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Abstract Cangzhou located in the important atmospheric pollutants transport channel of Beijing-
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Tianjin-Hebei region. The study on chemistry characteristics and causes of heavy atmospheric
pollution in Cangzhou is important for researching the components and fluxes of pollutants in the
transport channel. PM, s samples were collected at four sites (downtown area of Cangzhou city,
Botou, Qingxian and Huanghua) during a heavy pollution process from November 29" to December
5" 2017. The water-soluble ions, inorganic elements and carbonaceous components of PM, s were
analyzed and discussed. According to the level of p(PM, 5), the whole observation period was divided
into three phases: before pollution phase ( from November 29" to December 1™ ), pollution phase
(from December 2" to 3™) and after pollution phase (from December 4™ to 5™). The results showed
that the p(PM, s) of Cangzhou City in three phases were 53.4, 178 and 45.4 pg-m™, respectively. The
maximum hourly p(PM, ) is up to 296 ug'm~, The maximum daily concentration appeared on
December 2™ with 248, 248, 230 and 236 ug'm ™ in downtown of Cangzhou City, Botou, Qingxian
and Huanghua, respectively, idicating that the pollution in Cangzhou was heavy. The total
concentration of water-soluble ions in Cangzhou were 35.6, 95.6 and 22.7 pg'm™ in three phases,
respectively. The sum of p(NH,"), p(NO5") and p(SO,>) (SNA) accounted for 78.4% of p(PM,s).
The proportion of p(NO5z") in water-soluble ions of pollution phase had a biggest increase, The
p(NO5") in three phases were 12.5, 43.5 and 6.98 pg-m™, respectively. p(NO5 )/p(SO,>) increased
from 1.63( before pollution phase) to 2.22 (pollution phase), indicating that the motor exhaust
emission had more contribution to the heavy pollution event. The total concentrations of organic
carbon (OC) and element carbon (EC) in three phases were 18.6, 27.9 and 16.1 ug-m™, respectively.
The p(OC)/p(EC) were 3.49, 3.13 and 3.43, respectively. It suggested that secondary organic aerosols
(SOA) formed in all phases, and the contribution of primary emissions to carbonaceous compounds
had a little increase in pollution phase. Inorganic elements increased significantly in pollution phase,
The proportion of p(K) in inorganic elements increased by 5%—10%, showing that biomass burning
was one of the major sources of the heavy pollution. During the pollution phase ,it was dominated by
weak northeast wind, wind speed less than 1 m's™, the minimum hourly temperature with -4°C and
the maximum relative humidity with 99 %. The stable meteorological conditions were not beneficial
to the diffusion and transportation of pollutants, and the accumulation of pollutants emitted from
motor vehicles, coal and biomass burning were the major causes of the heavy pollution.

Keywords heavy atmospheric pollution, PM,s, pollution characterization, cause analysis,

Cangzhou City, Beijing-Tianjin-Hebei.

B 5 2 5 118 R 2 o R AR T b A A b, 3 I DR e I e ™ B, KAL) (PM, 5, 25
KNI HAR/NTET 2.5 pm KR ) AERKA 20 B3R, s . K =41 . 2k =M AT °F
i A5 DX 38l L o AT Y i 1 B X3, 5 U RSO SR A, 9 B X 3l T G e ), KR T
S N ATIE 0 7= A 0, fa S AR S O SR 57 A, A T X 1 45 361 RS P 5 75 e, XoF
Mg B R SCBRAE . AP 9T R ASCH T SRR IR A B R Bk 2 Bl s 1 DG B, 4 [ 2 AN IR T S e AT T KRR
T4 Y REAE R R A3 AT A 55 0 1, T gk 2 AR U @ A A3 AT v M T 2009 4 7 H—2011 4F 7 H % p(NO,).
p(03). p(SO,) Fll p(PM, o) F535 Y W 1) B4l AR AL AR AE , TA R v N T Bk & 2235 e ¥ £ 524 NO,.. SO, DA K
PM,, B 275 Yl TR O, HR &5 W55 KB, 70 M 1T 40 UKL (PM, 5) A KA IR BT 1 B 2275 e ),
15 Yo TR A7 LIk 68%, 4 Z i M T A M HE STk B K, AR M HE RO AR ) 9 R4 2 A2 5 Y T Il iy 32 22
JEPAL SR S0 K B, MLsh A HEROE B R JCHLEE AR 75 Yead B IE R 32 22 22— Zheng 45019
F 75 I\ A ML Bl 7 FTRR AR HE A A OA.L SOA 45 W) it J2: 3 ol i HE 3 [X 38 PM, 5 V5 2 1 £ 2 — .
Chowdhury %51 BIF5E Ak A= 9 R A B HE I RE A S8 42 = 43 S0P EC I K A8 Ik i, 2 V5 Y RSB
B G Y 2 — . RE KA E TG Yl B — N R AR5 YL, 05 AR R A TS R S tba#
SN R DX A a6 A5 PR R S 1, AR . W A RSO AR SRS e ) e RO, e S T R R TS
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1 #MRL5 7 (Materials and methods)
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1.2 PM, s FEACREES 5T
12.1 PM,s FE5h R4

