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Abstract Cont'lnuous measurements of PM25 and.-'f‘l; C'h(-.amlcdl composition, 1nclud1ng 1n0rg;n1c ions, carbon coriponents, dnd_.-
inorganic elements were conducted in the urban Larea of 'Shq.nghal from Novembey' 2 1 24, 2014 The chemical charagteristigs and
sources of PM,/{ were _d1S( sussed. The average rr;aqs conCﬁntratlon of PM, 5 was (64 @ ) pg-m " (ranging from 12 to 181 jug- m. ).
Organic matter contributed the most to the PM2 5cheml(’al components, accounting for about 28. 1% of total PM, , followed by NO1 s
SO%r “ and NH,", which accounted for 17.4%} 12.4%, and. 10.7%, respectively. Meanwhile, thrée receptor models, including
posm\?e matrix fa@torization (PMF) , chemicalsmass bﬂanc’E"(-CMg-l) , and multilinear engine 2 (ME2) , were applied to apportion the
PM, { sburces based on these online data. The results showed that eight sources were identified, including secondary nitrate, secondary
sulfate, sértondary organic carbon, heavy fuel oil burning, industry, mobile vehicle exhaust, dust, and power plants. The secondary
sources l(44. 9% -64.8% ), including secondary nitrate, secondary sulfate, and secondary organic carbon, were found to be the
important contributors to PM, ;. The other two main sources were mobile vehicle exhaust (16. 8% -24. 8% ) and power plants (5.6% -
14.9% ), whereas other sources were slightly lower contributors. To better verify the accuracy of the PMF, CMB, and ME2 models,
the profiles, temporal patterns, and concentrations of different sources obtained by the three models were discussed. Similar source
profiles and contributions of secondary nitrate, secondary sulfate, secondary organic carbon, and mobile vehicle exhaust were derived
from the PMF, CMB, and ME2, indicating that the results of the three models were reasonable. The ME2 and PMF models simulate
better results for power plants and dust sources than CMB, whereas CMB obtained better results for industrial sources.

Key words:PM, ; source apportionment; positive matrix factorization (PMF) ; chemical mass balance (CMB) ; multilinear engine 2
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Time series of the concentrations of PM, 5 and its chemical composition in the Shanghai area



2000 woom R 41 3%
10 g
rhdqh
%’. 0.1 4JIT
|
B3
0.01 | ‘
0.001
Fe Ca K AY Ga Ba Mn Cr Ni Cu As Pb Zn Se Ag Cd

E3 WM E EEHR RS PM, s PILRRENFHKE

Fig. 3 Average concentrations of inorganic elements of PM, 5 in Shanghai

B PM,, s M ST ARG b ih 8 SER I
HPE BN 4 (a) PR, 1 19 SO; - Fl NH,
oS s, i RS IR ER R ER , X PM, s /3 4H%

BE N WO R R, YT PM, A H R A, ik F
32.4% . 4T3 B9 Ni fI V S =805,V B /ENE
HHRBER R B 2 ] BE S TR B YR, [T 4

o e = £ AL N — SN SO
£020.7%, I 5. T 2 @A NO; FINH, A B A R Mn, Gu Al Zn S OGS, MLAE
- P W
100
(b) ME2 BT AL
50
0 —l—J—J—JD[—I—J—[—I—l—l—l—l—l—l—l—l—l—
100 100
(a) PMF eIt P72 kiR ER
50 50
0 __J_-_lﬂ_DJ_=I 1 L L 1 L L 1 1 L L L L 1 0 1 |H|D| 1 1 L 1 1 L 1 1 L L 1 1 1 L ".-JI‘
100 100 &
AF2: ik HF3: ik
50 |- s0 | I:l
0 l=u |_|D|-=-u:u—|_|_|_|_|_|_|_|_|_|—|_|_ 0 ket I—JDJ—I—|—J—I—I—!—l—l—l—l—l—l—l—!—
100 100
[HF3: il -4 alihbd
50 50 -
0 _J:-|_|D|D||:||_|=-|_l_|_1=-1|:|1_|—||:n—|l::||:| 0 —I—I—JCIJD[DI—J—I—I—IGIDIDI=|—IDL_IDIE
100 100
HF-4: Tk (Mn. CufiiZn) -5 TolkiE 1 (Mny Cus FilZn)
50 50
o =
; 0 —J—ll:ll—JDJD!—|—J—l_|DJI:I1—l|:|1DJ—l—|=|_ % 0 |_|D| |_|D|D| ) nl:lul:lu |D||:||_|E||I:I|D
I =
K& 100 = 100
= PIT-5: Tl 2 (CrfINi) & EF-6: Tk E2(CrfINi)
50 H 50 |
o LBl |D|=|D| i s [ P |D|D| fi=T=T iDi:l 0
100 100
BT-6: Bahii2 HF7: Bahii
50 50 |
0 DIDI IEIDIDI—I | | 1 'l L i =N L L L | 0 DID|—JDJDID|=J—|—|—l—|—|—|E||—l—l—|—!—
100 100 — -
H 7 2k H HT8: i
50 50 |:|
0 0 _l—ll:IJ_J_l_lDJ_|_|—:D1D1_|D|D1D1_| ]
100 100
[HF-8: At [HF9: AR
50 50 Iy
0 w-__ﬁd—ﬂﬂﬂ.ﬂd—ﬂ 0 |:|||:|| ||:|||:|| I|:|| PR | IDIDIHIHI .H
ggfgcrrcrosezds2aas EEFEE AT LR L
E= S ZE

El4 ETF PMF 1 ME2 XS HIRMEN EF
Fig. 4 Factor profiles modeled by PMF and ME2 models



