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Concentration Distribution of Metal Elements in Atmospheric Aerosol Under

Different Weather Conditions in Qingdao Coastal Region

CHEN Xiao-jing, QI Jian-hua, LIU Ning, ZHANG Xiang-yu, SHEN Heng-qing, LIU Ming-xu

(Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100,
China)

Abstract; To know the influence of different weather conditions on the concentration of metal elements in aerosols in the coastal region,
total suspended particles ( TSP) samples were collected from April to May 2012, and August 2012 to March 2013 in the Qingdao
coastal region, and common trace metals were analyzed by using Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) and
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). The results showed that Al, Ca, Fe, Na, K and Mg were the
dominant metal elements in TSP, and the sum of the six elements accounted for 94.2% of the sum of all metals. TSP and metal
elements had significant monthly variations, Fe, Al, K, Ca, Mg, Zn, Ba, Mn, Ti, Sr and Li had the highest concentration in
November and January, while Be, Sc, Co, Ni and Cr showed the highest value in January. Na had the highest concentration in
August, November and February, and the lowest in December. Pb had the highest concentration in January and February, and the
lowest in August and December. Enrichment factors indicated that Be, Co, Al, Ca, Fe, K, Mg, Mn, Sr and Ti were mainly affected
by natural sources; Li, Cr, Ni, Zn, Ba and Na were affected by natural sources and part of anthropogenic sources; Pb was mainly from
anthropogenic sources. Different weather conditions had great impact on TSP and metal elements concentrations, all the measured
metals had the highest concentrations in smog except Ti. Compared with the sunny day, the concentration of atmospheric particulate Ti
decreased, while the other elements increased by 1 to 4 times in smog. Li, Be, Cr, Ni, Al, Fe, Mg and Mn had little variation in
concentration in foggy day, and the concentration of Pb and Na increased considerably. The concentration of Co, Ca and Ti reduced
obviously in fog. Except for Cr, Co and Ti, the other elements increased by 1 to 3 times in haze. Most of the elements had the minimal
enrichment factors in sunny day, while the other had the maximal enrichment factor in foggy day. Enrichment factors of Ni, Zn, Ba,
K, Na, Pb and Sr varied in the order of sunny day < haze day < smog day < foggy day, Fe and Mn were sunny day < smog day < haze
day < foggy day, Al and Mg were sunny day < foggy day < haze day < smog day. The variation of enrichment factors was different under
different weathers for Li, Be, Cr, Co, Ca and Ti.
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Table 1 ~ Sampling time and occurrence number of different weather

P [ R FK  wER  MER WX
2012 4E4 H 11 7 5 1 —
2012 4E5 H 10 5 8 — —
2012 48 A 13 10 1 — —
2012 49 A 3 — — — —
2012 4£ 10 1 — 2 — —
2012411 A 14 — 8 3 —
2012412 A 2 1 — — —
2013 4E 1 H — 2 1 1 —
2013 4E2 H — 2 — — —
2013 43 A 13 1 7 — 1
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Table 2 Detection limits, precision and linear ranges of I1C

RN 22 2 (RSD) /% LA/ mg- 17! LIPS N7 iz R/ mg - L
Na* 0.97 0.01 ~100 0.9999 0. 001
K* 1.31 0. 005 ~500 0.9999 0. 001
NH,/ 1. 10 0.05 ~100 0.997 4 0.001
Mg * 1.09 0. 001 ~200 1.000 0 0. 001
Ca®* 0.79 0. 001 ~500 1.000 0 0. 001

AIRAT) BT BRI BRSO T A — B st
), A 2 mL i SR (P4l 1 24 42 1 Ak 273
IR R dRS2 e, SR IE A 2 mL 2058 (fh
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%3 ICP-AES 1 ICP-MS Kyt H{ IR, #5% BEA0 AR [E g 320 -2
Table 3 Detection limits, precision and recovery rates

of ICP-AES and ICP-MS
SZJRILE KR/ pg- L' KSR (RSD)/%  FRIEER/ %

Zn 0. 009 2.5 102
Cr 0. 004 3.0 95
Ni 0. 003 2.5 99
Li 0. 006 3.7 97
Co 0. 002 3.8 103
Se 0. 002 2.4 97
Pb 0. 008 3.9 104
Be 0. 004 2.5 98
Al 7.9 0.6 103
Ca 5.0 1.2 99
Fe 2.6 0.7 104
Ba 4.0 1.2 98
Na 3.0 0.6 99
K 1.5 0.8 99
Mg 0.6 0.6 105
Ti 0.9 4.9 97
Mn 0.5 0.5 98
Sr 0.2 1.1 101