W T 4 4 SRR SRR R S (0 FH 2 I T TH-16A % DU 3 T8 [5] Y5 S 0B ) R E 8, 4% 18 i %
P BN 16.7 L'min™. RFE H K 2017 4F 11 H 29 H—12 A 5 B, %4 7 d, REENE] Ny 5K
10:00—% H 09:00, R FUR AL 23 h. 43 51 56 A 9 2F 2 8 B (Q A%, Pall, Sweden) F1 5 TN # €
(P £, Whatman, Sweden) #47 RAFE, SRAEATE Q B T S b rh 450 °C JBBE 4 h, ¥ P EEE T o hrrp
60 °C HLJKE 4 h, DL BRUE BN M3 R My, B R AU KRR AR 47 mm 1Y Q AN P R4S 15K,
ST REMMAGE 28 4, RIGHE A&, I AR T 40 22 [ J5 26 [0l SE 50 2, 7E-5 °C LR il B2 ER
R A

X RAEDENE TSR N, Q BRI #L B R E T 99.7%, P X 0.3 pm ARk 7 B9 8% B SR AE T 99.7 %,
TEREAFLAZ N 0.2 pm, JEFE Ky 2 mm, JEFE/N T 1.8 kPa, HUHEBE AL 74 56 K0P S 75 bR BoR, kR
i R SE AR AE AT HI 656—2013 (IABE 2 PR (PM, ) T T Wi J5 v (FE &%) BRI ) v i A
RELRE -,
122 PM, s FE A2 0 AT 5 o a4 il

RAERE ) J5 SL A BRAN AL 4E - DB IR | KBS T AT . TCHLIT R S B A 537

0 T3 53 Z— R (Sartorius, BSA223S, Germany) Xf Q &I P B oE47FR T, I M4 R FE A FR I
g 0] R 0 PR B 5 SR E AT X L 40 B, i A A T R ) 25 SRR AE . R B B T RS
(DIONEX, ICS-900, America) ¥} P AL i H p(Na), p(Mg?"). p(Ca®"). p(K). p(NH,). p(SO4). p(F).
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p(C) Fl p(NOy") HEATRE 44T, 43854 (Dionex IonPacTM, AS22- NO. 064141, America) 4 4 mmx250 mm,
WRVEHH 4.5 mol-L ™' Na,CO5 A1 1.4 mol-L™' NaHCO; 7R A V8 M. AR 38 R 45 BoR 10% K 5 143 # if 22
OFATRE S o B, 80 FF AL 25 0 BT B aT S (8 Q R AT B 4 20 43 AT, 40 AT B o3 6 46 ik
(TC). AHLEK (OC) FITZE Bk (EC).

