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Characteristics of Elements in PM, . and PM,, in Road Dust Fall Durlng Sprlng

in Tianjin .
WANG Shi-bao, JI Ya-gin*, LI Shu-li, ZHANG Wei, ZHANG Lei ‘ .
(College of Environmental Science and Engineering, Nanka1 University, Tianjin 300350}, “China) —

Abstract: To explore the element pollution chdrdcterlstlgs and sources of road dust fallyf ‘road dust fdll samples were; Lolleé‘tid durlng
spring in Tianjin and suspended to obtain PM2 sand PMI() , 16 elements were analyzed and“then their, characteristics, source$  4md
similarities were studiéd by nonparametric Lests), the qoefficient of «ivergence, and ennchm‘?nt fagtor.| The results showedthat the mass
frdctlon‘( 1% -20% ) in sequential order of the elem.ents Lh P,M'2 s and PM  in Tldn]m road=dust fdll were Si > Al > Ca > Fe > Mg’ > K >
Na./The coefficiént of divergence of elementsi in PM.{: afid PM, ; was 0.06, 1n(110a11ng that [thd¥eldents profiles of PM,, might” be
similar to PM, .~ ,LThe ¢lements of Cd and”Cr in PM10 andv PM 5% were at a high level of; ennchmen,t degree, and Zn, Cu Pb and As
showed significant enrlchment The main sources of the félements in PM,, and PNfZS road “dust fall in Tianjin weré™soil dust

copstriuction dust, traffic dust (motor vehigle e'xhaust tere wear, land brake wear) , and coal combustion. J

Key ’gvords sroad dust fall; PM2 53 PM,;; element characterlstlcb, coefficient of dlvergence enrlchment factor

| A
3 SR

ﬁ@?ﬁ a"*zlﬂiﬁ?ﬁi‘m %ﬁiﬁfﬁﬂ&%;-@ Gh, BB IT R BB B A AR h TR R AURE
PIARZERM. (h ERBRRBLA ) B, 2015 4R, Ap U1 A S R AR ST, R, AT
SUHETE M X 13 AN DL BT IR AR R AL B SRAE TR 5 R IE SR Y T B R AR A, A
32.90% ~82.30% , V-3 52.40% , 12014 4 b7t PRSP EAUR YRR FNENRE I HouR &
9.6 NESTE,. KREEIRELL T o KM IR B, BT PM A PM, § BYJT R 2 0 RRAE S ek
7, 2015 4, AT BRGE s B it b RECH 145 d, U5, B TER T I [ I A4 1) Ok T8 A A A 85 DX B

Hp DL PM, A ZI5 YA 110d, 5 75.9%. G R SRR
ﬁm%ﬁﬁ%{f&f“ﬂﬁﬁﬁn AMLEFRIERTRE IR, MRS A
LM AT A 77 A 0% DL S B A B

PR KR PM, | B TR T E 4 20,09, 11 FRACREE
ﬁﬁﬁ%?ﬁ/l\ E?ﬁ/l\éﬁﬁgéﬂﬁi{gﬁ[ll] L%%’j’i %ﬁﬁ%@?ﬁf?ﬁ\ @L'\q:ﬁ‘\ B'ZE%\ 9[‘%5@
ST 3 TN R Ve e T i L O B B el 3 FIPRE R IX S FhiE B2 FRILE 1. Hip, 3138
PR D Y Cd. Cu F1 Pb 25 4 8 T2 5 B (DERNERE SN =05 R - K D E s el B E 1)
7J<\ TRy, B EYEEN, TRaEEss

B AR g HET, EHNANEA T8 5% WRE B 2017-04- 3/0\41!4}1TE|£H‘: 2017-08-23

EETH . AN 5 MEAT AL 35 (201409004 )

/'\maaeamw LRSI TF R AR T, I LG, R
r, L-maitl; . com

YIHE B $‘, RADA KT HIG G Qﬂ/\ﬂ/‘]ﬁﬂ:ﬁ 7 # JBIEMEF , E-mail ; jiyaqin@ nankai. edu. cn



34 FrFEE, RETHERERKED PM, M PM, T HITEFHE 991

W SRR T AR SRR K 5 Pk
PRALIE TS 2= [ RN ZL M P b 5 R A0 45 AP PR 2 74 %
(1,2, 3). BEERIE BRI R A7 B 315 8 4
SO, RSN 15 m A1 2.5 m PRANREE, SRAE
WA 2015 453 H22 HES A23 H. RAEHIK
RALIGMTIRERED, WIMERIE 5310 15, 16

130 em, SME N BIREA, SRR, SREEHT, Wik
FERRLIFESC I = BT, SRR K L SRR kT AT
SRR N, AR T X A e — IR I T
CLBAAETT T 2580 i T B2 Jm 3075 L IR
RAELE IS WL A e 2, T DL AR A ST 4 Y
HF5E.

By AEnaRRtsere | [

Fig. 1 ] Sampled roads and sampling poinﬂts o i1 B 'y

L2 FEA SIS AT

i F T AR B0 3 d R, AR

w20 1 200 FIf, 45— 2088 AL kg
B IR A 0 PRI R A ONK- 2K
ST ARV PM, (B P TR 1 M

P, AR R Gl e AT 0 P 72 0

o

fdif] 35 [ Agilent 7500a %I H JEHE & % & 1
A R T AX (1CP-MS) 4} #F Na, K, Cr. Cu, Zn,
As, Pb, Mn, Ti, Cd TZE. HHBHEG S L
157k (ICP-OES) - #r Al, Mg, Ca, Fe, Ba fl Si
JTLE.

