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Road Dust Loading and Chemical Composition at Major Cities in Fujian

Province

ZHENG An'? YANG Bing-yu''*, WU Shui-ping"" >, WANG Xin-hong" >, CHEN Xiao-qiu’

(1. College of the Environment and Ecology, Xiamen University, Xiamen 361005, China; 2. State Key Laboratory of Marine
Environmental Science, Xiamen University,, Xiamen 361005, China; 3. Environmental Monitoring Center Station of Fujian Province,
Fuzhou 350003 , China)

Abstract ; A total of 57 road dust and 16 urban soil samples were collected from four cities, Xiamen, Zhangzhou, Quanzhou and Putian
in Fujian Province, China. Twenty-six elements, eight water soluble ions, organic carbon and elemental carbon in the fraction of

particulate diameter less than 2.5 wm (PM, ;) derived through a suspension chamber were analyzed. The average loading of road dust
with diameter less than 100 wm in the four cities ranged from 6. 99 g+m > to 10. 11 g-m >
2 -2

mg-m~" to 12.5 mg-m

, while the loading of PM, ; ranged from 4. 0
. Both the soil and road dust samples were characterized with much higher concentrations of Si, Ca, Al, Fe
and K. But for the anthropogenic elements such as Cu, Pb, Zn,Cr and Ti, much lower levels were found in the soil PM, ; than those
in the road dust PM, ,. Significantly higher levels of NH,”, NO; and SO~ were found in the road dust PM, , from Zhangzhou in
comparison with those from other cities in this study. The calcium ion (Ca®*) content was significantly positively correlated with the
Mg”* content in the road dust PM, ; from Xiamen, Zhangzhou and Quanzhou. The levels of organic carbon (OC) in the road dust
PM, ; in these four cities were higher than those reported in Ji'nan, Shijiazhuang and Beijing while the levels of elemental carbon (EC)
were all lower than those in the urban road dust from Beijing, Significant positive correlation between EC and OC was found in samples
from Quanzhou and Putian, suggesting the same and/or similar sources. The result of mass balance indicated that higher percentage
compositions were soil and OM in both Quanzhou and Putian. Based on the cluster analysis, the 57 road dust samples were divided into
four types: influenced by atmospheric deposition, influenced by soil dust, influenced by atmospheric deposition and soil dust, and
influenced by soil and construction dust.

Key words :road dust; road surface loading; chemical composition; mass balance; cluster analysis
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g R LU UL LLLE—
B 4R B g e N g ITEaN T HE

