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Abstract

To analyze the characteristics and sources of water-soluble ions in PM; 5 in north China coal min-
ing area, this study collected atmospheric PM;; samples in Fengfeng Mining District from April
2018 to February 2019 and used ion chromatography to determine the mass concentration of nine

water-soluble ions (Na*, NH], K*, Mg?*, Ca%+, F-, Cl-, SOi’ , NO3) in PM;;s. The result showed that

the mean concentration of PM;s was (134.43 * 77.07) ug'm-3, which was 1.79 times than the
second level criterion of Environmental Air Quality Standard, and the mean concentration of wa-
ter-soluble ions was up to (58.76 + 39.40) ug-m-3; the average of SOR and NOR was 0.38 and 0.22,

respectively. The proportion of SO}, NO; and NH; in water-soluble ions was as high as

85.00%, and the degree of secondary transformation would also increase with worsened pollu-
tion. The average of p(NO; )/p(SO; ) was 1.30, which suggested that mobile sources contributed

to air pollution significantly. The principal component analysis showed that the sources of wa-
ter-soluble ions included secondary conversion, coal and biomass combustion mixed sources
(55.88%), and dust sources (29.82%). The result of backward trajectory model indicated that the
two air masses from Hebei province (71.76%) accounted for the highest proportion in the four
types of air masses obtained by clustering.
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1. 51§

SCEEBE N X AU LRSI (K YEREIR . V5 Y W XK RIS e, 5l T ARFMBURII 2
RVE[1]e 2 SBRIA)(PM, Particulate Matter) b s & AR, XIREE ILREFI R SR AR A 2
FRA2]. VAT ET AR IK IR TR TR IRE PM,s PREE T Al SR RS T w380 5 40T [4]
[5]o Mk, HEZFET 2013 429 A 10 HEgsei (R RpHa st k) ( “RXS1+%7), M ERE
FLOKIT =AM BRYT = AN XA B A B I 7 e i R e, R 2 S = A5 3
PR R T B K EEEN, HER AR EKAIR, AFEGEHEMKIAFE, HEEE 6
AT — KT R A 2 4

K BT (WSTs, Water-Soluble Tons)f& PM, s [FIEZ4H 5y, WHEHE F(SOT + NO; . CI'. FZ)fl
FHESF(NH, « K' Ca®. Na's Mg %), fels MBI REMER, ©mSkimmtt, HPNo; .
SOZ  NHj J& HE OG5, w66 WL = A: B BERAMN o 75 U R /KA M B8 A 2R AR 90 o,
WSIs 2 KPR i B ZH AR 7Y, SNA (NO; - SO2™ . NHI )f& WSIs i EE 4L s sy, £
TELE[6 10 41 FX . PM, s HHK VA P BS 735 e REAE T 78 B WSIs 1T 7 PM, s JlT S 1] 47.04%, Horh 0K
PEBSF(SNA, NO; . NH SO )k WSIs ] 77.22%; ZEXEE[714F 2016 SEAL R KIET PM, s KA1
TEHUE Fi5 YARAE I 702 B0 WSIs 1 7 PM, s ) 39.13%, Horf SNA (5 L sk 31.84%; b 7245 (8]
XHRE T PM, s K PE B 95 JURpE R 70 I, KIEPERS T 9 NO; « SO« NHj 1 CI (5 s, 4
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STET= Y5 Q56T T p(NOY )BT, IR BITeT5 R 64019 12.12 £5. AFEIHLIX PM, s & WSIs FHEFALE
ZE5t, — 51 TS5 Y OR . HOERAL B R AR 2 R, 5 — 5 TH 52 B X IR 1 R
J& AV TR A (HY SPLIT) AT DU 23 47 A< 4028 5 8 i PR X 45 Yo AR SR i, )iz B R S5
PeALSA BB A [9] [10]. BIESE[11125 K A HY SPLIT J7 250 HI 8 T AWK 40 S8 b1 SRR A A 1)
WEFCR I, HRERTT PM, s = N PG LA FE 25 4%, T REALEe. AL ARIEHB 1l AR 7830 DA K ot v b [X 56t
THEHETT PM, s W DTRRE K .