54 Je g, BT PM, ORIRARHTAS LE 2 T AR KU IE H 3 Fh a2 (AR 2001

RV A A T 1L KT 5 S ARER
Cr FlI Ni & RICE , T RE A —K TR a4
S TR 2. A T RS g b 0 EL b ASE AR 58 6t
Tl 1 AT R 2 & 91 Tl %) PM, s 14348
RAN11.5% . N1 6 1 EC.OC Fl Cl~ 415> Hr s
wL AT RE N B B IR, X PM, B A PR A R
24.2% . ¥ 7 & &R Ca Fe fll Ba T &,
ARE R4 PR L KT 8 9 As . Se Fll Pb 2H4> &
AR, TTRE M IRBEIR ) X PM, 43R4 5. 6% .
2.2.2 JLF CMB AL PM, SRR FEHT
KSR Bh IR R EUR . Tl U5 | 3 R e DR
m #hiE om B e R m Tk

15.7%

h”/

‘ w‘.
11.5%

1.4%

32.4%

20.7%

u GG =
4.1% 1.9%

PR« ai” IR BREE (% 72.7% +7.27% 1)
SO;™ F127.3% +2.73% 9 NH, ) . “ 46" R il R
EH(ET7.5% £7.75% 1) NO, F122.5% £2.25%
) NH, ) “4li” — WA HLEK (7% 100% = 10% 1Y
0C) BT g A CMB 4 B30 | X WLl 44 ) |
IR IX. PM, o S 20 43 50008 20 47 o R A A, U BT ik
LS. R AR R R R B | R AT HIL AR X
PM, 143 HR e K, SO BTER PM, 519 64% . 530
TERNRIEEIE XS b2 22 PM, 1 STkt 55 K, 435l
A 16,7 Fl 14. 9% . AR 2 X KA PM, 19 5Tk
L

LIk R R

B OKEAEREE wm akATHLER

o,
13.8% 4.1%

16.7%

24.8%

PMF ) ) ME2 -
F ) V4 £ ls gaﬁ M CMB 1 ME2 KB PM‘;'fsiﬁmﬁ}E i & ) (¥~
¥ 'f 2 ‘L:' o _%J
"?‘ | MP:" if ,“ Fig. 5 Contrihation* ﬁfcentdges of,'édgh-',source obtained by PMF ﬁMB and N!EZ models 5
2.2, 3 J@E? MEﬁ%ﬂ ) PM,, ﬂéﬂ?%@'ﬁr’ b CMB E’Jﬂ?lﬁlﬂfﬁiﬁﬁ/\ﬂ? ()45 41 9) Hﬁtt a%c L= PMF
C T S A Ry =)\ ME2 e B X ST L .

o\ﬁm&mmﬂ%ﬂ%%mﬂ/\ uE2 i A

ﬁ’%*ﬁtﬂg;@l% R I A T 4 (b) TR, T
F 1 AAEER OC, W AN T2 54
F AR IR LR B AR oM TR ER. T3 B A
o L AR R b B, O TRES IR ER. N 4 1Y
Ni IV S, vTRE N IR, 1 5 & &
) Mn Cu il Zn 254 J@ 0K, W g N —Fl T
IR, 44 o Tolk IR 1. 7 6 S A B & Cr Al Ni
L ImIC R REN S — R TAL IR, a4 b Tl V8
2. Tk s 1 AT IR 2 [WIAEA I+ 8 Tk IR, B 7
B EC,0C #l C1~ 450 & m i, A RE MR8 2l . [
T8 B AR Ca Fe Ml Ba 25502, Wl e Nim2k
JRE. AT 9 () As . Se I Pb 215> E#5f , 1l BE R
k#d)? ME2 RAS AR STk 45 SR 5 PMF 1925460, 3 Al

a0 FIAZ AR T A5 e — B IR AR R |
gaﬁﬁai"%ugaxﬁiﬂﬁb%#gaﬁﬁ PM, %) BT Rk
Bk, 35 52, 1% . B shil Tk IR RTR BRI (1) 430
RWETE 9k 24. 8% 10. 2% F17. 3% .
2.3 3 Pz ORARRIRAS A IR AR 430 X L

St 3 Rz AR B E R PE S 22 S R

3 oz (A AR AL A5 A5 04 A TR I 28 AL 56 R B R
E TIREEIREY AR BRI Tl IR | R ke
2R U5  Horh ME2 Fl PMF 34509 Tk 1 F1 T
PR 2 A7k Tl IE. i PMF % CMB A1 ME2 /b
gwﬁ BB IR, B2 IR3 o 5 HAW IR ZRIR 5 8
BEAE HE B A AL U5 3 A BB 7% SR o
tH;E
3 FRRAL IR AT (0 VR R AR A B B 25 5 LR
5 . OME2 X R B R £ | U R h A1 U A L
WRiEAT 15, IR SRR fE AT CMB — 35 ; PMF
ARATI B R AR RN R A R £ 1A RRAE 21 435 HoA
PRI 258 SRt Ay — 3, 100 BH X 1 28 VL A e A 4 SR
A2, @B T, CMB HEARHEZH 2 J9 Ni Fil
V,PMF Fll ME2 3R15 B9 R E 4 4 SEAR LT &, (H e 4
T/ OC FEC 5. @ Tk, CMB [ RFIE
2044 Cr Mn Fe 1 Pb, PMF Hl ME2 3R45 (R ERF
534345 Cr Mn ,Cu Zn Ni Fil Fe % CMB #1535
AT E 2. @R s IE T, CMB A TR R AE 24 5 R
Cl~ ,0C.EC I K, 5 ME2 Fl PMF A9 JE4RAE 20 43 2
181, 158 B G % 5 1 i AT 45 SR LA T 4232 (B CMB



2002 57 A < S R

100

m PMF m CMB m ME2 = e

50 I
0

100

ot ¢ .14
50_ ' *
o Le— i B P i S i) o S SR s e i | i i
100

kAR
50
0 L L st i L B i | e |- [ st s | s |- s 1 st |- - | e | s 1. st s
100

g ]
50
0 e | | e BB 80 o]

M %

=
i
:
L &
I
T

HARE R

i

> 6 § & 2 8§ § 2 & & &

50

H -.u-.l —— I-I..[_——I———ll_l———l——ll_ll

=l
=
&
g

iRk

6 ET PMF,CMB #l ME2 %15 8 R4HEH 5 57 bk
Fig. 6 Comparison of factor profiles of PMF, CMB, and ME2 models

B R IREREZH 3 Ca, ME2 I PMF B94RAEZH 4 BRI PM, (AN [RIVR MR B2 19 H BRZE , WA 8.

