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Characteristics and Sources Apportlonment of Flne Part;culate Matter 1n a

Typical Coastal City Durlng the Heatlng Period
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Abstract:: To elarlfy the pollution characteristics and sou}cesﬂ of PM, 5 in Weihai dﬁriné the heating }I)eriod PM, , samples from am_bient

LI Ming-yan',

airWere collected at _three routine air quahty.monllomng sites from {January to March 2018. The OC, EC, water-soluble ions, and
elemgntb m PM, ; were analyzed and the!sources of PM2 5 were/ 1dent1fled using the PMF model. The #esults showed that the average
dally mabs concenfration of PM2 swas (33.80 £22. 45)" ng* " and the NO; , NH, , SO;~, OC, and EC were the main components
of PM“ As a coastal city, the Cl1™ ratio was relatively’ hlgh in PM, ;. Meanwhile, the compositions of PM, ; were affected by the
emissionjolf pollutants with local industrial characteristics. Both NO; /SO~ and OC/EC showed that mobile sources had a high
contribution during the heating period. The acid-base ions in water-soluble ions showed that PM, , is weakly alkaline, and NH, is
excessive. NH," mainly existed in the form of NH,NO, and (NH, ),SO,. During the polluted period, the concentration of secondary
pollutants significantly increased, and the mass concentrations of NH,, NO; , SO:™, OC, and EC were 4.21, 5.27, 3.23, 2.02,
and 1. 81 times that of the cleaning period, respectively. The PMF model showed that secondary aerosols were the major source of
PM, 5, accounting for 32. 4% -36. 0% of PM, ;. The contributions of vehicle exhaust, coal combustion, biomass burning, and dust
were 15. 6% -18.9%, 12. 1% -17. 8%, 9.0% -10. 4%, and 8. 6% -11. 3%, respectively, while the contributions of process emission
(2.1%-8.3% ) , non-road mobile sources (2.4% -3.7% ), and sea salt (3.5%-5.6% ) were less.

Key words:PM, ; ; composition characteristic; source apportionment; positive matrix factorization( PMF) ; Weihai

ORI (PM, 5 ) RS AFREATRAIGRE WIOHLE T Lk SR 46 B Bery 6 45 L L. X &

FEGYY Y A BRI, PM, X AR fet B A
DI A5 A A ) G, B RTX M,
YA R5 HE B SHe VR o AT AT Ay R P S 4k ) F 5

PMQSéEéJ\IKIE]ﬂEEjth U5 HE TR 25 7 1

?f‘ﬁ%ﬂjjr“ AW BARE, IR PM, (415 FFERF
ﬁ%%ﬁﬁ SAT5YY (S0, \NO, Fil NH, ) 5 Rij /A4 i
AR IR BRI 7E PM,, P B R &
PM, GEBREG T Y R a5 267 XF 2016 AE )
WA — R E 5 Je BRI oY B, EE TG YLt B —

ZLAS B SO A NH, XFFRITH PM,, W R A
TR R, IR TCHLE F A IR A DLk R A& &
HEIG Y E R, K25 PM, TR B, 3R H
TUHERE PR = K S AR AR ) 3R
VSR EhIR ORIV 72k Ko A ) R e i 20 )
RIS T 9 e Y5 ) Ak L A [ ‘ﬁmﬁﬁiﬂzﬁi

Wi BH: 2019-07-04; fEiTHHA: 2019-11-22

E£WmH: ERARRAEE T ERS¥ IS H (41605113) 5 FH
HJERFI4 T H (2018M632713)

TEE B 21995 ~ ) L Wi oE A, EEM R KA
WKLY R FAAT , E-mail ; limingyan0321@ 126. com

* A EVE#E , E-mail :110027 @ sdnu. edu. cn



4 39

ZE WA o ML I AR T SR 0 0 240 R 490 2 73 I B A D5 A AT

1551

AR IR 7 50 R % PM, A8 37
TERES 7 (Na® (CL™ A1 SO~ 45) (32 . H A Bk:
YIAH 3 R R AR IR AT B9 2 B TR A i e A0 T
3BT B DI, 57 T LU 2R A8 B AR BB A M — 258 R B o
TR T Ak v 200 SR 4 2 R AR R A B 5 e R DL
s,

JEETH = TR, PEARME & 755, PHdE e S
FUREL ARACIL T LAV v RN Ve A B, AR SRR
H A v AH 2R . A RURE 4 5 Y B 32 A= b HE i e
M, i 5y 32 P4 Pa AL b S AR R SN 16 1 52 . ER
M2 4009 DX 3 P A 28 i U g o R v, BT T i B
PM, HARERG: > 10 )[R gl T T 40 R 42 T
WIS B K SR VR B 9, T ) B2 Ok ) ) 21
FRISRIE , LA A E— A A 5 it b [X T 22 15 ] [1)
15 Y IX el A% i RS Y fs ) B4R S

1 MR

L1 RS L aEn

5 RT3 Bt I e U 4% 3 AN
s (ELL),SD (}.2'2""9,3 '40. 64"E, 3731 '58. ggHN}ﬁ,_
LG(122°08'347 26/, 37°20'40. 84'N)/ WD (122704’
5. 4B1E, 37°TH'52.62'N) , SRebE ity BT PRI s
TR RAET & B 15 mZa I R
KAl SD G £ 7111 1X, 26 9 ik (B

ST B 1 A B0 G Tl b 1K, Bl by A

ZHFMT A WD £ F 2B IX, A i 2
RIK. A

SKAERTE] A 2018 4591 H 20 H ~2 H 8 HAN
2 H24 H~3H24H,I50 d(BFEF R AR,
R WA 7 =X, B KR AHE PRI IR (08:00 ~19:30;
20:00 ~ K H 07:30) , R4 300 4. FHTHI
K% (Dagy) N (2.5 +0.2) wm FIHHERCRE JUTFr
2 (o,) M (1.2 £0.1) pm Y PM, DI #I4%, fi F
47 mm Py S TR R R R D R R . A D
JEA FH R 5 3 4 v 450°C 152 6 h LA 25 BBk i

N
37.5° 1

P2 {5
w903 m

<
37.0° & e

0 30 km

1 1 1
121.5° 122.0° 1225° E
1 HRREERRERMETE

Fig. 1 Location of sampling sites

TGUIIR. 25 FURE A 2E 28 308 IR FFHLAZ 47 A 15 150
TAREL BETE — 18°C {AE B 5250 40 HT.
1.2 ST

X SR A B Y BEERE 5 DU PM, 5 T E R L OC/
EC A B T4 0 ML R

FAS I 10 ° g MR XP-6 KX B I k£ 7
PR, FREE T8 A & T IR E R AR TP E EE 24 h. OC
FEC 75 5 28 B VWL AL 72 19 DRI2001 A #4-5%
B3 M4 ( Thermal Optical Carbon Analyzer) 73#T, %
ARSI PR 2 SR 25 1 R 7 I 25 19 3 A8 0
0C:0.54 pg-em > ,EC:0.06 pg-cm . B IR
MR FHVARC 7 i A5 B ( ETHOS ONE, 22 /R 33 )
28 ICP-MS 5 ICP-OES ( #€ 3k & /R ) Wl 2 T & Wk
JE A PR R ) 18 Fh2H 43, Al Fe  Ti Mn,
Co Ni Cu.Zn.,Ga Sr.Cd Sn,Sb.Pb.V Cr ASFl Si.
BTGk s KA T B 7, 4 8 kol 32
B, BAES F sl PHES A7 (0 i S e 85 )i EBEE S
RO LB R 0 e, R o o
BT, R BT (i U 10S-2100, 256
6.8, AS-DY I SIIE R (FEIR /R R DR B
B P 00 R LA, Na®  NH, KT Mg