2 HR5ITE

2.1 TSP ik
2.1.1 TSP ik H Ak
KAL) 5T TSP 5 2 vk B AR S
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Fig. 2 Monthly variations of TSP concentrations

in the Qingdao coastal region
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Fig. 3 TSP mass concentration in different weather

in the Qingdao coastal region
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Table 4  Concentration range of metal elements in the Qingdao coastal atmosphere

e At/ ngem B/Mi /g m = T ngem S AR % i%ﬁﬁﬁf
Li 23.17 0.97 7.40 70.91 0.312
Be 1.49 0.00 0. 30 71.36 0. 001
Se 6.14 0.34 1. 30 48. 11 0. 005
Cr 92. 64 0.00 28.20 63. 08 0.119
Co 26.49 0.24 2.62 75. 65 0.011
Ni 449, 58 0. 00 25.28 100. 73 0. 107
Zn 902. 62 0.00 296. 81 60. 02 1. 251
Al 30 103. 89 0.00 5298. 44 69.9 22.331
Ba 329.77 0.00 88.58 61. 65 0.373
Ca 20 980. 38 0.00 4 427.97 68.70 18. 662
Fe 21272.70 571. 40 4 382. 66 60. 74 18.471
K 8441. 30 0.00 2 146. 17 64. 34 9. 045
Mg 9817.34 0.00 1 803.53 72.56 7.601
Mn 455.47 19.93 116. 18 58.31 0. 490
Na 43 852.01 0.00 4129. 56 80. 81 17. 405
Pb 620. 85 7.08 135. 84 72.36 0.573
Sr 205. 38 0.00 41.01 71.61 0.173
Ti 10 899. 55 55.65 627.19 108. 07 2.643

2.2.2 &JRIcEmH 2k

SRR &R TR M Ak AR W
K4 ~6, 5 ARG 4MENEES.

Zn., Al, Ca, Fe, K, Mg 1 Na Y H 343 i A8
L2 T NRVAIE i I T NWNSRCE & 5 A UE
K, HATCE B H LA /N 76 RS B A
XTFAE .

/& 4 A]1,Al, Ca, Fe, K F1 Mg 7£ 11 H 1 1
H e B i, HOL R IR 3 2 1 B SG
SrHTERWI AL, Fe 1 Mg 345 Ui 52 25 A9 TEAHOCG
KA 11 H Z KRS, MK (5.3 ms™"),
TR FILRERS. 1| AZ2%5 5% KA, R
SIERE , SR YA T i, R BOR BEBGE. AlL,
Ca, Fe Il K 7E 8 A 12 H¥RERAL, B KA W
iy 45 o0 Z A4 W B A EBRERT 8 A Mok
Z IR EEAR. Na B9 H 2245 iR LA oo R ]
ARS8, 11 2 AMER R, 12 AWRERM. &
By 8 FJBSAT R AR T R, SR AR DX Il 32 22 32 1 1<
RIS, TR VR AR AR AE ], S B Na MR EE 1Y

K. Osada 255 F 53 K PR 4 3 U524k 04 ok IR 2
—, 11 ARG R, 2R ZL | 8 Na W
f. Na7E2 HEERFiZ K THEH M, £H Na
2 H 32 N R X A, N ki e nl g e 2 H
Na ¥ B 45 e 114 i A1

RYEE S, Zn 768 ~ 11 A M2 HREARMAK,
1 A HSEE R R BB 1Y AWFLR, KLk
JE . Ba, Mo, Sr fITi 76 11 A AT AWER S,
2 JIWRBEERAR, R N ATET B k. Pb 7E 8 A 12 ik
JERAK,9 ~ 11 A M2 A EARRE /N, 1 H W
#h. Pb LB EHEORNA £ T A iR oe £,
{EARF 5T 26 AT+ JLARE SR TEA PR i AR 4 R
S TTRRIA S R BRI RNG S T2 Ph R EAR
PR 1 IE AR RO 30T, HLRS AT Ve b AL XL, H
Tl 5 G XA 4 M 35 H b A Al HE R 0 A%
FERFEX I, N2 2R FEOT Y AW LR
#i15 Ph (MR IR, 8 AMKK L, K Hi5 YK
A, B AR W 32 5 /) 380 Tk A Talk X
e iS5 gy, T Ph e BEHMR. 10 A JCHR M
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Fig. 4 Monthly variations of atmospheric metal elements