N Ca Fe #ll Ba,if 2% T /DA G JEITTR. @K M RIRD, BRI AR ER A A L

P, CMB B EAFELH 52 Zn (As Pb R CL™ 5 WA H AR ANIRAR /K- — SCrEAR G, AR 3 Fffd

ME2 Fl PMF HIEREFE 0 HEAAT 5 TUR; 5 YL IR A AT 4 SR A 5 R AR E M
Zi b, 3 FREIRLARAG B KB R L IR ER L XTSRRI AT, 3 BhEIELAT 2 A 45 28 5

UATHLER Fo SRR SRR R RO — B T — BB (FUR CMB B RAS A e B K P 2 i I
AP IR AR R IR RO R ARG AR 2E 5, 3 T ME2 I PMF A8, ) H 22467, 32 3l IR £E 08200

U SZ AR RN ST B LA AR X R 22 ZEATAT 2100 A2 A7 H BRIGAR , F1HL G vay e et (] 1) 45
2.4 3 FhRZARBIIARAT R PM, TR AT 45 S LX) AT ES R 137
K7 25t T I T 3 Pz AARBIRIRAT (1) 00 3 1) PRBETR AT 45 S rh  ME2 1 PMF f# AT 0 v 5

i PM, SRR RIEIR BE RIS R8O 7 S GF e KCF HE BT, IR IR T CMB 44 B 9 ¥k 2. ME2 il
UEARATES R A HERT 1, AT TR XS L T 3 M2 iA%E PMF 43209 H AR 4k 252 00 2 i BE 152, 18



54 JEI BRI PM, R USARBTAT L B TR B ] 3 Fh 2 (A 2003
40
— RS — ME2 —— PMF —— CMB
= E
= =0
= 2
- =
= =
L L L . )
12-04 12-09 12-14 12-19 12-24 12-04 12-09 12-14 12-19 12-24
25 + — CMB =— ME2 N 3 — ME2 ——e PMF =— CMB
. 25 kAT bR o 30 Il A HE
E 20 =
s 220
BT i
z 5 Z 10
| | 1 1 0 | 1 1 1
12-04 12-09 12-14 12-19 12-24 12-04 12-09 12-14 12-19 12-24
60 == ME2 —— PMF —— CMB | B 20 f— ME2 — PMF — CMB T
g =
50 £
= 2
Ef'i Eﬂl
-5 o
12-04 12-09 12-14 12-19 12-24 12-04 12-09 12-14 12-19 12-24
PMF — CMB
E &
i 0
£ =
= =
= =
& =
1
12-04 12-09 12-14 12-19 12-24 12-04 12-09 12-14 12-19 12-24
HW(A-H) HM (A-H)
- P | L Yy
~ n E7 EF PME CMBA ME2 #R5E mxnmgﬁuﬁummﬁw ,;-:f (0 _~
- I "':l-. 4 ",Tlg 7 Time senes ‘of (j_ggﬂphmj of* each source obtained by PMF CMB an(f ME2 models 7 -__.;ﬁ"-h
- Pt f .': - ; .ﬂr' i b = a o
20F= — 10 F 10 F
R 2k % KA Ak - (etees T
. LD 12 ., g [t+, *® e+ stk
- 158 l'.' ’:.. o " L I :“ - . e " - +++... o« H - L]
E t . it PP . Tt E ** .= ] - ue AT E 6L ﬂ'*.’g ? E gL Tea "
i:g 10F MRS prtaTe? ;_2 8 "F+++"+ ::.T.:lll+0-+ ! %_u ”2” i:f !!..lll. +:..-+ +:=
& cME2 | £ T’y s g4 Zar "
£ st = pMF | & 4T =2t =2t
0k L I * L|MB 0k \ | | 0 i_-?k‘n:mw | 0 :c..o-*c--t.?n.o..Tovl..
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
20F 20 F I 5F ) )
Tl b sha ki . oo M
L) L -
o 15F o 15 E L] . . T 4 " T . o’ : oono"..
E E !!'! 4 . = 3L . E o[t e b
20 20 ee| gy a? 20
= LoF S 104 .: ;i-.. = Ll " = Fratty +
o LN} ] . +ue it | ] ++ g +
= la n.*'l. . .'* e gl = fee,t Saety e s 2 - - -‘-." s 4 T o
& o5l L L L S 5L o::'l' 2 LT _' e . - :++++“.l'
069000,000°%%0ee®eqntore 1 Pe®eaelye® *ee, .".u' ir -
0k 1 1 I 0k L 1 I 0k 1 1 0k I 1 I
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 ]2:00 18:00 00:00 06:00 12:00 18:00
 (o'clock) 1 (o'clock) 1 (o'clock) 1 (o'clock)

AT LAHE 78 DXICR Y 5

E8 #ET PMF,CMB #1 ME2 #ERGH R EIREH HE
Fig. 8 Diurnal variations of concentrations of each source obtained by PMF, CMB, and ME2 models

H IR AT eI T A R Sh IR AN 2.