I P B SRR A 45 85 F T 1A (ICP-MS, Agilent 7800, America) % P JEH#E4T 7624007, B 1/4 T FHUE
JIES, ik T R VU GR M T R EE R, in A 5 mL MOS(4: & -8 Ak -2 F 4K Metal-Oxide-Semiconductor) 2%
ERAERY TR, B 2 h 5N 2 mL MOS 243612, 2 mL i 24l HyO,, 56 B8 54 I, A0 11 i 2 B
f# (7€ 10 min N FH 2 190 C J5 2/ R4F 30 min). FFIHEfRHER H 2 =1, FA RS 7E 140 °C FRH
R4 2.2 0.5 mL(2) 4—5 h), B AUKEE %@ 450 25 mL, SR 5 #7088 3 A 0 oc R 3 AT
LAY 4 )R O &, fL3E Na, Mg, Al Si, K, Ca, Ti, V. Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb,
Cd. Sn, Sb, Ba fll Pb, 1 23 ffii2s-31,

2 25 535718 (Results and discussion)
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2017 4F 11 A 29 H—12 J 5 H XL, v N 30 T — IR LA PM, s B 2805 Yy i ™ 2 s e
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JEi (12 F 4—5 H)3 D T e,
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Fig.2 Concentrations of PM, 5 during sampling periods in Cangzhou City(a)and sampling periods at 4 sites

LU A (5] 6 M T p(PM, 5) 22 562248 1 e iR B AR AR RRAE An 14 2 TR, 12 1 H 05:00 1R
p(PM, ) B #i B B & B ¥, 15 Y2 mr 1 p(PM,5) B9 H ¥ {E K 53.4 pgm>; 12 H 2 H 18:00 £y
p(PM, 5) N 214 pg-m™, ik ) 5 V5 Qe ik K F, 12 H 2 B 19:00—12 F 3 [ 11:00 ik 2| /™ 5 y5 YL ik
JEE K, p(PM, ) #3250 pg-m™ ILHFL22 16 h, 7541 p(PM,5) HEME R 178 pg-m™, & F (3R5E
23S TR ARE )(GB3095—2012) AR AEFRTE (150 pg-m®); 12 A 3 H 05:00 1) p(PM, 5) /N {E ik 5]
W E 296 ug-m=, 13:00 B p(PM, 5) TRIE R 2 28 ug-m™, 25 55 L, 150451 p(PM, 5) B9 H 18 K
454 ng'm™.

MZS TR S0 T, 4 T bE 5T TRAEINAS p(PM, ) BY 738 Ak il 28 76 vk T 75 Y o 72 v 4y L 48] «v >
T E 2(b) IR0, A 115 30 HIFLR, 4 D3l p(PMys) IO EHT, H 242 B F I piE e,
12 A 2 H ¥k 20088, Uil 4 D3l ys Qe e ms fkasiam @, 12 A 2 B M, ki, & 2



8 ZENIAE: 2017 ARA TN T — IR T5 Yo ad B2 PM, 5 15 YA AE B i A 2555

BUETT Y p(PM, 5) H BB 43501 Ky 248, 248, 230 H1236 pg'm™. 12 A 3 HIFHE, 4 NI p(PM, 5) BI{H %%
Ja BEAR, b Edb# R 8B p(PM, ) fE RN AR, A R R Jr it s S e A IS

11 H 29 H—12 J 5 H® N RSG5 e Wik B2 A2 AL ., &l 3 s, 43 A 4 S RAEE AR
15 YL W By T BE XM, 75 YL ] p(SO,). p(NO,). p(0;) Fil p(CO) H ¥ 1H 43 % M 55.5. 94, 0 pg-m™ Fll
2.7 mg'm>, ¥R T (55 25 50 &2 5 E ) (GB3095—2012) — 9% 4% 1 FR {8 [ p(SO,) A 150 pgrm™,
p(NO,) A 80 pg'm™, p(0O3) A 160 pg'm=>, p(CO) K 4 mg'm>], 12 H 3 H & M 17 A9 p(SO,). p(NO,).
p(CO) FIAINHEE (RH) #5352 TIE{H, p(SO,). p(NO,). p(CO) B H HIEH /3514 63, 105 pg-m > I
3.7 mg-m”, WA B R ARAE -4 °C, 5 YR B ik B 5 K, 43 B d AR R SRR TS G I HE K
FNFR SR IR 75 e R P 1 i) T 2 SR R,
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Fig.3 Variation of temperature, humidity and gaseous pollutant concentrations during monitoring periods