SIHTINE T ER R - IR e it 2 PA R P O i v Ak
PRUEHR , Vo 2 25 A BURE SOV TR, FEAIA IR A
fo)a, B EA, P R R T 2R S
REFETHEE D, T ILT e e, 1ICP
KB E T A B sE . MEE, )R, SR
R, AT M T
1.3 il

ML R, 2 02 I (E A AR R 22 BN T
5% , £ ICE M EERABR AR ER 2222/ N T 5% ,
RETH 2 AT HT IR . FEAIE B, BRI 10 M
i, BT RS RSHE AN S FIE , BT R 5 2R 8
B R T EOR.

2 ZRE N

21 BRI M, A PM, (T A HOK T2

g e 2PV 1 PM, T 16 R 220
Tt 4Bt 2. "

2 M, KB e PM, | RN
SERMERE L 1% ITRKICH Si > Al > Ca > Fe > Mg
>K > Na, Hrr, Si o2 i 4 50OF ¥ 0 5
M 18.13% ; i s BCEHEAR T 1% TR Kb
JFRFA Ti > Cr >Zn > Mn > Ba > Cu >Pb > As > Cd,
Hor, Ti JC A BOT B R, N 0.39%.
PM,, "5 BB BIE B AL 1% BT R K/NIF 5
PM, YO R HEF 58 AR A s o 43 B0 24 (EAR
F 1% WILEKR/NEFEH Ti > Cr >Zn > Ba > Mn >
Cu >Pb > As > Cd, HHr, Ti TR 5807 HE R
5, H0.42% ; BT Ba il Mn JCE A0 K/ NIF RS A
BARZ AN, PM R R S K/NKERYE PM, h
AR,

Si. Al, Ca, Fe, Mg, K Fl Na %5 H15C 0 & 7E
PM, il PM,, i B it o B e v, Hob, si 2+
XD A PR IR 53 5 AL B PRIRIT R, [H]
I JEHISE R B IR Ca JeHEFU/K IR A FRIAIT
R KA RS AR K, R
W, SECGEMEEL PM,  F1PM,, P Si AT AL 45 35



992 AN 5%

B 39 %

TR R . A, BRSNS L, T
PLAR R AR Y ER AR e A 45 T B0 B2 PM, S
PM,, "' Ca JTE TR BUC . X B H e Kb |
SRR e A R A2 R i R AR 2R B A2 PM,
I PM,, TR B BOK -1 R .

G ICEAE PM,  H1 PM,, 1 A I R A3 B HE A A v
PN @ (PM, /PM,,). HIE 3 Al%0, 58 HFEe

Na, Cu, Zn, As, Cd Fl Pb JTEH ¢ (PM, /PM,,)
BRKF 1, NamZW ik, B 1.07; K,
Cr, Mn, Al, Mg, Ti, Ca, Fe, Ba fll Si JLEK ¢
(PM, o/PM, o) ¥/hF 1, K TR WP AER K, N
0.98, Ba LR (i{EHA/N, #0.82. A%, Na,
Cu, Zn, As, Cd Fll Pb TLEHEE S TE PM, , b 54,
K, Cr, Mn, Al, Mg, Ti. Ca, Fe, Ba fll Si TEH

TIEER M o (PM,/PM, ) A T 0.8 ~ 1.1 Z ). KOTE PM,, | 4.
Wl 0.08 F
6 L 0.07
s 14 | s 0.06 +
F 12t = 005
g 10 - é 0.04
R 2 00
é L
nl 0.02
2 b
Al Fe K I Cr Zn
Ve 3 — .
H2 ERHEBELPM, APV, FTENRESS | | | ,-f =
Fig. 2 Mass Ifraction of .lelf:menls in PM, 5 and PM,; in roa},dl dgst fal.lJ in [Tianjin, “-" # _/"J
T l = 0F [ JPMas PMp
“I“_u;i . » u _E .- m /
§ 2F ) " ;HF Ezo- %% ;;
o ¥ - /
/
(LT @E%%é%gé B .
U L T L T 1 1 1 1 1 L L L L L 1 1 % /i
Na K Cr Mn Cu Zn As Cd Pb Al Mg Ti Ca Fe Ba Si 0 prestees ok

TTH
B3 XEWERKELDPM, 1 PM,, R TENRESHILE
Fig. 3 Ratio of element mass fraction in PM, 5 and

PM,, in road dust fall in Tianjin

Kl 4 AR ZE A8 B RE 2> PM,  F1 PM, TPOT R
AR SMECR, PRI, PM, RS [EDCER A
FTEDR A B my, PRERRAR; PM,, AR [FJTE T i
OYEORTE = Tilidm, AR, bR 32 TiE R
PM, s Fll PM, "1 T K 14 Jo k43 B0R 25 SR8 K4k,
b3l AT R AE PM, S AT PM , F () JB 40 B R 22
SR

HARFEAN ) TC 2 0T 43 B30 T R A8 8] 1) 25
5, 32 FH SPSS 16. 0 #A4E X il [ 2 PM, Al PM,, |

B4 REHERKEREREDS PM, 71 PM,,h T ERES KM
Fig. 4 Sum of the mass fraction of elements in PM,

and PM,, in road dust fall of different roads

HOTER 1 5T 40 B AT P AR OCRE i i AE S 50K
By, Al 15 Na(0.32) . K(0.72), Cr(0.27), Mn
(0.19) . Cu(0.43) . Zn(0.97) . As(0.12) ., Cd
(0.69) . Pb(0.78) . Al(0.45) . Mg(0.41) . Ti
(0.06) . Ca(0.69) . Ba(0.14) H1Si(0.93) T %
B PAEII KT 0.05, UEHHIX 15 FFoC K AE PM,, Al
PM, ;B A B 25 S T Ge it X Fe(0.01)
#) P AE/NT 0.05, 68 Fe JCEAE PM Al PM,
i BN 2 5 R Gt X, FE PM, P i i