F, 1M CMB A5 2 4 P57 R i 04 B B S s (B, T e
e 5 HAM IR 2. ME2 F1 PME X SR BEIR 4 i b 435 S

A

TP ¥R, CMB R4 B IR B B I HAZ fE, Al

TR A HE 34T A
BEIKF 2

.1 PMF F1 ME2 3575 09 T vk
=T CMB, H7E 09.00 F117.00 H g

i, i b e Ze T 0C 1 EC, Vi8] PMF 1 ME2 f#

PRI ME2 T PMF A5 750 75 2] (g Y5 52 B0 AL
AR TE 1200 2247 B RAE, X £ 25 R K
K, BT R G IR A O, 5 A i

FRAE. T CMB. 17 ¥k B

AR T ME2 1 PMF #5%

H R R s B — /N (E , B CMB A5 Y
fit B3 2R IR KR AR
BRI A B B B A1k, PMF Fll ME2 3k



2004 2D 5%

B

Es 4 &

PRI B A FE K - 155 T CMB, = B 5 HUERAE 40 43 4
CMB B &L OC Fl EC A 5, A nl LU Bh H
7 YRR IR ) AT 45 R i — 2D Bk,

Zi b, 3 PRI R BRI AR | kAR .
A ML FNES Bl 5 ) i Ar 45 SR — Bt 30, UG 46
RS, AHE R/ 5 1 4 8 IR A2 IR B A —
BOMERS 22 | ANH R, Hid  ME2 Fi1 PMEF #5749
IR PR IR A PLA 45 R BT CMB; Tl 5 2
CMB M5 R4t

3 it

(1) WL S0 16 = 96 T A0 P, 5 19 ¥ B2 L Ry
12 ~ 181 pg-m ™, P W FEHy (64 +33) pgem ™
PM, 453 OM 1% 51 #ik L ) B =, 29/ PML, 5 19
28.1%,SNA 1 SO;~ NO; A1 NH,; 4% &5 PM, 54
12. 4% 17.4% F110. 7% . THLITLE H LA K Fe Ca
F Zn (¥ BE KV B, ol S OT R Y 31, 2%,
30.9%. 18.2% F110. 9% .
(2) 5 F PMF.,CMB %n ME2 ﬁﬁﬂé}w%%
PM, R IEf#AT , 2L 3R15 8 i YLl @?ﬁ.:o\ﬁﬁ
FRER | IR '\m\—a{)\ﬁmﬁﬁi E{Hﬂﬁ%k’aﬁ\]:ik
A@%Zrﬂ/)ﬁ%*'*ﬂ?%ﬂk%kﬁ . JL, PMF miﬁ;ﬁ-"
Eﬁ%ihﬂ_mmﬁﬁﬂﬂﬂikéﬁjﬁmsm
%?Hﬁﬁjt T 2N AL T PM, . E’J;ﬁkﬂlﬁ
K505 24. 2% 1 11 5%,,\41130?%7(1‘ PMy/, 9 5
ﬁﬂﬁyb CMB W%E’J*U\Eﬁ@&m\_u\ﬁﬁﬁﬂ %n_,.«‘
WH mﬁb%xt PV, 5% SR 64%, 7 35 %HJ;
F{J?Xj‘ PM, (9 500k 23 50 5 16,7 Fl 14. 9% . ME2 ﬁ
RRIPRTTIRES T 5 PMEF 2L, IR ASER £E . Ik
@m;ﬁn#a\ﬁm%#gwﬁ%mﬁkmkm i
52. 1% . Bl UR Tl J5E AR IR ) o0 R L 3 g
I3H 24. 8%, 10.2% F17.3%.
(3) %t H PMF .CMB Fl1 ME2 FERIRA5 1K) 8 275
PR ARRIE 4 43 W BE K AT H B R B, 3
PR IR BRIRER | KRR ER | A DA AL
SRR A5 R — BT LA 45 R R E  ME2
F1 PMF 58X R B A4 20 R 1) 0045 45 SR 47T
CMB FEAL Tl Y52 CMB 7Y () 45 S5 5 4
5% 30k
[1] CaoJ J, Xu H M, Xu Q, et al. Fine particulate matter
constituents and cardiopulmonary mortality in a heavily polluted
Chinese City[J]. Environmental Health Perspectives, 2012, 120
(3):373-378.

[2] Huang R J, Zhang Y L, Bozzetti C, et al. High secondary
aerosol contribution to particulate pollution during haze events in
China[ J]. Nature, 2014, 514(7521) ; 218-222.

[3] QiaoL P, Cai J, Wang H L, er al. PM, 5 constituents and

hospital emergency-room visits in Shanghai, China [ J ].
Environmental Science & Technology, 2014, 48 (17) : 10406-

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

10414.

REZEA, sRmfi, #if. KRB (M), (BB, b
A RO AL, 2006. 305-317.

AAH, AR RAUBURL YR IR A B DB BR K
[M]. b5 Begiiet, 2012, 6-8.

E, sEH, EAF, % E PM, R BT 7 545k
(1], JERREEAR (A ARRIZARR) , 2014, 50(6) : 1141-1154.
Zheng M, Zhang Y J, Yan C Q, et al. Review of PM, 5 source
apportionment methods in China [ J ]. Acta Scientiarum
Naturalium Universitatis Pekinensis, 2014, 50(6) ; 1141-1154.
Chow J C, Watson J G. Lowenthal D H, et al. PM, source
apportionment in California’s San  Joaquin valley [ J ].
Atmospheric Environment. Part A. General Topics, 1992, 26
(18) : 3335-3354.

Liu W, Wang Y H, Russell A, et al. Enhanced source
identification of southeast aerosols using temperature-resolved
carbon fractions and gas phase components [ J]. Atmospheric
Environment, 2006, 40(2) . 445-466.

