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Plateau in northwest China are the main sources of dust in Asia, which can be exported to coastal
cities and oceans by long-distance transport and affect urban air quality, marine primary productivity
and global climate system. In March 2021, three sandstorm events occurred in northwest China. The
backward track indicated that the air mass originated from the Sarexik Atrau desert and the
Taklimakan desert (ancient maritime desert). To understand the characteristics and sources of water-
soluble ions (WSIs) in PM, 5 during sandstorms in northwest China. PM, 5 samples were collected in
a township in Zhongwei, and the water-soluble ion concentrations were measured. The results
showed that there is a great difference in ion concentration between dust and non-dust periods, and
the WSIs concentration in dust period was (45.8+18.1) pg'm, much higher than the WSIs in non-
dust period (29.7+12.8) ug'm™, the concentration in dust period was about twice of that in non-dust
period. SO,*, Ca*", Na', NH," are the four main ions in PM, 5 in dust period and non-dust period,
accounting for 81.8% and 77.9%, respectively. Through correlation and stoichiometric analysis, the
main WSIs sources of PM, 5 in dust period are natural sources (crust soil weathering and sea salt). In
addition to natural sources, non-dust period may also be affected by secondary sources, such as coal
combustion and motor vehicle exhaust. Potential source contribution factor analysis (PSCF) and
concentration weight trajectory analysis (CWT) were used to analyze the potential source areas of
WSIs their contribution to WSIs in the study area during dust and non-dust periods. The results show
that the potential source area of dust period is mainly distributed in the northwest of Zhongwei, and
the weight concentration is more than 30 pug'm~. The non-dust period is mainly influenced by the
superposition of the surrounding area of Zhongwei and the northwest area, and the weighted
concentration of the surrounding area of Zhongwei is more than 30 pg-m™.

Keywords  Sandstorm, PM,;, Water-soluble ions, Composition characteristics, Source

apportionment, Ningxia.
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N LR T bR PM, 5 H KV PR B R R SOR BB, AT T 2021 4F 3 AR T R P I
SHUREE T PMy s HEfh, IR0 AT 1 HOK B RS 7, sl % He Vb A 0 5 AR VD AR K i A s 1 o AR
PRFE, A7 By T 54 7 A PG AL Vb A S ARV A Y 0 R Al A R AR . 22 Vb AR A AR YD
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1 MRS (Materials and methods)

1.1 W5 XM
KBRS (37.41°N, 105.55°E) iy TP E P Dl K £ 41, RS AT E S5 NS  HiRksg fuay, M
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Qb 7 B Ji ) B S A T, R B e Ll M R AR o 4T 4 M AR Y 83.6%. B ML A
T R I o 2 RV, A2 VDB S R IR 25 K, SRR AE 7.3—9.5 °C 2], KD, SRAE ] ok K
FEA, BEHREE 1.1 ms' £ 3.8ms ' Z[E], HEHEEAE-07 C 2 154 C 20, BJELE
18%—85% Z [i].

e G B Gt X b A KA BRI T R 43, V02 KA IO RE WL R 0 iR 3
W WA g RUP R B KRRV AR, AR VDA S BT (10 km> BB UL > 1 km) SR TP /R 2 (B
LI <500 m) KA. ARG RSG A 5011, 2021 4 3 A W], FREIE 3 R TERVY ARSI, 14—17 H
SRR YD R B T AR R B K RS B B )T — IR 19—21 H RE RS R, 2729 H A
PR BN 3 R Yb AR AR I T IR E AL Aedb i X K AR AL K = AR X,
1.2 FESCRES ST