2.2 PM, s FE S RRIE
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W TS G IBTRNTS Ge I E AR AL AN BT 4 F1ER 1 TR, 15348 p(NO3 ). p(SO4™). p(NH,Y) 1E p(PM, 5)
o PR, TETS G5 WL R BEAIG, 1T p(OC). p(EC). TEHLITZR LA 2§ 73R B2 (4 o5 LU 7E T G 1 24
%, SERAARS T AR 3, 12 A 2 B RTSATHIR B @I E I, p(NO3"). p(SO4™) Fl p(NH,") Z FITE
p(PM, 5) H Y o P A B 48 O, R TEHLER 1Y A R I YT G BTk . AR 15 G w0 A 4 J5 48,
15 Qe ) 44 R FE L p(NO) 2 T, e JH i X B e . B FIA Sk T 2 i e 48.1—55.8,
17.8—21.1 | 30.9—37.3 | 27.4—32.0 pg-m™>, [AIBF 4 A RAE £ e M T XA p(NO3) 7E p(PM,5) H1AY
o H AR, TS YL AT 20% 1 215 Y I 33%, 15 55 0 R E 15%, BERH p(NO3) 1Tt itk
U5 Y BT A AR IR BT, TSR % M T XA STk k.
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*1 p(PM, 5) ﬁﬁﬁf‘?ﬁ?@f(ugmﬂ)

Table 1 Component concentrations of p(PM, 5)

H WiDate NH," NO; SO%& HAhES FOther ions  JGHLIGZ Inorganic elements oC EC
TS YR 6.42 12.5 7.66 8.98 7.65 14.5 4.16

TG YL 19.3 435 19.6 13.1 8.93 21.1 6.75
YL 436 6.98 5.45 5.88 7.72 125 3.65

i H p(NOy) T A HLBh 4 AR HERL, p(SO,>) BT =38 H e B A HERL, p(NO5 )/p(S0,>) H
15 YL AT 1.63 3 25 YL IR 2.22, Uh BB 42 HE RO ek 75 GL B 1 BTk K. 15 4L p(0C).
TCHLITC Z FHAD B R B 5 T FRBCR, 43R T 8%—11%. 5%—9% il 5%—6%, i B iX L i,
3% N (A5 YL 5 X 15 Y I B 1) BTk /N 0L Bl ZE AR AREHE 1 B k.
221 PM, s K VEE AR LR

YN TRV YR | V5 YIS e 0 B K VAR B IR B 4 SR 35.6. 95.6. 22.7 pgrm S, 3 SR
B I PM, s HOK I PR 85 10 A 4 SR 2 B, R F 05 Jead 72 PM, s 43 NH,. NO; Hl SO, B 1)
FERGr, A p (NHLY). p(NO3). p(SO) Z Al 7K M B 7 o i MR 1Y) 78.4%, 5 e e i,
H 86.3%. 4 AIRT BT IHIME T p(NO3) 19 5 HAE 15 Y R d5e o B8, AEs Yo mir i V5 Y s g )5
HARMR B 73 5100 125, 43.5, 6.98 ug-m™. QN[&l 5 R, BT5 G4 it I RY 35% F+ 215 LY 46%, 15 445 1)
MR 31%. 75 Y 00 i N T IX B T R0 p(NOs) B i, A 64.1 pgem, 75 ISk TR B T Y
p(NO3) KK Ry 43.5. 39.0, 27.4 pg'm >, 4 IR H p(SO2) 1R /IMK IR A i M T X > B> 3k i >
YT, PER I YR TS Yead R 2 LS A HERGR WA K, FLIE N 1T X AL Bl 78 B2 S HE R IRAREHE ok 15 2 ) B3
R T A 3 A3 . NaF1 KO7E 3 U0 i g -k B o bt v, ELWREE 5 LU 2228 R RS B THRY
B, Hod 5 R Y p (Na) H 15 YR Y 14% BEAK S5 U 0100 9%, 15 5% 5 191 3T 31 14%, 1B
Na X5 Y T8 B A — 2 5 M, (HAR 2 B 36 2 075 YL U W4