Watson J G, Chen L. W A, Chow J C, et al. Source
apportionment ; findings from the U. S. Supersites program[ J].
Journal of the Air & Waste Management Association, 2008 58
(2):265-288. -

Xie M ], ‘Pledrahita.‘ R, Dutton S J, é al.. fd’_(_lsvff_i\/e_r‘na[rix
factorization of a 32-month series of daily PMas spe'cialion data
with 1n(‘0rporaf10n of temperature stratification [ J 1 Atmosphenr
Environmenty 2013 , 65 111:20. iy 4

Fang X Z, "Bi X_Hy Xu H, et al. Source apﬁiorlior{m‘ér}tﬂ;-ﬁf
amblent PM,, ahd PM, s in Haikou, China[Jd= Al?;lospf;eric
Reseafch{ 2017, 1903 1.9 y
Watson -‘.'] C Overvww‘ f re,ﬁ‘éptor model principles[ J ] Joﬁ_maI'
of the 1}1r Pollution Control’ Association, 1984., 34(6“).; 619.5"".
623. /) ol 3 :
Paatero P, Tapper U. |Positive matrix factorization: a?.-"hnn—
negativé factorfmodel with optimal utilization of error estimates of
data values [J]. Environmetries, 1994, 5(2) . 111-126.

Wang X F, Zhang Y P, Chen H, et al. Particulate nitrate
formation in a highly polluted urban area: a case study by single-
particle mass spectrometry in Shanghai [ J ]. Environmental
Science & Technology, 2009, 43(9) : 3061-3066.

Bi X H, Feng Y C, Zhu T, et al. Determination of buffering
capacity of total suspended particle and its source apportionment
using the chemical mass balance approach[ J]. Journal of the Air
& Waste Management Association, 2011, 61(1) . 7-13.

Shu J, Dearing J] A, Morse A P, et al. Determining the sources
of atmospheric particles in Shanghai, China, from magnetic and
geochemical properties[ J]. Atmospheric Environment, 2001, 35
(15): 2615-2625.

Jorquera H. Source apportionment of PM;, and PM, s at
Tocopilla, Chile (220 05'S, 700 12'W) [J]. Environmental
Monitoring and Assessment, 2009, 153(14) ; 235-251.

Song Y, Tang X Y, Xie S D, et al. Source apportionment of
PM, 5 in Beijing in 2004 [ J]. Journal of Hazardous Materials,
2007, 146(1-2) : 124-130.

Li L, Tan Q W, Zhang Y H, et al. Characteristics and source
apportionment of PM, 5 during persistent extreme haze events in
Chengdu, southwest China[ J]. Environmental Pollution, 2017,
230 718-729.

Tan J H, Zhang L M, Zhou X M, et al. Chemical characteristics
and source apportionment of PM, 5 in Lanzhou, China[ J]. The
Science of the Total Environment, 2017, 601-602 . 1743-1752.
Song Y, Zhang Y H, Xie S D, et al, Source apportionment of

PM, 5 in Beijing by positive matrix factorization[ J ]. Atmospheric



51

JEI BRI PM, R USARBTAT L B TR B ] 3 Fh 2 (A

2005

[22]

[23]

[24]

[27]

[31]

[32]

[33]

£ Gap J, Per;g X Chen G, et al.

Environment, 2006, 40(8) :
LiJ F, Song Y, Mao Y,
source apportionment of PM, 5 during the harvest season in
China’s  agricultural [J].
Environment, 2014, 92 . 442-448.

Wang Q Q, Qiao L P, Zhou M. et al. Source apportionment of

1526-1537.
et al. Chemical characteristics and

eastern regions Atmospheric

PM, 5 using hourly measurements of elemental tracers and major
constituents in an urban environment: investigation of time-
resolution influence [ J ]. Journal of Geophysical Research;
Atmospheres, 2018, 123(10) : 5284-5300.

Xue J, Yuan Z B, Lau A K H,

affecting nitrate in PM, 5 in a polluted high NO,

et al. Insights into factors
environment
through hourly observations and size distribution measurements
[J]. Journal of Geophysical Research: Atmospheres, 2014, 119
(8): 48884902, doi: 10.1002/2013JD021108.

Griffith S M, Huang X H H, Louie P K K, et al. Characterizing
the thermodynamic and chemical composition factors controlling
PM, 5
measurements in Hong Kong [ J].

2015, 122 864-875.

Sun P, Nie W, Chi X G, et al. Two years of online measurement

nitrate: insights gained from two years of online

Atmospheric Environment,

of fine particulate nitrate in the western Yangtze River Delta:
and N,O5 hydrolysis [ J ].
2018, 18 (23). 17177-

influences of thermodynamics
Atmospheric Chemistry and Physics,
17190.

Ding A J, Huang X, Nie W,
PM, 5 in eastern China due to regional-scale emission control:
evidence from SORPES in 2011 2018 [J]
Cheml%try and Phy@los 2019, 19(18) ¢

et al. Significant reddetion of

Atmosphen(,

Insights,/ 1nt0 J

| f(’}lgpﬂral
charactermaupn énd. sources of PM, s lp Bey_m‘g a/z 1‘;1 “time

| resolution [J7-./ Sgence of the Total hnv1r0nme_nt 2016, 5?‘2‘;
1162-171, “ L A “
Pancrdb J P, Ldndlb M S, Norris ' G j‘ i Lot al Source ‘

dpp?rtlonmenl of dmblent fine particulate matter in Dearborn
| Michigan Jlsing hourly resolved PM Lhemloal composition= Jdtj’/"’
e SLICHLC of the Total Environment, 2013 448 ;. 2-13

T, WEkur, TLTH, 4. FHERCEIL
A AURR AN G 2Bk A9 A AL AR [T ]
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[]].
Circumstantiae, 2013, 33(1) . 181-188.
Furger M, Minguillion M C, Yadav V,

composition of ambient aerosols measured with high temporal

BRI Qe 7
W 22, 2013,

et al. The variation

Acta Scientiae

et al. Elemental

resolution using an online XRF spectrometer[ J ].
Measurement Techniques, 2017, 10 2061-2076.
GRAEA, FREC, SR, S5 PM, s AR AT 5 Bk A9 LL S F ik
[1]. Rle#idiz, 2015, 60(2) : 109-121.

