ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

$38% Z£10E
2017

FE R B SRR S AL E
4 % & K B R




w % B 37 5538 % 4510 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4610 A 15 H

H &
T R S A BRI FARAPHT  ooeovevoeemsosenssnnns U, EHE, K, KIEE, BEF(3987)
TERIEAE NO, AR FEHI R +veeveereeerseensesesi ®TH, BXH, THEW, FF(3998)
SORTTIR TS 5 P AOBER B SUABIAURATAG --oevveoseemseem s TR, RAR, MR, X8 (4005)
RUIL A A T R (AL ST oo I, KB, R, RV, LRE, 2£E, FRE, HF(4015)
géllﬁﬁﬁ/ﬁ$ﬁﬁﬁﬁ/ﬁ{§ﬂﬁfﬂéﬂ?%*ﬁ&ﬁ*ﬁﬁéﬁ%ﬁ R IE + e e
...................................................... AR, LA, AW, MiE, T4, S, ok, %k E ik, i (4024)
AT R RPN SR P FALRIG T ACRE oeooeeeeeos AR, EEY, KR, U, Euk(4034)
ST PM, § KV MBS T 25 A ALREE SOR IR - KEW, FRE, AR, M, KEH, FUR(4044)
2011 ~2012 Jb i KA PM, , HEE 4 B TS YR G SR YBL AT weeeeeerre e
...................................................... JIEW, Hh%E, ki, ik, EF4, ko, "k, LAKRE(4054)
BT THE X PM,  FP B R IC R TG YT BORIR AT oveemereeeneeneeee RAH, Tk, REK, VR, &, HATH(4061)
HEHAE PM, TGI8 CER 15 YRR S AR P -ooeeeeeeeeeeeeeees Kk, KAA, TAD, FRE, XAk, B (4071)
FEHE UL PM, o Bl A BB ZE AR «eeeevmeeesmmmee e A, kI, HEE, EAT(4077)
JEHORIX & 2 S IGYI Y €2 ~ Co BRA AP EHEFFIE ~ovveereeeeeees FA, RA, BT, BAA, BAR, ) E(4084)
2016 AU ETTH B R A IR 15 YA E B IR WM ARHT  coveeeerre e
............................................................ Bk, EAE EE, £&, A, 25 xEE, K AHE(4092)
R TI 5 2 SLAUA R SO A B R B R -+ 3%, REM, THOk, XM, ok, RWE, S0, i)l (4100)
NGBV KK TG -veeeemesensomenenees B, WO, RE, XL, ¥, 5 E(4108)
SV X K A ZE VA RAR ML TR ZE R R S U DU AR T BLSE AR JZE RG] e vveeeeemnm e
............................................................... FBRWE, BXh, TR, FEE, BRI, KT, gg}ﬁ%, F#(4120)

HIROCHER U TR ISR A LR 5] - b, ARk, K, AN, KR, B, TR, E/NME(4130)
R S Byt Ny o O P S SRRSO

................................................... AiE, BT R CERY, EW, kB Z, FiRk, REeg, PEE, HH(4141)
B0 K PRI 25 0 RFIE ROL K SR T RIER oore FHE,2H, SHE, B, S, RIEE(4151)
T B TAT 7K B A B T S MR L 25 S JT A v v e vemeemem ettt
------------------------------------ IE, RS, BB, ABE, i, Bk, AT, £ER, HOE, BikdE(4160)
LESRNAL /I ol et S N PR S A B AN AR THXE, MBI, KEE, M, hE, TR, FHERX(4169)
F SR IERR A1 T 0 e 32 AR WL 1] S B R AR oo kA, A, REAT, TR, BATE, XH(4178)
AISAE T RIS LE — e X A A K 0 b P05 S S AP, oo W, T, SR, AR (4187)
VI T K R IR 5 LA TN | SR BRIRET oeooeeeeeeeeeneenoes IR, KR, LLF, HHE(4194)
e R 2 e AR TT & AR K PP WU BRTE B 7K S S A2 KU BT <+ v v e eevvereremmmermmmeriieni i,
....................................................................................... FH, LA, TEHE, REXR, 4 F, Ef&(4212)
SEB A AT BB S SRR B AIEGR oo s, THE, wHE, HER, Bisk, BRE, KWA(4220)
J R F TURAEHEA S PAHs BORUIIOEUIIMUBRITAT  ooveveeeereese e TR, WRE, KE, BRD(4228)
FLTZ3 0] J A A HE T K METGPERTZS AR coveneeri XF, ERKR, KA, EFE, ERE(4236)
Ag-Agl/CN/MA AW 56 BT WOGHEALIERE  eeerreeereemmeeeme R KWW, B A5(4245)
SRR XS 3 E T AL AP R R R BEIIRIEI ooveoeemseemseesencens ik, WA, o, HH(4253)
IS Cu( 1) B KSR AL E DR AL B 5 Co( V) BEAK oeeveeeoe Meved, RESE, Wik, R, Ak, F¥(4262)
A B T 1 H L B E R GE A PR 17 R T BB RE B 75 e vveeeemen e eei e
........................................................................... AR, XU, 4, e, BB, REX, FFEH(4271)
AT 15K PR K AR R BRI oo BREA, &XIF, B, ik—(4279)
Ep IS T F/SUE VIR S/ L V(AN I MEL, BRE THA, BH, Bk, TR, SH(4286)
AnMBR-A-MBR il A*-MBR T- 24 BAEALBOKHCR S GAEREE D BAREXT L woeeeeeeneeennns AR, FIEIE, REF(4293)
FEF AT B F AR CANON T 2 FAEPEIBAT ~orevrerrrerrrrrrmrnee, T HRT,KME FZE A (4302)
WA E AR R AL B AE AR BE AR --rvereerre e FEW, MmE, x| Bim, EW P (4309)
S A 1L R BRI B SHCRE T oo REE, XY, EBE, BRE, T, 2#, £F(4316)
TR RIHER TSR B A T R B R EAL T SR FE BIEFE o vvvvererneemmrerii i
.................................................................. IR, W, hfhd, WHEE, ZB, %%, Samwine Thomas (4324 )
T3 B 0 SR DR B L BRI oo Ik, T, TH, AW, BE, BAMH, FF(4332)
R B L AR TR oo FlZk, F24, MR, w7 M, HiRL, i, BT (4340)
BT B RS EE S B A SIS TEN ST G LAIE A ATIE L] veeererrrere
........................................................................... FR, R, A, NEE, K, q B, KE L (4348)
BPRAIR DD AN AR T R 15 GR DL B AU oo R, EREEF, TRE, FFL, AT, KWH(4360)
WP X BRI AT CH, HERC AR AR SR DZR oeeeeeeeeeee e RER, MRH, FE, HSMH, TKE(4370)
o B 5 Xt S AR AR GENOFETAIYFEME woeveemeeemmenmeemeeneeeens Bab, KA, KA, AR, BEY, TKMH(4380)
AN AT BT 15 PR HENE T AR 2 CAHE U RO oeeeeeeeeeeeeeeeeeen WAKTE, MR, TR, MR, AR E(4390)
R AR A T S FE B AR o eeeee e R
--------------------------- AT, ETE, REW, B, R, ERE, HF, £k, KEA, M, ¥kYI(4398)
M TP S EE LR R TEEIBIEATR L, oo WINE, EARA, HRAEIE(4405)
BN AWy T Yy e s L el DA BRI 4 1T - - =Y 1 TP PP N s
.................. TR REF, RILW, o133, Az, heT, THE, BT, £FH(4412)
15 ) 2 REPE N SRR AR BU B +oeeeemmme oo e e WL, 2EH, PHE . 2 (4420)
ZUNEE O, AL A LTI MBI -oeeveeeeeesseesnenneenns BBE, AR, BUE, BEP, AU, A (4427)
F R PG I T DX P K AR TR o oo BlUefd, iy, XIXE, RIE, ME, Hik(4438)