AT 2021 423 2 H—3 J 31 HEETEH Biih 7 B4 £ 81— 5 R T T RAE, R
P& LT 2 8 m, ZBH A S A, TR K TG 8h, HJGm R ESR Y BT K J0 W 835 e il RAESE
R (1050 Lomin ") TSP R AR (KC—1000) Ff B4 T PM, s VIEISE, RAETF UG I 8] 24 09:00, %
S RAE 2 d(48 h). SRAFETHTHE A D 4T U8 R B T AR A B T 425°C SR N iRt eE 4 h DL BR B AR
A MUTAEZ TR T8, B HUG R A A B85 58 T TR . SRR IE R B AR A 348, BT
=20 C UKFH P IRTE . KA ] HoR B RO IR & 14 A4S, Hoh bR i 5 A ARV AR S 94,
KA [] KA it G5 T LR 1

1 HHREFER

Table 1 Sample collection information

SRAERT ] Fin g KR

Sampling date Sample number Weather
2021.03.13—14 S1 v+ b 2
2021.03.15—16 S2 SRV
2021.03.17—18 S3 bbb
2021.03.19—20 S4 w»
2021.03.27—28 S5 SRV
2021.03.02—03 FS1 E| N
2021.03.04—05 FS2 E| N
2021.03.06—07 FS3 E| 2N
2021.03.09—10 FS4 E| N
2021.03.11—12 FS5 E| N
2021.03.21—22 FS6 E| 2N
2021.03.23—24 FS7 E| N
2021.03.25—26 FS8 E| N
2021.03.30—31 FS9 E| B

FEMAE = ST 1/8 JEEE T 50 mL R LR E OB P, MA LB T /RKERE 50 mL, o2
H A AR TR IR AL T /K T DL R . 25 72 % 32 3 30 min J&, BT 4200 r-min™ 2504203 10 min, # )5
0.22 pm fFLIERES E EISE T 50 mL T B4 i, ER U T A B 3 i B0 5 . AR R
F Dionex —AQUION %I B 3 % PM, s i £ 8K I P B 7 (K'. Na', Ca*, Mg>, NH,', SO .
NOs~. CI') #4773 #r.
1.3 ot

R T X PMy s FE AT KPR B AL F T i 2R O R AT, i (1) FOKE K R B i B vk
Clug-m) ¥ L B Co(neq-m™):

C,=C/Mxn (D
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K, Co WA TR AT, peq-m™; C B T AU UL, pgm™s M N EE 717> T8
n R HE R TR LA
BT T PM, 5 SOKIE MRS U RE, SR W A IR STHK IR T 20 A (PSCF) 5 k3 AR B3 0 #r
(CWT) FEATHAE VR4, PSCF pREE T 25 (0] AR HEAT IR, /& SOl WF5E DX N B — A i A 75 4%
UL (35 2 AR I B 1975 S BRI R BIE ) i a5 550 my; 15 28 1 32 R 1) I A 0 L3 o 1
ny 1 LA, B
PSCF;; = m;;/n;; 2

N T HER ny BUNREOITH BIATREVE, 51N BREC W (ny) X HEAT DX 1) A AT R 5 2 Ak RO, A
HREL W(ny) T

1.00(n; > 80)
0.70(25 < n;; < 80)

W) =30.42(15 < nyy < 25 (3)
PRI, BT A PSCF 47 A4
WPSCFU = (mij/nij) X W(nij) (4)

WPSCF 437 [ B X % 5.6 v 35 G 0300 1) L A9, %o T HA 4 [R] WPSCF {19 IX 88, TEik IX 23 % Hiis
YIRS 52 SR F CWT J7 7 B 28 M 1 A R ] 5 3 34 A [0 i X388 1% 4 %o ik, 3 ol g g 15 e v
J32 55 AR R G A B SR - 3, 445 B I TR IS 2 23 e 25 A A B0t 35 an =X (5) .