Zhang Y J, Zheng M, Cai J, et al. Comparison and overview of

Atmospheric

PM, 5 source apportionment methods [ J ]. Chinese Science
Bulletin, 2015, 60(2) : 109-121.

O, AR R R A RS A TR B SR
FHIEHALT]. FlAEAR, 2016, 61(27) : 3002-3021.

Gao J, Li H, Shi G
application of multi-time resolution source apportionment for

2016, 61

L, et al. Overview of the development and
particulate matters [ J ]. Chinese Science Bulletin,
(27) : 3002-3021.

Paatero P. The multilinear engine: a table-driven, least squares
program for solving multilinear problems, including the n-way

parallel factor analysis model[ J]. Journal of Computational and

11791 1801, vy

[35]

[37]

[38]

[39]

[40]

[44]

[45]

[46]

[47]

(48]

[49]

Graphical Statistics, 1999, 8(4) . 854-888.
Ramadan 7, Eickhout B, Song X H,

positive matrix factorization and multilinear engine for the source

et al. Comparison of
apportionment of particulate pollutants [ J]. Chemometrics and
Intelligent Laboratory Systems, 2013, 66(1) . 15-28.

Turpin B J, Lim H J. Species contributions to PM, 5 mass
concenlrations:; revisiting common assumptions for estimating
organic mass [ J]. Aerosol Science and Technology, 2001, 35
(1):602-610.

Wang X L, Sato T, Xing B S.

anthropogenic sources apportionment of airborne trace metals in

Size distribution and

Kanazawa, Japan [ J]. Chemosphere, 2006, 65 (11): 2440-
2448.
Duan J C, Tan J H, Hao J M, et al. Size distribution,

characteristics and sources of heavy metals in haze episod in
Beijing[ J]. 2014, 26 (1) :
189-196.

Duan J C, Tan J H, Wang S L,

sources of elements in particulate matter at curbside,

Journal of Environmental Sciences,

et al. Size distributions and

urban and

rural sites in Beijing [ J]. Journal of Environmental Sciences,

2012, 24(1) . 87-94. )

Tian HZ, Wang Y, Xue Z G, et al. Trend and_ cha,raﬁ&istics of

atmospheric_emissiong “of Hg, As, and Se ffom coal c_gmbustlon in

China, 1980-2007[J]. Atmospherlc Chemistry; and Physms 10

(23): 11905-11919. i :

Lin C C, Chen S, Hudilg KL, etal. Chdra(.{erlst;c"rof melals

in nano/; ultrailne/ hpe/ coarse\particles collected be:51de a heqvﬂy

trdﬁl(ked road| J] Environmental Science & Technology, 20"05

39(21,) 8113 81224 W _J q

Zhao M.-:],, Zhang Y, iMa W-ﬂé,
‘ ?on of air pollutants in Ghina’s-largest poigj.-"

[Jl. ‘,A'!tmﬂo pheric .Enyif?nment, 2013, 64: 277286. =

Karar K4 Chpta A K, Kumar A,

identifiation of.the sources of \chromium,

et al. Characteristics énd's_h.ip‘“

traffic sotirce identifical
et al. Characlerizatiog,.; and
zinc, lead, caa;nium,
nickel , ‘manganese and iron in PM,, particulates at the two sites
of Kolkata, India [ J ].
Assessment, 2006, 120(1-3) ; 347-360.
Querol X, Zhuang X G, Alastuey A,

sources of atmospheric aerosols in a highly industrialised emerging

Environmental Monitoring and

et al. Speciation and

mega-city in Central China [ J]. Journal of Environmental
Monitoring, 2006, 8(10) : 1049-1059.

Kim E, Hopke P K. Source apportionment of fine particles in
Washington, DC, utilizing temperature-resolved carbon fractions
[J]. Journal of the Air & Waste Management Association, 2004 ,
54(7) . 773-785.

Ho K F, Lee S C, Chow J C, et al. Characterization of PM, and
PM, 5 source profiles for fugitive dust in Hong Kong [ J].
Atmospheric Environment, 2003, 37(8) : 1023-1032.

Qiu X H, Duan L, Gao J, Chemical composition and

source apportionment of PM,, and PM, 5 in different functional

et al.

areas of Lanzhou, China[J]. Journal of Environmental Sciences,
2016, 40 75-83.

Chen J, Liu G J, Kang Y,
As, Se, Hg, and Sb from coal-fired power and heat generation in
China[ J]. Chemosphere, 2013, 90(6) ; 1925-1932.

W, BURSL, XX, S5 S X 5 L PR 25 <
PM, s U BT 55 Z BRI G5 SR XS LE [ ], PR EE Rl 1 5T
2017, 30(2) . 184-192.

Yang J M, Dai Q L, Liu B S,

ambient PM, 5 at background sites in Guanzhong area,

et al. Atmospheric emissions of F,

et al. Source apportionment of
China:
comparison of results obtained by multiple models[ J]. Research
of Environmental Sciences, 2017, 30(2) ; 184-192.