A

Ca’* F~ .0l NOJ LSO} . .
L3 B p
iE 08 + 7 *ﬁ £ ( positive matrix

factorization , PMF ) 1 h 5% A A0 1 1y — Fi ,ERA

IR VR AT STURAS ) T T2 (S AR ST R
F[E EPA PMF v5. 0 #5580, HILANH X = GF +
E BV AFERE X W53 i R U535 o A R FOATS e
TR STHRAE G N L 5% 25 0 A HE R B, A X S noxm
FIHERE 0 x m AR n DRER Y m FL2E 0535 6 Fl
F 5330k nxp Flp xm WHERE , p A BB 5 YL i 1)
BH. B5EFEAIRE o FIAHHE L u, & L H bR sR%L
Q ,#R4E Paatero I Tapper MH 15 T4 Q /My AL
FE AR IS YR o 1% SR s k(5 B AR
A= (1) F(2) s,

P
Xij = Zgikfk,’"'ezj (1)
k=1

nom |l xo - e
0= Z[ﬂ} 2)

P X RS IR BT pgem T g,
Nk AHEBOEXRES © B TTER /R kb W
M) 25 fi s e ARGRAE AT @ P j WD SEDNEL S B (2
] R 22 su, S @ DFER S j PR AN S
1.4 ey A st ik

it SR S AN AT e R O 4 T R A R ™



1552 2D 53

B 41 %

6 i RS 90 AH G A AR FLAE AT 5 SR S AN 43 B 2ot
PRI B AS (), S04 T 0 A, R oA
Al PR A o | 45 KM B T RT R A
M2 A AHSE R B /N T 0. 995, finds 7SR AR 80%
~120% Z.[8), 415316 B H 4387 19 46 Fn 28 Btk AT
NTRIE, =R IE Wl 1 AU 22 3. 0% LAPY , B4
WmMTSEE , 5% CH,/He WHRGE BATRE , 353 5

F S PR RAEIU 18] T TR A 5 e T 2 A T sy
BIAT W DU 15 76 28 W 45 SR AH S B (P <
0.05), 3 HALERAEATHEATRSE , AT g R 2 a2
A AT He.

2 SRS

2.1 PM, , EEAL2 =50 FHIE
2.1.1 PM, iR B R Al 7 AR L RRAIE

REEWIE], 3 SR M SDWD Ml LG ki
PM, | BG4 ST 45 S LI 2. PM, K Bt
7 8.18 ~ 129. 95 Mg-m”,%i’%mﬁﬁ(%{s&o +
22.45) pgem ™, S A A FRBE I 4 A 1 ) 191
(34 pg-m-~ )%ﬂkﬁﬁ(‘ﬂ pgem” )%U“iw#ﬁﬂzl Hﬁ'
JJJEiﬂ:’é V‘}f}ﬁﬂi H 0 (53 pg- m- )%ﬂﬁfﬁ’é’(7l
pgem ) & 21:43}%91:3 AR PM“/&%F%#T

K, B A SD (’36 30 pgrm ™) ¥ WD (86 14

}Lg pil )>LG(34 81 pgem” ).

1@#9/%@%2?552@?5 PMzséﬂﬁj\FP cr tumaf
Xﬂei%‘ fri st PM; 2143t ACHE 13 JO0RE 400 1 5352 A

SR 5 MG T S B 4y — B

NO3 NH; .SO;™ .0C Fl EC, /5 [t 64. 75%, H ik &
Cl™ .Ca** Fe M1 Si, 5L 6. 50% . SARART M3 11 4
BMEE BT Cl- L Cat Fl Fe LU0 A A 425,
Cl- 35%5&/)??/@%& WRIEFNLE W) B RA be 55, 5 A IEF
T =TIV, A2 VR 5 e B KA G, 32 B B A
HLJ RSN 5 Ca® " RS2 4 2R RE M, SR A BT 5K
Jiti T H A8 K Fe RVRE 4%, E2ok A M2 F1 T
At FEAE L SR A 5 g PM, 4 SR
KIEVER 75 e K (WD 58.54% > LG:53.80%
>SD:52.09% ) , ik 20 5r IR Z (WD:16.16% > LG
13.54% > SD: 11.49% ), JC % & H & /) (SD:
3.01% >WD:2.30% >1G:2.87% ). WD i /K i
B AR S 7 LU AR, WD SR i 4 55 T
AT HR 22 | TR A= SR e HE OR B 75 4o, Ik
R (ISR T

AR F LA IR TEHLE T (SNA) NO;  NH,
SOy M E, i B4k (7.50 £8.15)
(5.35+4.96) F1(4.39 +3.14) wg-m ", HKEME

BT 90.01%, —IKEF Cl- Ca®* Na® K* Mg”*
F~ i AN E 10%, H B C1- >Ca®* >Na® >K*
>Mg®" > F ™. SNA (5 o F & ZRE 5 Y i X Al
HB(85.6%, 2017 4E) LA Fg AR X (75. 7%,
2016 4F) F122 M2 (82, 14%, 2013 4F), FEH 5K
RIS Y AR A 5 Lo P A HILER
OC &8/ T oo E ik EC, - 35 &8 1k 0 5 ok
(3.30 £2.11) pg-m *F1(1.33 £0.67) wg-m *, 1E
PM, G H 38 9. 77% F13.95% . 4@ 414y,
Fe Fll Si YV 34 ot &2 ¥k B2 43 1y (0.47 +£0.23)
pgem HI(0.45 +£0.30) wg-m >, 7E PM, ;5N
1.38% F11.34%, Al Zn 1 Cu ZE2H/37E PM, 5
FEHIIE T 1. 00% . 76 WD 3l s ) Ni A1 Ph 40 o
H. (0. 14% F10. 12% ) #1%F SD (0. 04% F10. 07% ) il
LG (0. 03% Fll 0. 08% ) i W] 5 fii 5 , 7 A 57 i 4
T T Al T2 HERA . C o E
UL 91 I 4R 4 T A 2 2 A e P A
WG PM, o VR R R S A — 3 zti:(ﬁ_ﬁfz. 1.3
i TR AT I T TS BRI 3 B B PM, , 261k
214 JEE N UG Y )
2.1.2 PM”%”"QH%HS{E AL "~
M)my-wﬁﬁm%wJﬂ@m%%%@m’
VB TR A, v T4 A (Hai%‘fk%khﬁkﬁiﬁﬁﬂ
%m%nﬁm%twm 13: 1, BRI LB A 1
SR RAIUR T NOS /SO 1 H B K 43 B iZ M
X AZ R s (ANl sl 42 A0 I Y5 (A )
BRI RR R, LR T 1, sl oTmk e i, e,
SETETTERK'S 20 B SD WD 1 LG 5 NO; /S0;~
FeAB 2090 0 1. 65, 1.78 F11. 69, ¥ KT 1, % 3hJE 5t
Bk T A N A & E (1,35, 2016 ~ 2017
AEYFIF R ZE (1,16, 2013 ~2014 4F) KI5
Peiidb st 4R (1,25, 2014 ~2015 4F).
OC/EC LUAE 43 H72¢ W gl v 7 e Jot 2 3 = ok
JEANLEN F R, LG Mz BIBEHERGE i ; 0C 3
B0 YA LR, — U HE O BTk AN 0C/EC
FOAF AT R SCH Wi Jot 20 43 R, OC/EC 1E 1.0 ~4. 2
JHEINEZIE T R, 2.5 ~10.5 LN F
FETIREHEN, 16. 8 ~40. 0 JEFEIN EEFE T
JEBRBE ™, 32.9 ~81.6 JLRIN EEE TREKE
2 FIR OC/EC > 2 i8R A HLER (SOC) 17
7E17 81 SD WD Hl LG A H B 3 ok 2,34, 2.48
2,59, Ry i — 5 B — UCA BLBK 1975 YL R, R
A (3) AT
SOC = OC - EC x (OC/EC) .. (3)
A, (OC/EC) ,, A K FE SR A [A] OC/EC £
/IMH.