Fe 47.44 £21.27 49.91 +11.37 74.58 £20.47 42.89 +11.60 43.79 £2.11 46.86 £12.16 30.15 +9.13
Ca 79.96 +30.02 57.05 +18.01 18.51 £10.46 64.50 £22.75 18.94 +3.10 60.14 £21.52 13.07 +8.74
K 15.34 £3.40 13.27 £2.57 13.13 £6.36 15.21 £3.68 17.19 £5.10 18.96 £6.06 13.10 £9.06
Si 93.90 +16.22 91.49 +20.33  129.0+32.82 91.88 +17.49 102.2 £15.16 100.2 £31.02 70.09 £19.33
Al 44.08 £6.45 40.77 £16.45 88.28 +19.75 41.80 £10.69 55.74 £7.75 46.20 £15.82 37.13 +14.82
Pb 4.16 £3.30 12.97 £5.45 7.59 £5.37 5.62 +£4.49 1.63 £0.53 4.68 £2.52 2.34+1.44
Cu 1.18 +0.80 4.12£1.91 2.18 £1.56 1.55+1.03 0.47 £0.10 1.32£0.71 0.71 £0.42
Zn 4.78 £3.20 12.80 +4.40 6.25 +4.19 6.00 £4.34 1.75 +£0.36 4.87 £2.85 0.64 £0.40
Cr 1.53 +1.08 4.98 +1.89 2.50 £1.78 2.18+1.74 0.69 +0.17 1.73 £0.92 0.92 +0.48
Ti 4.01 £0.79 5.11+£2.54 9.67 £5.67 3.49 £1.05 4.50 £0.66 3.88+1.00 2.92+1.03
226 343.91 +85.85  392.32 +£81.47 401.84 +116.21 327.99 +£82.82  268.54 £25.76 337.86 +102.19  188.20 +49.78
Na* 14.77 £9.50 nd nd 2.03+1.52 nd 14.23 +10.74 3.29+£3.22
NH/ nd 7.29 £7.71 2.54 £2.57 1.34 £2.18 nd 0.50 £0.64 0.37 £0.23
K* 1.11 £0.72 0.83 +1.64 0.32 +0.62 1.85+1.48 nd 1.36 +2.00 0.33 £0.46
Mg>* 2.05+1.16 4.25+1.43 1.79 £1.14 2.36 £1.36 0.52+£0.13 2.89+1.55 0.79 +0.37
Ca®* 21.94 £10.04 41.81 £12.75 12.19 £7.10 41.48 £9.84 10.54 +2.58 24.53 £12.53 6.25 +3.50
Cl- 0.12 +0.28 10.61 +4.89 6.14 £4.73 2.51+1.75 nd 3.31+2.84 0.56 £0.88
NO; 2.45 +3.26 8.19 £3.46 2.59 £1.58 2.63+1.76 0.75 £0.64 1.79 +1.44 0.73 £0.54
S03- 1.02 £2.28 76.93 £32.69 27.49 +18.25 26.89 +14.13 4.26 +0.93 5.17 £3.32 0.53 +0.69
ocC 122.0 +51.9 254.6 +83.7 126.2 +55.4 201.4 +109.4 28.74 +8.16 118.1 £49.8 37.90 +19.29
EC 11.26 +6.09 17.99 +6.68 2.87 £1.62 7.51 £3.30 0.67 £0.32 3.79 £4.21 1.06 +1.03
OC/EC 10.84 +8.52 14.15 +12.53 43.98 £34.20 26.81 +33.15 42.90 £25.5 31.15+11.83 35.75 +18.73

1) nd FR L FAM R

2.2.2 LEREENT

&R T EF (enrichment factor) 2387 77 9 4
IR AT T3 h T R 1 e AR AR BRI R, LK e
N RIS BSRIEX I TR & i sTmkok -, &
METCR M ATRER IR, & 7 XFRE R R AL AT
FIAL AZWITR e TR I A R LT R
o, WHERM, Mot R E R T EF <10 i,
DN RTIA A A AR A Sy, EEOR IR T R e B
HAONAESE AR HEENT EF > 10 i, A

P T, BERET A I
LR EENT E, A A A,
E, = (C/C)/(X/X.)
AL E A EERE T ¢, AT R N E
B €, gk 192 LT R 0 iR, A
WFFEIEE Al S TR ; X, AS RGPl &
TERMEESEG X, WS RGPS IR
sy Hrb (C/C) RESIEARTH , (X/X,) AZ 1
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FIICERTE 4 DI B9 5 4 I 7 2115 130 000 LA L,

Pb, Cu, Zn, Tiik 5 MOLREEHFTHRT 10. Ca  BIREE, ZIAT5REmRK.
*2 MiEELLHNTEREERF
Table 2 Enrichment Factors of PM, 5 inorganic elements from road dust
Hbal Fe Ca K Si Pb Cu Zn Cr Ti
JE1] 2.47 330. 02 1.54 0.56 76021.36 128 486.37 480392.48 75 660. 88 61.30
M 2.81 223.83 1.87 0.59 274 116.80  143907.44 367 862.05  92320.72 23.91
RN 2.35 294. 50 1.89 0.58 103636.70 124 801.40 458 767.07 86 021.97 37.36
Hi H 2.33 251.27 2.53 0.57 69283.72  127502.70 437541.95 84 174.11 52.32