(BBl ) fERR 00 (4261 ) (PMERIEYAETT R 57 (4270) {5 E.(4186, 4404 , 4446)



o5 38 B4 10 ) 7 1% Bl 2 Vol. 38,No. 10
2017 % 10 A ENVIRONMENTAL SCIENCE Oct. ,2017

EiEetX PM, . HERBTTETRITM R RIEDTH

AT, FEGE ", IR, WIME', REF, AT
(1.%13??(%%1%%4%51&% FH 361021-2 T EREROR T SRS, I 361021)
WE. N7 THRERITENTGIFHEAEARIE, URESEITEYRE KT, AT 2015 44 22016 41 ARET
JE TV AN [RI Rl o5 DU RO, PM,, B 348 3, F X SPERFOEA BT (XRF) Wl TH A K| Ca, Na, Mg, Al, Zn, Cu,
Fe, Ti, As, V| Mn, Ba, Co 5% 14 f & @ TR M B W . AP 0T T3k | AENG X, Tl KA 52X X 4 S0l o
PM, , 114 B ICER WYBT 25 S AR RHAIE , 205 a4 R0k A e KU PP S U AT T B DT R 15 QLo , ISR TR DG PE 43
Br . FERG AT RUG [ KGR RIEGET T & BT R kIR, 451 ER0], %ﬁﬁﬁilﬂ%ﬂ‘/mﬁl_ X PM, " 14 Fh 4@ oo Bl
WEELE PM, i LUK 5. 4% ~10. 6% . 4xJE 0 E MR VR B A I 2SR ARRHAE 5 PM, OB —3, YR EL R =
FEBEE, WA Tl X3 T R AT 25t 5. 1 5 2200 65 Sk FE /R 43 A PM, 5 H BI{EB AR R S M4,
S LA AR KA DG, #iB Tk X Zn BT I s, TSR ; RISk V TR E I, BZEFHRs)
Jai g R VR HR BE (R YU TS YRR S G PR Tl X R 3k ) HEH A 75 ey xot HL AT 0l 5 10 4 0 2 TR R R B A
TR, K FTEWEA RS, As BARIE LA TET, U4 W) B BE DL ORI S5 R Be HE O R AT YL i 52
Mm% A ™ H. Cu, Zn, As, Co, Na Fll Mn E%ﬁﬁﬁﬂ@%’%%ﬁi@%ﬁ%mw RN E. SEBUEESE Zn, Cu? Mo K
A R T — T 42 (KUK T (1 x 10 ~%a ™), JCH M X80 XUR (B 1) BT RRIE L [74% ~ 88% . Z74r *Hitiéﬁﬁ%nz
AT R, B TR IX PM, 4 Em%iﬁ%ﬁ?lﬂzﬁ%"‘ LB HERL W%%ﬂiikﬁkﬁiu&ﬂ“iﬁﬁﬁkﬁk %k
RSy ST LA REAE Y 34. 5% | 12.5% , 10. 6% | 7.8% . Ji [ TAHLEFR VI ﬂ(%ﬂkéi’]xiﬂ%ﬂﬁmlﬁﬁﬁfﬂ@,“ﬁjEém
FHIZ SR B ; A ik K = A NBEI AT RE S8 PM, ki e, | g /J
SERLPM, o JHI GITEE TSI RIS fe VW
“F.ﬁ?é? X513 :a‘tfﬁkffm . A XERE, 0250 3301(2.017)1(»4061 10 DOI; 10 13227/1 hjkx. 201‘702060

.-* i f.- -. i J‘* o

Pollutlon Assessment and Source Analys1s of Metals in PM;; in Halcang Dlstrlct

|

Xiamen Clty, China s v .