X PMy s HHOKVE M 18 1 IR 78 22 B R T 2 55 R I K BRI TT , BEXHEAT X AR FE 48020, WU X S I
TR MR, AR RAT LD AR RE I A B R AR TS . IR, BE A R B R R DL S AT ™
I 72 R BRI G Y HE R B , W™ DX TR B MR IR R S B VA 3 i) 3 ARHF 7T 2018~2019
SRS HIS R T WA X RS PM s REAT WIS, R T PM, s HHKIE TR B FARIE RIS, R TEAN RS e ok 1k K
VRS I S, O T AR RAT L ZR R ARSI EE W R T PM, s KA IR B TR LR b, LU
WD) [X3E— 25 50 2 U R R A S

2. MBEE®
2.1. HmEE

KA by g A T IT b A HISHE T W DA A X RV S R T, B I TG B R T X A5 e SRR A] 9 2
(2018 44 A 26 H~5 A 1 H)-EZE(2018 4 8 H 22 H~27 H) - #Z=(2018 4F 10 H 24 H~29 H)FI4Z=(2019
2 A 17 H~25 H). MME] 248 Kestrel 5500 SR AGER AR SH, RS IYEIE(SO,. NOx
Sk B A1 R X B -

2.2. RO

KAESE N KB-120F RS e, W E LR 100 L/min, JEAEH @90 mm A ¥, REERTE A
PERRAE S gl deh 550°C 5B 5.5 ho fEHIFRELILAAE PMys FEM TR, FRE BTN EIRIERAHGRE 25°C,
FHXHREE 50% + 5%), FREAH d=0.01 mg 7 Hr K7, FREE SAR0UATRI R 9 PM, s KFE. DI
A 2.011 em? AP E N 50 ml 08 F, I 20 ml BAEKHEE AR EL 20 min, FH 0.22 pm JELid &,
K H BT 154 (Dionex ICS-600, USA)/ T4 i FilAb 2 /5 i 9 Rk TEHLE F(SO; « NO; .« CI',
F. NH;. K'. Ca*'. Na'. Mg™)IikFE.

FRAE (FRBE25S PMyo A1 PM, s FIIN E F B2 (HT 618-2011)) H PM, s HIMR 1155 28 0T SRAE IR
MR T, AT, K1

MZ_MI

p= x10° )

K p——KABRA) PM, s (R BIRFEAE (ng/m®);

My, My——RFERT S R AN RAL 5 YRR T & ()5

V—— B AR IR A (101.325 kpa, 273 K) N HIREEE R (m?).

(2) KUV RS T AR TR PMy s KIS PETCHLES T &40 I ik A, R4 T 41 A sUdk A7t
5, X2

nR?
C=c*20*27d$2/V 2)

2

s C——RAPZA IR, B4 (ug/m’);
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c——FE R R S IR, B N (ng/ml);

20— A FE R ARFA (ml);

Ry~ Ry——43 R RAE IR AR 2 A2 A0 4 BT S8 AR 42 (mm), - A 3243 HIEL 40 mm A 8 mm;
V—— SRR R 25(101.325 kpa, 273 K) T HISRRE ST (m?).

2.3. EEQWAEE

23.1. ERF T

4343 BT (Principal Component Analysis, PCA)s & —Fifitf Bl 1E A2 A8 6 %) #i i A% st 47 P 4 B AR
RIBIEHIREE, AP FERW A TR I, T2 N T SBR[ 12]. Cheng %[ 13]
fEH PCA T3t 3 X T ) WSIs SRUET ket MAEAI2E . ABT SR SPSS26 BEAT F: /770
e