4 39

2GR o MR TSI SR B 0 A RO ) £ 735 o SR U5 A A

1553

140

120

i it e JiE /pgem ™

01-21n
01-23 n

2

2
01-29n
01-3ln
02-02 n
02-05n
02-07n
02-09 n

02-11n

I OC [N C [T Na” [ N K v I Noy
~ I SO [ A1 I e I Ti N M (N Co [N [ Cu [N 7 [ Ga
I S Cd N sn [ s I e IV Cr A Bl ST - - - PMo (TS pgem )

02-25n

SD

—— PMs(9:l)

-
~

i
o
=

02-28 n
03-02n
03-04 n
03-06 n
03-09d
03-11d
03-13d
03-15d
03-204d
03-22n
03-24n

80

60

ik e JiE e

40 -

01-23n
2
01-27n
01-30d
02-02d
02-04 d
02-06d
02-08d

02-25d

02-27d

WD

03-21n
03-23n

140

120

100

80

60

BTt HEgm ™

40

20

02-04 d
02-06d
02-08 d
02-25d

=
il
1
v
=

01-24d
01-26d
01-28d
01-30d
02-01d

02-27d

03-01d
03-03d
03-05d
03-07d
03-09d
03-11d
03-13d
03-15d
03-17d
03-19d
2
03-24n

“01227 R 1 A 22 H,“d"FRAR, “n” FREN
B2 RHEHEIE SD.WD # LG X 3 N ik & PM,  RAS T EFF]

Fig. 2 Time-series diagram of PM, 5 and SD, WD, and LG components during the sampling period

SD WD I LG A% SOC {EMK¥K A 2. 10, 2.91 Fl
2.20 pg-m~’, SOC/OC K K K 71.77%,
69. 94% Fl 64. 66%, HI# T WAL T (K 8.5
pgem Fl 28.1%, B[] 11.9 pg-m ™ F1 31.8%,
2017 4F) MG 22 & 21 [ (12.77 £10.91) pg-m ™’
F149%, 2017 4], JGR I T A HLAR R BE I , AR X
o7 b

IR B T P R S T 1) LB 25 1 PM, 5 1)
FRTRE > BHES F 2 PM,,  ORRYE , BHES 233

1P, OB, T 9 B T o R R P
BORRBIIE ™ BB 8 T 05 A 2 A 2 (4) A
(5):

_[807] [NO7] [c1'] | [F]
AE=—R"*"6 T35t 19 W
[Na*]  [NH;] [K']
CE ="+ * 30 *
[Mg*]  [Ca™]
12 "2 (3)

A, AE FI CE 43 51 2 71 B PH 25 7 o ff R B,

I"I

b



1554 wooom B % 41 %
nmol+m = [ X ] 7% 5 /K 3 5 R IR Vi JE 30— =
Vo =3 1Ll
Hg-m . = o NH;NOsFI(NH,),S04 i
SD.WD #l LG & AE/CE B9{H 2> %~ 0. 64 - o NH;NO;HINHHSO,
0.64 /1068 J/NT 1 WIB Foceehm Wy 20
HXERIA, BTG TR BE PM, SR S5 BAME, 2 B 5[ so@rasosves o ;
BT EE BT NH, b SRR N, R § o) N R
T BT A IR TS Je BUAR ™ 53— 2 )7 - Postaar s 0652
JBCHEE TR A NH B AR B A NH, U
NH,NO, . NH,HSO, . (NH, ),S0, # NH,Cl J& =X £ % 5 0 1520 25 30
16 NH,Cl 54 % H C1™ M3 TF SNA & it [HIE 2 o -
I NH, CLE A, BB g T NH, £ % LD NH,NO, | Br
NH,HSO, Fl(NH,),S0, R AE7E 2 2 NH; LU T 20f 2(6):
NH,NO, Fil (NH,),S0, B Ll NH,NO, Fl NH,HSO, s L R ms
R AR A, AT AR () A (7) s S
e = D
L0 AT _r—ﬂ..‘}}(\ 6+ 0.027 2
N 18 B 36 . 5 S = R==08985
[NH;] = = x[NO; ] +=" x [SO;" 1™ (6) Lo
T 62 2796 7, . | , | |
’ 0 5 10 15 20 25 30
.. 18 18 ¢ 30 -
I:NH4:| :672XI:NO%J +977X[SOZ:| (?) LG "y
. . | -. ol 25+ Hi6): ”/
bt X TR B TR R { g Y0741 9500288 -
7 ) rd - N LS N ;:_x"' o 20F RE=08797 -
CNH, SR S G A 3 2 h
R IR A (6) MR IR EEAT S & st .
SRR A R0 A T 1, W S ol
(62U H ot (7) F B ST Rt it ) PR
SR NH, AL NH,NO, FI(NHJ),S0, (Bt e
fETE. > % s 10 15 20 s 30

2.1.3° GGG R B PM, (AL RE

JEIRE T V5 YR B TS G R I, —
DA TR BE w5 e it BE (PM,,  JR WK =75
wg-m ) FE TSI BE(PM, JRERE <75 pgem )
PM, (3% L 4 \NH, NO,; H1SO;~ 7E75 YLt
Bt B b LT R 4 IR (18,76 +
5.22) (30.73 £7.73) F1(12.63 £3.29) pg-m™>,
SIS B 4,21, 5.27 F13.23 4%, P2k 4.38
5. =B TS Y B PM, 5 4390 19. 00%,
31. 12% F1 12. 79%, Hoi NO; 5 % BE LG 451133 <
ek 0 AR SNA B IR Ja i 1T R B S KT
i A PM, R TR B EEE AT 0C #1 EC 5
Yt B R B4 R (6.49 £2.12) ugem Al
(2.39+0.64) pg-m >, EIETEITBL 2. 02 F11. 81
W 15 YL B — KI5 Y C1- Ca™* K+ (Al Ml Fe 1
PM, TP 5 AR T34 T I B, o He 23 0 1. 34%,
0.90%. 0.69%. 0.56% F10.77% .
2.2 T PMF SZAREIRI) PM, ook U5 By

PEHL PM,,, OC,EC, Na* NH; K*' Mg".

NH. 92l fi/ug-m™
B3 SREHIE NH, RERITEEMTME L
Fig. 3 Comparison of calculated and measured concentrations

of NH;" during the sampling period

Ca’" .Cl~ \NO; .SO;™ Al Fe Ti Mn Ni .Cu.Zn . Ga,
Sr.Sn.Sb . Pb .V Cr As I Si X 27 Fh&4 4y, #4241
O3 HR RN 5 22 % N B AN E B R A EPA PMF v5. 0
BRI B EEL S ~ 10 AR 2EA 700K, AR 40
5 YR oA SREEE R B SD Al WD A5 Factor
=9,LG s Factor = 10,153 PM, U515 ULIKT 5 Al
K 6.

TIRTCHLREE IR . SD WD Al LG s 1
FHEEHEL 5> SO;- NO; I NH, & IR EHLS,
Ve I (i B R R AR B LR 00 SRR L Bh 4 A A )
BRPESEAT X SD WD 1 LG s IR ICHLE:R BTk
I3 9H 36. 0%, 34. 5% F132. 4% .

Fe ol .SD WD fil LG S AYIHF 2 5 ZRRAE
204y >/ OC .EC .Pb As il Sb %%, 0C Fl EC ] Y5 -F
PLh %2 R AHEC AR AFFE EE Y 2. 1.2 1 OC/EC



1555

PG V9T SR R 00 40 R 90 4L R A S A DA

4 39

o o | s
JEEIDEEIE'
N e I P R,
L L TR e I

Mg?*

B XX

K

— 1l m

.
A
o
o
o
ot
o
i
o
¥
5
o
b
‘
Ca®
i

ey

5

mDEIII:I:m_J_ImE_I—
L
L

LXK KRR R KK KSR

Cl

N

_ < " = “ o
ol ol — - =

JRTTE fr Tp 2 a %/} H

1
S " S n °
Lo}

2.5
3.0
5

PR wr

T2 (Fzhii)
HF7 ($2i-2)

HF6 (k1)

S5 iEER B PM,,

s be_LLveen_-‘Eolluted and clean episodes during the sampling period
A3 (HRAE)
AT (L&)
m | P s s | D

mmmmmm L mm-—nm N e DY mm

T4 CEPR G E)

fe= |

L 1
PR e I = |

.

