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17.5% FlI 18.5%. NO3/ SO R HLAE 7 0.79, 136 W [ % U5 A% 53 mik 58 AC 5 /K %5 1k 99 BH 25 7 0 06 1 41 2%
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Pollution characteristics and source analysis of water-soluble ions in
road dust in Anyang city during summer
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Abstract To understand the pollution characteristics and sources of water-soluble ions in road dust
in Anyang City during summer, 70 road dust samples were collected by a hand-held portable vacuum
cleaner in May 2020 in this study, and 10 water-soluble ions (F~. CI". NO, ., NO;". SO,~. K*,
Na', Ca*. Mg, NH,") were measured by ion chromatography. Ratio analysis and correlation
analysis were used to analyze the pollution characteristics, and geographical statistical analysis and

positive matrix factorization model were used to determine the main sources of water-soluble ions.
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The results showed that Ca**, SO, . NO; . ClI', K accounted for a large proportion of water-
soluble ions in road dust from Anyang City, and Ca*" accounted for the highest proportion, followed
by SO, and NO;". Among the three types of roads, Ca** accounts for 53.0%, 45.3% and 45.9% of
expressways, main roads and secondary roads respectively. SO,* accounted for 16.7%, 17.5% and
18.5% of expressways, main roads and secondary roads, respectively. The ratio of NO5;/ SO,* was
0.79, which showed that the contribution of stationary sources was greater than mobile exhaust. The
correlation slope of water-soluble anion and anion (0.42) is less than 1, indicating that road dust was
alkaline. The spatial distribution of Ca** and SO, , Na" and Mg*" and Na* and CI” in road dust of
Anyang City were similar, and the high-value areas were mainly concentrated in the northwest and
southwest of the study area. The main sources of water-soluble ions in road dust in Anyang City were
vehicle exhaust sources, coal sources, agricultural sources, mixed sources, dust sources and biomass
combustion sources, and their contribution rates were 12.8%, 19.1%. 16.6%, 14.7% and 19.0%,
respectively. To provide data support for Anyang city to explore the source of road dust and put
forward control measures.

Keywords Anyang city, road dust, water-soluble ions, spatial distribution, sources analysis.

W25 TNl AR R T A B PR K i, Sl T 3 B S e A A2 3K, ML 8l A4 DR AT B AR B Y, S AR R
T A B FR AR G Ye TE BE AR AN R R ABORLY) (PM o Fl PM, 5) I R EERIEZ —, B0, U EHEER .
ZIRTFIE | IR IR [5t 2 25 UKL 575 YW WIESE S, TR R B 1 5 S K 45 T B AT 2 1 % 1 71
AR B G S B2 rp UK 285 75 e W) 2 MK R A 7 9 1 8 32 T DT E AN, S P s A AR I i )
BOR AR R B T RO AE R A 2 9, X A e = 2 P A R 7 A, T R 2 B B8
FIIRERE 7, REAS 1 HE M AP EE SRR /K BOIRBRE . e, /KM 7 IO OE R AT 55 5 15 e e
JELIEASE, K1 (NOs™, SO4, NHy") X R URE WL A B 52 i . PR ik, 70-#ral s R A i) Kk v
AL 5 2 Rk B HE IR R =5 Y Bty 22 G H 22,

