 —0.882 Hg., Cd f1 As ¥, HHFRAHITE 0. 671~0.921, AL
oo T e R e N HORR AT . SRRV T A IR 1
“u . —0. —0.5 . . . =
Mn  0.925 —0.063 0.073 0.921 0.108 0.073 M B9 5 BE SRR BRI . Mo BRAEZORIRT 0TI 5
Ni 0.655 —0.165 0.219 0.702 —0.100 —0.041 BRI RRIRIE R, ST A K B, R R B
Pb 0.148 0.837 —0.397 —0.049 0.936 —0.017 ’H(*H?Tj“’
Zn 0.903 —0.159 0.035 0.905 0.036  0.148 B F M FE Al P MR, HE Ty 0,936, H
Hg  0.823 0.282 —0.041  0.752  0.439  0.003 Ph JC 2 WA AR IIUT 2. 15 it 50 AR T T 7 Ok
Cd 0.886 —0.162 —0.067 0.868 0.073  0.237 Tk TAVALVERE R . R TG B P e i 22
As 0.873 0.244 0.036 0. 821 0.383 —0.041

M A AT LA Y, X 3 A o) AT g R I AR AL Y

Cu 7255 = R PP T 0. 534, INILZ R T
SRR I = Fr EE RS ERHRTE. ZidRR
NN R - Co 145 T o i I s B B 20 5 o
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0.105, 0. 144 Ff1—0. 882, ¥iHH Co FE = F AR, 51
B E G R AT .

3.3.3 SERFINELEER
KA EF BT KA P TTERE. FIH EF=
(Cx/Co)pn

(Cx/Cor HERRELTICEM EF, 2 Cx HtE X
MEeE, Co WSHITEM S &, BLAMZ S EXRITR
TERAFELH Y EEMMA R MERE., 24 EF /N 20,
FEEEMICE, FEREFHF; 4 EF KR 2~5, b+

601 . .
50+ .
40+
o 301
E 20_ 1 I %
0 . . l&LTo
3.0
207 %
1052 x %
o
Co Cr Cu Ni Pb Zn Hg Cd As
Fig. 2 Boxplot of enrichment factors for heavy metals in at-
mospheric deposition in Haerbin city (the boxplot basi-
cally divides the normalized EFs into quartiles. The
dark line inside the box represents the median; the bo-
xes mark the 25th and 75th percentiles)
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Multivariate Analysis of Heavy Metal Element Concentrations in
Atmospheric Deposition in Harbin City., Northeast China

TANG Jie, HAN Wei-zheng, LI Na* , LI Zhao-yang, BIAN Jian-min, LI Hai-yi
Key Laboratory of Groundwater Resources and Environment, Ministry of Education, Jilin University, Changchun 130021,
China

Abstract In order to understand the characteristics of atmospheric heavy metal deposition in Harbin City, 46 deposition samples
were collected which were taken using bulk deposition samplers during the period of 2008—2009 (about 365 days). The samples
were analyzed for heavy metal concentration by atomic fluorescence spectrometry (AFS) and inductively coupled plasma-atomic
spectrometry (ICP-AES). The deposition flux was calculated. Sources analysis was made by the method of principal component
analysis (PCA), Pearsons and enrichment factor (EF). The following points can be gained through multivariate analysis. Mn

and Co are mostly from natural sources while the others may be brought by coal dust, vehicle emissions and metal smelting.
Keywords Atmospheric deposition; Heavy metal; Principal component analysis(PCA) ; Enrichment factor (EF); Haerbin city
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