2.3.2. REHIEER

S5 IR PLIZE(HY SPLIT) R 20 02 58 [ | e A O ARS8 B R KA R PR 9256 = (NOAA  Air Resources
Laboratory) Wt K [ERE R Gt, N T 20 8T S B T AR e AR S05 e s 3 Jics k. ARHiF iR
FIHEF HYSPLIT $UE AN GIS i ARIF KM TrajStat FAF[ 1413847 J5 FIFLE 5047, 1 FH GDAS di %=
(ftp://arlftp.arlhg.noaa.gov/pub/archives/gdasl), H#E NG L SR AR FXGESE[15], e
JEVCE N 500 m, FEAARTE B E AAEH 00:00, A 1 h B 1 &BE, ATHE 48 h T

3. ZRS5WiL
3.1. PM, s BkiE 1 B FIREFHE

ML [E] W Wy X PM, 5 Ko WSIs B LA 1 FTzR, p(PMLs)A(134.43 +£77.07) pgrm >, iE%] (R
SR EFRUENGB 3095-2012) 7 (1) 2 bR AEFREL(75 pg-m ) 1.79 155, %K B v TR 414 X 22 BH 17 1) (85.81
+ 45.430) pg'm ° (2018~2019 4F) [16], FEET “2 + 26 3”7 FFILTHH 58.92 ug'm ° (2017~2018 4F) [17]
FKJR T 67.01 pgrm™ (2017~2018) [18], AT MR [X 2375 Yk P4 ™ 8 . WSIs 1EA PM,s [F1 5
By, p(WSIs)H(58.76 +39.40) pg'm >, (5 ELik B PM, s BERIRFEIN 43.71%, AT L WSTs X g 06~
X {75 G IR K TTmR. 9 B WSTs IR E B 2K 2 50 NO; (2162 + 16.64) pgm >, SO (16.61 + 11.96)
ugm >, NH; (11.68+10.22) ugm >, CI (3.01 +2.44) pyg'm >, Na®(0.94+0.71) ugm™>, K'(1.50 % 1.20)
pgm >, Ca®* (2,70 +£3.72) ugm >, F (0.52+1.15) pgm™>, Mg” (0.19£0.17) pg'm .

150+
1.60% " Na*
"""""" 2.55%
1201 I / = NHi
o 58.76 36.79% / 032% ok
g WSIs 1
& 90 l \ﬁm Mg
S [ ——— 0.88%
% 13443 J\\  Ca™
60 PM,, ‘ .
i N w‘ 5.12% -
=S
30 [ Yoy
= SO%
0 NO:

Figure 1. The concentrations of PM, s and WSIs during observation period
1. WMER PM, s F1 WSIs iRE1EIL
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TURKIENEES (SNA, NO; -~ NH; f1SO)EA PM, s FIEE EAL 5y, I E(49.91 + 36.80) pg'm >,
i PM, s B LI 37.12%, #2500 p(PM,s) B ZEIA 2, W] DA S RIS AR B[ 19]. SNA ik
JE(49.91 + 36.80) pg'm >, HIKFFILE THAME T, 15E WSIs [ 85.00%, SHEEEHT[20 A6 5T [21] /0
FARMIT. &5 p(SNAYE p(WSIs) 5 LU ZE R PR, 537108 93.76% (F). 92.19% (). 55.94% (FK)+
87.48% (%) AFIZETIA] p(SNA)ZEF I, A ZIRIEH(85.84 pgm ) Al ik B # Z(18.96 pg'm)f 4.53
5, HUEAT A RIS Y e E