FUHT, [ P2 R T K O T 38 B AR AR B A AR CRFAE 9. A0 42 05 45 7 83 T de st i 3=
13 DA [ B DX 3 PA) 4 O 6 R S AR 2 0y ) 728 A LR, 2 B0 7 0 5 B AR A 07T | HIE IO JE 5 S
] 5 2R SRARAE S RS T A0 SR T R AL Bl A7 8 AR AR S SRR T, SR AR A X PR Y
PM, s ¥ BESEMA AR, Xof P Y PM o Wk SN /IN. A7 T E A0 I T BUAR S vk X PG 1T 4 Fh e Y
T Jr 14 T FR A HE R R BIF 9T A B, 3 AR HEIOR B R T i e K, ST, DR s A T RN 1
TEARAE SR AP-42 HERL PR 78 B 5 el PGS T 0 B AR 235 14 75706 X JUATS 1 X B R0 DX e B A AT B
g8, IO T RIN T G B e 28 P PMyo R PM, s HEBCRYRCR, 32 8852 30 3 2 A0 4 i
SR EL AT W5 X A 208 5 R A4 B R A BT R U AT B A 38 S, R0 T B R A2 A P 2 1 0
15 YR ik SOR R 3 AT o WL . A9 0 S A Ry 2426 7 ST S P A0 YAl danian i b iy 22 BRI, G %
FRATr g sE A 2 b,

UL ILAAF, 22 BT Tl A 7= MU AIBL 8 42 O A B AR K, el 7R 5 4%, 2015—2020 4F, % FH
T PM, s Fll PM o AOAFP-27 90 BE 7RI B A 18 AN i P 44 9 A i =, sl (B3 2 Ui it ) (GB
3095—2012) —ZARHEBR{E . PRIk, ASBFFE L2 BH T 3 2 i AR D B TS0 R, ik A3 20 Al i
FRAX PRI B 1 B 2 RS Qe RFAIE, A 3t B GE T3 A0 1 7 R A R Al o 1 6 FR A PRI PR g 1
SRR, LAY D 2 BT R ZE T Sk A B it 5 1 4 16 5080 S0 Fr

1 MBLE )7 (Materials and methods)

1.1 W5 X3,
W1 s, LB (E 113°37" — 114°58', N 35°12" — 36°22" )5 T pd 45 e L &8, R a1l
P b =4 38 FAR . 22 BHTT A R TR iR RGP Z XA e, AR AR 14 °C, RN i 600 mm,
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MM AR 2 6—8 H, & Z £ S M AIUR, B 2= 5 S K kv g A0 ARG (L BT 4 T4
%2021 4F ), 2 PHTT 2019 4E42 T 31 FE 3495.4 J7 ¢ bR, A2 7= Bl 2393.2 /27T, HiA 88 — =k b
46.2%", Tolb 7= O . Ak AR AR YR, Horb, RN = B o 14330 07 t, A TR B
1501.0 J7 t, A=k =y 1399.3 J7 t, K IE =4 596.8 J7 t9),

B 1 BT A B B AR AR S 5
Fig.1 Geographical location of Anyang and the distribution of road dust sampling points

12 FRACREE

R (22 BT v 30 X3 8 52 3 H0 %0 18] 2007—2020 )09, F- 2020 45 5 H 7 & 5 A 13 B T4t
fEHE M 2 25 (A5 SRR V8 Fluffy) HOoRAE 70 A8 BEFRARE &, PR 6 17 4>, 118 36 PR T
T 17 A SRAE B b W0 1 B 1A N K B v b S B Sl 7 e W, R S R SR R S 295 200 m, B
FESCREMZIR AR, RS EE LN 200 g B RAE SCRFESS AU, (1 IR i FNRDRS 1 Ve b 48
WSk MR ZRAT . BRI FNAR AR, I TR T WA 85 4 T, B e AR 28 U7 . A iy 0] S 3 %5 )
Se BRI 7 AR R0k . w8 A. B& . WSS, IF7E 40 C T TR EBIEE. &5, KRGS
100 H A1 200 H i 715 2038 B L AIRE, BT A E4AS, RS = 04T
1.3 AR50