concentrations in the Qingdao coastal region
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WK G IE R 2 M CE S TR L,
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12 F1 1 AR BEA Ty, 8. 10 Fll 11 R EERAIK.
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Table 5 Meteorological conditions during sampling months

st 1] MR/ C TR/ % K/ mes !
2012 4£ 8 H 27.3 72.20 4.0
2012 4F9 H 24.4 51.31 2.8
2012 410 A 20.3 58.29 4.3
2012 4F 11 A 7.7 47.32 5.3
2012 412 A 0.9 53. 84 4.5
2013 41 A -1.3 67.06 4.2
2013 4E2 H 1.6 78.92 4.0
2.2.3 ARIXRF4EIEITRWEFHE

AT AR R RBI 4wt E 1
WeRE VLRI T ~9. BVARTE K IR IT R 140
FE A% (13 709. 48 ng-m ) , %5 KA1 (15 192. 64
ng-m ), 3 K FH 55 KK, 7 5 k30332, 23

Bs5 BREBXSEBTRRENATL
Fig. 5 Monthly variations of atmospheric metal elements

concentrations in the Qingdao coastal region
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WP —2. 55 K < B R < 35 K < % K, Be, Ni,
Zn, Al, Fe K Fl Sr ¥ R/NIF 5 TSP —2. i
K <FER <55K <% K, Na Al Ph A e BT A1
[ IR <38 K <25 KR <MZ5 K, Cr F1 Co YR BE
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MZERRAPH EZEEJEILE N AL, Ca, Fe,
Na, K, Mg, Ti, Zn 1 Pb, fi Frill 4 J& o0 K B
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K. Ca, Fe, Zn 1 Pb) 2517 Al A9 Hk J¥F fi 7
(11378.32 ng-m ), B BEY 25. 5% , Be R
BERAK (0. 60 ng-m ™) AN 5 IR EERY 0. 001% .
HAZE K55 I AR B, BIril oo 2 vk 25 T4 v, B4
F 1 ~4 48, Co Fl Cr MREESE MR /N, 2B Co Al Cr
RGN, K, Pb, Al Sr, Mg #l Ca 1)
WeEE G R ALK, 200 S I R 3.97, 3.81, 3.71,
3.64, 3.56 Fl13.36 5. AWFFIMZES KT ML
7, BRI 0 RS RR R T | SRAE U ) A 55
RERTE 11 AM 1A IE(ALF R BUE Y |, i
AR BB e K R E BRI IR bt
Pb By ER Pz — " RIS K K F1 Ph [
JER BT, Ti SRR AR G T E Y WA G
PESTHT A Ti 5 XEE 3 A IEAH DG R % R
JRGHASEAEG, 19 7 T R S 0 T e 448 i 4 X 8 /8.
Al, Sr, Mg Fl Ca ¥ BT+, AT RE = i T AR R R

SRR SR, BRI B R R A 25
(R Ni 1 Ba A3 HILERR AN RS
pral TR PR v R B A AR R AR 3
KA KA T EIRIRGEE WA, K F Zn SRR R
e R AR R bR PE TR | PRI e JoE A A0 55 R

ZERKANNFES G TR 5 AR, &
I 45 J JC K SR BE Y 98. 5% , Hivh Na A9 ¥ i
F1(3573.22 ng-m ), HAEKEERY 23. 5% ,Be AU
JERAK(0. 26 ng-m ) AL B ERY 0. 002% .
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Fig. 9 Atmospheric metal elements concentration in

different weather in the Qingdao coastal region

LKA, % REE TR INRER T EH
RIREAR, AR AN KBS Li | Be, Cr, Ni, Al Fe,
Mg Fl Mn. —J7 10, 25 R RGHEAL, KAZE T
R, Wkt 220855 , PR ke I8+ 3847 20 1
Li, Be, Al Fe, Mg Fll Mn 252547 i [AARG  H 2 55—
T Hi%s BAEZ IR AR X TR SEFE R T
AW R L2 | HRE R SAFITI5 S ik,
Z W7 T SE 0, AT R (A9 AR 255 K 5 I Rk i
ZFAR. NRIFYITE Cr Al Ni 7255 KGRIk
JEARALAR K, I HOR TR A fa E HoZ KRB
SEMAL/N. Ph Il Na MR BETHE B2, 430 R I K 1Y
3.23 F11.83 4%, 55 K32 Wi il 2 W 52 ), ¥5 e R
G, KA Y Ph Fl Na A KR 2 S 8 1ok Ji
B, Co, Ca I Ti Wk BERRARIR 2, 4300l S I R )
WRERY 0. 47 . 0.58 F10.50 17, H IR 2
Ca W B ZRIA™S | KA XHBEE K, A H T 11
LA F AU, S5 Ca 7655 K AR E LG K
B, A EPES T W Co FII Ti A AH 1k R LR
B R (0.975) , HAR 5 G 5 80 0 3 9 IEAH G, 55
R KGR, S50 Co A1 Ti HeJEEAR. 22508 &
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B M A I AR R 5 Ti UK 7 3. 82% , AR
WFFE 5 & B K TSP i 1 < s S BT o e i)
33.28% , %5 KT L BIREARE] 14. 99% |, W] g %5 K
FRUE B RSS2 7 5 380 T e
FEAIK.

