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FRE(Y L PMo sHEJLIOA & 50 F]7 |3 [5! Agilent75000x F 12 £ 3 38 [ (ICP-MS )
SYFTEL I 20 Al SRy o SRR PMys F B0 175.39ug/m” 0 if T EU IO
HR il 25pg/m’ o J:rﬁf E:J Cd As 1% 77 10.56 21.4 &fif EU FIELELH S ng/m> 6 ng/m’ ;
Vg [ fifi 0.24 ng/m %w\@ 11.07 ng/m’ 7 547798 %0 3 85 ng/m’ » WHO HL:fy [ 114
[ 1 ng/m® > KB fY 64 4 LGS 97% ; Pb (U108 o i [515 71 o Fe ~ Cd ~ Co -
Mn 7 2T #7580 1178.62 ~ 10.56 ~ 0.95 F{13.40 ng/m® > A7 @B HY S T o PMys
B RHIRS 575 S W (PP« PR AR BB~ 2 PO AR RS AN
LRSI PMys V2 I3k TR

SR PMys 5 vk 5 [N TP Rl

Element Characteristics and Source Apportionment of PM; s at

Zhengzhou High-tech Zone

Abstract : 64 samples of PM, s were collected with a high volume sampler TE-6070D during
2010 To study the characteristics and sources of PM; 5 in Zhengzhou high-tech zone, and 19
elements of the samples were determined by Agilent7500cx ICP-MS. The results showed that :
The concentrations of PMy 5 is 175.39ug/m’ which is significantly higher than the assessment
threshold at all country ,toxic mentals Cd and As concentration exceed EU Air quality
Framework Directive .In the case of V > the proposed 24-h concentration is 1ng/m’.a value be
exceeded at the rate of 97% during the sampling campaign. Annual average concentrations of
Pb were found below the limit values at all samples. The concentrations of Fe <Cd ‘Co ‘Mn were

in high level . The seasonal variability of metal and PM, s concentrations is

apparent .Correlation Analysis and Factor analysis on the chemical composition of PM; s
showed that Soil dust, biomass and coal fuel combustion , metal-working industry , fuel and
traffic is the main source of PM; 5 in the research region.

Key words : PM, s; element ; factor analysis; source apportionment
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Figure 1 The map of sampling site located at Zhengzhou university, Henan province, China.
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Table 1 The Procedure of Microwave digestion

16V T(C) 100 140 100 100
FIUEES (mim) 1 10 1 1
Ff (mim) 1 13 10 0

2 SRR
2.1 W ICER IR EE K

%2} £ 2010 SR Pl PMosH R0 5% S fift > 5% 3 LIAT S99 1T
S Fe>K>Ca>Al>Zn>Mg>Pb>Mn>Na>Ba>Cu>As>Cr> r>Se>
Cd>V>Ni>Ag>Co. Fefiy1 t57%4, 7+1000ng/m’I'| - > ¥21178.62 ng/m’ » ¥ (=38 Fpt
160~5820 ng/m’; K ~ Ca ~ Al ~ Zn ~ Mg ~ Pb ~ Mn ~ Nait 1000£5 100ng/m’ V] » F (4797 2
3\@ riIOOng/m3| |7 o A Hl]*%f’i’iﬂ‘(’ﬁp YK R AE R4 R S AUFe ~ Al ~ Ca ~ Mg

JJH?*@?E}HF' o HPWHE E[ICu~ Cr~ VNI 3 r'mi\’*ﬁ#lﬁ‘iplﬂ"

Fﬁlf EoAi iRt R A T fxﬂ’lﬂj IJ%E/PMstIQFi 7 %k AIE' :S'ﬁJF“”JFe  HEIE
wdll e H HIE SR STl B | Lﬁix@ﬁ% A vp(:dﬂiw S
o 56 ng/m” - i A e, 96 ng/m’ : Col*<% %2095 ng/m’ » AR [
041ng/m Mnj4 % 105.89ng/m’ ’ﬁ“ '3 iiﬁ’ﬂ [F33. 08ng/m’ > ,I:FJJEHOng/m e
46ng/m’ » A HFY12ng/m’ - F PR ii\”ﬁ* Crp ] | P SR ] o B SIS
FIG A 2 o ISl ] oo <P %E/PMstIIWi“E'fﬂTTTH\ LB o