34 FrFEE, RETHERERKED PM, M PM, T HITEFHE 993

SrEET PM,, ;.
2.2 BETrIE R BOE WA [RDRLAR (8] 1804333 AH AL
He A

I 280 (coefficient of divergence, CD) AJ 2k
ff 7 9 L % 2 ) R R ) R SO 4 AR
BORBE ST K HE T AS [F] 38 1% 25 AU G 1 5% 22 PM,,
PM, i AR I , Ha s A (1), 45
HRIULAE 'S,

1 &S(X. -X,
o - pEEEe) o
K, CD, WP EREG p WS 5 MITRM A
R P RITER T XL X 0 0l D T ORE AR B
T TR MRS, %
R P 185315 2 AR AL, CD Rz T

0; WSRAL A 20 K, W e #iE+ 177, Wir
FEU BRI A A R AR 0 ~ 0. 2 YA TR AL 4
TEAEARL, 0.2 ~0.5 ATREAHAL, 0.5 ~ 1 EAAH
L. PR AR K o315 2255 0. 2 AE I A~ 143
T A ALY 23 B AT

RIS R, £TiE, RTE, S, PR A
IRERIX S Tl 5 S 0 P Ffoobar 422 [ 114 43 2R 580500
0.09.,0.08,0.06,0.12 F0.11, H/NF0.2. L4
KA BB AGE H2EAIREE PM T PM, (L E
e oA, THEA R0 B R v B ORI B A3 S
CD{H A~ 0.06, /NF0.2. Al 0L, REETHRZIE B
2 PM,, Fl PM, s BB 38 AL, 78 R ok (1 B A 5
H R A VR AT TAE AT LR — AR,
AT LA FH SR A 55 T SR £ 5080 1) o

20
18 L Si 18 + Si Si
(2) CD = 0.06 (b)CD = 0.08 18 (¢) CD = 0.06
16 16
=2
= 14 14
= £ S
a2t St 5
Z z o
R0 & 0l z
% Ca g &
= 8 ’ = g C :
" —Al = ’ —Al h
6 6 J
K
4L o——Fe 4 L K
Tl| Ti
2 ‘ —Mg 2 Y yo—Mg
Na Na
(1] L 1 L I 1 L ' L L 0 L I L
0 2 4 6 8 10 12 14 16 18 0 5 10 15 20
I B AR P M0/ % W HPM0/% HHPM10/%
18 20 §—o 20 §i—,
(d) CD = 0.09 (e)CD=0.12 (HCD=0.11
16 | 18
16 |-
14 F ) X 15k
s 12 S M 5
= o s 2t =
(] B (- -9
& £ 0 & 1o M
o g = 5 ,
s —Al ® g Ca Ca
H o6 |
o—Ca 6 M :
K g1/ o—Fe st
4N Fe 4 by | K
T a N Fe
2 'IT Mg 2« T —Mg
0 L L L 0 — 1 1 1 1 0 L 1 1 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
ETIHEPM /% PP M 0/% HRERPM10/%

5 AREHEBEHASEZ BB

Fig. 5 Similarity of two profiles from different roads

2.3 HET R T B0 B A TR OT R AR R

AR TR BN AT ICFORIE . B AE
PR —ERATENE, WIS RS
MS T RNARRE, SR mAR . R, %
Tizdrik AR 2 N, I RefE— 2 EAEBY
CWITR RS R AR, ik, R 5T B

22 PM, F1 PM,,ThOCE B & SRR, JF A Hov] B
FO L ARA SR IR | AR Sk FH 4 IR 7 3 0
B3 s TR 0 < /A Wl
_(ei/e,) vy
k= (ci/cr) 13 ()
A, o, SRR A | FROCRMRIE; ¢, Wik



994 AN 5%

B 39 %

MIZ LT IR L ; T b G B e 2 SRR 718 B
PR E R, TR T RN LI R 2 RS

W, G 2. Hor, SO e Ry & ik
FIRHE A 2 TR (P OfE) ™

TR . R EE TN, TPEIT R 1 BRATHA
E%( ?.%é'j%) *%E%j‘j 6 /l\g&jtlm ;H\: ':P , ?%%ﬁ%”ﬁ {ETable 1 Classes Of;e e;l_richment factors . J
o . e ST . = EF {8 HERE 15 4 i)
B2 ) ) IR R, FEIE 1. . e -
— Al . . = -
ZIILR FEA Al Fe, Ti, Sc, Si, Hrf, 763 12 A 1
FeH AT BUBRRE | TR BERS | HERTZ 52 - 250 Zﬂ;{; ii ;
— AY N — AY - M LT‘ <
ZHICE R AP RIAREFFT R Al TR IE RS 20 ~40 WALE 4
HotR. FIHAR(2) HHREARIEFK AT R AR 4% >40 LTS >
F2 XREWEERELPM, 1 PM,,FTEEERTFE
Table 2 Element enrichment factors of PM, 5 and PM,; in Tianjin road dust fall
fl:? PMZ.S PMIO
B rhE FRAH R/ME I {E L RVALE] RKRIE R/ME FE{E
cd 37. 68 60. 66 22.49 41.92 36.21 92.32 21. 86 47.98
Cr 37.37 46. 42 21.05 33.75 36.73 44.13 22.09 35.46
7n 18.13 29.34 13.20 19.93 18. 60 48. 64 13.63 23.32
Cu 17. 40 20.28 13.13 16. 81 14.70 18. 62 9.62 14.45
Ph 7.99 10. 45 7.02 8.37 8.92 10. 71 6.38 " 8. 73
As 7.81 8.69 4.20 6.96 6.33 7.29 4.05 6. 09
Ca 2.62 3.02 1.97 7 2.59 2.38 :2.86 2.00 S 2.41
Mg 1.78 2.21 1L54 L5 182 2.00 | 2.00% 1. 66 A
Ti 1.07 1.59 0.82_ 1. 13 1.45 | 2.06 ! L1 O st )
Fe 1.22 1. 54 0.99 4 1.28 1.53/ 200 % 1L | 185
Mn 1,01 1.21 .00 = 7 1:08 1.18 * 145 0.93 149
Ba 137 1. 64 00T 57132 Loof b @28 4 092 LB E
R B 0. 86 I 0l 0.84 0.90 0.69 _0.88
“Na ~ 0.78 0.83 T 060" ¥ 0.76 0.7V 4 | 0.8k 0.64 0.73
# r i ¥ sl