=

1

B (R TG )

1
5022
L

1

] S04 }

e L
1 ==
1 I
1 1

]
E

]

NH4™

NH4"

]

.

NOs5~
&4
3
=
IDﬂ:ll AEﬂDD
D._,__,_._n:l_._IIIIII.lII_,IIIJ
(|

Fig. 4 PMZSCO}HPOde

= =1
m™

EC
EC

L1

{
1
i

v BT
R ke
N i i

(LI R — — .

Mass

As Si

Sbh Pb V Cr

Ga Sr Sn

m+mml.—|mﬂmmm .
Cu Zn

BRHRAE

Ni

-

=
[l

8 (ifFEh)
T

Mn

Ti

B9 (ARt B b i)

1.

OC EC Na® NHy" K* Mg Ca’ CI” NO;y S04 Al

Fe

B 5 PMF &R

Fig. 5 Profiles of the factors resolved by the PMF model

|| 5]
1 M e BN P =T e IS
——rr

o)
= |z [ E 1
Q S - =
S a L L _
- Bk Ly -, L1 L L1 L1 L L
L ! L L L A N \ N N | K T L Inono nons nons nons onon Pa=1e =
=i ey ey =i Sr-wned v =i ~
= wy = Wy = wy = wy = wy ol = Wy = wy = Wy = -
b o Lar (o} o~ — -— I o oy (o} (] — —

i > R e o 5 T G TE LY e g 7051 J A b g o - [l
PR3 P T3 ] o/ 6} H



1556 ¥

5

L 41 %

L
&

- (b) WD

AN ==N==

e

SRR e & Rt 3]

[ = = WP T e

A2 (752h#)

1

Ja——

i

50

- [ 1

T3 (AR

|

| e 1

B4 (A R AR

R TP TR S S |

HF-5 (T2 RE-1)
mAnARARAsAnin

—_ ——

HF6 (Ll Feii-2)

el

Cd.m

5 PR o A I o832 o R R B %

i

HT7 (#5R15)

R R R T -

HF8 (ifFdh)

|

o o B | M.,

79 (ki b i)
—— e 1. ]

=)

Na* NHs* K* Mg¥ Ca®* CI° NOy SO Al Fe

Ti

Mn Ni Cu Zn Ga Pb Si Mass

L L1l

R

B (R Te L G )

MR e R — | —t D

L.__l |_.__| 1 L 1 1 L 1 1 L L I

2 (B 25 )

IR T

[— — ST = = L L

B3 (A1)
1 e N BN D L L.__| L = | L L

. [ 1.7

==

P4 (RARE-2)

e [

tll:l.mD...D.:.:.

HFS5 (B

DIII==. 1:|:||:|l

1

A6 (T Lid i)

—r

gy — —N ru N Pl N e W e P

L e

PR |

BF7 (k-1

|/

-

PR R R E o83 A L Y L%

[ =

|

78 ($k#-2)

L.__| | | [l T — — T 1

-

9 ()

| = |

IIIJ_._DEE

I L L 1 L ==

TR TS — — I S TP T TR —— W=,

B 10 (il B 2 )

OC EC Na' NHg" K* Mg* Ca* CI NO; SO Al Fe

LRI PM, 2 shiEs2 B B, HATHLsh 2
o TCER B R 22 I 5 18 R B A &
B Pb'®) . SD WD 1 LG 5 %% 30 I 5Tk R 20 5 N
17.3%, 18.9% 1 15. 6% .

WRIEUE . SD A1 WD s RT3 DL LG BT 4
FEEEH 5> Na* Al Fe K* 1 Si %5 LG S HT
3 FEAFEL 5> K OC EC, Al Fe  As F1 Si, OC #l

Ti

Mn Ni Cu Zn Sn Sb Pb WV Cr As Si Mass

ZEs

EC, BRRIE T HLBh 41, R th 2 HL R R IR
Na® (Al Fe Fl As i Sk S8 I8 U8 1) 47 AiE 4 43
3 AR SR 53 A A T R B e R
FEREL SD WD Al LG B BRI IR 5T kR 43571 Ry
15.4%., 12. 1% F1 17. 8% .

AW BUARER . SD s 4 A LG S5 &
BRHIELL 43 K FI NO, , kA Sh Al Fe i1 Ph



4 ZEIAFEAT . MY

ST SR T S A0 AR 49 4 5 P B R D e A 1557

op HUBBHE o, WD

Al B 2h I

LG At it R

3.6% 5 6% 3.7% 5 ) 2.4% HiEh
TR TLMRE 3% TR 5.0%
2.1% I 8.3% — KTt 5.5% )
N AR AR B : !
11.1% 36.0% /RN 34.5% 11.3% R
e 8.6% = 32.4%
wim , i o [
9.0% | ;}A 3 10.4% 10.0% ',I 7
I—
Mﬁﬁj‘“ = — -
15.4% B Mk B wuwm PR
17.3% 12.1% 18.9% 17.8% :
El6 HiE™ PM,  TERFERM;KE
Fig. 6 Contributions of PM, 5 sources in Weihai
55, WD s T4 FEERFIEH SN KA G KT 2 40 g
SR ) A W SRR BE IR Y bR i, €L e AT BESK PR T 3517 XX WD

YIRS SD WD Fl LG 5 B AE 4 TR BE V6 5t
B354 9. 0%, 10. 4% F110. 0% .

T2 8. SD WD Fl LG ST 5 UK WD
JURF 5 F 6 ) FEAEAELH S Ga  Cr Ti Ni,Cu,
Sn fil Mn 254280 EK, Ga £ TH 4 i Tl 2
G, Cr Ti,Cu Al Sn 559 HI T HUBEAT L | sr 45
ZRIET &I Ty S AT 5 I 3 /1\7&#
lﬁﬁﬁa&ﬂjéﬁﬁﬁiﬁ EE?%JLF%ﬁEﬂuTF
SDLWI Al LG/ T 2 i U 1 7 ﬁfcﬁ’rﬁﬂwﬁ
2.1%. 8. 3% 5. 5% .

BB SD £HF 6 AT WDﬁl%v‘u&

LG #ﬁ /7 F0 8 f%%ﬁéﬂﬁz\ﬁ Mg %ﬂ Ca’",/
[20]% QX 7&%—"’

Mg“ﬂl ca“ﬁf’m% NG S T
%5, 3 A U 34 TR Ea‘éﬂla_ﬁ%ﬁﬁi IEN()
ST 511 T 52 388 2% | A 0 RE B B 4 7 2R SD
WD Fl LG #4522 U8 /9 5T #k 3 0 8 11, 1%,
8.6% 1 11.3%.

VEFERYE . SD T 8 A LG AR T 9 i FE
FREZH 438 C1- I Na* WD SR8 19 F R
I3 SO;™ A Na* ,Cl™ Na* £ SO~ ¥ ER IR 195
BT SD WD M LG s IR Y STk A5 N
5.6%. 3.5% 5.0%.

LB FEALEN IR . SD F WD S 9 DL K LG 4
K510, EZRFEL 432 V, HIK A Ni Cr Mn | As
Ti Ml Zn %5,V FZOR A wlALED NI S mmA
S B SRV, W 1 RO A R AR, AR A
Bl — Al FHE . SD WD F1 LG 5 A1 38 B A% sh IR 1)
TR N 3. 6%, 3. 7% F12.4% .