MR CFR 5% 25 3 WUk 4 K 3 M BH S 1 (Lit, Na™, NH,', K°, Ca®*, Mg>) Il 2 B F (0 3% 1% )
(HJIB00—2016) Fll {FRBE 2 AR oK B PEBH S 1 (F . CI'. NO, « NO3. SO,%) 1yl 2 2§ (3L )
(HJ799—2016) I 2 /K FEPE R 717, 15 ¢, FREL0.10 g A4 T RERH, HE FACGE R E 40 mL. ¥4 R E5
s THRZ 4, 110 rmin” #&7% 4 h. #8509 2 0L 4000 rmin™ 2.0 4 min. R 1B 35X
(BEAYL IC6600) I 2 T8 [ R/ v K ¥ 1 25 & i, R 0.45 pm B Sk ik 5B 48 0 15 M B VR oL U8, 4% R AR
SARUFAAL R T BRI E 10 AHE S, BEAT— U SR HE A S 0, G 3R 22 397 10% LAY, ]
FF S 18 7 AT AH R AR 7 O 22 53 308 3.0% T 4.0%, 1 J2 ST 45 2K
14w H A

o F AR (T — A )2 To i 25 AR (7 vA U L O R R T IX A AR B, B EOR A
[) A A DG R, FERT B — W B — 2 AR R 4K, O35 20 A T HER. TR 0R

Ziy = Z/li X z(x;)
i=1

Y, Z (o) AR AL B WA THEL A2 () 78 ACSRAT: sEURH QB 5 AN B R ORI
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1.5 IF @ MR

IE 8 Hi A (EPA PMF 5.0) S 7EE 51 29 1 S5 1 X485 R A K I 1 2 - S B 7 i 008l (AE A
HEALEE ) AT e /N 33k 43 i o ¥ Y IR DR R 124, 38 2o S Bk S 8 (B Min. R2ZK T 80%., BT A7 Al
T RIEME ., A R R BT 80% iy B 25, X A5 K i M B8 15 G I3 50 51 58 ] 45 290, AR 3
EPA PMF 5.0 I P $6 9, TFHEA X h:

Xij =

(gafiiteij)
KH, xR K e i P& &, g i FEAR RIS kANT5 YR I 1 DTk AR B f e 2R
k N5 YR R T B K IEPE B Fo0 R j IR INZR; e JEH87E | DMREAR TR & B O j RYFRE R
i 2 B /M B AR R O 1Y IE 8 5 BEARUAS B e I & B AR BE AN IR T, TR A =R
SR xij_2£=1gikfkj : b €ij :

Q:;Z;( Ui ) =;Z=1:(”_u)
K, w BTSSR KA TR FIuR j AN E B 1E 8 A B A5 1 5 B A iy AN A 2 08 S
. KRS T /N Tl S RIS X R 6 2 YRR B (MDL) B ey B35 20K
5

MK 5 KT MDL B, B9THEA KR
U, = \/(ax ¢)* +(0.5x MDL)?

Krh, e AKEMERE 755 (mgkg '), o HIRZEE(10%) , J& 5 ANHH & BE A 43 B AR BE A
[ 7% (3—8 1~ ), R H Robust B3, 12 R E S 20 K, FEAILEERER) i S AR UK A2 17 1F 8 i PR AR 8.
FEEEAN R R FELT Qron/ Qexp ( Oron M IE SE K A AU ZE Robust #2015 2] 1Y H A5 s AL QI B L, Qe N H
breR B QI BAR. HoH, Qup =nxm’ = px(n+m’), m* Ry “Strong” %8 & (48 B ) (1428 A1 Bk, — eAE
Oron/ Qe TRTHL T B AN 22 T A PR T4 00008, e 28 e B FE R T 0CK 6. BB, BR T F(0.16) Z 46, HE
I3 B 25— 174 S AL 55 58 B S DA =[] g 4005 I %) R2E31 KT 0.8, 33X i BH IE e R ASE 1R 45 SR AT 4.