) [ﬂ%&r\r,@[ fFIJJLPMzs*'HPLﬁ’IJ 3 ,[ @t DPMys K E 5 5 YL -

*2 =N ﬁ vy PMy sfl ™5

Table2 Element concentrations of PM, 5 at Zhengzhou

R RO T £

BT e (ng/m’)
igh-tech Zone (ng/m’)

7%k W FEE  BIE B }FF’W ][161 I T = e Fpﬁ[zm B o Z[C &7 ?ﬁ*jfﬂnm

Al 538.72 472.18 54.68 2796.26  914.08 500 0 823 116 470. 35. 66.68

As 21.41 9.13 4.22 59.14 31.81 30 24 36 6 0

Ba 35.10 22.42 5.93 134.65 14.19 44.05

Ca 779.08 680.42 192.16 3914.01  833.52 860 1064 1107 328 620 102.98

Cd 10.56 10.37 0.71 62.73 6.96 23 0. 0.3

Co 0.95 1.02 0.09 5.66 0.41 0 0

Cr 17.89 7.99 10.59 59.95 20 9 13 1 0 504

Cu 23.61 11.53 7.72 71.59 60.56 30 36 76 8.9 20. 2.5 13.07

Fe 1178.62  976.92 160.00 5820.02  569.76 860 460 726 188. 560. 55 295 68

K 820.93 500.63 142.23 142.23 1364.81 2300 1206 809 582 330 62.38

Mg 288.52 251.96 26.25 147033  164.39 120 34 333 39

Mn 105.89 52.37 24.16 253.29 33.08 70 46 12 20. 3.8

Na 102.03 56.97 14.22 330.56 562.05 570 613 161 1055
49.51

Ni 3.40 2.34 0.00 14.57 6.49 20 20 7 5.4 0. 0.8

Pb 130.31 84.82 35.65 684.61 216.24 300 192 128 71.8 100. 34 44
10.75

Se 11.36 5.77 1.94 38.00 8.12 10 9 20 2 0

Sr 17.81 14.15 2.17 86.91 20

\% 3.85 2.05 0.24 11.07 15.40 0 34 2 14 20 519

Zn 433.19 301.81 80.22 1968.12  432.06 540 420 651 173.9 260. 16. 3517
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2.2 PMys MJUMA FH 48 5hrtE LR
F'ﬁdf' j:D y2010F [g;m ﬁ'JﬁB?E/PMzsﬂﬁp TEy e Y0175, 39Hg/m ,Tr%ﬂ@gswﬁv =
2 25 pg/m” WHOEJ?F Hm@loug/m » [ 'ﬂﬁ“ﬂ{ii@lSug/m » PRI E Ry
~r+§p:~: A f 35 ug/m” o |i19%ﬁlé>“ IERETHIE |2 F v S e B B /Wi@ﬁ[% 'V
ISP R V\TL(‘#&“JE % aﬂEu“ Aj;wﬂu % Iftfwn ’
WHO VAu24- [ fspyt [{{@Au] ng/m’ ni””??jar%& 2355 Ej‘v\ E JFP F,J E|
1594178 <Ing/m” > EfRS9T% P ﬁ%l’ﬁ“lﬂ UCd ~ AsT IHTY JJHIJ ’J10 56ng/m
21.4ng/m’ > f‘:«%ﬁ@gﬂpfmf«q@5ng/m3ﬁ|6 ng/m’ « MnFINifiv# 157248 72 105.89 ng/m’#13.4
ng/m3 » (% WHOHLERIMNELH 150ng/m’ » F PHLEAINIFVILfi20ng/m’  PhRLA * (A5
:\f[ I@%JJPF’ [FEA S Y i\ﬁF%%:@H Pbix@?ﬁﬁ 2 S f]é'if[l 4 g Jn.r’fﬁf’\'
: f; R ] R A iDI*THT “““%3 I o ST
%E/PbEJ YR Y0130.3 Ing/m’ > (%A Fls II{}WEleg/m > (T L] LY. SI,Lg/m °
sy & Jﬁ:“JLE O o~ Tk Phj Fgl%kﬂﬂbeﬂ J? R SN A
gﬂn f}’JF leﬁEguﬁyﬁr PP RERLYE HT 8 = Ty 3