ZHAO L1 i1 Y0, Rui- han *, XU Ling- hng , HU Gong ren', WU Xin®>, CHEN Yan-ting’
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Abstract: To determine the spatial-temporal distributions and potential sources of metals in PM, 5 and assess health risks from heavy
metals, 348 PM, ; samples were collected in the Haicang District of Xiamen, China from April 2015 to January 2016. Metals (K, Ca,
Na, Mg, Al, Zn, Cu, Fe, Ti, As, V, Mn, Ba, Co) in PM, ; were detected using an X-ray fluorescence analyzer (XRF). Pollution
assessment was performed via enrichment factor calculation and health risk assessment. Potential sources were explored using Pearson’s
correlation coefficient, principal component analysis, and the HYSPLIT Trajectory Model. Results showed that the total concentration
of 14 metal elements contributed to 5. 4% -10. 6% of PM, ; during the sampling period. The total concentration of metals was higher in
spring and winter than those in summer and autumn. The concentrations were higher in the port and the industrial areas than in
residential areas and background locations, in agreement with the seasonal and spatial distribution of PM, ;. The frequency of PM,
daily concentrations exceeding the Chinese Ambient Air Quality Standards was higher in the port and residential areas in the summer
due to operations at the port and the wind direction. Zn concentration was the highest in the industrial area followed by the background
location. Meanwhile, the highest concentration of V was observed in the port area; V concentration in the residential area was high in
the summer. These variations in Zn and V indicated that the elements emitted in the polluted areas migrated easily to residential and
background areas. K concentrations were the highest in winter and As showed a higher rate of exceeding the standard in winter and
spring, indicating that activities, such as biomass buming and coal combustion in the winter severely impacted air quality. The
enrichment factors of Cu, Zn, As, Co, Na, and Mn varied considerably, from 67 to 8,449. The total risk level for non-carcinogenic
heavy metals (Zn, Cu, Mn) was lower than the average level of risk acceptance (1 x107°a~") and Mn contributed 74% -88% of the
total risk level of Zn, Cu, and Mn. The combined results of the correlation analysis and the principal component analysis revealed that
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metals in PM, 5 were mainly came from re-suspension of ground dust, motor vehicle emissions, coal combustion, industrial emissions,
and heavy oil combustion, with contributions of 34.5% , 12.5% , 10. 6% , and 7. 8% respectively. The HYSPLIT Trajectory Model

showed that Xiamen was affected by the local air mass in spring, autumn, and winter, but not in summer. Moreover, the rise of PM, ;

in spring and winter was attributed to air masses traveling through the Yangtze River Delta.

Key words:PM, ,; Xiamen; metal elements; pollution assessment; source analysis
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Table 1 Details of PM, 5 sampling sites in the Haicang district in Xiamen City
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Fig. 1 Concentrations of PM, 5 in the Haicang District in Xiamen City
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Table 3  Pearson’s correlation coefficients of metals in PM, 5 in Haicang District in Xiamen City
K Ca Na Mg Al Zn Cu Fe Ti As v Mn Ba Co
K 1. 000
Ca 0.557* 1.000
Na 0.676 0.709 ™ 1.000
Mg 0.550  0.622"" 0.662 1.000
Al 0.552*  0.549 ™ 0.552*" 0.874™ 1.000
Zn 0.610 ™ 0.445™ 0.556 ™ 0.499 " 0.446  1.000
Cu 0.311™ 0.193™ 0.279* 0.123  0.084  0.347* 1.000
Fe 0.484 0.301™ 0.438™ 0.239™ 0.162" 0.424™ 0.531 " 1.000
Ti 0.522"  0.519™ 0.486 " 0.527 0.552"" 0.534™ 0.188" 0.323™ 1.000
As 0.339" 0.351™ 0.245" 0.299 0.240" 0.366 0.424™ 0.127 0. 206 1. 000
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Ba 0.170™ 0.190™ 0.168 " 0.231™ 0.228 0.246™ 0.051 0.176"  0.238™ 0.108 0.171" 0.574™ 1.000
Co 0.222* 0.159  0.259* 0.169 0.210" 0.220" 0.504" 0.496™ 0.169  0.369" -0.240  0.252* 0.095 1.000
1) * R P<0.05. (UMY, * *Fsm P<0.01., W) ; BAAFRRBAELEO0.4 DL L
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1) %ﬁi%ﬁrﬁz{aﬁ 0. 6L J.-f‘ ¢ -‘*’f J F J g ' B
F 7 o\ P
jr_,ﬁfaﬁj‘ | R T 35 59 2072 % fﬁiﬁ\ﬂiﬂ Zn. | 2.3.3 JREAHGLT

Ny N Mg Ca, Tl
0. 890) Al Mg, C4. Ti, Na, K '——Gi&ﬁ’%”‘@
KB gn BARAEEEREZ —, KRR
HERCIARE G T2 572 T LA S 2 Tl A 49
BRGEHERI 75 %mﬁk}:_m%”\ﬂ@%ﬁ, R 3=

By 1AM 2. FA5r2 P Fe | Cu 2T {E
B (0.784 F10.765), Cu ¥ A HL3h 4 HE
B Cu il Fe W EHIE(F 3), TTREARTE T IR —
GYR, BTLLERSr 2 FEAREN B G HEL, BTk
HH12.5%. Fhsr3 1 Mn, Ba, Co 9287 {H i
F(0.729 ~0.879) , Co M IRIE T AR HE L 24 AU 4FAE

JCE P, Mn MR IR BE . Tk HE il A 4 1
A IR 3 AR BRI Tl HE i,
DUHRFE N 10.6% . FE s 4 h V1 E 8 i &
(0.829), KL+ 4 03 T Bl pe, HACRM:
KV RIAOHERC, DTk R 7. 8% . KL, JE ]
WX PM, ¢ 9 T Bk 5 g b i 4% 2 . BLEh ZE HE
BRI TV HERL, 53 SRR HE O KA PM,, 5 14 5T
BRANZS A0,

Na l?’pﬁﬁthiﬁdﬁ(o 658 ~/

17 F NOAA {5 HYSPLIT K90 3 7 5 16 < 11
W53 AT, HYSPLIT ML R o Abbr, i H 7 1A
A28 R, SREREMENGESZ L, SR
11000 m(http ://www. arl. noaa. gov/raedy/hysplit4.
html). 85 R BT 72 h 5 B B0k
INE.