2 E R 5308 (Results and discussion)

2.1 KRB TS AR

B P T T SRR A S e 10 FhoK VM B vk BE (AN ] 2 FlEl 3 . 22 BT IE B A A 10 FPBH FH
BT A BN K BN IR g : Ca®* (47.2%)> SO,>(17.6%) > NO5 (13.8%)> CI7(7.8%)> K*(5.5%)
> Mg*(3.0%) > NH,(2.6%)> F (1.5%)> Na'(0.5%) > NO, (0.5%) . 7£ 3 Fili B A, Ca**, SO>I
NO; & S BE ¥ AE T —. Horp, Ca¥ fE P i . 3 38 MR T8 09 5 4308 53.0%. 45.3% il 45.9%,
T AR A T Ca? fi =y W 1R 38 6646.48 mg kg, YU B 2491.34 mg kg '; SO, FE PR . 3 T-1E Al
UCTE 7 HL A3 3R 16.7%. 17.5% i1 18.5%, 18 B AR 2R SO fie i W 4 /51 368 2499.23 mgkg ™!, P34k
&R 928.36 mg-kg ™' NO; 7E PR FK . F T8 AR T8 1Y & L5358 9.4%. 17% Fl 10.6%, 18 #§ AL
NO; fie 3 M ik 9594.62 mg-kg !, SE¥IW R 730 mg-kg . 5 AR ETI(PM, 5 ' NO5: 5.27%. Cl:
7.13%. K*: 1.28%. Mg 2.61%. NH,": 1.22%. F™: 0.62%; PM,, H' NO;™: 3.65%. CI: 5.42%. K*: 1.25%.
Mg>: 2.53%. NH,": 1.01%. F: 0.51%)#H ¢, NOy~. CI', K*, Mg*, NH,". F A & B m; SEhe
(Ca*: 30.2%. NO5: 10.1%, SO, 33.7%) #l [t, Ca* & 5 7, {H NOy . SO & k. k& F
NO; ™. SO, NH, £ B K A B 1 T 7 bR 34%; A6 DR % . 35 T3 AN T8 A0 o i o b4 o
28.8%. 37.1% 1 31.5%. AN [R)3k i1 =2 (B K ¥ M 15 &% B A AE — 2 A9 22 5, 31X AT e PR R 3T 22 (] A AL
LA EA R FEFERR IR E 2 R SRR A XK.
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Fig.2 Concentrations of different ionic components

R G 1< AN 7S 8 /| /G R TE BT 0 A AR < A D i 4
Fig.3 Mass fraction of ions in road dust on main roads, expressways and secondary roads

Ca* 1 N 5EARiRIT R Y, HoAE 3 Ml B2 B vh & B AR o ELAR, W2 PR TGl AR A 224520
SN NOy 78 3218 P 35 1 R i T DR B AT 18 NOs 2 HR 4 UHERLY NO | NO,, NOx i i
JeA A BN A B, H NOy AT LATERF SE HY A5 48T T2 B R £k 3 A UKL 1. <22 B T 3 i 5208 &3k, Bt )™
BRI HUHE IR R A R AR A S R S O R T I e R A 3 R A 0 1 i ) L g,
ZE I o W b T PR B IR T NOs L SO,* . NH U2 R K PERSR Y B8, KBB4 i R R =2, 78
B BH T BT A T B K P B P L 34.0%, B2 BT ORI AF AR — 5 B9 kTS YL BT A
P BT, HERT SO, R TRAREDY; K 78 3 il 2R BRI A vh & AR, 17 K 32 S A AR W Bk
Bead e AR L 25 A DAL B 1 o A REAE, 40028 A IR B T T AR A R OK IR S T ML L L
R AW TR S N R A5
2.2 BIBHES P 2 NO5 5 SO, LU fE St

WHoE s, BT 7 220, 2 (UKL 2 IR 15 BH B 53 22 I e 4 VUL Wy AR B 1 9. B8 1~
BH 2 1 P ZR B P 6 s OB R, 3158 308
Na'] | INEC] ke [Me][ca