2.2.3  JKIEVEE FRHIE

F 1 PR EE R KV B A B A P A
A B E DL HY, LD Ca " F1 SO2™ HYHJE N
L EIRIX s A PM, P UK T NO, B
=T SOL T AR FHE W, Won 2K FE R
SAFZM I . N IR X T 2R PM, R R T
W NH, | NO; F1SO;~ WY& &S iH i & I T M

DX, 150 WY I DX K AR 4 A2 AR Ml T R HE Tk
(NH K H NH, WF4k) LLECRIE THL8h 42 B A A
FRF R 16 fsg . Tl HEL (SO~ 2k A S0, i
1) FIMLEh 4 RS (NO; 3K E NO, f%E4k) By i5 g
AR LT DX EL AH OGRS AT R B 2R
NH, 5 NO; } S0~ z@%ﬂ??ﬁ%ﬂﬁﬁ*ﬁa@a@
ZA(P<0.05) , Uit HA 1 18 22 -5 KA 0B R
F B2 LA AL A R AE E%E"%:?k%%a‘z
BUE TR U, 502 Mg Al Ca®”
(LRI, IEAh Ca®* IR AT RESR H T8 M 19 A 7=
it T R A HER . A5 b B AR 3B X+
Heshrp Mg®t il Ca® " fEAE R FE M IEAH G KRR (P <
0.05) , Jr LA AT LAAR 48 % 1r 24> v 0 PR 25 22 (8] i A
AT F iy - A B TR A SE A SR 55 . AH OGPk
SYRTSRR, JETT TR SR I X T2 PM, P

Mg** 1 Ca®* Z I AAAE M IEA E KR (P <
0.05) , VLB BURLY) h ok A - AR P DTk 2 = TR
B SR AR 1 DTk, 1 RE SR Mg R Ca®t 22 (]
ANAEAERSNE | F WH5 FH 9 X A 48 20 mT REAS 2 %
TR Mg®* Hl Ca®* A 35 B R JA.
2.2.4  BRISAMRIE
T 1 R 3 TR A BAE T LA Y PO

[HZR T OC B & REBIE TUE R L A1 50 L b s b
B OC W, 1 EC A3 R TIL st FITE
WX E T EC & &, OC 5 EC RN L
FHRATAGHERCEAE | NS 4 TTLATE SR M R0 FH B 1T
22 PM, ;17 OC il EC 7£ 0. 01 {2 /K FF IEAE, 4
5124078 F1 0. 88. UiHH TR 2R OC Fil EC A AH[F]
Sl ARARAIA) SR U5 T S D RT M % 1T 2R PM, R OC Al
EC RG22, B — R U5 A T BE AL/, I
PUHbOC/EC HLERE 4 AT 3 AR Pz (e
5 KT BRI, AT AR 45 3k o & 2 | 25 5
HIFE bRz —. R 2 PM, KRS T OC/EC BY H Al
28 5 T AT LS I ) — U R TR 12 7 L
fH(OC/EC =2) , Fr L MIRIX KA PM,, 77— B THT
ZRTTHRIT SR FHIS W LU AR R FN T R SR HLAR I — IR
A YORIERHAR AT B B R 22

#®3 He@HmEEHLE OC, EC ARSI/ ng-mg !

Table 3 OC and EC composition profiles from road dust at other cities/pg-mg ™!