M1 S w0, SRAEHHRE T T B2 | BkERA
T FLZ BRI (53% | 42% | 56% ) T (5%
Wi, Jey b I A R T A 1 75 Je 9 Hk, TRl
Ji T 1 X i AN ST AR B 520 5 05 AN AT RN AR 2
W Z RNE LK = A X AR (23% | 26% ) (5
Mol , 7550 R 05 el ST X8k, PRI AT fig 5 30
TABHETE PM, R L SR T R KR,
MRKZE AR A KB, B RSB F 250 Hh
PR B 1(26% ) L 2(22% ) | 3(19% ) ] HIR
F R ST [ B0 4(33% ) 1, TG Rt AT G 5%
Wiy, 3R B 2R RORY HOM X o, X 2 B 2R
PM, VR FEARRHIR T HA 5 1 EZ . 255 l’§l 3
AL, BB Na TR EER TR TEAEE



4068 woom B 38 %
R - X | EE .
8 5(2%) L o, 1(26%),
[} / (] -
= v, =1
oo o6
= % =
z 4 z 2(22%),
N N = i,
S it . [ )
2 T e g0 1100 ATE g1 1 o° [z
% < 4R I = [ ¢ USSR e [
3 [ g e T U A
2 ‘ ' g “ p ¥
T 4(33%) :
C—: ! LT 5 L L
e 4000 < e 2000
g ————3000 # =t . 1 500
s 3 000 5 (1000 < 1 000
2“ 1 000 e ey ——31 000 E /500
12 24 36 12 24 36
c d) % ”
@ (c) BkZ 5 @ (d) %% 36, P
o { o1 \ kg
o S 2 (4%), Vo
‘ i z A '
2 £ 77 . 2 T
3 o wgerm il | : = | o
B [N, v = . V.
21 [ 8 ' 3% 2PN
18 (3-;»:%;/ " B g ._ LEOM e
. ] 2
2 ! 113 | 5 (10%), -.u;.n
Lé 1 500 g.
5 1000 <—— , = = 100000 5
2 - 7]
2 2 1 000
12 24 36
th )
e f i — i . 7 .
— F | &S J_I-j'ﬁ; nﬁ—\lﬁlﬂﬁffﬁfﬁﬁ _i_ r |
F . r = o
! I & a1 Fig. 5 Resﬂlts*‘bf;liixlé [_analysis of Haicang Dlstn(t in Xlamen Cﬂ‘y P — -
o | I g /

MEWIEM@ﬁhME%m E%%%g@@
%flj %%TE%%N&E% f )%

.-" I i ] [ & .- »

F e P ™ | N —

(LR B 301 0 I D TV 063 0 X PML 4 249 £
(40.96 +9.05) pg-m™>, PM, "' 14 Fi 4 )@ Ic 2 i
JR R EAE PM, P R 5.4% ~10.6% . &)@
TG GBI R FE B I s AR AR ARAE S PM, S BB —
B, WRINFELTWE S T EKE, kLA
BH Tk X5 Tl e R A e i, AR B R
Beas [T e HARE (75 pegem ™), HZGIE
TSk AN 1 43 Jm) PM, 5 H X {E B AR R M B4
R A S Al L KR A .

() BAEICEF, Zn 190U B R B 8T
Tolk K fgermy, TZER R Z, BB FH Tl X HEK
()75 G ok L R Sty o5, BIVHT 23 38 A0 o5 1 42 JE T
RUWRE = T2, MRS Sk VoY vk B A
2R R BV VR EE e, iR TSk AE
N\ &2%7% A1 E I N N 00 o AR 32 i 971
Fkéﬁﬁ Ui B A ZR A ) SRR e 191 An 65 A A e 4
HEBON KT YL A2 88 0 B As AR LA

nrk%ﬁﬁ% T R %m

(ﬂ%ﬂﬁ@@&mm*éﬁm%m ﬁm
2§%ﬁD—F:Cu\ Zn. As. C&". Na Fl Mn 7E 4% 5 5 Ay
Emﬁ@ﬁm~ww,%%ﬁgﬁﬁﬁhﬁﬂﬁﬁ
NATEY 3 MEAEBURE AR (Zn, Ca Al Mn) XU
(B2 AT — AT 42252 19 KU KO, Min X K<
PM, st 3 Fofr o 4 J B XU (L 1% Bk S Bk 74 % ~
88% .

(4) ZEA MR £ R o oMt SR e Eﬂ
TR IX PM, & 8T R FZOoRIE T2 |+
@imm\%ﬁﬁiﬂﬁm,kﬁﬁﬁ%ﬁ
34.5% . 12.5% . 10.6% , 75 4 HE A0 HE O KR
PM, s DTHR (7. 8% ) AN ZAM. Ja 1al <A L3l 2 B
AR o &=y B S o o v D BB R i 0
o, RSB SRR, FAERAK =
£ PR O AT i S 3 PM, v i e
S 2k
(1] FEDR. EITRS PM, s LR R T 4

[J]. ¥5Efka%, 2016, 35(8) : 1723-1732.
Zhuang M Z. Characteristic of elements in PM, 5 and health risk

e 3 AR -

assessment of heavy metals at Xiamen [ J ]. Environmental

Chemistry, 2016, 35(8) ; 1723-1732.



10

AR5

JE I T PM, 4 i e R TG Y

e S A 4069

(7],

[ §

! BinXTH, “Zhao Y, Fan X ],

[10]

[11]

[12]

mPErE, SEaks, BARAR. MRS PM, P R Y5
HFGUEIEAIHTLT]. FRETREA:, 2008, 29(3): 569-
575.