CE="753 18 39 12 20

[s0°] [No, ] [cr] | [F1 . [NO,]
AE="" "% '35 10" 4

i, CE A FHE T By B ff ik B (mmol-kg '), AE B T i B ff i B (mmol-kg ™), [] " AN B
F R E (mgkg!').
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CE/AE fH/NT 1 Ut W 18 B AR 20 BUR 2R Pk, KT 1 a8 Pk 2 FH T 36 #% AR FF i CE/AE {H h
3.25, FHE T 2w TR 7 20 Pudi i . 138 . T8 CE/AE H(E 5K 4.05, 3.06. 3.33, FHE
T T IR T B, KV 2 T WR O 110 1 3 A S MR, M SR RBRANT 1 R R
PR RT 1 0. X 22 BH T T8 AR A A B BH B RO DG o B (T 4), PR A G RERh 0.4, R 2
0.45. 73 5% 3 P A U TE B AR A v [T BH 25 1o O 2 A (1 4), PR . 32 T8 T T AR DG M R
3512 1.0, 0.4, 0.57, R? 43514 0.35, 0.58., 0.38. 5 S50A S ARk R A 22 30 K IR R 2 il 5 kT
FAE A 6> s SO NOs ¥R B2 5, R B i Ikt 02 fi 773X 6 > s SO, Hl NO5 ¥k FE 7
NO; Fl SO M Ay T B 1) IR B F, HorP SO = E & fi BE R R B T BRI SO, Ak o, 22 4y &1 %
DRHETL. BT B 2= B v . MK 230, 3 R T KA SO A A BURITTRE ) NOy 2 i A, KRER
A RRHR B 1 NOx itk ik, Z2 I8 shIEHERC. I, NO; FI SO ik B =2 LE AT LA ok Lh 8%
AR S5 1 52 HE AU AN AL 3N 42 25 8% S HEBOIR A A BTRREe. ph 8] 4 ] RRAR SIS 4 R 250 1: 1 4 1
J5, FE b PHES T2 S e B R T T8 2 i vk B, e B BB A RV B, 3 S TS AR A A S
P Lkt 3 o AR A WP i R P PH B O B R, LD Ca?. f b nl D, Ca? o bb i U 3E
P2 RO AT AR FLAERT. Ca¥ 2ok A T 4 i i M 3R 4% D RN 547 2. 455 SR AE I R FR A
S, P SRR 5 BRI B ML Bl A HE ORI R e XoF T8 5 2 143 1 BCRE IR, i ARX 6 S SRR A BT T
b .

E 4 GIBHE 7 P8 e
Fig.4 Correlation of water-soluble balance

2 PR I B R R NOs/ SO,2 1 LB 0.79, B 32 [ 5 TR 52 i K. &2 FHTT NOs/ SO,> 11 LU {H.
T BT (2.14) P9, {H 5 Tz 3 (0.02) P Al 5 HE T (0.24) 9, 33X AT RE A B T AN [R] 30 i 22 1] 75 2 A
A G IEIRIRBNE OO [F] Fr i BC. BEE TR A DR A e AR G I, Y34 BB A HE st B 2 38, 7% 3h I8
HEBCAS BAM 7 Tl A9 s A Jie, R BUR R i 75 oK i 2RI, e DR HE RS B #b 5. i i 8 Tl 4%
AR T IRT . A G A FET, (BALEh A0 s Taa iy . A KT BT, rld i sh
PR G 3. 2 PET L A S AL T Tl & ik, 385 RO .
2.3 KEEVEES 23 [l 3 A AR