_ Z}’;Cmﬂ
DY
R, €y R (1)) TR S TE R TSIV BE, ¢ S B RS B, m SR 00 288, €, B3 1 253 0 2%
YT (1, ) ISP IBE B 15 S IV B, o M £ AE A BT (i ) 3 B R ). CWT 7 2 A7 2 A s
R SCR IS PSCFARIFIRALE A T W, B LR T 77 25
14 5 [ BGEBAAL 53 By

R T iR DX A 52 0 TS G W A AR SRAEE Bl A BE B AL i A, AR WT ST T Trajstat #044:
9 E 2 SRR LK E (NOAA ARL) #2457 GDAS i %t R FE o5, 3 H A A 2047 I ) Bl B4
(http://ready.arl.noaa.gov/HY SPLIT.php). % 1 #8 £5 A1 2 45 55 B2 24 1000 m, A2 45 B 0] 24 9: 00, Jf: ) J5 4k
72 h(3 d). RAEBIR VDA AR VDA A S 1) B0 S DX sl g v | SR e DL 1A 1.
80°E 90°E 100°E 110°E 80°E 90°E 100°E 110°E

T T T T T
B Saline soil AREb2 ] Non-dust

T T
60°N - IhIy 4160°N
EhHh Saline soil P24 Dust
¥pit Desert . T
S ST 450N

C (5

b Hh Desert

-0 200..400-600°800"km 30°NL 07200400 600 800 km 1308
11 4 o | (AN | 1 . e 1
80°E 90°E 100°E 110°E 80°E 90°E 100°E 110°E

B 1 SRBEAIARI . SR R
Fig.1 Backward trajectory of air mass during dust and non-dust periods in march at the sampling site
Z 5 S RZ M, Vb A AP SRR [ b AN b e A 3 I A, b e AR IR TR kN,
W2 58 [ S N ST it P b 1) A AT RE AR TR TR B S 3 E A 5 B E P S B AR 57 VDI, SR AR
VAR R Z . B H o R BE e W A FEL YDV, S R U 3 S 30 T VD, 3 A 4 5 AR 3 T 7 A JER
AR Vb A =2 e b ) AR ), P AL A S VAR AR — 3 e ) A R T H e S A
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2 ZEE 5508 (Results and discussion)

2.1 PM, s KR TCHLES 14 A

WG A MRl DT 5 S Vb2 PM, 5 MR EEVE TR 43—685 pg-m (& 2), SF3H K 231 pgm, J&
VDR (45 pg-m™) 19 5 45, RIEFR E PM, s W R 53 1975 Y 55 9% (GB3095—2012), Vb2 A 18 31| 8 J3
TSk N 2 FroR, YR A A WSTs W BEA T 24.1—72.8 pg-m™ Z 1], SFEI U B (45.8+18.1) pgrm™,
BT U R M : SO, >Na" > Ca>>NH, > Cl'>K*>Mg>>NO;", H:#' SO,>. Na*, Ca>, NH, 1 i i
W 7 5 WSIs HREE 1) 81.8%, TP PM, 5 W =B /KM TCHLES T, X 530 VB X AT — 307
FEVP RIS WSIs W FETE 12.6—54.7 pg-m > Z 1], “F-HREE S (29.7+12.8) pgrm™, & TR LI Ay
SO4 > Ca**>NH,;"> Na'>NO; > Cl > K'> Mg*, Vb 42 i =2 8 F SO, Ca**. NH,". Na"/§ by
77.9%. % LA B ATE VD22 30, Y 15 WSTs BH 8 &5 TRV 22, 2970 2 1%,

B cr I No; S0}~ [ ca?
60 = XX Mgt Ikt AN} 1 Na*

Concentration/(ug-m™)

ke L4 24 70
I i 3 Temperature
]2 s Humidness 60
D12 0
E 10k
g 3 2
g 30 g
% =
2 et
al 20
10
5 0
>3 I 55 Wind speed 4600
3'2 P 500 o~
p T
£ g
\%2.5 400 &
% 2.0 2
300 &
215 E
~
£1.0 200
0.5 100
0

S1 S2 S3 S4 S5 FS1 FS2 FS3 FS4 FS5 FS6 FS7 FS8 FS9
B2 KEPERE T (WSIs) 5 PM, s, UGN TR E] 22 £k
1 AL VERRIE T http://www.tiangihoubao.com/
Fig.2 Temporal variation of water-soluble ions (WSIs) with PM, 5 and meteorological factors

Note: Meteorological data are obtained from http://www.tianqihoubao.com/

£2 PM,s PUKIEHER FIIE (ngm?)