[P(NH)  [0pS0}) N PNO3)  [Ip(Na®) [ e(KY [0 pMe™) [77] p(Ca¥) 5 p(C)  E==p(F)

2SBR
35
e
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P Rstetetetetotet
2‘00’0‘0000:0‘ o3
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15 AT 155 55400
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Fig.5 Proportion of water soluble ions in PM, 5 during 3 sampling periods

222 PM, s FICHLITZ Rl il 53 A8 L ik

& 6 ARG GE R0 . 5 YA L 05 10 PM, s hICHLOT R R B AL 8., b, p(Si) ZETCHLIT R
Wb H R R, p(K) IZ . p(Si) F p(K) B o Fe A 5 B w8 L 35 g S0 R T 4 Ja 30 09 722 A f oy B 3
p(K) HI5 4L AT Y 1.6 pg-m™ #4253 1A 2.4 pgm™>, FHE T 50%, 155 5 1 2 1.2 ng-m™>, X
TU5 YL AT G 05 4, 35 48] p(K) FETCHLIC R Y i e T 5%—10%, BEHIEHLICER i K X
15 YL B ST K. K TR 2 — M E RO R, 0 A A Y Bk e e H 2ok —bY, 3iH]
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A= R BRIV T G LA — 2 Tk, AH TS YR RS G S5, 35 e p(Si) TE TR
FE SR BET 5%—7%, 15 w0 | 75 Y A0S G 5 A p(Si) KK R 2.5, 2.4, 2.6 pg'm, LA
p(Si) X5 YT BB TR AS K. AR p(PM, 5) HR TEHLIT 2 20 B 48 SRR B, p(K) F1 p(Si) o FL 455
K, HA TR 5 HAN, BR p(K) 1675 G301 09 8 3 m LAAE, Hofth o 22 B vk AR L IR AR K, BT R o
H p(K) X5 e 1) BTk die K, BE AR 9 A b e I Ik B V5 YL I i) R B sk 2 —.

[Jp(Na) S pMg) XX p(Al) Ep(S)) EPK) EFp(Ca) 7] p(Fe) [II1 p(Zn) [ plother elements)

2% 3% o4 3

3% 3% 8% —2 3%
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15 Reni g =] REp ]
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6 3 UL p(PM,5) I TEHLICE it
Fig.6 The proportion of inorganic elements in p(PM, 5) during 3 sampling periods

15431, AR T p(S) fie i, o4 4.0 pgm™, HUOZ BT, O 3.1 pg-m™, 75 AN T XA p(Si) 2
% Ik . FEASMTE X p(K) #9355 2.8 pg-m >, M TF15YLRTH, 1k p(K) FHE T 1.1 pgrm’,
T T 63.8%, #H p(K) T+ T 0.9 pgrm™>, Fhis T 49.5%, BEUETNTTH i 1 28.1%, BT 4edl 4 4R
R A ORI Sk T S Yl DTk AR R

AU 95 Y w309 R0 s e J5 0, 35 e B N T XL BT L B Sk T B p(TC) BT T
0.8—1.5 pug'm>, 0.07—0.1 pg'm>, 0.3—1.0 pg-m> F1 0.2—0.6 pg-m™, i B I YR 75 G 3o B v M T X
p(TC) B 38 iR e K. 78 M T 7875 Ye g 0] L ¥5 Y3 s Yo 5 A9 p(OC) 5 p(BC) — & Z 45k 18.6.
27.9. 16.1 pg-m”, 154 p(OC) Fl p(EC) Hb15 B hi i 73 5| i85 1 45.8% F1 62.3%, BB 15 44 p(EC) 1
SR — IR p(OC)/p(EC)>2 B AAFE A HLAE L (SOA) AR B, LU E B E7, U] SOA YAk il
%, p(OC)/p(EC) TET5 YR IH . 15 YL IAFNTS Y J5 153000 Ry 3.49. 3.13 i1 3.43, P i Gt #2 3 4B Be
PIAEAE Z A B (SOA) HAE 1, 75 Y ) — IR HETSC Y 25 e ) Jo gt s 1 53 A0 WA~ B B, [ e 35 24
p(OC)/p(EC) FEAK UL FL R B p(EC) >p(0C), il # EC FEK A HLsh 4 B A FBRIE S — IR 5Tk
2.3 REK&M