HERAKAPEEMEIREITERN Zn, Al Ca,
Fe, K, Mg, Na Al Ti, i il 4 J@ oc 2 B WK E 1Y
98.2% ,Horp Al ¥ BBt (7 731.73 ngem ) ,
SR BE 1Y) 25. 5% , Be [V F I8 (0.32 ngem ™),
A5 SR B9 0. 001% .

505 RAH 55 K Cr Al Co M FEREAK, 20 )l G
KL 0.86 F1 0. 81 £iF; HAE B AT 5,
HEmEA 1 ~3 5, RIEFEEZ MR AL, Ca, Fe,
Mg, K. Sr il Ph. 5 (I8 B R R A« K05 X
W 22 DL R TR ) ARG AR TS e
B Bl RERA BREM A DU Tl HEK
LGB R A P BT PR Y RS TS Y ) v
Al Ca, Fe, Mg 1 Sr £ k2 + 14

R FRIBR ARG Y, R T AL, Ca,
Fe, Mg 1 Sr B9 RS m. KA Ph A EZRIFA
WABEZR R e T R RA S i sk
RS R 2, s K P R R R, B
MR K R F BN T K A A T
T
2.3 BERERTHT
2.3.1 AFEHAMEETERNEERNT

T T B PRk M 6k - SRR LA A Ho At ok
BEXT R h I R W E sk 2 . HoE
A

EF = (Xi/Xr)TSP/(Xi/Xr>crust

K, (X /X)) i KERYI P LR ( IS5 %
JCRWE LU, TEAMR P B8 &8t ER
WEE s (X/X,) W WHSETIZTT R 5 S H TR IR E
P EAE. T & 4R 7 Ir i oo R e 2 R B
SCHR[41] 3568 Sc fEN S H LR P 1B 5
SRR PR RNEERT(%K6).

x6 BFRIEBASEBTEMNEERET

Table 6 Enrichment factors of atmospheric metal elements in the Qingdao coastal region

2012 4 2012 4¢ 2012 4

2012 4¢

2012 4 2013 4¢ 2013 4

LR 8 A 91 10 A 1A 121 1A 2 A T
Li 4.0 5.7 5.3 41 4.4 5.3 6.2 5.1
Be 1.7 1.9 2.3 1.6 2.0 2.0 1.9 2.0
Cr 5.7 10.2 4.1 2.7 6.4 5.3 9.3 6.4
Co 1.4 1.1 1.7 1.1 1.0 1.6 1.1 1.4
Ni 3.4 4.0 9.4 5.1 1.4 5.1 5.3 5.0
Zn 8.8 8.4 9.5 6.3 3.1 12.9 10.0 8.4
Al 11 0.7 1.1 1.0 0.7 1.0 1.0 1.0
Ba 6.2 2.2 3.7 3.3 1.9 3.3 3.9 3.5
Ca 1.7 1.4 1.6 1.8 1.0 1.2 0.9 1.4
Fe 1.0 1.1 2.2 1.2 0.8 1.4 1.0 1.2
K 1.9 1.4 2.5 1.7 0.6 2.2 2.7 1.9
Mg 1.6 0.8 1.5 1.5 0.5 0.9 1.1 1.1
Mn 2.1 1.4 2.1 1.8 1.2 2.1 1.4 1.8
Na 7.3 2.3 4.1 3.0 0.3 1.7 8.0 3.8
Ph 107.8 179.5 253.3 135.3 66. 6 455.6 504.5 243.3
Sr 1.7 1.2 1.8 1.8 1.0 1.9 2.2 1.7
Ti 1.3 0.7 1.0 0.8 0.6 1.0 0.6 1.1

TEMEERTERKT 10, £EHZILEH TI5
YL B BT RAP . ke i, H Cr K
1 A2 A Zn §ENFHRT 10, L EZZ A
o RN A I W € 2 B i =3 Y S R o BT
KF 10, R I R EE, WL EE R AN
V5 YLUR. Ph 2 AL BN 4 HEBCRNG 4 4k T 248 B RRTE o
R T LA R U E A O, IR R AT
AEAN PR R Ph 1 EZORYE , itk ig 44k 240 F
FRIGETT BESE T 5 R P B ZRIK.