Table 2 Concentrations of water-soluble ions in PM, 5 (ug-m®)

Na* NH, K* Mg* Ca** SO, NO, CI BB T(WSIs)
FHE 10.1 3.9 26 1.3 9.4 14.0 0.8 3.7 45.8
wKME 16.1 6.5 3.7 2.0 13.4 23.4 1.3 6.5 72.8
Wl Hm/ME 5.4 1.8 1.5 0.7 6.7 6.8 0.3 1.0 24.1
A% 22.1 8.5 5.7 2.8 20.6 30.6 1.7 8.0 100.0

STD 39 1.7 0.8 0.4 2.3 6.6 0.3 2.1 18.1
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gk 2
Na* NH," K Mg** Ca* S0, NO; Ccr BT (WSIs)
P 2.5 4.5 1.8 0.7 8.0 8.1 2.0 2.0 29.7
wKME 7.7 8.1 2.9 1.3 157 122 4.4 2.9 54.7
e R/ME 1.0 1.3 0.9 0.3 3.3 43 1.0 0.5 12.6
Hr % 8.5 15.1 6.1 24 26.9 274 6.8 6.8 100.0
STD 1.9 2.1 0.6 0.3 3.5 2.6 1.1 0.7 12.8
ot de1s) 5.39 6.54 3.06 1.43 10.31 6.78 0.75 1.00 35.26
(il A 11.30 3.22 251 1.28 9.22 15.79 0.77 432 48.41
o [iiElA! 1.61 3.28 1.33 0.48 5.92 7.77 1.80 1.98 24.17
) 2.09 6.48 2.25 0.77 10.00 8.90 2.85 173 35.06

TE: YA S ARV A AT 1) B 1 B2 P2 .
Note: The ion concentrations in all directions in dust and non-dust periods are average values.

I ORUL, G (BN | R | L) X WSTs ik B2 H AT B 202 . 9F 5 34 ]
JRGEE 5 . WSTs e AR A HEAR — 25 (18] 2), e KRG (3.8 mes™) FE VD420, 8 1 LR 2] 47.0 pg-m™, fix
ANRGE (1.1 mes™) ZEAEVD A B, B U R 16.8 pgm ™. YR I XUHOE- Yy i TR VD A 1, e W v s 1k
JE 55 KGR AN A2 Bk AT 5%, 31X -5 3 [ P AL Tl 3l iy AR P A2 A A8 22 5 U9 il aed ot Hedz Y ) S 5w vb 42
B, U0 WSIs YR (47.0 pg-m™) W 5 T o b2 201 (45.5 ng-m ). Ca? Mk + I M F5 /m M B 7
g K Ca* AT SC R (K 3) R, YR SR A IS E N B AR, v AR X E 5 Ca* ik
JE R GARSE, AT REIE N A 1E 28 e i 2 A% i B v, Ca* 280 B ) 73 e 0 7 A i A P ORI, ]
TRIE Ca™ R BE B W AT 3 B2 5 B R L A 22 A AR SR8 55 , U0 W 8 8 5 A 3 — =0 8 A ),
AR5 T PM, 5 FE2OKEEVETOHLE] T BEAUSURRAE, o T0 PM, s KIS TR R T DL A SRR &, X5
BT AR AL 2= U A BT BIF 5 45 SR A ] 1.

18 -
.
15
o o P MDust

~ 12 o JEyb/h ffNon-dust
G L
=
& o®
5:5 9 o o °
s ° ° o

() r ° [ ]

°

il e

0 ' s - , .