2.3 BT PM, AT BT

BT 3 AN REES PMF f#bras R (| 7) , R ig
1 R TCHUIR I i PM,, S 4 32. 4% ~ 36. 0%, #3
PH(15.6% ~18.9% ) JRIEIR (12. 1% ~17.8% ) £
VI BRI (9.0% ~ 10.4% ) A% 2 (8.6% ~

LG

.‘.A‘

XX
S

v

L0077
IR

HAX

AR

A4l AR
et e FE b i

10/§
25
%zn-
st
10 %
A e
o RN N N 8N AN .
= S ;
2
]
=
i

7 BT 3 A RERIRETER
Fig. 7 Comparison of PMF results of the three

sampling sites in Weihai

11. 3% ) JE BT 25 < PM, 5 ) 2 5T AR, 1T
TR (2. 1% ~8.3% ) ARE IS s IR (2. 4%
~3.7% ) AR (3.5% ~ 5. 6% ) STk FL /N, 4%
SR ST YR AT BT R ] 25 S A S R HE
I8 5¢. WD B 3N IR DTRR AL mr , BRI Ay LR fe [ X
AR Ml X, A2 300 7 o A5 K 5 v R BT R AR X LA, 5
3 A3l v H I A B B AR X S A 6. SD AT LG A
P R UR TR R, 2 kR i A SR TR
P2 55 SD s it ELA T X, AR 9 SR B R BT
HRAEIN , W R TTER A X R, WD Al LG T 20 F i
di FL# R, WD s Bl o0 A 2 5 F I T DA X & s
AL, LG A F Tk bl X BT, 52 Tk HEo
M. TT UL, 3 AN SRR w U5 i AT 45 SR 5 8] 095 e
TR HE R B VIAHOC. B0 T PM,, S HEROE 2370 U
8.

3 it

(1) RFEWAME] (2018 4E 1 ~3 H ,RBEW) BT
PM, , H i B4 5 4 (33. 80 £22.45) pg-m B



1558 ¥

i

B 41 %

i a! o
e 2k AR RS
® s0s0 @ s0s0 @ s0-s0

@050 ® 050 @ 0150
. 150-200 |50~200. 150-200
£ HL Iy Jeft

® 5030 @ s0s0 @
® 050 @ 0150

® 150200 @ 150200

r T w
B8 ATRERME PM, HHEST
F1g 8 PM 5 _,cm'lssmn sources near the lhree ’s:}jnplggr;ﬂ

50~80

80-~150

0 150-200

.

BT %%ﬂ{f?ﬁiffﬁmé T 544 m@t
FE%M NOy \NHH\SOZ' 0oC Fil E“C %PM ﬁ‘i?&

4¥, | 7 e, 5 0rer” e Elﬂjﬁ/ .

1 Ph %réﬁﬁﬁtb ?HZISIJMLHMKHQT& S
%ﬁ#ﬁﬁcﬂﬁ%

(2)NO; /502' FIOC/EC LB 2R B it i R
B AR SR XT PM, s Tk K SOC H1 SOC/OC Ll R
B OC F2 20 A LK 5 KV 1R 25 1 TR sl 75 1
LAl o3 hr 22 IR gl T SR 8 HH P, 52 55 B, NHL
F %L NH,NO, Fil(NH,),S0, TR AETE.

(3) JE I T R 30975 Y st B — k5 e ok B I
FHRA ., NH," (NO; F1 SO~ Jo B v i 2 3 Tk st B 1)
4.21.5.27 f13.23 5, 0C Fl EC ¥ J& 2 %5 1% if B
(2. 02 {51 1. 81 %, Ud B W i Y J2 e 7 R %
15 Y ) T A

(4) PMF EFEBTEE R, B S PM,
1) 32. 4% ~ 36. 0%, # 3l (15. 6% ~ 18.9% ) MR
U8 (12.1% ~ 17.8% ) . A9 LA B IR (9.0% ~
10. 4% ) Fl3% 22 (8. 6% ~ 11. 3% ) S i T M4 25 X,
PM, (Y = 2R, T T A R (2. 1% ~8.3% ) |
BB (2.4% ~ 3.7% ) R Eh (3.5% ~
5. 6% ) TUHR LL I HR /)N,

S B E R 2R B AR SRR I O A A
WF5E RAE K 3 A PRk i S 4

SE Lk

[1] X, B, B, 5. KIEHATE PM, AL H SRR S 2k
TEfRAT[J]. BRI, 2019, 40(4) : 1537-1544.
Liu S, Ma T, Yang Y, e al.
characteristics and source apportionment of PM, 5 during winter in
Taiyuan[ J ]. Environmental Science, 2019, 40 (4 ). 1537-
1544.

(2] ®EH, B30, T, 45 HIPRRKTT 2016 4F45 2 Y45
el A8 PM, s TG RRE BORIEMNT [ J]. BRBERL%:, 2019, 40
(3): 1052-1061.
Zhao X Y, Yang W, Wang J, et al. Source apportionment and

Chemical composition

pollution characteristics of PM, 5 during the two heavy pollution
episodes in the winter of 2016 in a typical logistics city [ J].
Environmental Science, 2019, 40(3) ; 1052-1061.

[3] NiY,WuSW,JiWJ, etal. The exposure metric choices have
significant impact on the association between short-term exposure
to outdoor particulate matter and changes in lung function:
findings from a panel study in chronic obstructive pulmonary
disease patients[ J]. Science of the Total Environmemml--2016
542 ; 264-270. - o~

[4] Hsu C Yy Chiang H C, Lin S L. Qlf"" Elemental
Lhdrdcterlzatlon.dnd source, apportionment of PMlo and PM2 5 in
the western ooa%lal area ,i;f central Taiwan [ J ] r S(’:fpce “of thg
Total En\hroh‘ment 2016, 541 1139-1150. /&

[5] Huang X J Liu A"R Lhang 1K, et al. Seasonar vari l.o.ln '.“nd
secondary fortation -||0f swe segregated aerosol wate-;p—soluble
1n0rgamc lonss durmg polluﬁon episodes in Beijing” [ Il o
Atmospherlc Résearch .‘QOIG 168: 70-79. -~ - -

[6] Qin Y"Mjl X ) Wang H, et al. Pdl‘tlLuldtC matters (P

1

eplso‘des

.

a suburbin site fin Hong Kong: evoMjon oi. PM
chardctersids and role of photochemistry in secondarys Ferosol
formatlbn[]}. Atmosphenc Chemistry and Physics, 2016, 16
(22) ; 14131-14145. =

7] IRE, RH, WK, 55 WA g

—

R PM, 75

YedSfE K S H 4y Hr [ 1], A EEFF2%, 2018, 39 (9) . 4026-
4033.

Zhang J Q, Wu Y J, Zhang M, et al.

characterization and cause analysis of a winter heavy pollution

PM, 5 pollution

event, Liaocheng city [ J]. Environmental Science, 2018, 39
(9) : 40264033.

[ 8] XZ&, B, i, 5. WA RATES Y Bk
YIS EACFAEL )], BREEALA:, 2018, 37(12) : 2749-2757.
Liu Y'Y, Yin B H, Wang J, et al. Characteristics of airborne
particles compositions during winter heavy pollution days in Ji'nan
[J]. Environmental Chemistry, 2018, 37(12) ; 2749-2757.

(9] F, M, WM, 5. FUEFRBXKu mHEKE ERPM,
KRR T]. FREERL2E, 2019, 40(3) ; 1035-1042.
Wang T, Hua Y, Xu Q C, et al. Source Apportionment of PM, 5
in suburban area of Beijing-Tianjin-Hebei region in autumn and
winter[ J]. Environmental Science, 2019, 40(3) : 1035-1042.