AHIFSE ) FH o B A A7 {70 022 P T B2 2 0 AR 2 7K 1 2 A A L, R IR 1 8 - 9 2 ) o
A LB 5) . Ca® FEAF 5 DX I Ay G At 30 e 32 3 3 ¢ v , VR 325 61 FE 4000—4700 mg-kg ™ N HI AFF 52 IX 3k
PUALER RN PGS, Ca* vk B2 2 W B 1K, (E B ARMR B2 L35 , 7 3300—4000 mg-kg ™ UL Z . BVARE,
Ca (£ 25 [H] 43 AT FEAE I _E 09 3 A S A PE AT AR 2 M R AR, A DX b i 7 > Tk DXL P At fwdb Ry e
PUFRBE AT KA H, 75 g8 B 48, I Ca? o3 A FRAE 5 e AT OC. 58 IX PG b 78 8 Tl X, &
HIHFER 2, SO BV ZS (] 73 A F Ca® 1 25 8] 43 A B A AR R, #1502 A VE ] AR B RIS 5 Ca? ARl
F, SO TE PG AL HR X A P fiy A0 1 DU & 328 7 B NatFl Mg, CLH{ S [] 43 A5 A B 4 5, TEAE % X 8,
FPEALEREE H oA, Hirh, Na®, Mg Fil CUZES i HRo O MR BEE L 73901 41—46 mg-kg ™'\ 227—261 mg kg™
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H1655—765 mg kg™ WFFE XIRPY AL PUHR BT 34 A TH 201, P4 RN 1 3 4 . NH 70 A1 B H A 2
TA BTN, v e B DX 303 A 55 R 2 15, (ELRVATE BIF 5 DX I8 G g oS e JRE A v g S R S e 32 AR
KTEMTSE DXL 8 L v s ok B2 s, W BE VW L Ol 383—441 mg kg™ WK E NO; 7ERFY X a2 M s =X
oA ELim B AR, W EZYE O 1165—1403 mg kg™, BF5E XIPY AT Toll IX, 42400z fan 43 65 A5 DX deloh

B 5 okithE s E oA
Fig.5 Spatial distribution of water-soluble ions

ARG A P 18 A AIE 5 DX S 14 225 ] e A R B 22 BH Tl 2 i 0, R 1 0 A1 A 0 S5 9 5 DX Ay
FEAE R A BR Tl DA 5. B9 B Tl DR IE R T 200 e i HETCRORE ) Ca™ . SO,» il CIRY 28 i) A8 fL B AT
B AR, i 3 B AR eI ST DX SR 30 A B 20 BRI, LB 5 e DA BT Y B A O A SR
OB 22 BH T A T W s KRk 3 VAR, 52 73 XU iy 5 288 1 W R 1) iR (ELIX o BAT — Bobk. &5
LA AT LAAS H, <22 BH T B AR A rh AR [R] A P8 18 e 8 14 24 1) A1 -5 IR DX 3 PR 582 ) PR 1A
NEVIERAR.
2.4 JREVEE TR IR
2.4.1 MR

IRV S 1 [8] A AR S 0 B A S AT A8 75 8 B AR A TR S 1 R A 4545 T =X, T L m] LA 854 7 A 1]
Yy R IR SOE AL iR AR O, AT ST I ] SPSS B X K I 1 1 5 AT B2 AR ARAR S 0 B (3 1) %2 Bl
38§ 2 b Mg 5 CI, 8O,*, Na'5 CI', SO,*, NH, "5 NOy, Ca®" 5 SO, 5547 5 mi M1 G R 4L 1
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% KF-2 0.01 B, SO, 5 Na', Mg, Ca* BYAH G 125 H oW IEAR DG, AH2C R 4053 935 3 0.60. 0.55.
0.70, 7] RE I FETEIE N Na,SO,. MgSO,. CaSO,. SO, 5 NO; #H X R % 0.41, H I Rik3| W E K,
XA RE S LT AFTER — & KI5 YA %, SO, 5 Na', Mg®', Ca> s A & s T NH,', 4 v] e 5
TH SRR AR A B SRR SR AT G, TR S KR T A s M A G, — ek Ui 2 2 T s i, Al R
We Ty 43 il R B S S S TR, TASHFSE th NO, Rl NH, H78 %8 i 0 T AR G 280 (0.57), HE 7] Gk 5 14 %
FRZR AR B (R R iR M DL ORI XRS5 2 A AN R T i R e ) i O 5 Na™, Mg A G 1 35 HL
R IEAH G, AHOC R B iR #1088 il 0.61, 15 B 18 i AR 20 v gl R RN B £R 1 7T e A7 7 JE X °h NaCl Al
MgCl,. Mg* 5 Na', K" Z [A] 2 A B8 B A OC R AL, 43 363 0.51., 0.56, A 8 s py IRl v, wd 1 H AT e
FIRH TR A 5. AR 4 DL _E 4% 7K AP B B0 9 A DG 3R 850nT 6, £ BH i 3 B R 2 rP B R 46 14 T B 32 2 R L il
SR H.
1 KR TS