10 15 2.0 25 3.0 35

Wind speed/(m-s™")
3 JRGERT Ca® ok JEE ¥
Fig.3 Influence of wind speed on Ca*

HIANBEFE R B, 85 5 1 35 T V0 I A2 S 32 ORI T 2R ™. Na/F1 CI o S (30 g Y5 o 1),
A Na W2 10.1 pg-m, 23 3RV 10 (2.5 ng-m™) 19 4 4%, CUURE LY ARV R0 2 4%, 456 5 1)
DL R MRS v 3 b PR R A, ik ] REAZ 2 AT VR4 05 A4 0 W RURE L2 R ey 5% e 37 4E RIGRR b 7S
T B B 5 0 . b A2 30 SO, - FY U O 14.0 pgem L A ARV A ) (8.1 pgem®) By 17 4, ¥h A 1)
SO e JEE vey m] AEJE: 32 P 1] 2K 1 85 sE B39 V0 I AL i A4 52 0, 85 e i 39 V0 IR A i R 8 B AT W e iy
PRI BRI, 558K P B BRI R AR AR L™, — Bk, 315 BT SO, ZR IR T A kL B
BRRBE VL A BRI~ 0, Y22 ) SO, s T RE 2 B H B R PR A 0.

Ca*" Fll Mg™ FZOR IR T 152 5 ) WAL S 47 24200 58, e i Ca? VR B R 2 R AR AE Y A2 2 4 [ 2,
2R Ca> il Mg Wk 4300 9.4 pg-m™ Ml 1.3 pgem ™, A& FAEUD 2R, mTRRE P R vb A I KGR,
Hh TS A B A v D 5 I A AR VDA S A, A AT b v 5 oty L B P L v R A 2R YD R DR R R R
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IV NS 3 Ca® Fil Mg Mk 5 12520,

NH, 2RI T 458 AL s % H g R e 2, op T 3 4 5 R AR 6 sl H X, NH, i L
1 T RE 5 Y R TG B A G, KRR B A AR Y Tk b . IR L M Se T S Vb2
KRARD AR I 1.5 £, X ATRE S Ca*— 2, BV A T80 40 1) KR . NO,y il SR U5 FHL sl
RS e be it R HE A B L B R AR, VDR 3 NO, i Fudse /b, i AR VAR ] NO; A VA 3
) 2.6 1%, FAFEAR VD LI T RE S A MLBh 42 R ORI R I,

A X AR T B A T (R 2), BRI B R K NHES A AR I PG b ) > VA b g
> AR VbR IR ] > JE VD AR PR AL . YA PN 5 e B A £ BB SO, Na'fil Ca?, VD2 1
M A5 P Ib ] 27Ok SO, . Ca? fl NH,* V2 ok FH Gz iF 25 v b [m < A1 /Y SO, . Na fl CIVR i iz
[ e L IO i A S R B LN ot G e A ER TR o e A B =/ | SR g L R A Pl e |
NH,". SO, NO; 5 Ca? ¥t B 5 2% A Vb m A e B, R IATEAE VDA AN ORI R 2ok A T
Pl EB b X, Ca 7E AR VA Wb 52 T B i g KL TR RESR A PR L A, YR B SO, Na', CLA
Ca” Ve = TRV A, mI RS2 th AR VDA I 2252 v T Jmy bt B i 355 A A RS2 i A58, o F P b 1) <
A1 1 A S8 U5 K it L vk /).

T 3 0T B A [ i XK P P B U B R (3% 3), T TN vb 2 ) Nt /& T 36 B B T, /N T3
SR UL X, BV A ] Na 7] BB 5 8 5 30 VD RS YRR AR AR — B Y2 ] Cat R Mg
TR f 1 72 PR v T TR B T, 1 KBS T NOy. NH, B I T3l i e X, H. NO, #e AR T 3% [ 35
ST, R TV AR Ok IR A D, FEEZ —BORTER . YA R NH, L K24, HE BT 5
P i 3 VDb XA 25 R K, 6B v T 5 3 S hn 3 T U R 4y B LA AR Sk . i i 5 3R
FE G Hee s X VA ) S5 AV AR A g, & B LAS B9 X702 0 B i B 2 AR U i, HL
SO, Ca> R Vb B AYBIBHES F, S5 A 7% 45 R — 2.