[10] Huang X J, LiuZ R, LiuJ Y, et al. Chemical characterization
and source identification of PM, 5 at multiple sites in the Beijing-
Tianjin-Hebei region, China [ J]. Atmospheric Chemistry and
Physics, 2017, 17(21) ; 12941-12962.

[11] Wang Y, Zhuang G S, Zhang X Y, et al. The ion chemistry,
seasonal cycle, and sources of PM, 5 and TSP aerosol in Shanghai
[J]. Atmospheric Environment, 2006, 40(16) : 2935-2952.

(12] BFET, THEE, HE%, & HITEEX PM, s FEEoER
TSR SRR BT [ 1], FRIERL:, 2017, 38(10) : 4061-
4070.
Zhao L S, Yu R L, Xu L L, et al. Pollution assessment and



4 39 ZEHAFRESE . BRI VE Vi Sk T SR I B AN UKL 0 4 53 e i BOR R A BT 1559
source analysis of metals in PM, 5 in Haicang district, Xiamen e 0] é%”’ik%ﬁ&}ﬁ{ﬁﬁﬁﬁ[]] ﬂ:ﬁﬂr”‘rz’, 2018, 39

[13]

[14]

[15]

[16]

'3

[17]

_ﬂﬁﬁﬁﬁ%ﬁﬁ]

[18]

[19]

[20]

[21]

[22]

city, ChinalJ].

4070.

FREE, B, EEREL JERTRIRBIX PM, g KB TEHLER

FEWAEMLBRIEIH[T]. FHIEFE, 2018, 39(5) : 1987-

1993.

Gao H Y, Wei J,

analysis of water-soluble inorganic salts in PM, 5 in the southern

suburbs of Beijing[ J]. Environmental Science, 2018, 39(5) .

1987-1993.

WA, T, R, T PM, LSRR K SR

BRIEAHTL)]. HEFEWN, 2018, 34(4) ; 44-53.

Xu S C, Wang J, Wu J H, et al. Characterization of chemical

composition and comprehensive source apportionment of PM, 5 in

Qingdao [ J J. 2018, 34

(4).44-53.

XF, EBEA, BRfT, 55 ARSI ZAK PM, ;0305 Jury
SRWEMATLI]. HETRE, 2019, 40(3) : 1082-1090.

Liu T, Wang X J, Chen Q, et al. Pollution characteristics and

source apportionment of ambient PM, 5 during four seasons in

Environmental Science, 2019, 40 (3 ). 1082-

Environmental Science, 2017, 38(10) . 4061-

Wang Y S. Seasonal variation and source

Environmental Monitoring in China,

Yantai city[ J].
1090. —
FEMN P, ZEFEIK, B, 4§ FLT SPAMS ﬂ@E%Ejﬁ“zols
SRR E S Yl AT [ T]. WAL TR, 2019, 36
(1) : 66-74. 5

Cheng L P, Li J X, "Zhao G, et al. Study onithe process.of heavy
pollution during“';'. Spring festival in Shijiazhuang ¢ity 11‘1 .?,01}5‘"})@?3-.‘
f on‘a qmgle pamdle aerosol mass spectromete.r{.l}

;}Eﬁel Journal
#, of Industrial 'Suene,e and Technology, 2019 .36(1 f 66-2.4‘. ot

%E,?iﬁ,%%@,#.ﬁ@ﬂEgﬁ,aiﬁ%ﬁE
2% R 2R 2019, 32 (“6 ) J1012-

1019

L1 Y Yin BH, Ceng €M, et al. The venlcal dlstl‘ll}}tlon of. a!r ___,'.-' ;
/ polluta,ms in a lyplcal winter haze episode i Wugqing aredLJ}"

ReSpdr(,h of Environmental Sciences, 2019, 32(6) ;: 1012-1019.
HOL, BEE, 5O, % 2016—2017 4E R T K K
PM, s {5 YARAE KORIEMAT (1], P EFRE N, 2019, 35
(1):17-25.

Huang I, Chen N, Zhou J B,
apportionment of PM, 5 in urban areas of Wuhan during 2016-
2017[J]. Environmental Monitoring in China, 2019, 35(1):
17-25.

et al. Characteristics and source

Wist, Efkfl, 4 é‘% T BRI Bk A 2 R A AR ) 45
ES *?E&SE/JE%*E[J] BiBl£, 2019, 40 (8) . 3421-
3430.

Chen C, Wang T J, Li Y H, et al. Pollution characteristics and
source apportionment of fine particulate matter in autumn and
winter in Puyang, China[ J]. Environmental Science, 2019, 40
(8) : 3421-3430.

R, R, BRI, 5. A ZE PM, A AT
BRUESEHTL)]. HEERIE, 2019, 40(1) : 76-85.

Wu M, Wu D, Xia J R,
characteristics and sources of PM, s chemical components in
Environmental Science, 2019, 40(1):

R

et al. Analysis of pollution
Chengdu in winter[ J].
76-85.

FHr, A, BRAL, SF. MRS PM, 155
fEr[J]. BEERLE, 2016, 37(5) : 1619-1628.
Wang X, Nie Y, Chen H, et al. Pollution characteristics and
of PM,s in Lanzhou city [ J ].
Environmental Science, 2016, 37(5) : 1619-1628.

XUeil, i, GO, 5. BRRTEL A2 PM, Tk

JeRRAIE KK IR

source apportionment

[25]

[26]

[27]

(28]

[29]

[31]

[32]

(9) : 40144025.
Liu X D, Meng J J, Hou Z F,

variations in chemical characteristics and sources of PM, 5 during

et al. Analysis of seasonal

summer and winter in Ji'nan city[ J]. Environmental Science,
2018, 39(9) : 40144025.

FA&TK, BRE, RPREE, S5, JRMT PM, s KPR T 3=
WAL BRI AT ], HEERLAE, 2016, 37 (12): 4482-
4489.

Wang N F, Chen Y, Hao Q J,

source analysis of the water-soluble inorganic ions in fine

et al. Seasonal variation and
particulate matter in Suzhou[ J]. Environmental Science, 2016,
37(12); 4482-4489.

XU, ZRANH, SRR, 5. TR BRI MBLF T
PRHEBORIR[ ], FRBEALE, 2017, 36(4) : 787-798.

LiuY S, Li X R, Zhang Y M, et al. Characteristics and sources
of airborne fine particles during the fall and winter in Jinan[ J].
Environmental Chemistry, 2017, 36(4) . 787-798.

MRHL, WA, B, . T PHRIRE XA R PM,
BTG 7J<¥A23|€/ﬁfm)? [J]. BREERL, 2016 37(5) 1629-
1638. ’ '{ o |
LinY, YelZ X, Yang H J,
apporlionment“:)f ;dmospheric particles PM, 5 in :%__oﬁth.w-gst-mburb

et al. Pollution'lev?l and " source
of Chengdu fin spn'ng‘[.lﬁ. Environmental Sc'i'.engg'af' 2016, 37
(5): 1629-1638 .~ 5 ,e
$§§, WLB:AA I%% %‘% PHZZTH PM,, Srﬁﬁﬁ’ LSS
{E['J]" R, 2019 40(4) 1529-1536.
Mu Z, C'henQC l.N(/arl‘gYQ
carbonateous  aerosol pollution in PM, 5 lin Xl an., [ JJ".
Envirtnmétal Seience 3019 | 40(4) ; 1529-153.
Li HM, Wang Q G, Yang M, et al. Chemical chdractelﬁallon
and source apportlonment of PM, 5 aerosols in a megacity of
southeast China[ J]. Atmosp};eric Research, 2016, 181 288-
299.
Liu BS, WuJ H, Zhang J Y, et al. Characterization and source

apportionment of PM, s based on error estimation from EPA PMF

et al. Characlerlptlcs of

5.0 model at a medium city in China [ J]. Environmental
Pollution, 2017, 222 10-22.