HUANJING KOEXUE Vol.41  No.5

Environmental Science (monthly) May 15, 2020

CONTENTS

Comparison of Three Receptor Models for Source Apportionment of PM, 5 in Shanghai; Using Hourly Resolved PM, 5 Chemical Composition Data - ZHOU Min ( 1997)

Impact of Differents in the Concentrations of Ozone on the Chemical Composition of Single Particles —«+xesxesvereeresesenenssieiennen WU Meng-xi, CHENG Chun-lei, HUANG Bo, et al. (2006)
Influence of Secondary Organic Coating on Hygroscopicity of a Sodium Chloride Core; Based on Mircro-scale Single Particle Analysis -+ ZHANG Shu-jia, XU Liang, GUO Xin-mei, et al. (2017)
Comparative Analysis of Pollution Characteristics of Carbonaceous Aerosol Components in the Atmosphere Between Urban and Suburban Areas «eeeeseesersesesiemenienenenenins

LI Xin-yue, ZHANG Kai-shan, DENG Lin-li, et al. (2026)
LU Ping, ZHAO Xue-yan, YIN Bao-hui, et al. (2036)
-+ XIE Wen-wen, LU Rui, MU Fei-fei, et al. (2044 )

Distribution Characteristics and Source Apportionment of Elements Bonded with PM, 5 and PM,, in Linyi -+

Characteristics and Sources of Microbial Aerosols in Urhan and Mountainous Areas in Autumn and Winter in Xi’an, China

Pollution Characteristics of Cooking Fumes, Particulates, and Non-methane Hydrocarbons in the Exhaust of Typical Beijing Restaurants

HE Wan-qing, WANG Tian-yi, SHAO Xia, et al. (2050)
XIA Xiao-sheng, CHEN Jing-jing, WANG Jia-jia, et al. (2057)

PM, 5 Concentration Influencing Factors in China Based on the Random Forest Model

Spatio-temporal Variation of PM, 5 Related Relationships in China from the Perspective of Air Pollution Regional Linkage Control and Prevention +«+:++++steresseesrsnsessscnnsiiincninnnnen
--------------------------------------------------------------------------------------------------------------------------------------------------- YANG Wen-tao, HUANG Hui-kun, WEI Dong-sheng, et al. (2066 )

Characteristics of Spatial and Temporal Evolution and Invesligation of Air Pollution in Guangdong-Hong Kong-Macao Greater Bay Area Based on Ground-Space Observation Data  +++++++++++
--------------------------------------------------------------------------------------------------------------------------------------------------- WANG Yao-ting, LIANG Jia-cheng, ZHENG Zuo-fang, et al. (2075)
Hydrochemical Characteristics and Formation Causes of Ground Karst Water Systems in the Longzici Spring Catchment ~ +++++++s+ssee- TANG Chun-lei, ZHENG Xiu-qing, LIANG Yong-ping ( 2087)
Tempo-spatial and Retention Analysis of Total Phosphorus in the Three Gorges Reservoir «+:teseseereseesressicnnsiinisicnnsenns TANG Xiao-ya, TONG Si-chen, HUANG Guo-xian, et al. (2096)

Vertical Distribution Characteristics of Dissolved Oxygen and Chlorophyll a in Typical Tributaries During the Impoundment Period of the Three Gorges Reservoir «+:esteseseesesuersvsnsenennsnees

""""""""""""""""" YANG Fan, JI Dao-hin, WANG Li-jing, et al. (2107)
Spatial-temporal Distribution of Nutrients in Hanfeng Lake After Official Operation -+ ++= FU Shi, NI Jiu-pai, HE Bing-hui, et al. (2116)
++ LIU Xin, SHI Bin, MENG Jing, et al. (2127)

Spatio-temporal Variations in the Characteristics of Water Eutrophication and Sediment Pollution in Baiyangdian Lake -
Spatial-temporal Distribution of Suspended Solids and lts Sedimentation Flux and Nutrients Effects in Xin'anjiang Reservoir, China

L (2137)

. (2149)
Succession Characteristics of Algae Functional Groups and Water Quality Assessment in a Drinking Water Reservoir - L (2158)
Effect of Artificial Mixing on Temporal and Spatial Succession of Algae Community Structure in Jinpen Reservoir «+:«-sesseseesessersenseneeees . (2166)

Spatial Distribution Characteristics and Driving Factors of Aerobic Denitrification Bacterial Community Structure from Baiyangdian Lake in Xiong'an New Area During the Winter Freezing Period
ZHOU Shi-lei, SUN Yue, YUE Ge-cheng, et al. (2177)
-+ ZHANG Hai-han, WANG Yan, HUANG Ting-lin, et al. (2188)

Spatial and Temporal Succession Characteristics of Aerobic Anoxygenic Photosynthesis Bacteria in a Stratified Reservoir -+

Response of Chromophoric Dissolved Organic Matter Dynamics to Different Hydrological Scenarios in the Two Largest Freshwater Lakes Connected to the Yangtze River :eoveoveoveresesenseee
..................................................................................................................................................................... GUO Yan-ni, LI Yuan-peng, SHI Yu, et al. (2198)

Distribution Characteristics and Influencing Factors of Chromophoric Dissolved Organic Matter in a Northern-Side River of the Qinling Mountains in Summer —«+«ssseseeeeesemenseenenenneens
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIN Zi-shen, HUANG Ting-lin, YANG Shang-ye, et al. (2210)

Distribution, Sources, and Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Tributary Waters of the Lower Reaches of the Yangtze River, China ««+«seseessesseseseseneees
............................................................................................................................................................... JIA Tian-gi, LEI Rong-rong, WU Xiao-lin, et al. (2221)
Temporal and Spatial Occurrence of NSAIDs in Taihu Lake and Relevant Risk Assessment —«reeoeeeeeererensiemenenninininn LIAN Jie, LI Yi-fei, WANG Xiao-xuan, et al. (2229)
Occurrence and Ecological Risk of Eight Typical PhACs in Surface Water and Its Impact on Daphnia magna +«+-++«ssseeeeeeeseeressssinenennenes XU Xin-lei, LIU Jian-chao, LU Guang-hua ( 2239)
Distribution Characteristics and Migration Rules of Pollutants in Sediments of Reservoirs with Eucalyptus Plantation, Southern China «+«+esseseeseeeeees ZHU Ya, LI Yi-ping, LUO Fan, et al. (2247)
Mechanism of Urban Black Odorous Water Based on Continuous Monitoring: A Case Study of the Erkeng Stream in Nanning »+ LI Yong-xin, WANG Wei, HE Mei, et al. (2257)
Relationship Between Source-Sink Landscape Pattern and Antibiotics in Surface Water in Peri-urhan Watershed — «+++++++ * LI Min, TANG Jian-feng, CHEN Li-ding, et al. (2264)
Molecular Chemo-diversity of the Dissolved Organic Matter Occurring in Urban Stormwater Runoff ~ ++++++++++- NIE Yun-han, CHEN Hao, LI Lei, et al. (2272)