R 3 PM, s KIETE R TR B R X HEHABTSE (ugm™)

Table 3 Comparison of water-soluble ions concentration of PM, 5 with other research (ug'm™)

i Bl i [ _ _
LA + NH + + 2+ 2+ SO 2 NO -
Site Type Time Na 4 K Mg Ca 4 3 cl
RN X 2017 0.07 2.56 0.37 0.11 1.98 8.53 221 0.16
AFE I 2010 0.69 9.33 3.4 0.25 2.62 35.63 30.38 8.69
By YRR 2007.03—04 13.4 0.5 0.9 1.0 13.7 21.2 1.2 14.4
. bz 45 1.2 1.7 1.0 12.5 11.8 4.6 15
ik . 2006.04—06
E| a1 33 0.6 0.8 0.3 45 5.7 3 1.1
o s 0.89 291 048 0.31 2.01 6.2 4.48 0.69
2JH P o 2015.04—07
E[ b ] 0.8 1.94 0.38 0.22 0.99 5.45 2.17 0.47
. Vb 9.43 0.28 0.92 0.45 12.78 23.81 2.57 7.83
Ao ) 2020.05—07
E| 2t ] 5.41 0.38 0.7 0.17 6.24 11.25 1.9 3.47
N bz 0.68 6.30 2.08 0.36 3.94 19.59 6.37 —
JE5EY " 2006.03—04
E| a1 0.6 7.21 2.28 0.35 236 21.57 14.9 —
. Wil 10.12 3.89 2.62 1.31 9.44 13.99 0.77 3.65
T ILRBIIT) . 2021.03
B[St ] 2.52 4.47 1.79 0.71 7.98 8.14 2.02 2.02

2.2 PM, s KT
22.1 KiEME PR CR

SO, /Na'fi) LL1H. (] 4a) /NTIEK (0.121:1)P2, $i B VD22 B PM, 5 1 SO, 2RI TifgEh. Hhse s
Y Ca /Mg I LUAE A T 1—6 Z [R5, @50 M 2 it Ca? /Mg (1 LU AE A T 10—8289 %1, AR 58 rh b
ISRV A 1] PM, 5 P Ca?' /Mg 1 HUAE AR IS 7E 1—10 Z 18] (& 4b), BB Ca*', Mg* 2ok H Hi5¢
WPk
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Fig.4 Stoichiometric relationship of water-soluble ions in PM, 5
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K2 ] A7 76 55 19 A G, 33X T i 55 A0 I rioREL 4t J0: 0 1) 43 e A OGBS AR Vb 2R ] SO, Ca?,
Mg I A VR I A - A A G, sk 55 3R TR P i 3 T ) A7 A 22 ). Na™ 5 Mg i AH Sk (R=0.85) 156H]
JEVb R Nav 5 Mg A AHRUR SRR, YA ] SRV B i Ca> 5 Mg #HC RECH M, ¥4 0.73, Ui
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Table 4 Correlation analysis of various ions in PM, 5 during dust period

Bi¥(lon) Na* NH, K* Mg* Ca* SO, NO;~ cr
Na* 1 -0.08 0.44 0.43 0.08 -0.20 -0.74 -0.10
NH,' 1 0.79 0.73 0.57 —0.95% -0.51 —0.94*
K* 1 0.89* 0.78 —0.90* -0.68 —-0.91*
Mg* 1 0.73 —0.88* -0.68 -0.75
Ca?' 1 -0.63 -0.11 -0.70
S04 1 0.69 0.94*
NO; 1 0.55
Cl 1

TE: *FORTE0.057KF B G, *+3R7RTE0.0 /KT L AR

Note: * correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level.

x5 AR PM, s TS B T[RRI 2

Table 5 Correlation analysis of various ions in PM, 5 during non-dust period

B (Ton) Na' NH, K Mg* Ca® SO, NO;~ Cl
Na' 1 -0.09 0.42 0.85%* 0.32 0.17 -0.33 0.48
NH," 1 0.77* 0.28 0.71* 0.24 0.58 -0.32
K' 1 0.80%* 0.94%* 0.02 0.13 -0.28
Mg* 1 0.73* 0.05 -0.23 0.11
Ca* 1 -0.16 -0.05 -0.44
SO, 1 0.77* 0.67*
NO; 1 0.20
cr 1

HE: #RIRFE0.057K - B3 AH G, ** R IRAE0.01 /K L B 5 AH .