Xu L L, Chen X Q, Chen J S,
chemical compositions of PM, 5 aerosol in the urban area of

China [ J]. Atmospheric Research, 2012, 104-105.

et al. Seasonal variations and
Fuzhou,
264-272.
Kz, THEGE, BIME, S RMTTRR PM, § KRS
TR ASARE BRI AEHT (1], FRIERL:, 2017, 38(10)
4044-4053.

Zhang Y F, Yu R L, Hu G R,
source apportionment of water-soluble ions in PM, 5 in Quanzhou
city[J]. Environmental Science, 2017, 38(10) ; 4044-4053.
IR, RSN, KEESk, F S A FEPM, s EItER S
KIS TAF PR AR AL B ORI AT (1], BRIEALAE, 2019,
40(3) . 1071-1081.

Yan G X, Lei H J, Zhang ] W, et al. Interannual variation of

et al. Seasonal variation and

metal elements and water-soluble ions in PM, 5 during wintertime

in Xinxiang and their source apportionment[ J]. Environmental
Science, 2019 40(3) 1071 1081.
WRLE, WY, KRR, S R A TR ANUR M R

‘#%m%‘?ﬁ"“wﬁ&*ﬁﬁ”ﬁ[U
(11) . 4478-4485.
Fan MY, Cao F, Zhang Y Y, et al. Characteristics and sources

HEERL2E | 2017, 38

of water soluble inorganic ions in fine particulate matter during

winter in Xuzhou[ J]. Environmental Science, 2017, 38(11):



1560 A 41 %

4478-4485. FITYRHE SR BT T]. hEEREFR, 2016, 36(7):

(33] ZRbFe. b0 A AR BURL 1 1 A 2 4 RS AE R Of U5t 7 1947-1954.
[D]. dbxT. JbRUE T K24, 2018, 37-63. Zhang Z W, Hu G R, Yu R L, et al. Characteristics and sources
Li M L. Chemical composition and source apportionment of apportionment of water-soluble ions in PM, 5 of Xiamen city,
atmospheric fine particles in Beijing [ D ]. Beijing: Beijing China[ J]. China Environmental Science, 2016, 36(7) . 1947-
University of Chemical Technology, 2018. 37-63. 1954.

[34] EIH%, WXHE, T8, % LT PMF ERX MR T AR [37] Ivosevie T, Orli¢ I, Radovi¢ I B. Long term fine aerosol analysis
MR IEEAT LT, Iﬂ%ﬁﬂ‘i, 2015, 35(12) : 3535- by XRF and PIXE techniques in the city of Rijeka, Croatia[J].
3542. Nuclear Instruments and Methods in Physics Research Section B
Wang SR, Yu Y Y, Wang Q G, et al. Source apportionment of Beam Interactions with Materials and Atoms, 2015, 363. 119-
PM, 5 in Nanjing by PMF [ J]. China Environmental Science, 123.
2015, 35(12) : 3535-3542. [38] FETHF, skAMEC, I, L OMM-FT S LT PM, LR

[35]

[36]

AT, EETE, R, S ORI T PM,, s KR PR FRHE
KRIEIHT[T]. PRI, 2019, 40(7) ; 2977-2984.

Yang L. M, Wang S B, Hao Q, et al. Characteristics and source
analysis of water-soluble ions in PM, s in Zhengzhou [ J].
Environmental Science, 2019, 40(7) ; 2977-2984.

IERH, BAAE, TR, 5. 1T P, (AR

]
I'y g
> N ‘
[ | A
i -
1 i 7
a J - 4 1
i .
] L |
rr [ |
| , [
‘AW | i
=
| -
V.

WRBERHE SR T [ 1] FREEREF, 2019, 40(5) : 2027-
2035.

Yan G X, Zhang P Z, Huang H Y, et al.
characteristics and source analysis of PM, 5 during wintertime in
Zhengzhou-Xinxiang[ J|. Environmental Science, 2019, 40(5) .
2027-2035.

Concentration




HUANJING KEXUE Vol.41  No.4

Environmental Science (monthly) Apr. 15, 2020

CONTENTS

PM, 5 Inversion Using Remote Sensing Data in Eastern China Based on Deep Learning +++«+w+reresreseereeensssenenecnnnncnneneenns LIU Lin-yu, ZHANG Yong-jun, LI Yan-sheng, et al. (1513)
Regional Air Pollution Process in Winter over the Yangtze River Delta and Tis Influence on Typical Northern Cities -+ LI Rui, LI Qing, XU Jian, et al. (1520)
Influencing Factors of Ozone Concentration in Xi’an Based on Generalized Additive Models +++ HUANG Xiao-gang, SHAO Tian-jie, ZHAO Jing-bo, et al. (1535)
Spatial and Temporal Distribution Characteristics of Levoglucosan and Its Isomers in PM, s in Beijing and Six Surrounding Cities -+++++- ZHU Hong-xia, TAO Xue-mei, WANG Chao, et al. (1544)
Characteristics and Sources Apportionment of Fine Particulate Matter in a Typical Coastal City During the Heating Period «++++«eseeeseereereeeenes LI Ming-yan, YANG Wen, WEI Min, et al. (1550)
Characteristics and Source Apportionment of Black Carhon in Chengdu «+«esesetsrerrersssmemensininiiit s WANG Lu, YUAN Liang, ZHANG Xiao-ling, et al. (1561)
Effects of VOCs on Ozone Formation in the Tianjin Suburbs in Summer YAO Qing, HAN Su-qin, ZHANG Yu-fen, et al. (1573)
Source Profiles and Impact of Volatile Organic Compounds in the Coating Manufacturing Industry WU Jian, GAO Song, CHEN Xi, et al. (1582)
Characteristics of Condensable Particulate Matter in Ultra-low Emission Coal-Fired Power Plants DENG Jian-guo, WANG Gang, ZHANG Ying, et al. (1589)
Distribution and Source Analysis of Nitrate in Surface Waters of China s«+++tseeeseseseresssimmeneniinnini ZHANG Xin, ZHANG Yan, BI Zhi-lei, et al. (1594)
Spatial Characteristics and Ecological Risks of Perfluoroalkyl Substances in Coastal Urhanized Areas of China and South Korea —«+:++++++ YANG Hong-fa, SHI Bin, ZHOU Yun-qiao, et al. (1607)
Analysis of Water Quality Change and Its Driving Factors of the Xiaoging River Estuary in Recent Ten Rears — +:«+seoveeeseesessenssnsenennnnns FAN Xin-feng, HAN Mei, WANG Lei, et al. (1619)
Distribution of Four Artificial Sweeteners in Water Treatment and Water Supply System in City H of Zhejiang Province -+ MA Xiao-yan, HU Hui, LU Si-jia, et al. (1629)

Changes in Epilithic Algae Community and Its Relationship with Environmental Factors in the Meixi River, a Tributary of the Three Gorges Reservoir ««+s+sseessessersensenesienennsniniinennes

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MI Wen-mei, SHI Jun-giong, YANG Yan-jun, et al. (1636)