Feng X D, Dang Z, Huang W L. Pollution level and chemical
speciation of heavy metals in PM, 5 during autumn in Guangzhou
city[ J]. Environmental Science, 2008, 29(3) ; 569-575.
IR, W, B, . TR AT P,
AL 5 B I 06 R (1), RHE 5 e A
2015, 32(6) : 477-481.

Shi T X, Dong H, Yang Y J, et al. Association between PM,
air pollution and daily resident mortality in Guangzhou urban area
in winter [ J|. Journal of Environment and Health, 2015, 32
(6) . 477-481.

Michiels H, Deutsch ¥, De Nocker L, et al. Human health
impacts of PM, 5 and NO, transport air pollution in Belgium[ A ].
In: Steyn D, Trini C S, (Eds. ). Air Pollution Modeling and Its
Application XXI.
C: Environmental Security [ M ].
565-570.

Bell M L, Belanger K, Ebisu K, et al. Prenatal exposure to fine

NATO Science for Peace and Security Series

Dordrecht: Springer, 2011.

particulate matter and birth weight; variations by particulate
constituents and sources[ J]. Epidemiology, 2010, 21(6) : 884-

891.

Wang J, Hu Z M, Chen Y Y, et al Conta;rjaifralion
characteristics and possible sources of PM;, and PM, s in
different functional areas of Shanghai, CH“i.na[.]].

if\ttnosphen'c
Environment , 2Q13 68 221-229. d

~Xu L L, Yu Y K, Yu JS, et al. Spatial dlstrlbutlol’l and gour(“'es g

1denuﬁcaLmn pf elemenls in PM, 5 among the‘coast 1ly gfoup in

the WP%tPIT],nT’EllWah Strait region, Chlnuf] 18 ‘g(‘lence nf thé Tqial

Envuonment 2013 442 . 77-85.
Ml B, B, % AR Pmﬁ¥$ﬁﬁ
%ﬁiﬁﬂﬁﬂ%ﬁﬁﬂﬁ[ﬂ W RLE
40! el : ;
et al. Enrichment characiéristics
aqa'l source analy-sis of metal elements in PM, 5 in autumn in
Nllnchang city[ J]. Environmental Science, 2016, 37(1) . 35-
40.

BoF, W, MER, & WRUTRE PM, 4 EE?
V5 Y RRAE BORIE AT D], TP EREERNE, 2010, 30(1) .

17.

Yang W F, Yin Y, Wei Y X,
of metal elements in PM, 5 during hazy days in Nanjing[]J].
China Environmental Science, 2010, 30(1) . 12-17.

REROMR, B30, TG €, S LR PM, & @R
TSRARAE BRI BT [J]. £, 2016, 25(7)

1181-1187.

Xiong Q L, Zhao W J, Wang H F, e al

characteristics and source analysis of metal elements in PM,

et al. Characteristics and sources

Pollution
during spring in Beijing [ J ]. Ecology and Environmental
Sciences, 2016, 25(7) . 1181-1187.

kRl EbeE, ki, kﬁ‘. TINHRAPM, s P& BITH

BTG R RR IR AT, L. R ESR RS2 PM2. 5 Bl
it &ﬂimﬂ&iﬁfﬁmxgiﬁ[ 2] ) PR A
£, 2012.

e, L, ik, %
SRR B[]

W 2 R R KR PM,
RE BRI 2016, 36(1) : 1-11.

, 2016, 37 (1) 35/
Ll

[13]

[14]

[15]

[16]

[19]

[21]

[22]

Zhang X R, Kong S F, Yin Y,

assessment of heavy metals in ambient PM, 5 during Youth Asian

et al. Sources and risk

Game period in Nanjing [ J ]. China Environmental Science,
2016, 36(1) . 1-11.

T3, ATFH, M, % TR P, PR T
FEEAOR N[ J]. FREERl, 2017, 38(3) : 876-883.
Qiao B W, Liu Z R, Hu B, et al. Concentration characteristics
and sources of trace metals in PM, 5 during wintertime in Beijing
[J]. Environmental Science, 2017, 38(3) : 876-883.

Liu B S, Li TK, Yang J M, et al. Source apportionment and a
novel approach of estimating regional contributions to ambient
PM, 5 in Haikou, China[J]. 2017,
223 334-345.

T, SRBEIE, B, . RERABORY 4 Jm 15 Je by
TERRITFT ORI B[ 1], AL, 2014, 33(9) : 1514-
1521.

Yang J, Guo X S, Teng M,
particulate matter associated trace metal pollutants in China[ J].
Environmental Chemistry, 2014, 33(9) : 1514-1521.

Gao Y, Guo X Y, Ji HB, et al. Potential threat of heayy.metals
and PAHs in PM, 5 in different urban funct‘ionzllll a}?aq-hof B:gjjing
[J]. Atmospheric Research, 2016, 178-179 ; 6~ '1.6"'" /
PRGN, ﬁ)ﬁ%{?& THE, .4 H{i?ﬂ‘ﬁ%‘iﬁf%‘{i}kfﬁjﬁm
TSP HOKIRIN ). FREEEE, 2015, 34(8) ; 1567 15
mﬁ““mﬁﬁ T, . BTk %Wiiﬁ
*FLK"HW? UGN ). HERSFRSE, 2015 , B 1;-7
Wen X H, Hu-"t; R, Eu R L, et al. Ecological risk d@esbmcnt
and sou.rce ana]_;ms of heavy inetals in dustfall of Xlamcn gty , -

Environmental Pollution,

et al. A review of atmospheric fine

Lhma[]] Earth and ﬂhwronmenl 2015, 43 (). 1T - _,_;,,-
B*mlzﬁf, SO Wi | % EPTTRE PM,, , thEg DG
%%ﬁ,%ﬁ&@%hhﬁ@ﬁ]ﬂﬁﬂ$JM7w

(2):429-437.

Chen Y'T, DurW J, Chen ] S, et al. Pollution characteristics of
heavy metals in PM, 5 and their human health risks among the
coastal city group along western Taiwan Straits Region, China
[J]. Environmental Science, 2017, 38(2) : 429-437.