LI v T A 7 1 2200 7 M ARAL BN PE L i % AR o 7R, © A IR RIS, ARAEIXITEA R 5 %
AW FER BRI B IR, T P L A A A SR i A A R IR 3 AT, 12 A 3 H Z R RARE B AR, i
/NI IRLEE Ry -4 °C, AR BE B W7 TH 55, B M 99%, AR/ NEYZRJE XK 3, S KU AR T 1 mes™, X
Pl AR R AR AR TG Gy 0 A% i AT 8, 75 W) 5 AR B0 L 15 e KA. WRR R AR TR N
X 12 H 1 H L1 p(PMys5) A 50 pg-m” FHEGAWEE N, 12 A 3 H B3 2 296 pg'm >, p(PM, 5) ik #|
WEfE, 25 S5 Y. B 7 AT, 12 73 B pad e, AR H AR A5 A8 S ve b O ey, S Bl R
38K TR AR BE T v, TREE FH 99% & & 63%, P Ui i as R B sl ik ARG B AN 8L T V5 Y e
5 Qe R L.
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Fig.7 The 24 h backward trajectory of air masses during pollution periods

3 %512 (Conclusion)

(1) BEUR 5 Yead 72 09 1 Z05 Y 00 PM s, MMM T IX p(PM, 5) 7675 Y mi il . 75 Y30 A5 44 5 101 4 51
K 53.4. 178 F145.4 pgem>, 15 4438 p(PM, 5) 5 K/ ME g 296 pgem >, W M TT X, J7 Sk 77 . 75 B A3
YETH p(PM, 5) B9 R H BB 43514 248, 248, 230, 236 pg-m™. M T /K IS PE B vk BEAE TS Yenif i | 75
Ye RS Y 5 1103 oA 35.6. 95.6. 22.7 pgrm 3, 15 Y WK TR B T 00 W AE p(PM, <) R T L TS
11%—15%, 1 p (NO3 ). p(SO.2) Fl p(NH,") 7E p(PM, 5) H (5 HLdR A, K 78.4%, BiBH Yk 2 i 2 It vk
1 QR BRI 2 — 15 IR T B 1 p(NOy) i R K, FET5 G AT | 5 LIRS den
1Y W BE 43 oM b 12,5, 43.5. 6.98 pgrm”, B p(NOs) B9 15 hn Xk i g T 09 75 g 5T Ek R OK,
p(NO5)/p(SO,>) Fa TG YL FTIVIAY 1.63 &N 25 Ye 391 (4 2.22, U BAR X TR BEHE ik i) — BB £k, MLsh %=
HE IR — VR %o I YR Y5 Y T A Bk K

(2) V5 LRI | I5 Y ATS YL IS 3 p(OC) 5 p(EC) Z F143 4 K 18.6. 27.9. 16.1 pg-m>, p(OC)/p(EC)
3 R 3.49, 3.13 A1 3.43(H KT 2), BLEHTE G p(PM, ) ik & 1 35 i, p(EC) B9 3 i B K F
p(OC), L5 Y WA AE — A AL IE (SOA) AR 1, RIBFHLB 2 R R RBE A5 i 2 e 2 ik (EC) B HE
T BTN, 5 Y ] p(K) 7ETCHLICZE H Y 5 ELREIN T 5—10%, 1 B A 90 5 MR e XoF I v 75 e BTk
LN

(3) TG Y A A VBN AR AL RN 32, S IR/ INBF IR -4 °C, e KR 99%, 3X Bl i KA 441
ANFI T 15 Gy 0 A i A 0, FRAR R AR I AILB 2 | BRI RN 2 W) R 250 e ) ) HE ORI AS T AR 2R
JE T LM VR T Y i A
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