Regulating Effect and Mechanism of Calcite/Chlorapatite Mixture Addition on Transformation and Transport of Phosphorus in Sediments
BAI Xiao-yun, LIN Jian-wei, ZHAN Yan-hui, et al. ( )
WANG Zhi-giao, MA Jie, CHEN Ya-li, et al. (2292)

SUN Peng, ZHANG Kai-kai, ZHANG Yu, et al. ( )
* DING Xi, ZHANG Xue-wei, ZHOU Run-sheng, et al. (2310)
)

)

)

Stability of Ferrihydrite and Goethite Nanoparticles Under Different Environmental Conditions
Sunflower-Straw-Derived Biochar-Enhanced Fe( )/3,04 ~ System for Degradation of Benzoic Acid

Non-activated Peroxymonosulfate-Induced Degradation of Sulfasalazine; Kinetics and Mechanism Investigations

YANG Zhao, LI Jiang, XIANG Fu-liang, et al. (2320
ZHAO Yuan-zhe, YANG Yong-zhe, WANG Hai-yan, et al. (2329

Pollution Characteristics and Removal Effects of Antibiotics in Wastewater from Large-Scale Pig Farms in Guizhou
Nitrogen Removal in Low-C/N Rural Sewage Treatment by Anoxic/Oxic Biofilter Packed with New Types of Fillers

Nitrogen Removal Performance and Nitrogen/Carbon Balance of Oligotrophic Aerobic Denitrifiers «+:+xeessereresesesssssnnisiniininn WEN Gang, WANG Tong, HUANG Ting-lin, et al. (2339
Bacterial Community Shifts and Nitrogen Removal Characteristics for a SNAD Process Treating Anaerobic Digester Liquor of Swine Wastewater (ADLSW) in a Continuous-Flow Biofilm

Reaotor (CFBR) +evesseevsssssssssmsssiisssits st bs s8R0 QIN Jia-wei, XIN Xin, LU Hang, et al. (2349)
Characteristics of ANAMMOX Granular Sludge and Differences in Microbial Community Structure Under Different Culture Conditions ~ ++ JIANG Ying, GUO Meng-lei, XIE Jun-xiang, et al. (2358)
Start-up of an Integrated Process of Denitrifying Phosphorus Removal Coupled with Partial Nitritation and Anaerobic Ammonium Oxidation +««+«++++sssessessersenesemeneninnininensiininses

.................................................................................................................................................................. CHEN Ya, YIN Wen, ZHANG Xing-xing, ef al. (2367)
Construction and Application of an Evaluation System for Soil Environmental Carrying Capacity ««+=s+«sssssesssssssesensssneneneenes LI Xiao-nuo, DING Shou-kang, CHEN Wei-ping, et al. (2373)
Synthesis of Magnetic Biochar and Its Application in the Remediation of Heavy-Metal-Contaminated Soils »«+sessessereeessesnereens WANG Jun-nan, CHENG Shan-shan, ZHAN Wen-hao, et al. (2381)
Remediation of Heavy-Metal-Contaminated Soil by EGTA Washing Enhanced with Reduction Solubilization ZHANG Jin-yong, ZHU Yu-ting, WANG Ming-xin, et al. (2390)
Toxicity of Chromium to Root Growth of Barley as Affected by Chromium Speciation and Soil Properties ««+«+xssereereeeserereneeencneens FU Ping-nan, GONG Xiao-fei, LUO Li-yun, et al. (2398 )
Effect of Fertilizer Reduction and Biochar Application on Soil Nitrogen Loss in Purple Upland - +++ WANG Shu, WANG Zi-fang, LONG Yi, et al. (2406)
Relationship Between the Composition of Soil Aggregates and the Distribution of Organic Carbon Under Long-Term Abandoned Restoration - -

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Xing, ZHONG Ze-kun, ZHANG Xin-yi, et al. (2416)
Effects of Biochar Application on Soil Microbial Nutrient Limitations and Carbon Use Efficiency in Lou Soil - WANG Qiang, GENG Zeng-chao, XU Chen-yang, et al. (2425)
N,0 Emissions from Tea Plantations with Sorghum Intercropping and Application of Big Urea Pills  «+++-++++-++ +++ ZHANG Ke-bin, LIU Xin-liang, KANG Man, et al. (2434)
Effects of Different Forest Vegetation Types on Soil Nitrogen-Related Microbial Communities and Functions in Jinyun Mountain -+ WANG Ying-yan, WANG Fu-hua, LUO Dong-hai, et al. (2445)
Nitrous Oxide Emission and Denitrifying Bacterial Communities as Affected by Drip Irrigation with Saline Water in Cotton Fields «+»++++ GUO Hui-nan, MA Li-juan, HUANG Zhi-jie, et al. (2455)
Effect of Organic Matter Promotion on Nitrogen-Cycling Genes and Functional Microorganisms in Acidic Red Soils CHU Cheng, WU Zhao-yue, HUANG Qian-ru, et al. (2468 )
Effects of Simulated Acid Rain on Soil Fungi Diversity in the Transition Zone of Moso Bamboo and Broadleaf Forest ++= WANG Nan, PAN Xiao-cheng, WANG Chuan-kuan, et al. (2476)
Differences Between DNA- and RNA-Based Bacterial Communities in Marine Sediments LI Ming-yue, YANG Yu-hong, MI Tie-zhu, et al. (2485)
Spatial Patterns and Spatial Autocorrelations of Wetland Changes in China During 2003-2013 ZHOU Ting, MA Jiao-jiao, XU Song-jun ( 2496 )



	组合
	封面
	中文目录