R, BIME, TEGE, . HITTEFERTPM, s HAEL
RANTC R B A TS YRR AR [ 1], MUER 530 8%, 2016, 44(3) .
336-341.

HuQ C, Hu G R, Yu R L,
carbon (OC) and elemental carbon (EC) in PM, 5 in winter in
Earth and Environment, 2016, 44(3) .

et al. Characteristics of organic
Xiamen city, Chinal]].
336-341.

sRAE, JH R, B, S T RATIE R PM, s Ea )R T
RACF SRR A [ 1], 3Rk, 2016, 37(1) . 28-
34.

Zhang H, Zhou Z Q, Zhao H'Y, et al. Pollution level and health
risk assessment of heavy metals in atmospheric PM, 5 in Nanjing
before and after the Youth Olympic Games|[ J].
Science, 2016, 37(1) : 28-34.

JARE, BRI, FL0m, &5, BRI R R R T Y
A PLBRRIIG R BB (LRRIE[T]. BREER} 22224, 2013,
33(1). 181-188.

Zhou M, Chen C H, Wang H L,
characteristics of organic and element carbon during air pollution
episodes in autumn in Shanghai, China[]J].

Circumstantiae, 2013, 33(1) . 181-188.

Environmental

et al. The variation

Acta Scientiae



4070 woom B ¥ 38 %
(23] #iFrEE, skmg, skigss, &5 Jbatmi KA AR gis e 5ok Technology Information, 2006, 25(1) ; 65-72.
AT AE 5T [J]. H E B R4, 2016, 36 (11) . 3203- [30] Wi, ®EA, KT8, KRHESRBEM RS PM, s PESET
3210. RGP RS NITH [J]. P EFEER S, 2013, 33
Han L. H, Zhang P, Zhang H L, et al. Pollution and source (9): 1596-1600.
apportionment of atmospheric fine particles in Beijing[ J]. China Yao Q, Han S Q, Cai Z Y. The pollution characteristics and
Environmental Science, 2016, 36(11) ; 3203-3210. potential ecological risk of heavy metals in PM, 5 during heating
[24] A5, LK, XN, % BERTTHEITTE KA PM, s season in Tianjin[J]. China Environmental Science, 2013, 33
SO UR S A BB AT (1], R E R BTRLS, 2016, 36 (9) : 1596-1600.
(7). 2186-2195. [31] Taiwo A M, Harrison R M, Shi Z B. A review of receptor
Wang W, Kong S F, Liu H B, e al. Sources and risk modelling of industrially emitted particulate matter [ J J.
assessment of heavy metals in PM, 5 around 2014 Spring Festival Atmospheric Environment, 2014, 97 . 109-120.
in Nanjing[ J]. China Environmental Science, 2016, 36 (7) : [32] {i#ﬂ_l, JRAESE | TS Ak BH I8 X A 3 [a) R A 40 ik
2186-2195. JCRWSE BHAIR )], A EAELA, 2010, 16 (1) : 23-
[25] Hien P D, Binh N T, Truong Y, et al. Comparative receptor 27.
modelling study of TSP, PM, and PM, _,, in Ho Chi Minh City Hong Y, Zhou D P, Ma Y ], et al. Concentration and origin of
[J]. Atmospheric Environment, 2001, 35(15) : 2669-2678. atmospheric fine particles in Shenyang urban during the Spring
[26] Cheng Y, Lee S, Gu Z L, et al. PM, 5 and PM,, 5 chemical Festival[ J]. China Powder Science and Technology, 2010, 16
composition and source apportionment near a Hong Kong roadway (1).23-27.
[J]. Particuology, 2015, 18 96-104. [33] WAFAMy, B, WA, & LiET PM, AR5 YRS
[27] Duan]J C, Tan J H, Wang S L, et al. Size distributions and FEEEXS EMN [T]. BRI %R, 2013, 33(12).:-3399-
sources of elements in particulate matter at curbside, urban and 3406. = — ""I..T-k =,
rural sites in Beijing[ J]. Journal of Environmental Sciences, Hu Z M, Wang J, Tdo Z K, et al. Pollution level '@ﬁff.ﬁea]th risk
2012, 24(1) . 87-94. assessment/ of hgavy metals in PM, 5, Qhanghal. I J]. Acta
[28] HEZRWEERY T, o E SN 5. ‘:F‘.ij;ﬁjl:?ﬁﬁ'\ Scientiae Clrcumslamlae,‘2013 33(12): 3399, 3'406
(M. db5t, hIRSREERRE N A, 1990, _ (341 KURES, i, R M, sk AT é)ﬁm%
[20] WFZ, WIEFE, FRO. WERTERASRLE TSR ?E&ﬂébhﬁ\ﬁfrﬁ[ﬂ PG AR, 2014 8(12) 653, @5§
{;iﬁllvﬁrhﬂ/dlz\zﬁﬁ [J] M R i’fi’ 2006, 25( l ) 65— Liu F L Lu X-" Wu M L, a ali Pollution character@ zu}d source
T2, F / 4 appmtlonmem qf-heavy metals fin PM, , in Nanjing[J]. Chlnese.A
., Zhang X Z, BamZ Y Tang J H. AppllCdtlﬂn-‘;. Vnrwrlﬁent Journal of Env1r0nmentd1 Englneenng, 2014, 8(2):.652- 658. __.‘
“ factor in evaluatmg of heavy metdls Lontammduon in I.he [35] Kenmbh M. . Bractical#handbook of marine suence[ M, Boca
enffironmfftal geﬁchemlstry L1 Geologlcal ‘Science/’ ‘and Raton C a Pless 1994{‘ __!, "
r ] i
; - J' | f d