3.2. FEGRFZGETAKBEEFISFTIER

454 H1633-2012 (IAEE i EFEE(AQDE AR K E (IRXAT)) AU A 8] S b e S & A O, #4723
15K NS, B R (AQI < 100). #EEFV5H(101 < AQI < 150). FFFISH(150 < AQI <200). HJE
1594200 < AQI < 300)F1/™ FE {5 44(AQI > 300). HElt, JEWE K. BEIGYe. REGY. B RA™Hi5
YN PMy s TR B EE 23 51 9(57.75 £ 15.20) pgrm >+ (107.90 + 23.04) pg'm >+ (173.01 + 72.03) pg'm .
(216.85 +22.91) pugrm > A1(303.85 + 43.19) ug'm >, WSIs WL 51 8(19.04 £ 7.01) pgrm > (43.34 + 11.47)
pgm . (81.82 +21.38) ug'm >y (102.16 + 13.05) pgm > F1(150.92 + 8.07) pg'm . FfiE KI5 UHEE 1)
TNEE, WSIs [ &5 PM, s [0 ELB1 T 32.96% - F151] 49.67%. 7] W, WSIs X PM, 5 1500 Bifi 35 25 /<005 LA B
EETIESLRT

BEES YRR INE, NH, . NO; MS02 H T H 0.48 pgm ™. 4.64 pgm™., 4.28 pgm™ F7H3]
34.84 pgm . 50.89 pgm A1 49.37 pgrm ™, ZFIESFAE PMys PR AHEEH 16.45% EFFEE 44.46%, 1 HoAh
BT P AR AN B R, p T LU A X A ST G B A2 B T JOKIEPEE T NH L NO; F1SO; 1
SR (1),

Table 1. Mass concentration of water-soluble ions during observation period (ug'm )
F 1. WA S TR ERE (igm )

Na* NH; K" Mg* Ga** F cr SO NO;

THIER 0.65 0.48 0.66 0.20 597 0.23 1.92 4.28 4.64
BT YR 0.71 7.91 0.93 0.15 2.44 0.77 1.63 13.40 15.41
TSGR 0.68 18.47 2.25 0.16 0.58 0.19 3.23 25.82 30.43
HEEIG PR 1.84 23.18 2.54 0.22 1.64 0.34 6.98 19.00 46.42
T G YR 2.07 3484 436 0.37 0.84 0.47 7.70 4937 50.89

3.3. PM, s )RS FRBR TR 1E

3.3.1. PM, s —REEL
SO FI NO; 1EN PMys I E A 5, 1 SO, Fl NO, S AR E Ik 5T 4B A [ N = A, IR P
i 2 B R S AR B w0 R I [22] . B %8 AL % (SOR, Sulfur oxidation rate) fl %55 1L % (NOR,
Nitrogen oxidation rate) ] LA SRZEAE SO, M SO, NO, [l NO; ) Z IR AR, —Mkid SOR FI NOR
KT 0.1, FoREBVG G R AR IR FAG[10], SOR F NOR #OK, KA HEib 2 E A #GE, p(SO2)
M p(NO3 )il -
SOR =07 /(0} +50;) 3)

NOR =NO; /(NO; +NO, ) )
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AWFFE T, SOR M NOR FIAEFIE N 0.38 H10.22, FHIEIEH [X PM, s th — LIS B AW &
R BTG Ge EEGs, H TG e B 5 4L 2 4F N SOR M 73 74 0.22. 0.38. 0.56. 0.32 F11 0.67,
NOR ¥J{E 51514 0.08 020~ 0.34. 0.32 1 0.34. A WLBEESYINE, SO, Fl NO, SR — Ik Fs
OFREE B R NsE, B X T 0I5 Qe sk, RIATS e in B B R 52 B SO, Al NO, S AR T RMI I — IR 4k
ioE A

SOR F1 NOR = % 57 FIJ3, B AT BE (O 5200 23] [24]. M 2 AT LLFE HY SOR 5 i B Al /i 5 5 2% 1EAH
K, FHRZRF N 0.76 F1 0.66, FHH SOR XL AHUK: NOR (LSRR —EMKXKR, &£
B NOR A 5 (10 R B . b m] DAAR 21, ey X Ab il AR FE R RT3, S8 AR T 23S
H1 SO, Al NO, S5 HIMA K A — IRk .