A3 PMys Wi £ A AU (PMys pg/m’ 5 &%t ng/m’)
Table 3 PM, 5 and several toxic mental concentrations compare wiih limit value

= gy B (1) Pl WHOP ¥ [l
3 iy e B iy = =% 5]
PM; 5 175.39 35 25 10 25 15 35

A% 3.85 1
Cr 17.89 25 50126
Mn 105.89 150 150
Cd 10.56 5 5
Ni 34 20 20
As 21.4 6 6
Pb 130.31 500 0.5 0.5 0.15

WHO : {f] i 2" 2 222

23 [PHRHRVE L[ |

SRAFIET R T fﬂ"l‘lﬁjﬁﬁé?t/PMst Ji*@ﬁ:}ﬂﬂﬁ[lp RE R N R =t
Vo 23 >ﬂ“‘j’\*>%ﬁ“ © EF R 5521067 ng/m’ ; g;zfﬁﬁfe ”J131.56ug/m o
HAEES 2 PM, s 122K 3k (LA 15T B 725,788 pg/m® ~2.74 pg/m’® ~3.79 pg/m’ -
5.79 pg/m’ ,FFPMz_Spngmj»m”w;zz%\2.09%~2.04%ﬁ|2 75% RS~ B> PR
HLE P¢I“%§%‘}PM25$£H?@ putern é‘FﬁJﬁEﬁELJF' BEIET lﬁ'i?* E R
?&uvﬁﬂ* kg PR EpipuCa s Fe 1:*\/iPMf25 Mrﬁfglq:t%fghpm% ) [EI HH F'
e [iPMstIEJPm'Jﬂo 77 SK[UF 5 ) l1Fe » Ca s Al MgPsdhun it 3 )
Iﬂ»ﬁfeﬁl o i e £ <A 2 D 0[*%W*1’ﬁpn<&ftlafﬁﬁﬁ (i 5“”%; :
*lﬁgu fl »*]‘PMstlei A[E'[pﬂrgvpg Fu”[ﬂq&( iy e 4\4/, TR Ifi ﬁﬁ
EX ol W*“PMstE’JJVfE F“ZFEHIFFIE‘T Jurb BT e pl 4 Py %ﬁ%rmﬂﬁfﬁmi“ﬁ [l %
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Table 4 Seasonal averages and its standard deviation of elements on PM, s particles

£ (=11 PE=D F (=) £ F (n=24)
T pERpE ISl IERE Tl ERE  TiE epE
PM, 5 179.63 8065 131.56 4605 18552 4040 21067  63.37
Na 9449 2304 6013 2592 119.13 921 13890 6934
Mg 441.77 397.15  129.84 90.54 208.71 62.68 387.01 222.32
Al 888.04 832.13  261.40 150.01 371.75 109.29 681.52 352.57
K 739.36 162.92  693.46 504.85 727.18 166.92 1002.50 615.78
Ca 1046.60 784.27  468.92 264.91 441.13 137.73 1039.34 836.65
\% 4.47 2.65 293 2.14 3.54 1.08 4.50 1.58
Cr 16.72 2.20 16.75 5.19 23.18 14.31 17.92 9.18
Mn 121.75 44.08 54.55 19.26 135.45 22.05 137.06 47.75
Fe 1774.71 1597.59  509.51 283.19 1068.31 184.77 1550.94 822.07
Co 1.05 0.90 0.81 1.53 0.79 0.21 1.09 0.51
Ni 3.35 2.62 2.61 1.70 4.15 1.63 3.92 2.76
Cu 21.89 6.69 16.26 4.38 32.35 8.16 28.59 14.41
Zn 384.69 166.23  337.68 256.10 455.45 106.62 536.46 391.79
As 20.77 7.18 17.58 5.99 24.14 6.50 24.40 11.67
Se 10.05 3.58 10.10 2.39 11.78 3.74 12.99 8.45
St 2419 2277 9.29 426 1242 325 2427 12.75
Cd 8.00 5.13 5.98 3.45 16.46 20.62 14.21 10.66
Ba 50.85 30.50 19.87 7.15 27.81 10.19 43.96 21.46
Pb 134.19 49.09  124.84 56.25 102.34 9.51 141.71 123.84
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Fig.1. Seasonal deviation of element concentrations of PM, s
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#5 PM, s 15 170 2k | Spearman = 2 4%
Table 5 Spearman Correlation Coefficient between mentals in PM; 5