HUANJING KEXUE Vol.38  No. 10

Environmental Science ( monthly) Oct. 15, 2017

CONTENTS

Correlation Analysis of the Urban Heat Island Effect and Its Impact Factors in China «++seesressessssesenssmminiines CAO Chang, LI Xu-hui, ZHANG Mi, et al. (3987
WU Wei-ling, XUE Wen-ho, WANG Yan-li, et al. (3998
WANG Zhen-bo, LIANG Long-wu, LIN Xiong-bin, et al. (4005
WU Dan, ZHANG Fan, LIU Gang, et al. (4015

Application of Satellite Remote Sensing in NO  Emission Control
Control Models and Effect Evaluation of Air Pollution in Jing-Jin-Ji Urban Agglomeration

Pollution Characteristics of Aerosol Number Concentration in Winter and Spring in a Northern Suburb of Nanjing

Source Apportionment and Size Distribution of Aerosols at Lin’an Atmosphere Regional Background Station During Winter — «+++++++++- SHI Shuang-shuang, WANG Hong-lei, ZHU Bin, et al. (4024
Seasonal Variations in Particle Size Distribution and Water-soluble Ton Composition of Atmospheric Particles in Chengdu ++«++sseseeseseeseereeness TAO Yue-le, LI Qin-kai, ZHANG Jun, et al. (4034
Seasonal Variation and Source Apportionment of Water-Soluble Ions in PM, 5 in Quanzhou City ZHANG Yun-feng, YU Rui-lian, HU Gong-ren, et al. (4044
Chemical Characteristics and Sources of Heavy Metals in Fine Particles in Beijing in 2011-2012  +++seereevervserenneinsienenennnnnne ZHOU Xue-ming, ZHENG Nai-jia, LI Ying-hong, et al. (

Pollution Assessment and Source Analysis of Metals in PM,  in Haicang District, Xiamen City, China «seeeressesssisnneiininin ZHAO Li-si, YU Rui-lian, XU Ling-ling, et al. (4061
Characteristics and Health Risk Assessment of Metallic Elements in PM, 5 Fraction of Road Dust «+«+xeseseerereseeesssenssinienes ZHANG Jing, ZHANG Yan-jie, FANG Xiao-zhen, et al. (4071

Seasonal Variations in PM, and Associated Chemical Species in Jiuxian Mountain in Fujian Province WEI Ya, LIN Chang-cheng, HU Qing-hua, et al. (4077
Characteristics of 2-C6 Hydrocarbons During the Winter Air Pollution Period in Beijing Urban Area LI Yue, WEI Wei, YANG Gan, et al. (4034
Analysis of Atmospheric Particulate Matter Pollution Characteristics by LIDAR in Beijing During Spring Festival, 2016 +«+esseseerserseseseneneenes SHI Lin-lin, LI Ling-jun, LI Qian, et al. (4092
LI Lei, ZHAO Yu-mei, WANG Xu-guang, et al. (4100
ZHAO Hai-juan, XIAO Qiong, WU Xia, et al. (4108

Distinguishing the Properties and Sources of the Dissolved Organic Matter in Karst Reservoir Water During Winter Using Three-Dimensional Fluorescence Spectrum Technology: A Case

Influence Factors and Sensitivity of Ozone Formation in Langfang in the Summer

Impact of Human Activities on Water-Rock Interactions in Surface Water of Lijiang River

Study in Wulixia Reservoir of Guangxi Provinge «+-«t«seesrersessssesenenenninineniiniins e LU Xiao-xuan, PENG Wen-jie, LI Qiang, et al. (4120)
Analysis of Temporal and Spatial Variations in Trace Element Migration in Karst Critical Zone; An Example of Jiguan Cave, Henan = -w+eeveee: LIANG Sha, YANG Yan, ZHANG Na, et al. (4130)
Eutrophication and Characteristics of Cyanobacteria Bloom in the Summer in Guishi Reservoir ««+stssessesesesesensissineisiiiiinn GOU Ting, MA Qian-li, WANG Zhen-xing, et al. (4141)
Spatial and Temporal Distribution of Chlorophyll a and Its Relationship to Algae and Environmental Factors in Aha Reservoir ««eeseeseereesesesereenes LUO Yi-fu, LI Let, LI Qiu-hua, et al. (4151)
Spatio-temporal Variations in Phytoplankton Community in Shahe Reservoir, Tianmuhu, China «:s:eseeeesererenermenenennenene SUN Xiang, ZHU Guang-wei, YANG Wen-hin, et al. (4160)
Spatio-temporal Variations, Contamination and Potential Ecological Risk of Heavy Metals in the Sediments of Chenghai Lake - ** YU Zhen-zhen, LIU En-feng, ZHANG En-lou, et al. (4169)
Characteristics of Phosphorus Output Through Runoff on a Red Soil Slope Under Natural Rainfall Conditions ««+«+s=seessereensesereereees ZU0 Ji-chao, ZHENG Hai-jin, XI Tong-hang, et al. (4178)
Occurrence,, Distribution and Health Risk of the Phthalate Esters in Riparian Soil in the Fluctuating Zone of the Three Gorges Reservoir — +««+sessesseressesersenesenenenisnininennsinennennen

............................................................................................................................................................... YANG Ting, HE Ming-jing, YANG Zhi-hao,

Seasonal Distribution, Composition, and Source Apportionment of Polyeyclic Aromatic Hydrocarhons and Organochlorine Pesticides in the Main Stream of the Luanhe River -

...................................................................................................................................................... WANG Yi-zhen, ZHANG Shi-lu, KONG Fan-qing, et al. (4194)
Occurrence and Human Exposure Risk Assessment of Organophosphate Esters in Drinking Water in the Weifang Binhai Economic-Technological Development Area ««+xessessesseseesennennenens