Wi ocC EC TC 0C/EC 0C/TC/% HBiAR/ pm

Fergls) 52.44 20. 02 72. 46 2.62 72.37 <10

AR EN] 97.52 8.94 106. 46 10.91 91. 60 <10

dtgrtiol 115.24 20. 10 135. 34 5.73 85. 15 <10

Frslie] 120. 21 10. 05 130. 26 11.96 92.28% <10
F4 MEHREES OC, EC XM 2.2.5 JREEW

Table 4  Correlation between OC and EC at 4 cities

0OC. EC MHRMERE  JEI] M SR HiH
IR R B R 0.49* 0.29 0.78** 0.88""
WA % 0.02 0.36 0.01 0.00

Jo b R R ol T TR AR B ELRE Y B
ke H A o 18 Jor A JSCR A T )2 1 FH T ROk
Yy B ie 3 AT, PM, 1Y BT e 1 40730 4 R
JLEWI R T B R A ALY . EC, SO;™ | NO; |
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FEEN 8 LAWK 6 Fly 5402 FEALY) Na, O
1 MgO 2953531 i Ho 72y B B 1 39 U8 AR5
KT EF (19534 25 5 W] SRR HT H % 2
MK, Fe, Si %It E EE AT, Ca HEHUA
T ETTA

R, 76 7% B AR 6 1 A A DL S 32
(KT EA T A8 1 (BIRE N 20% & &) Z )51,
AWFFE AR AR A 1. 45[ K] +1.68[ Ca] +
2.27[Al] +2.57[Si] +2.42[ Fe] +2.00[ Ti].

P 3 RN 4 2SR N ANFE FH PM,, o 0 o P i ]
MHRT DIAR G BT Y, SR AT R 2 PM,,
N O P o S L 1SS S
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) Ffg &

HICR AT PR EOE AR, TIKE T (S0
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TR T UURER R R .
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NHy'", 0.05%
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Fig. 3 PM, 5 mass balance in road dust at Quanzhou
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Fig. 4 PM, 5 mass balance in road dust at Putian
3 BRI

ARG FETE 2 PM, e RN 22 57 SRR 2R 73

Hr(SPSS 10. 0 for windows) HFiES 3] 4 2SR5 (£
5). 1 KM ALIE 221-7272 . 774-778 . 7710 .
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Table 5 Cluster analysis of road dust PM, 5/pg+mg ™"

HH CORES CoES ERE S 55 4 2%

Fe 50.64 +11.59 41.81 £6.76 54.71 +18.11 74.33 £37.49
Ca 60.53 +17.12 64.22 +21.11 67.26 +22.20 118.87 +£25.66
K 13.68 £2.63 15.20 £3.51 16.66 +5.36 23.09 +6.89
Si 92.34 +£20.70 90.63 +16.09 103.39 +30.33 127.94 +25.48
Al 41.31 £16.62 42.97 £9.34 37.79 +14.56 56.40 +15.25
Pb 12.84 £4.93 3.89 +2.27 16.28 +3.74 7.60 £4.76
Cu 4.01 £1.41 1.10 £0.56 4.95 £2.60 2.25 +0.81
Zn 12.82 +£3.42 4.22+£2.40 15.71 +4.77 8.39 +3.37
Cr 5.04+1.62 1.45+0.80 5.93 +1.91 2.91+1.24
Ti 5.28 £2.77 3.75+0.82 4.01 £1.65 4.78 £0.86
Na* 0.34 £1.07 9.90 +9.18 2.72+£2.95 26.19 £8.09
NH, 7.07 £7.40 0.25 +0.52 9.15+7.43 0.16 £0.36
K+ 1.23£1.78 1.19£1.28 2.29+3.13 1.35+0.59
Mg?* 4.28 £0.92 2.06+1.16 5.44 +£1.55 3.80 +0.81
Ca®* 43.72 £11.07 24.62 +11.46 51.45+9.42 39.63 +£6.30
Cl- 10.63 £5.21 1.57 £2.09 7.87 +£5.35 1.75 £3.90
NO; 8.52+3.32 2.15+2.55 7.04 £2.92 2.69 +1.58
S03%- 77.11 £27.32 7.59 £9.87 75.87 +43.85 1.71 £3.81
ocC 262.28 +46.24 115.80 +40. 19 407.10 +18.60 206. 84 +£29.03
EC 17.19 £3.56 7.35+6.22 14.39 +6.04 15.69 +8.13
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