= F 'I,“. “H ’J
[ R KW, BM, T Cd Al Cr LR EEE R L

(4R 37. 68 I 37437, HIRFURHE; Z0ACUPh 2

M As SO IR P4 5 ~20, B R T Ca
TR SN TR 2.62, R EE,; Mg, Ti.
Fe, Mn, Ba, K fl Na JUE & EHN FHMAEH O ~2,
MR CE . PM P Cd F1 Cr e R B W T
DAY 36,21, 36.73, KIREIE 4, Zn. Cu,
Pb Fil As TR & LR FHAES ~20, AR EE
Ca Fll Mg JC & & % B+ A {8 7 il o4 2.38 F
2.00, AHBEFE4E,; Ti. Fe, Mn, Ba, K Fl Na JGZ
EENTHAE 0 ~2, MR E .
AEFFERWI ) Cd M Cr S E 48 HIER IR T
PLah A R AR TS HERL, 32 N h i 3h i 52 ma 45
K. Zn JCE F BRI T IR A B HE RS G
25 Cu SRR T4 MLk 4 05 1 o 2 A B Y
Ph R R HM W R B LR, BARIRET
2000 45 T H I Al B AR T AL 3l 4 HE O
Wk rh Ph TRk, (HEALBI EHEBAXF Ph A BT
Bk As MIRBERY TR R LR, ] LIA M AN
JEXT PM, sl PM (52 MER K. Ca 2SR AR IR

JLE, fEMFE R A E, UL Ca JURBR TR
WA, BZE NG SR, nI 0L, JGE Cd, Cr,
Zn., Cu, Pb, As Fll Ca 322 A\ NG B2 MWK,
HATOR FERFET AR

3 #Fig

(1) R iE BE R 2 PM, s Fil PM o738 o o
SIEITE 1% ~20% Z A0 KB IMEIRCE - Si >
Al > Ca >Fe >Mg >K > Na; Si JLETE PM, , fil PM,,
i E R S . Na, Cu, Zn., As. Cd il Pb
JLEBELAE PM, s FEH, K, Cr, Mn, Al, Mg F1Ti
JCEELTE P, b E 4.

(2) M43 15 22 B R 22 PM, 5 FlT PM, R
TG WA RIPE AT 2 40 A AT 4%, CD {E°9 0. 06,
FWI PR A2 9 70 3R B A3 1 A (LR A 1

(3)JC% Cd Ml Cr N EIE 4 JLE Zn, Cu,
Pb il As iX 4 PRI E W E; Ca TENTEE
f£, JLE Mg, Ti, Fe, Mn, Ba, K Fll Na AR E 4%
B LESE. JLE Cd, Cr, Zn, Cu, Pb, As Fil Ca Z A
G SN K , HARTCER FEORIET A SRUA.



3 TEEAE, KRHTHZE KRS PM, F PM,, PRI ITE R 995

(4) LEATB B2 PM, 1 PM,, T 2 i i 43
O w7 o B A SR AT, K T O R
PM, JHl PM "5 YL o0 2 R 2R I F X Vb4 |
AR | SR R R AR, 5 i B 5 R A1)
TR P AR ) MU A
SE
[ 1] sy, HW, 2280, 95 JURUHERE Bl 4 A HE o

WFFE[T]. IR, 2007, 28(10) ; 2396-2399.

Fan S B, Tian G, Li G, et al. Emission characteristics of paved

roads fugitive dust in Beijing[ J]. Environmental Science, 2007,

28(10) : 2396-2399.

(2] akfh, MY, R, 5. KET RN RERS A&
PM, R0 RERFAE [ J]. P EFREERE 2, 2016, 36 (7).
1955-1959.

Zhang W, Ji Y Q, Li SL, et al. PM, s size multiplier feature of

road dust in Tianjin during spring with quadrat sampling method

[J]. China Environmental Science, 2016, 36(7) : 1955-1959.
[3] Pan YP, Wang Y S. Atmospheric wet and dry deposition of trace

elements at 10 sites in Northern China [ J ]. Atmospheric

Chemistry and Physics, 2015, 15(2) : 951-972.

[4] Censi P, Zuddas P, Randazzo L. A, et al. Source and.nature of
inhaled atmospheric dust from trace element analyses jofghuman
bronchial fluids [ J ]. Environmental Science & Tecﬁnology,
2011, 45(15) ; 6262-6267. - o

[5] LiHM, Wang Q G, Yang M, et al. CP;emical characterizaticn .

~and source a_p‘portlonment of PM, s B ad megat‘lty .-"'Of

Southeast Chlllla[,]] Atmospheric Research, Z@Igﬁ,ﬂlSMSS-

299, gl -

[6] | Soltani N, "oK eshalfarzi B, Moore F, et al. E(,ologlcal and hu‘lndn

_#health hhzards of heavy metals and oly(‘ychc -Jaromatlc
hydrbearbons (BAHs) in road dust of | lsfahan metropoh% lran
]]'I S(‘IE'IIEP of the Total " Environment, 2015, 505 . ﬂlZ 223‘-'%/

[7]f Trujilto- Gonzdlez ] M, Torres-Mora M A, Kcesstrd S yzet—a,
Heeﬁ/y metal accumulation related to population density in road
dust samples taken from urban sites under different land uses
[J]. Science of the Total Environment, 2016, 553. 636-
642.