Table 2. The correlation between SOR and NOR with temperature and humidity
3 2. SOR # NOR 5iRE FIE A HIHE X4

SOR NOR L WA
SOR 1 0.66 0.76 0.66
NOR 0.66 1 0.25 0.47
R 0.76 0.25 1 0.55
BAE 0.66 0.47 0.55 1

3.3.2. PM, s E&TR 14

KAHH Cl SOY . NOj « F 2 B 7] LU 2 BRI ER e, NH; « Ca®'s K\ Na'ZFHE
AT ARG 0 s SRR R B PE [ 13 ], onT LUd i B BH 25 5 (1) B8R B, B AE (anion equivalent)fl CE (cation
equivalent) LU AE I W PM, s BRIBTE o FH B8+ FH B B+ B BE R B R FE 1 B A X ol

o [T [K°] o] [ug] [y .
23 39 20 12 18
e 5011 [ror] [er] [F] o
48 62 35.5 19

R HE AT A, WLIIAIE] AE/CE HI3S1E M 0.90 (R*=0.96), BRMEMIFR(CI. SOY « NO; « F)R] LYK
PEVIR(NH; « Ca™'s K'v Na")se2Hfl, SEHLEIRIGIER" X PM, s AFGHRIE, 1X—25 ANIEF B4 i[25]
MR FLEs e, TS RN T 261 T AL 45 AR RF . B PMy s FIERIRMEAFIEZE T AR Ak, TER I 2 55,
FRAHT S0, DL 20 £58 PMys IO IRERAL AT S, ISR X PM,s 1 SO, NO, ST IR FE 1K
BRI, p(SO; ) p(NO; MR E T p(NH; ), AR AHER ERARER #h (W BE i TR bl . =,
HZ. KFMAZE AE/CE ¥I{EH 58 1.01. 1.14. 0.72 1 0.90, T EZFEEMGER R, AEdsAmqT
R A B E 21 SOT MINOS , 158 T PM,s IIRYE, 152 PM, s IRTE I 3 T oAb ZEY

3.4. KEEE T RIBRRAT
3.4.1. p(NO; )/p(SOY)

p(NO;)5 p(SOZ ) AT LA RS AR 2 VB0 205 S ORI (27, NO; R ZRIR T
SRR, SO7 MR BRIE TR I EEHE, p(NO3) p(SOZ )M AT 1 RUIRSEEN
VSR TTIREE K TR, LGN T 1 I & N 2 05 etk K TR B [23]. AR Fe
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2.5+ B % y—09693x+0.0285
® H y=09322x10.0977
A B oy=11281x-02629 P
1 v % y-1.0079x-0.1545 //
2.0 d
///
~ 1.57
=
&
3 1.0
0.5
00 T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5

AE (PM, )

Figure 2. The balance relationship of anions and cations in PM, 5

2. PM,s HBABRES TR X &

p(NO;3 )p(SO IME 1.30, (i H R Bhilx 2 Uit B ) 5 2500, XA ARORIGIER™ X5 4
P ) B R AR T RS SR I A 2 o X — G5 R SRS E AT e RO WT FE 45 RARTT, A0 DL PH 7 [28 AR A
M[29]e B “RA267 SR RtA b “ R iHERE, [ € I8 SOF MIHFCE U T 4, Wang [30]
XS ST I AL R ILE 2010 45 SO3 FIHTAY) SO, HECE T M B W] B T- NO,, F2ahilix =
G G TR BB T4 9

34.2. ERPTHE

HHS SPSS 26 H11) PCA #ibR, XTUEIER"[X PM, st WSIs #EAT T 704, RS A7) 2 K 54
T2 PMys SKIE. MFE 3 ATLLE H, PMys 1 WSIs 38 F 5 328 2 AN 7, 2 ANEFXE PM, s
WSIs 1 2T TTlk N 85.70%. K7 1 AT LAERE J7 22 LUl 55.88%, Hiamiii KI4LH K (0.939). CI°
(0.936) NHj (0.923). SO2" (0.819). NO; (0.910)F1 Na" (0.805), ¥ ¥ KW ALY FBREE bR EE
JOE, CURIRIEBONI A, RIE TR AR LS i S R, el T O 00 b P v 0 e DA
SZREPE ISR, B CUAl RS BRIE TR A YRR, NH . SO Ml NO; £ 3k B T4k 4
YISO, F1 NO)HIZEAL, HURF 1 AT A BRI A= W Sk e . — R BG AR VR & IR, D7 2 W7 DASRRE 77 ZE L
lF] 29.82%, FAFEAHIA S N Ca®™ (0.930). Mg®" (0.843)H1 F~ (0.890), Ca> Hl Mg* g L (b 7% T K,
F BIERT 22 haaiiim, (Rl T HBAIRERMK, WET 2 v AT AT,