..................................................................................................................................................................... DONG Zheng, MA Yu-long, LI Jun-i, ef al. (4212)
Contamination Characteristics and Human Exposure to Organophosphate Flame Retardants in Road Dust from Suzhou City LI Jing, WANG Jun-xia, XU Wan-ting, et al. (4220)
Cancer Risk of Human Intake of PAH-Contaminated Particles Based on Hand-to-Mouth Activities ++«++xseeereerseresnenennnenicninenenns TONG Rui-peng, YANG Xiao-yi, ZHANG Lei, et al. (4228)
Spatio-temporal Evolution of Groundwater Vulnerability Based on Spatial Autocorrelation ««+:«+«ssessesesssserenenmnienienenieinenns LIU Yu, LAN Shuang-shuang, ZHANG Yong-xiang, et al. (4236)
Preparation of Ag-Agl/CN/MA Composites and Their Visible-light Photocatalytic Performance ZHANG Sai, ZHANG Li-li, HU Chun (4245)
Effect of Eichhornia crassipes on Ammoxidation and Denitrification Microorganisms in Eutrophic Freshwaters —«+«eeeeeseeseesrsenenesinsenenees 11 Jie, JIANG Li-juan, WANG Xiao-lin, et al. (4253 )
Utilization of Copper ( Il ) Wastewater for Enhancing the Treatment of Chromium ( VI) Wastewater in Microbial Fuel Cells «+++++++- XIONG Xiao-min, WU Xia-yuan, JIA Hong-hua, et al. (4262)
Efficiency and Microecology of a Soil Infiltration System with High Hydraulic Loading for the Treatment of Swine Wastewater —«++++++=++-++- SU Cheng-yuan, LIU Fan-fan, ZHONG Yu, et al. (4271)
Effects of Bacteria on the Growth of and Lipid Accumulation in Chlorella pyrenoidosa Cultivated in Municipal Wastewater TU Ren-jie, JIN Wen-biao, HAN Song-fang, et al. (4279)
Enhanced Antibiotic Resistant Bacteria Removal from Wastewater Treatment Plant by Different Disinfection Technologies LIU Ya-lan, MA Cen-xin, DING He-zhou, et al. (4286)
Coking Wastewater Treatment Efficiency and Comparison of Acute Toxicity Characteristics of the AnMBR-A-MBR and A%-MBR Processes «++++++++e++++- ZHU Jia-di, LI Fei-fei, CHEN Lii-jun (4293)
Stability of the CANON Process Based on Real-Time Control Technologies SUN Yan-fang, HAN Xiao-yu, ZHANG Shun-jun, et al. (4302)
Improving Nitrogen and Phosphorus Removal from Reclaimed Water Using a Novel Sulfur/Iron Composite Filler -+ ZHOU Yan-qing, HAO Rui-xia, LIU Si-yuan, et al. (4309)
Start-up and Capacity Enhancement of a Partial Nitrification Pilot Reactor in Continuous Flow ++++stssesseseesessesenssnsennes ZHU Qiang, LIU Kai, DONG Shi-yu, et al. (4316)
Quick Start-up Performance of Combined ANAMMOX Reactor Based on Different Inoculated Sludge Types ««+«+sessesseesersesenniesiinenninenenns LU Gang, LI Tian, XU Le-zhong, et al. (4324)
Effect of Two-Stage Aeration on Nitrogen Removal Performance of Aerobic Granular Sludge - WANG Wen-xiao, BIAN Wei, WANG Meng, et al. (4332)
Construction of a High Efficiency Anaerobic Digestion System for Vinegar Residue ++ ZHOU Yun-long, XU Zhi-yang, ZHAO Ming-xing, et al. (4340)
Comparision of Ecological Risk Assessment Based on the Total Amount and Speciation Distribution of Heavy Metals in Soil: A Case Study for Longyan City, Fujian Provinge «+-++essesseeeeees

..................................................................................................................................................................... WANG Rui, CHEN Ming, CHEN Nan, et al. (4348)
Heavy Metal Contamination of Soils and Crops near a Zinc Smelter CHEN Feng, DONG Ze-qin, WANG Cheng-cheng, et al. (4360)
Characteristics and Influencing Factors of CH, Emissions from the Drawdown Area of the Three Gorges Reservoir - CHAI Xue-si, HAO Qing-ju, HUANG Zhe, et al. (4370)
Effects of Plastic Film Mulching on Nitrous Oxide Emissions from a Vegetable Field = «xeeeeereeesersemensininiiiinine FENG Di, HAO Qing-ju, ZHANG Kai-li, et al. (4380)
Effects of Bamboo Biochar on Greenhouse Gas Emissions During the Municipal Sludge Composting Process — «+eseereseesesesesecsnenens XIANG Qiu-jie, YANG Yu-han, ZHANG Cheng, et al. (4390)
Removal of Cd from Soil by Aspergillus fumigatus in a Semi-solid Culture ««+s«+s+sseseeserserensenmmenenennintn e CHEN Yao-ning, WANG Yuan-nan, LI Yuan-ping, et al. (4398)
Removal of Chlortetracycline and Morphological Changes in Heavy Metals in Swine Manure Using the Composting Process ««+-+esseseeeeeees WEN Qin-xue, CAO Yong-sen, CHEN Zhi-qiang (4405 )
Remediation of Petroleum-Contaminated Soil Using a Bioaugmented Compost Technique —««+«+seseesreserssnemenenmminineneininesnenees WU Man-li, CHEN Kai-li, YE Xi-qiong, et al. (4412)
Effects of Microbial Diversity on Soil Carbon Mineralization —+«+x«+ssssesresseresrensensssntnennnisii st AN Li-yun, LI Jun-jian, YAN Jun-xia, et al. (4420)
0Ozone Deposition and Risk Assessment for a Winter Wheat Field; Partitioning Between Stomatal and Non-stomatal Pathways «+«+++++se++- XU Jing-xin, ZHENG You-fei, ZHAO Hui, et al. (4427)
Progress in the Studies of Precipitation Chemistry in Acid Rain Areas of Southwest China +-«+eseessererressessenensiminenneene ZHOU Xiao-de, XU Zhi-fang, LIU Wen-jing, et al. (4438)



	封面
	封面
	中文目录