Succession Pattern of Phytoplankton and Its Drivers in Lake Luoma, Jiangsu Provinge —«eeeseressrsrssresssnennsnnninnisinssnennes ZHANG Qing-ji, WANG Ye-yu, WANG Jin-dong, et al. (1648)
Relationship Between Diversity of Aquatic Plant Communities and Water Environmental Factors in Lhalu Wetland »«««+eseeoeereereseneneens WANG Jia-jun, TIAN Han-xin, ZHOU Lei, et al. (1657)
Evolution Characteristics and Driving Factors of Denitrification Community Based on Network Analysis in the Process of Spring Thermal Layer Formation in Zhoucun Reservoir ««+essesseeeeees
.................................................................................................................................................................. ZHOU Shi-lei, SUN Yue, ZHANG Yi-tan, et al. ( 1666)
Temporal and Spatial Distribution Characteristics and Difference Analysis of Nitrogen and Phosphorus in Daihai Lake «+eseeseeseereeerieneneennes ZHAO Li, CHEN Jun-yi, JIANG Xia, et al. (1676)
Sediment Denitrification Rate and Its Response to Exogenous Carbon and Nitrogen in the Ponds and Bottomland of the Chaohu Lakeshore Zone ~-w++++:++: LI Ru-zhong, WANG Li, LIU Chao (1684 )
Phosphate Control Effect and Water Body Remediation of Magnesium Modified Reed Biochar —«+-«eesseseereerssemeneneiiineniiniinennn DING Yu-qin, LI Da-peng, ZHANG Shuai, et al. (1692)
Efficiency of Magnesium Hydroxide Capping and Amendment to Control Phosphorus Release from Sediments YANG Chun-yi, ZHAN Yan-hui, LIN Jian-wei, et al. (1700)
Characteristics of Chemical Fractions of Dissolved Organic Matter in Road Runoff in Beijing - CHEN Meng-yao, DU Xiao-li, YU Zhen-ya, et al. (1709)
3D Porous Photothermal Materials for High Salt Wastewater Treatment HUANG Le, XU Ying-feng, XIE Qian-qing, et al. (1716)
Electrocatalytic Oxidation of Sulfadiazine with Ni-Doped Sh-Sn0, Ceramic Ring Particle Electrode ++esserereereeremenenesinnennnscnnes SHI Qiu-jun, LIU An-di, TANG Bo-bin, et al. (1725)
Degradation of AO7 with Magnetic Fe;0,-Cu0 Heterogeneous Catalyzed Sodium Percarbonate System —«+v+ersereereesrersissseinesinseninnsneee XU Jie, WANG Lin, CHEN Jia-bin, et al. (1734)
Red Mud-activated Peroxymonosulfate for Ciprofloxacin Degradation: Efficiency and Mechanism SHI Jing-zhuan, WEI Hong, ZHOU Xiao-de, et al. (1743)
Influence of Industrial Wastewater Quality on Advanced Treatment of Microbubble Ozonation - +++ ZHANG Jing, ZHANG Shou-jing, LIU Chun, et al. (1752)
Adsorption Properties of Sludge-hydrochar for Methylene Blue CHEN Li-yuan, LI Da-peng, ZHU Wen-juan, et al. (1761)
Preparation of Modified Watermelon Biochar and Its Adsorption Properties for Ph( I1) «+seeeseeesessssesisismiminiiiiiiiiii BI Jing-wang, SHAN Rui, HAN Jing, et al. (1770)
Construction and Denitrification Performance of A%/0 Based on Partial Nitrification Coupled with an ANAMMOX System ++s+eseeseeseeseesensees LIU Xiao-chai, RONG Yi, WEN Li-jie, et al. (1779)
Construction and Mechanism of Methanotroph-hased Ultimate Denitrification System for Tailwater of Urban Sewage Plants «+oveveeeeessesveeees YANG Ya-nan, LI Yan-cheng, LI Jiang, et al. (1787)
Impact of Hydraulic Retention Time on Performance of Partial Nitrification Granular Sludge in Continuous Stirred-Tank Reactor WANG Jian-fang, QI Ze-kun, QIAN Fei-yue, et al. (1794)
Realization Process of Nitritation and Changes in Sludge Characteristics in Granular Sludge Reactor for Low Strength Sewage Treatment -+ ZHU Lin, CHENG Cheng, SONG Jia-jun, et al. (1801)
Characteristics of Organics Transformation and Sludge Morphology in an ABR for Sewage Treatment with Different HRTs «+reoeeeerereeeereses CHENG Cheng, ZHU Lin, GUO Kai-cheng, et al. (1808)
Effect of Adding Granular Activated Carbon ( GAC)/Manganese Dioxide (MnO,) for the Anaerobic Digestion of Waste Activated Sludge -++++++++* YANG Bo, JIA Li-juan, XU Hui, et al. (1816)
Trace Metals Pollution and Health Risks for Planning Area Soils of 193 Chinese Cities «+«+ssssessrsrssssssmssnmmissininninsnsnsinnee LI Kuo, PENG Min, YANG Zheng, et al. (1825)
Assessment of Heavy Metal Pollution in Surface Dust of Lanzhou Schools Based on Random Forests ««+sesseseseeressensenensninennsnisenns HU Meng-jun, WANG Jia, ZHANG Ya-yun, et al. (1838)
Contents, Sources,, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Surface Soils of Various Functional Zones in Yangzhou City, China *+++-
........................................................................................................................................................................... YAO Cheng, NI Jin-zhi, LIU Rui, et al. (1847)
Safety Assessment of Rice Planting in Soil Cadmium Geological Anomaly Areas in Southwest Guangxi ~ »«+++sessereereereseseneneeennene CHEN Tong-bin, PANG Rui, WANG Fo-peng, et al. (1855)
Bioavailability and Influencing Factors of Soil Cd in the Major Farming Areas of Chongging —«++s+sseseesesresesseresemenennsininennsnens WANG Rui, HU Xiao-lan, ZHANG Yong-wen, et al. (1864)
Control of Cadmium Migration and Transformation in Alkaline Paddy Soil-Rice Using Cotton Stalk Biochar +++ LIU Shi-dou, ZHU Xin-ping, HAN Yao-guang, et al. (1871)
Reduction of Soil Cadmium Activity and Rice Cadmium Content by 4-year-consecutive Application of Organic Fertilizer +++ XUE Yi, YIN Ze-run, SHENG Hao, et al. (1880)
Effects of Nano-magnesium Hydroxide on the Forms of Cadmium in Different Types of Soil DENG Ji-bao, ZHANG Chun-lai, XU Wei-hong ( 1888 )
Selenium Uptake Characteristics of Reclaimed Soil-Crop from Mining Wasteland and Its Antagonistic Effects on Heavy Metals «+++veeeeeeeeeeees YIN Bing, WANG Jian-fei, SHI Sheng, et al. (1904 )
Dynamic Effects of Different Biochars on Soil Properties and Crop Yield of Acid Farmland :ervereeseeeserenenmimenni. YANG Cai-di, ZONG Yu-tong, LU Sheng-gao ( 1914 )

Effects of Fertilizer Reduction and Application of Organic Fertilizer on Soil Nitrogen and Phosphorus Nutrients and Crop Yield in a Purple Soil Sloping Field = «+xeseseeeereseerevssisscnnenens
-+ ZHU Hao-yu, GAO Ming, LONG Yi, et al. (1921)
Response of Nitrogen Loss Flux in Purple Soil Sloping Field to Reduced Fertilizer and Combining Straw «-+-++++seesseseeeees XIONG Zi-yi, WANG Zi-fang, LONG Yi, et al. (1930)
Effect and Approach of Enteromorpha prolifera Biochar to Improve Coastal Saline Soil +«+e++srssersrsseresressnmnscnsnnesinecss e WU Dan, SUN Ping, LU Peng-zhan, et al. (1941)
Vertical Distribution of Soil Dissolved Carbon and Its Influencing Factors in the Artificial Shelterbelt Irrigated with Saline Water in an Extreme Drought Desert — «+seeeeseseeseerseeseneneeenes
............................................................................................................................................................ MENG Tian-ge, WU Lu-yao, ZHANG Shao-lei, et al. (1950)

LU Lai-xin, SONG Lei, LIU Zhi-li, et al. ( )
*+ GUO Jun-li, TIAN Mei-jie, GE Ti-da, et al. (1968 )
(1976)

(1987)

Response of Soil Enzyme Activity and Chemical Properties to Nitrogen Addition in a Korean Pine Plantation

Consumption Capacity of N,0 in Paddy Soil and the Response Mechanism of nosZ-I-containing Communities *




	1
	04
	zml

	20200405