[ 8] Modaihsh A S, Mahjou M O. Falling dust characteristics in
Riyadh City, Saudi Arabia during winter months[ J]. APCBEE
Procedia, 2013, 5. 50-58.

[9] ShenZ X, Sun J, Cao J J, et al. Chemical profiles of urban
fugitive dust PM, 5 samples in Northern Chinese cities [ J].
Science of the Total Environment, 2016, 569-570; 619-626.

[10] R, XA, BRIk, . BRvt vy af s Tl b R B RS
Mebh s 4 M AR )], MR #2240, 2014, 34 (2): 318-
324.

Liang J N, Liu J, Chen J, et al. Characteristics of heavy metals

in atmospheric deposition in heating periods of an industrial park

in Western Shaanxi Province, China [ J]. Acta Scientiae

Circumstantiae, 2014, 34(2) ; 318-324.

(117 fERkbR, BOSCHT, S8BT, % JERUMK AR MR TR
AR BORIR AT [J]. BB, 2015, 36(8) : 2735-
2742.

Xiong Q L, Zhao W J, Guo X Y, et al. Distribution

characteristics and source analysis of dustfall trace elements

—

12]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

during winter in Beijing[ J]. Environmental Science, 2015, 36
(8):2735-2742.

BRSL, MBS, RIRT, S5 KE RS I B A0 A
AELI]. BREEIGYSRR, 2015, 37(11) ; 52-55.
LiSL,JiYQ, Zhu Z Y, et al. Distribution characteristics of
road dust fall during autumn in Tianjin [ J ]. Environmental
Pollution & Control, 2015, 37(11) ; 52-55.

PRI, EGNE. URY) R R AR T S M [T ], B
T, 2006, 24(5) : 67-68, 81.

Chen K, Bai Z P. Development and use of sampler for
resuspended particulates[ J]. Environmental Engineering, 2006,
24(5): 67-68, 81.

HECE, SRR, RS, S T IR A b P I
PM, RUEFEHT[I]. PRIRRIZEESY, 2012, 25(5) : 549-555.
Xiao Z M, Bi X H, Feng Y C, et al. Source apportionment of
ambient PM;, and PM, s in urban area of Ningbo City [ J].
Research of Environmental Sciences, 2012, 25(5) : 549-555.
sk, AR, AR, . FETHEPRACHUBR SN ) PM, 5
WAL R AHI[T]. FHEERIE, 2014, 35(3) : 810-819.
Zhang C, Zhou Z E, Zhai C Z, et al. Carbon _source
apportionment of PM, 5 in Chongging bdbed 01 foeal carbon
profiles[ J ] .~Environmental Science, 2014, 35(3)_,‘-"'810&.819
W()nghdldl'dkul V Friedlander S K, Pinto J'P. A comparative
study of PM, 5 dmblent aerosol chemical ddtdbdbeb{ J ] ,..JOH]'ﬂdl of
Aerosol Sblen(e 1998, Zb(Sl) S115-S116/° . .,"

HdegI Hopkq P K, Pinto ] P. Source dppo;'tion_mé.r:t __,a‘ﬁd
%patlal distributfons 0{' codrse particles during “the rf'gwnal air
pollullon sludyU] Envlronmenlal Science & Technology 3 2008
42( 10) /352423530, 1 - .
mﬂﬁ m%ﬁ%ﬁﬁﬁi%ﬂ@&&ﬁ i 5
[D]F r’ﬂ%ki 12006. “
JiYQ. Study on the soil dust profiles for source apportion‘l:ilqent of
ambient partictilate matter [ D ]. Tianjin: Nankai University,
2006.

Duce R A, Hoffman G L, Zoller W H. Atmospheric trace metals
at remote northern and southern hemisphere sites: pollution or
natural? [J]. Science, 1975, 187 (4171) : 59-61.

WS, AR, MR, AF R R RN IR ER T L
NP ARITCE MR [T]. BIT R (A RPARR) ,
2006, 39(2): 94-99.

JiYQ, Zhu T, Feng Y C, et al. Application of the enrichment
factor to analyze the pollution of elements in soil dust in China
[J]. Acta Scientiarum Naturalium Universitatis Nankaiensis,
2006, 39(2) : 94-99.

Pan Y P, Tian S L, Li X R, et al. Trace elements in particulate
matter from metropolitan regions of Northern China; Sources,
concentrations and size distributions [ J]. Science of the Total
Environment, 2015, 537 . 9-22.

Zoller W H, Gladney E S, Duce R A. Atmospheric
concentrations and sources of trace metals at the South Pole[ J].
Science, 1974, 183(4121) : 198-200.

ERRH, BEH, WWT, & I PM,, HOTERE M RHE
BRWESIHTLI]. HEFREEEN, 2012, 28(4) : 107-113.
Wang J J, Zhao X Y, Ji Y Q, et al. Elemental characteristics
and source apportionment of PM,, in Fushun[ J]. Environmental
Monitoring in China, 2012, 28(4) : 107-113.