Note: * correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level.
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2.3 PSCF 5 CWT 43t

F FH TrajStat #5445 RAE A 70 22 1) 5 AR VR4 8 PM, 5 SK A B ik B8 e A7 V8w ik R 7 0 My
( PSCF) 5k BEALE B3 43 Afr (CWT). HHIE 5 AT 50, Yo 91 5 4RV A 19 PSCF 5 CWT A FRAEA[A],
AH TP A2, SRV A I R AE YR X 43 A B R Tz YA ) PSCF A X F 250 A 7E b L i va At Ty,
FER BT NS, I8 AR 2 — i R PR L AR Bk, LM AT — 53K e R R PR A
A LA B A2 391 A A g ARSI TR VDA 30 1 1 X 32 03 A 7R AS b S H R —, iy L8 1) Jey b 9
AR A —F8 538 B P AL AR, PN 52 28 BT — iy i PU A6 U ik, {H 2 PSCF (B W I8 T A Hb - %5
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Fig.5 Source region of WSIs identified by PSCF and CWT analysis

H1 T PSCF H B S Wil 7 Y5 DOW W 5 DX BTk A< 1 DRI, JCIEAR LT G 09 B STk ik 2. IRk, R
I CWT 5% v s b A2 0 5 AR Vb A2 0] PM, 5 S KV A T A T8 X e JEE A e 70 A, A S ik
VERAE S G U DX 1 75 e AR B YA ) CWIT i (i IX 3 40 A1 7 v T Jmy S v b — 4, AT vk B
30 pg-m>, HUCRR P R —H, AR AR 20—35 pg-m > Z (A ARV CWT SEIX EE e h T
KA A X, A e B i 30 pgem, FLUR A BT ) DY FR AT 0 A JER B NS¢ — i, AL U LA 15—
30 pgrm” Z (] AEXTF YA R Ui AR VD AR T CWT (B X B iR v, i I Vb2 1 AR R s sk ok, i
AR VDA 301 J b P A TR BE O

30°N

3 4518 (Conclusions)

(1) R RE 1a] Vb 2> ) WSIs ¥ I 4y . SO, >Na'> Ca>*>NH, > Cl > K'>Mg>>NO;, 72}
WSIs ¥ & (45.8+18.1) pg'm > B i & TR VDA (29.7+12.8) pgem >, A0 AE VA 0 2 4%, 4 Fh 2 20%
F (SO4*. Ca*, Na', NH,") W EEAE VDL HH 53RV 1 4 L4351 81.8% FlT 77.9%, Hid SO, Na 2
S ORI YD Y R R S e R B MR, Ca? Rl Mg 220Kk H Hb S ) UK.

(2) AHICE S BT S A2 it i e R AR WoR, v Bl 3 b4 PM, s H WSIs 2L A SRR IR (M
Fo E XA DL RO ER) R, AR VD AR IBR [ SRR TR A1 A AT ESZ IR B KL o 42 R A N ROk TR Y

.
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3) YW S5 AR W) PM, s BOKIEYEE T PSCF 5 CWT 23 fii #5AE AN [A]. ¥R 3] PSCF A X

FEIAGTE D TR PEIL Ty, CWT AR 30 pg-m. E VDA 8 3284513 /e v Tl Rl 2 X K v
Jb—7 B9 Z 2R, CWT i L DXCAE T A 1 b X, A v i i 30 pgm ™.
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