Na Mg Al K Ca vV Cr Mn Fe Co Ni Cu Zn As Se Sr Cd Ba Pb
Na 1.000
Mg 0.540%* 1.000
Al 0.573%* 0.885%* 1.000
K 0.611%* 0.339%* 0.334%* 1.000
Ca 0.445%* 0.934%* 0.839%* 0.315*% 1.000
A% 0.479** 0.640%* 0.724%* 0.382%* 0.569** 1.000
Cr 0.311* 0.137 0.198 0.232 0.087 0.365%* 1.000
Mn 0.781%* 0.669** 0.639%* 0.505%* 0.518%* 0.570%* 0.453%* 1.000
Fe 0.697** 0.903** 0.871%* 0.386%* 0.816%* 0.681** 0.325%* 0.813%* 1.000
Co 0.533%* 0.741%* 0.723%* 0.210 0.637%* 0.827%* 0.445%* 0.719%* 0.801%* 1.000
Ni 0.436%* 0.286* 0.394%* 0.010 0.253* 0.531%* 0.431%* 0.393%* 0.415%* 0.534%* 1.000
Cu 0.718%* 261* 0.220 0.557%* 0.154 0.291* 0.384%* 0.727%* 0.443%* 0.369%* 0.352%* 1.000
Zn 0.547%* 0.100 0.123 0.497%* 0.097 0.079 0.165 0.480%* 0.235 0.114 0.180 0.772%* 1.000
As 0.584%* 0.166 0.249* 0.568%* 0.109 0.274* 0.205 0.526** 0.326%* 0.219 0.236 0.722%* 0.593%* 1.000
Se 0.408%** -0.051 -0.037 0.694%* -0.081 0.142 0.297* 0.359%* 0.058 0.061 0.095 0.681%** 0.634%* 0.696** 1.000
Sr 0.575%* 0.886** 0.890** 0.347%* 0.853%* 0.799** 0.268* 0.699** 0.890%* 0.861%* 0.369** 0.310* 0.169 0.281* 0.029 1.000
Cd 0.580%* 0.186 0.239 0.532%* 0.098 0.304* 0.269* 0.565%* 0.350%* 0.311% 0.332%* 0.793%* 0.671%* 0.769%* 0.697** 0.264* 1.000
Ba 0.574%* 0.747%* 0.770%* 0.310% 0.749%* 0.633%* 0.242 0.581%* 0.779%* 0.675%* 0.279* 0.313* 0.196 0.284* 0.067 0.835%* 0.205 1.000
Pb 0.238 -0.009 -0.003 0.301* 0.049 -0.126 -0.120 0.134 0.033 -0.204 0.149 0.479%* 0.609** 0.480%* 0.538%* -0.071 0.567** 0.120 1.000

** Corr. is significant at 0 .01 level 2-tail
*  Corr. is significant at 0 .05 level 2-tail
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Table 6 Rotational maximum variance factor analysis of element concentrations of PM; 5

* % [N 1 [N 2 [N 3 [ 4 N5
Mg 0.982 -0.024 0.053 0.025 -0.004
Sr 0.980 0.006 0.062 0.078 -0.001
Al 0.959 -0.063 0.074 -0.029 -0.062
Fe 0.950 -0.024 0.177 0.131 -0.007
Ba 0.912 0.128 0.040 0.065 0.185
Ca 0.849 0.173 -0.130 0.309 0.166
\Y% 0.793 0.252 0.117 0.163 -0.239
K 0.135 0.885 0.289 0.032 0.097
Se -0.079 0.746 0.350 0.338 0.351
As 0.060 0.630 0.415 0.321 0.221
cd -0.089 0.235 0.858 0.043 0.089
Na 0.314 0.476 0.676 0.042 0.120
Mn 0.524 0.269 0.654 0.261 0.182
Cu 0.100 0.470 0.573 0.424 0.383
Cr 0.060 0.171 0.075 0.882 0.002
Ni 0.391 0.076 0.184 0.766 0.127
Zn -0.016 0.245 0.358 0.015 0.824
Pb 0.035 0.449 -0.048 0.535 0.633
HEFTFE (%) 44.6 25.9 8.2 4.7 3.7
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