e, MEWST, £, & BalmEERAPM, s TInRTS



996 I A - - 39 %

YUERE RIS H[T]. ?%iﬁ’ﬂﬁ?, 2016, 35(10) . 2197- LiJ Q, Wu Y, Song S J, et al. Characteristics and source
2203. apportionment of elements in submicron particulate matter near an
Luan M X, JiY Q, Wang W, et al. Characteristic and sources of urban freeway in Beijing [ J]. Acta Scientiae Circumslantiae,
the polluted elements in PM, 5 during autumn of Anshan[]]. 2015, 35(1) ; 49-55.
Environmental Chemistry, 2016, 35(10) : 2197-2203. [27] EpWAE, ZRIH, [ oles S S RPETIT IX R I T3 24 R R 7
(257 PEZEEEEMEE. PR TR FREIM]. Jea: hE BriJ]. WEERE, 1986, 6(4) : 24-30.
WEE R4 Rk, 1990. Dai S G, Zhu T, Zeng Y S, et al. Source apportionment for
China National Environmental Monitoring Center. The soil Tianjin urban aerosol in heating season[ J]. China Environmental
background value in China[ M]. Beijing: China Environmental Science, 1986, 6(4) . 24-30.
Science Press, 1990. [28] Vallius M, Lanki T, Tiittanen P, et al. Source apportionment of
[26] Zeflfy, 2ME, R, 5. U5 M AC I8 R 58 0 OK B0RE urban ambient PM, 5 in two successive measurement campaigns in
%E?ﬁiﬁi%‘{?&ﬂéﬁﬁﬂf[ 1. AEERl2EAR, 2015, 35 Helsinki, Finland [ J]. Atmospheric Environment, 2003, 37
(1):49-55. (5): 615-623.

(MER M ER R

L ORAHE R EAT QBT 78 S A8, SCTREHR B0 T 5. SO 8 00077 (& 18 & RSO 28 2 %30k . [
RARPERGIE |FAEBHBOCH H | PR R0 H s e 5T B AR R o T (7 8 0 AMIE 2R ﬂfﬁﬁfﬂﬁﬁ?ﬁ
BRI TIRII (www. hjkx. ac. en) SEATEEME, FEMFSEEE IR LAVE # BHOY 2 3, Hic R DU TS th 4 (5 B B v, SN

2. HafFiEfk GB 771387 (RHAHARR A A (I SORIA# AL SIS 5 1 20) it SCRURLIGIRS . 38 )'C%‘Bﬁﬂﬁﬁl?ﬁﬂ 5t
JPoh 8 H AR 4 s AE 3 TAE AL Hhhl Bﬁiﬂlﬁﬂa’qﬁiﬁﬁf K il 5 EPIEH} % ﬁiﬂuﬁﬁ 1’5%%@&%@5’]%@
SCHTE SR B B R, -, 'R AR A ¢ J/J

3. 1S LR N T S 45, — MRk 20 72, it ¢ )/ Py ©

—EPBU%ET/'\? 300 7, LIS = AFR S, T%EW%@?EH%IVEE’JEH’J WIRESS L %(@ﬁigf&ﬁ)*ﬂ 45, Eﬁ%
250, S SRpn, v A I BT S, 1 e 5y J o P
5| WE@EEW&FEJJ\H%TVE(%IIEI]T)*M‘IFEE’JEE’] %‘ﬁﬁfﬁlﬁiﬁﬁ Bl 1A 0y MR -

6 S PRI B R A T ] — WﬁT?%ﬁ]@i‘%i]E%ﬁ A g SO R [ A — B, i LT P A @*‘5‘?7@
CRE 25V NG R =K. lﬂ%’zﬁlj?kﬁ& (R ﬁh‘ffﬁ“ HIEXEL

R T I SN S I e LN e s R TP E S SR SR)
(/N )AGE ’ﬂ&@ﬂ*lﬁﬁﬁlﬂw BHE, Vit BB PR R SR B — W B 5 T 5

8. I)'C'?%JU‘T%E}NFH L L B, AR TR B, 3 LU ARE AT (1), (2) e FOR, R4 2 MRS

9. SCHANSCFER: AR5 ARG TERMA. A I T 5 24 A, dE TR UL I R 45 SO R S N 4
B S A FR AN G 1

10. RATFRFFORAIIA S SCHR, AT AE BT AT SRR . SCiikase S H BRGSO g . LSRR S5 46 08

AT A (AP SCB BB Z ) B SCA [T ]. W4 AR () (B - 1k

B AEE. B M. s e, 48 R TT- 1R T

KWE AEFH IRCALAL W (In) G, SCEALCL. R R (BRAL) 4R 20T 1k 5T

PRI AEE . B[ D] R RAF AL, 4R 0

W& AEH B[R] AU AL, HRRAE.

BF LM A . LR P LRI LR R

11 KRR ST H L, V11— R 24 gl R nT VRSO R AR L B SRy, 78 3 A H PR IRIAR Tl A a0
CIE RN

12, ekt B RS SO PR L HE S , H0 355 7 RS 55 SR SR S BOHb bl . JE 5T TT 2871 548 il 4 - 100085 5 HL 1% .
010-62941102,010-62849343 ,1§E :010-62849343 ; E-mail : hjkx@ rcees. ac. cn; B3k ; www. hjkx. ac. cn



HUANJING KEXUE Vol.39  No.3

Environmental Science ( monthly) Mar. 15, 2018

CONTENTS

Characterization and Variation of Organic Carbon (OC) and Elemental Carbon (EC) in PM, 5 During the Winter in the Yangtze River Delta Region, China +:+teeeeerereerenensinnsinennn
KANG Hui, ZHU Bin, WANG Hong-lei, et al. (
** YU Chao, YU Xing-na, ZHAO Tian-liang, et al. ( 972
LIU Jia-shu, GU Yuan, MA Shuai-shuai, et al. (
WANG Shi-hao, JI Ya-qin, LI Shu-li, et al. ( 990

Particle Size Distribution and Human Health Risk Assessment of Heavy Metals in Atmospheric Particles from Beijing and Xinxiang During Summer «eoeeseereseeressennsinii.