Table 1 Correlation analysis of water-soluble ions

F cr NO,” NO;~ SO, Na* NH,* K' Mg Ca*
F 1
cr 0.23 1
NO,” 0.07 0.16 1
NO;~ -0.04 -0.02 -0.09 1
SO, 0.13 0.58%* 0.19 0.41%* 1
Na' 0.42%% 0.89%* 0.22 0.03 0.60%* 1
NH," -0.10 -0.16 0.06 0.57** 0.42%* —0.07 1
K 0.09 0.37#* 0.42%% -0.03 0.33%* 0.45%* 0.243% 1
Mg* 0.15 0.61%* 0.25% 0.46%* 0.55%* 0.51%* 0.349%* 0.56%* 1
Ca 0.10 0.35%* 0.12 0.47%* 0.70%* 0.49%* 0.22 0.14 0.19 1

4 2001900 (RUR ), MISEME R *: 720.055 5 R ), A B3
*%: At 0.01 level (double tail ), the correlation is significant; *: At 0.05 level (two-tailed), the correlation is significant.

242  EE M PERR

I TF 78 R P AR R 0k 22 BH T g AR 2R K U S 1 R AT R U AT, RN E 6 oL I 1 AR
NO;™ A BKA 734, NO53d H 2K I8 T HL 3 4 A HAB AR B2 i R R AL W B e AL, NOy ==
Vi) 3473 Sk 7~ JH v A X 32 B A rh R 5% X sl e S0 Tl DX B 0, BF 9 DXl i3 S 4 AR, Tl IX il i
i AR FORAE . R, HEWT IR T 1 AL A R AU 7R T 2 P, CERYBTRR & LR 64%, SOL™ F 5T
Bk A7 HE o 38.9%. CI ORI T R BEBE | 8L L AR Tk 2B P ad B 45, SO, ORI THABE™, A
A5 DX A3 Tl XA P A AR IR R T 25 e v T HE B DR 42 15 0 5 SO 1 CT 1Y 3 (8] 23 A1 1 B2 AH
oL LB (B DR R AR Tl X AR SCPE 3 A v, W 3K SF-2 0.01 1, SO>I CL AR SGE ik 2 1E
FASC, FHOC RN 0.58, 454 LA 1 PRIR A Y H: 2 BORIECH RRBEIR, SOHERT R 5 2 R 7 3 h &
B NH,', DTHR & FEOh 64.5%. NH," 32 BRI TR0 AR 7 16 3l , SRAE AU A V3 A, Aol Az 7376 3t
. NH, 19 25 18] 73 A7 A i 7s B s i X R FH 0 A X, SO PR 7 3 S ROl 5 7E 1 4 v, Ca™'y
SO, Na*, F25 8 T & AT, T EEFRNE T, Ca® Na' FE R IR T + 0, Ca* 5 Na iy 25 3] 4>
A5 B BEARUME, SO,» FEZERIE THAME™), F R 2RI T Tol 2B 7=, Bt LU & K 4 IR 28
AT AR R IR A I FE R 5 b, Mg, Ca¥ BTBR R i lLER, STk b L 43 i 56.5%. 33.7%,
Mg Hil Ca*1E N A ACERY, J& T M5 TR, 2RI AT Be e 5 | MR B . A EE 5T
PRI AR, |23 B 43 A AT AL, Mg F Ca® 9 B 1 (A X 2 B AR 5% DX S 1 vE 3, HL 42 BH T i
PSS AR, RFE I A B TR 2, 456 LA IR HEWT R 5 IR AR 7EH 7 6, K
e FE AR T, KOTHR i He ol 58.9%, KSR A Yy Bk e it A 7 A= 9, J2 AR W) MR B AR P TT R
PRI, HEWT IR 6 S A= Wy B pR R U
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Fig.6 Facture contributions