Table 3. The matrix of principal component rotation factor

® 3. EROIEEE T HEER

BT A T F=
K 0.939 -0.052
cr 0.936 0.100

NH; 0.923 -0.335

DOI: 10.12677/ag.2023.139096 1011 HuERFL 2= ATV


https://doi.org/10.12677/ag.2023.139096

GHARFE, WL

Continued

NO;

SO>

Mg*
SR DT 1%
R %1%

0.910
0.819
0.805
~0.143
0.159
0.474
55.877
55.877
TREEA S BRBERN A T R B TR

—-0.126
—-0.312
0.282
0.930
0.890
0.843
29.824
85.701

7R

3.4.3. FEIFE

FIH Meteolnfo B A% IR X 2019 4= 2 F (SRR HEAT 5 IR BB dE4T 2K b, g5 R unl=] 3 fir
e ATRAEH, FrESEEFE A4, BA. By C. Do Hi 3 B A D 1552 35k [ ] b b A g
AR R, B2 5 2 5 40.28%A1 31.48%; H2K C FERFET I AR MK, Lmegdt
TR RIER™ X, B o5 LEIA B 18.52%: RIS A W F-ZEH 1 52 P a T, AR BRI 1L PEHRIA IR X,
eI PR B RO A, AR 5 R 9.72%.

RASKE : WRIER X AL R ARG AR oA, 5 Pl RS2 A PR AR AR s ek, Bz
B3k B AT AL rp R HS R T 12 X AR A B 71.76%, 31X W] e HE G e AT DU [X ARG i 1)
ARSEAFTE L T — AR RRE ORI 0, #EMI R 1 R BR B AR S RS Jemsem), X 55
SE[]BE TR R — 2

=2
o

¢ »
39N+ ; ’ ;_}
S P
38N[ Y
0
37N
36N+
4Euclidean
35N / : 2 40.28%
i et '“‘»-.i 7NS872%
0 90 180 a0 L_aseS T A VA T e
: m N
- K .X‘{\/{e‘.s-%
4NL ‘ ‘ ‘ ¢ ‘ ‘ ‘ ‘ ‘ N y e
107E  108E 109E I10E I11E 112E 113E 114E 115E 116E 117E 118

Figure 3. The result of backward trajectory cluster
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4. Z5ig

1) WEaE, IIEH X PM, s TR N(134.43 £ 77.07) pgm >, KIFHEE 78K E N(58.76 +
39.40) pg'm . SNA /i WSIs ] 85.00%, HARNHEMZETAL, DAFTERKRERR, EFEKEK
FEE A

2) TEVSYAAE T, AKIETEE F1E PM,s 5 EE T 32.96% 17131 49.67%, Hid SNA (5 Ebi 16.37% EF
F| 44.46%, T UL WSIs Xf PM, s 34K A B 25200

3) B V544N E SOR AT NOR HMERE K, v W5 456 T I AL TE B 2, SOR Xl BB K
B, NOR IS8 5 BN UK

4) p(NO; )5 p(SO; LERM, BN 25 R otdRE N R ER g RER B, PM,s K
TEVE RS T oRIFALHE KB AL RIGRN AR TR SRR TR A U (55.88%) LA S 20U (29.82%) s i I FLIZR I A 45 TR
T, ok BT AL A rh R HE SR T AR Hh PR A o b

&5k
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