Important Effect of Secondary Inorganic Salt Extinction on Visibility Impairment in the Northern Suburb of Nanjing -

Day-Night Differences and Source Apportionment of Inorganic Components of PM, 5 During Summer-Winter in Changzhou City -+

Characteristics of Elements in PM,, 5 and PM, in Road Dust Fall During Spring in Tianjin

......................................................................................................................................................... ZHANG Xin, ZHAO Xiao-man, MENG Xue-jie, et al. ( 997 )
Ecological and Health Risks of Trace Heavy Metals in Atmospheric PM, 5 Collected in Wuxiang Town, Shanxi Province ++++++s+-+-: GUO Zhao-xia, GENG Hong, ZHANG Jin-hong, et al. (1004 )
Characteristics of Particulate and Inorganic Elements of Motor Vehicles Based on a Tunnel Environment ««+ssxsseesesseseesesennienen LI Feng-hua, ZHANG Yan-jie, ZHANG Jing, et al. (1014)
A 2013-based Atmospheric Ammonia Emission Inventory and Its Characteristic of Spatial Distribution in Henan Province *+ WANG Chen, YIN Sha-sha, YU Shi-jie, et al. (1023)
Emission Characteristics of Wind Erosion Dust from Topsoil of Urban Roadside-Tree Pool ++ LI Bei-bei, QIN Jian-ping, QI Li-rong, et al. (1031)
Particulate Component Emission Characteristic from a Diesel Bus with DOC and CDPF »+++ LOU Di-ming, GENG Xiao-yu, SONG Bo, et al. (1040)
Water Quality in the Henan Intake Area of the South-to-North Water Diversion Project ( )
Spatio-Temporal Patterns and Environmental Risk of Endocrine Disrupting Chemicals in the Liuxi River —«eeereeeseeseerenensinenennens FAN Jing-jing, WANG Sai, TANG Jin-peng, et al. (1053)
Fate and Origin of Major lons in River Water in the Lhasa River Basin, Tibet <+ ZHANG Qing-hua, SUN Ping-an, HE Shi-yi, et al. (1065)
Identification of Nitrate Sources and the Fate of Nitrate in Downstream Areas: A Case Study in the Taizi River Basin LI Yan-li, YANG Zi-rui, YIN Xi-jie, et al. (1076)

Sources,, Distribution of Main Controlling Factors, and Potential Ecological Risk Assessment for Heavy Metals in the Surface Sediment of Hainan Island North Bay, South China

................................................................................................................................................ ZENG Wei-te, YANG Yong-peng, ZHANG Dong-giang, et al. (1085)
Characteristics of Heavy Metals Pollution of Farmland and the Leaching Effect of Rainfall in Tianjin »+ XU Meng-meng, LIU Ai-feng, SHI Rong-guang, et al. (1095)
Seasonal Difference in Water Quality Between Lake and Inflow/Outflow Rivers of Lake Taihu, China »++-++-+++-- *+ ZHA Hui-ming, ZHU Meng-yuan, ZHU Guang-wei, et al. (1102)

Characteristics of Nitrogen Release at the Sediment-Water Interface in the Typical Tributaries of the Three Gorges Reservoir During the Sensitive Period in Spring —««+s«ssessesseeeesereneenes

........................................................................................................................................................................... LI Xin, SONG Lin-xu, JI Dao-bin, et al. (1113)
Spatial Distributions of Transferable Nitrogen Forms and Influencing Factors in Sediments from Inflow Rivers in Different Lake Basins -+ ZHOU Rui, YUAN Xu-yin, Marip Ja Bawk, et al. (1122)
Effects of Hydrological and Meteorological Conditions on Diatom Proliferation in Reservoirs «+s«+sssssssesresrssensenssmsenensinnencneinenne SUN Xiang, ZHU Guang-wei, DA Wen-yi, et al. (1129)
Vertical Distribution of Fungal Community Composition and Water Quality During the Deep Reservoir Thermal Stratification -+ SHANG Pan-lu, CHEN Sheng-nan, HUANG Ting-lin, et al. (1141)
Community Structure and Influencing Factors of Bacterioplankton in Spring in Zhushan Bay, Lake Taihu «+ceoeeeeereserenssinennniiins XUE Yin-gang, LIU Fei, SUN Meng, et al. (1151)
Characteristics of Sediment Oxygen Demand in a Drinking Water Reservoir +««sxtoveesessserssnensssnsniniininiiii SU Lu, HUANG Ting-lin, LI Nan, et al. (1159)
Effects of Wastewater Nitrogen Concentrations and NH,"/NO;™ on Nitrogen Removal Ability and the Nitrogen Component of Myriophyllum aquaticum (Vell. ) Verde «+ceeeerereeserensnenenen

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MA Yong-fei, YANG Xiao-zhen, ZHAO Xiao-hu, et al. (1167)
Effect of Nutrient Loadings on the Regulation of Water Nitrogen and Phosphorus by Vallisneria natans and Iis Photosynthetic Fluorescence Characteristics «+«+++«sssesseseesessensensenesenensenes
..................................................................................................................................... ZHOU Yi-wen, XU Xiao-guang, HAN Rui-ming, et d. (
Removal of Organic Matter from Water by Chemical Preoxidation Coupled with Biogenic Manganese Oxidation + JIAN Zhi-yu, CHANG Yang-yang, WANG Li-xin, et al. (1188

Treating Simulated Dye Wastewater by an In Situ Copper Ferrite Process —+«ereeessesseressenemenenenininininiisis e HAN Zhi-yong, HAN Kun, HAO Hao-tian, et al. (
MIAO Xiao-zeng, DAI Hui-wang, CHEN Jian-xin, et al. (1202

Experiment to Enhance Catalytic Activity of a-FeOOH in Heterogeneous UV-Fenton System by Addition of Oxalate -