1 & 6 R R T kR T N, ALsh 4R AR L AR L Al TR TR AR L B R IR R P A B R
% BH T 38 B AR AR K IR PR B T B DR A EE A ) 12.8%. 19.1%., 16.6%. 17.8%. 19.0% £l 14.7%. #R
U8 PR UR X 22 BH T 38 B AR A K M B I BTk 430 R 5 — RN ., 3 5 42 BH T R A4 Tl 2548 S
ZAEAENA . i E 7 AT, 3 AP IS R b BRI 42 A0 T HE A TR A TR AR D R TR
LU ik 34.8%, £l I8 S8 % R R £ T8 oTmk & Leor 3108 24.4%. 20.7%, BRIEEE . #20 IR AR
M IR TE YR T3 th BTk 5 A BR 19.9%. 19.8%. 19.1%. % [AAE R R4 & Tk Kt > —, 3G 7 477
b TR XA 22 ANl Bl XL AT AR R, 2 BT Tl S A 2 IR AT b 38 1 R B, 4l 8 U R e ik
TR 2018 4 BH T8 7l o L o 2 55 BV 1Y 46.2%1), IikE'JLE%Z%%“MAJJHEUﬁKHFﬁjQWE
Y AR S AT T O, & IR A B N AR B A R A S A e Bl R S 4, TR A
B BEALF A Hha], F9E XS AR AR A B G, A= 1 A b S A b HE OIR AT 21 #b 78, T 1T Bk 22 P
QIPNGREE S

7 PR, EE . KOFIER T TR

Fig.7 Factor contribution rates of expressways, arterial roads, and secondary arterial roads
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3 458 (Conclusion)

(1) % BATT I8 B AL 10 FhK T3 F & 8 R B/IMKIR Ry: Ca®* > S0,2> NO; > CI> K" > Mg> >
NH," > F> Na" > NO,. K& T NO;~, SO, NH,/7E bR 5% . 3= T3 Ak 138 59 B & 5 L2 ok
28.8%. 37.1% Fi1 31.5%. £ NOy 5 SO4* LUAEL /34, & PH T T8 [ AR A 32 22 37 [ 5 Y55

(2)Ca*, SO> % [ 43 A B AR BL, Na Fil Mg?* . CL 25 [6] 4347 AHARL, ¢ BT 38 B AR A2 v AS [ K B 1 8 1
VR 11928 [) A7 55 0% 5 DX I PN 52 i R - W o 2 DD T B0 2R, 8 183 2 i) PR G 30 1 185 7 R 3 th st

(3) %k 42 B T 8 f AR A K P 5 BORE S 43 A A B, 10 ROk 1R B + A Z M XNAF7E. Mg 5
Cl'. SO, Na'5 CI', SO, NH, 5 NO;y, Ca*5 SO, % & [\l ¥ vk . 55 /R 3h 72 76 T2 Xy MgS0,.
Na,S0,. CaSO,, NH," 5 NO; %54 /i, NH,NO;.

(4) 1] JFH I 502 R P A R X6 2 BE 7T 3 [ R 2R KU P B 7 AT R VR A T, 45 SR 3¢ A <22 B T 3 B R 2 o
VR S ALB R, Alr A 77 % ShHE L . R B 2B W ke ﬁﬁ%$$nﬁﬁ$7ﬁ3é.,flﬂk%kﬁ/ﬁ H5#4
TG XF 22 PHTT 3 6 R 0 B Ak o 0 hy B — R .
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