Fabrication of a Biomass-Based Hydrous Zirconium Oxide Nanocomposite for Advanced Phosphate Removal ««eeeseeressessesseiensininennnn QIU Hui, QIN Zhi-feng, LIU Feng-ling, et al. (1212
Characteristic of Nitrate Adsorption in Aqueous Solution by Iron and Manganese Oxide/Biochar Composites ~ +++eseeseeseesesseseneen ZHENG Xiao-qing, WEI An-lei, ZHANG Yi-xuan, et al. (1220
Preparation of PAAm/HACC Semi-Interpenetrate Network Hydrogel and Its Adsorption Properties for Humic Acid from Aqueous Solution ~++++++++++ LIU Ze-jun, ZHOU Shao-qi, MA Fu-zhen (1233
Groundwater Arsenic and Silicate Adsorption on Ti0, and the Regeneration of Ti0, (

Removal Efficiency and Mechanism of Removal by Humic Acid of the Integrated Floc-ultrafiltration Process - »++ LI Wen-jiang, YU Li-fang, MIAO Rui, et al. (1248
Emission Tnventory of Greenhouse Gas from Urban Wastewater Treatment Plants and Its Temporal and Spatial Distribution in China ~ +++++++eeeee: YAN Xu, QIU De-zhi, GUO Dong-li, et al. (1256
Start-up and Operation of Biofilter Coupled Nitrification and CANON for the Removal of Tron, Manganese and Ammonia Nitrogen «++«++++:++++++++ LI Dong, CAO Rui-hua, YANG Hang, et al. (

Analysis of CANON Process Start-up with Fiber Carrier
Characteristics of Biofilm During the Transition Process of Complete Nitrification and Partial Nitrification
Effect of Intermediate-Setting Aeration on the CANON Granular Sludge Process in the AUSB Reactor
Effect of Organic Carbon Source on Start-up and Operation of the CANON Granular Sludge Process -+
Start-Up and Regional Characteristics of a Pilot-scale Integrated PN-ANAMMOX Reactor ZHOU Zheng, WANG Fan, LIN Xing, et al. (1301
Effect of NO,” -N Recycling Ratio on Denitrifying Phosphorus Removal Efficiency in the ABR-MBR Combined Process - LU Liang, YOU Wen, ZHANG Min, et al. (1309
Effects of Magnetic Fe;0, Nanoparticles on the Characteristics of Anaerobic Granular Sludge and Its Interior Microbial Community -+ SU Cheng-yuan, ZHENG Peng, LU Yu-xiang, et al. (1316
Characterization Composition of Soluble Microbial Products in an Aerobic Granular Sludge System «+-«+«+sxeseseesesrerreseenenenenininenens YANG Dan, LIU Dong-fang, DU Li-giong, et al. (1325
, LIANG Yu-ting, et al. (1333

GU Cheng-wei, CHEN Fang-min, LI Xiang, et al. (1272
ZHAO Qing, BIAN Wei, LI Jun, et al. (1278
CHENG Shuo, LI Dong, ZHANG Jie, et al. (1286
LI Dong, WANG Yan-ju, LU Yu-feng, et al. (1294

Influence of Ciprofloxacin on the Microbial Community and Antibiotics Resistance Genes in a Membrane Bioreactor -«+:«+x«+s+ssssesessesseseens - DAL Qi, LIU Rui
Analysis of Low C/N Wastewater Treatment and Structure by the CEM-UF Combined Membrane-Nitrification/ Denitrification System -
++ XING Jin-liang, ZHANG Yan, CHEN Chang-ming, et al. ( )

Effects of Phosphorus on the Activity and Bacterial Community in Mixotrophic Denitrification Sludge «+«+«+eeseereeseseeree +* WANG Pei-qi, ZHOU Wei-li, HE Sheng-bing, et al. (1350)
XUE Song, ZHANG Meng-zhu, LI Lin, et al. ( )
Diffusion of Microorganism and Main Pathogenic Bacteria During Municipal Treated Wastewater Discharged into Sea +++ XU Ai-ling, NIU Cheng-jie, SONG Zhi-wen, et al. (1365)
)

)

)

Acclimatization and Community Structure Analysis of the Microbial Consortium in Nitrate-Dependent Anaerobic Methane Oxidation

Oxytetracycline Wastewater Treatment in Microbial Fuel Cells and the Analysis of Microbial Communities «+:«+ssstsveseesserssnesnsesenns YAN Wei-fu, XIAO Yong, WANG Shu-hua, et al. (
JIANG Ye-feng, ZHONG Shan, LI Jie, et al. (1386
WANG You-qi, ZHAO Yun-peng, BAI Yi-tu, et al. (
Response of Soil Enzyme Activities and Their Relationships with Physicochemical Properties to Different Aged Coastal Reclamation Areas, Eastern China «+«+essssserseeeesenenseninienennnes
.................................................................................................................................................................. XIE Xue-feng, PU Li-jie, WANG Qi-qi, ef al. (1404)
Distribution, Sources, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Soils of the Central and Eastern Areas of the Qinghai-Tibetan Plateau «+«+++«+eseesess
........................................................................................................................................................................ ZHOU Wen-wen, LI Jun, HU Jian, et al. (1413
Source Apportionment of Heavy Metals in Farmland Soils Around Mining Area Based on UNMIX Model LU Xin, HU Wen-you, HUANG Biao, et al. (1421
Stahilization Effects of Fe-Mn Binary Oxide on Arsenic and Heavy Metal Co-contaminated Soils Under Different pH Conditions FEI Yang, YAN Xiu-lan, LI Yong-hua ( 1430
Concentration and Distribution of Novel Brominated Flame Retardants in Human Serum from Three Chinese Cities +++x+sseerreerenssnneens WANG Qing-hua, YUAN Hao-dong, JIN Jun, et al. (1438

Spatial and Temporal Variability of Soil C-to-N Ratio of Yugan County and Its Influencing Factors in the Past 30 Years

Spatial Heterogeneity of Soil Carbon and its Fractions in the Wolfherry Field of Zhongning County = «++«+sessesseeeneesesneneens




	mian+ml.pdf
	改面.pdf
	zl.pdf