Be, Co, Al, Ca, Fe, K, Mg, Mn. Sr fll Ti 7£4%
A S R AR 1, FEORIE T e sk 1
5 70N R HOR RS E. Co, Fe Al Mn &
T A7 19 A AR BEA— S, R ITHAT L R AR IR, K
s S F1E 10 A8, il ae T 10 H BRIy
(a2 E A NRCE Y N OE e

Li, Cr, Ni, Zn, Ba fil Na TR & EH FIE2 ~
12 Z ] RBIX ST R R 2 A SR IR 2w b, b A
TR SR T N A5 Y. Li M 41 H 2Rk e 4%
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AN, HORIR AR E. Cr, Niy, Zn, Ba Fl Na &R
T A AT AR N | Zn, Ba il Na & K71
1E 12 A/, 2 NSRS /N, Ba7E8 H &
EHNF IR, Ba BB ERIMbREM TR ,8
HIEARF e iE 2%, 2B K, Ba 2 N W15 YL IR
AR PO E N

2.3.2 AFRXAEEITRENEENT

PLSe (EZ2 TR A S5ITHE TAR KA T &8
RN EERT, WLET.

SRR, K4 B 4 J@ ST R ARG R & %
Wi/, o5 KINEER K. EENTF/NF3
HICZE A Be. Co, Al, Ca, Fe, K, Mg, Mn £ Sr, Jf
HIXSETERAEAFRFEM T 8 H A FER
N, R BT R T A7 AR, HAZANFR
SRR, Li, Ni, Ba, Na Fl Ti (95 %R
T3 ~9 Z[], R EITTRERZ H AR IR 52,
WZ NI, XETTREARR RGN TS
BRI F AR ALK, 32 AN RS s A K.
Cr EARFR R T EE£EFER N 3.4 ~11.2, 4
25 R KA, & 48 I AT A/ i R RS K, 2
N5 FgE K Cr 2 AZ ASRIEIZI 85255 N R
TR | R A2 H AR TR IR . B R
EAER TR, R 1.2, FHAEZ KB Cr 2
YNGR Al

Ni, Zn, Ba, K, Na, Pb fl St ZEARF KK T &
R F I R/NIF —3, AR < 58K <% <5
K, 5558 K 5 8P BURLY) A AES TS G W i 18 A
K B RNCNTG YN , K a4 T I
TR, Ni FEARFRIEEFFH/NT 50,55 K
BKNS5.0, BEKVE. Zn 7K, & RXHME
KEENFHES S5 ~7.8,MFKIEF 16.0, £ Zn
FENG R | 38R M 25 KR 32 AR IR R 2 o), ik 52
N AR | T AESS R 532 NS Y52,
ARESR IS P BN 5 i Y. Ba, K| Na #il
St AR RN EENFH/NT 5,5 KILHEX
KEEME. Pb AEARF RS &4 H F ARz i K
F 10, RPAH FEZ NN, 5 K& ER T
R, Ik 5711, 52 N 5 Y f

AFRST Fe Al Mn (& £ HF#/NF 3, H
KN F—E, MG R <% < 58K < F K, £
Fe fll Mn 7625 K& E W . Al F1 Mg (& 4R F
WAHS/INT 3, ARRIRAT MR ANBTFER NI K < %
K <R <HHZ 2 Al F1 Mg 7EM% K & &V
&, Li, Be, Cr, Co, Ca Fl Ti 7EARR KNI EHE

7 K/ & AT BR %5 K Cr SN HAE#R AL,
T 10, UL IX B8 0 2 FZORIE T A SR, (H R I8
ANSAHE] , 32 B RS 05 AN A [R) DA 5 42
I FAEA R RN 1B 22 5

BRI, FEOR A H 5 IR TR W Be . Al
Ca, Fe, K, Mg, Mn. Sr fll Ti 4k KRR N & HEH T
I FEE S R BRI T 3. BEsz H AR X 2
N KBS Li, Cr, Ni, Zn, Ba Fl Na i & 4N 1
TEZ5 K | 38 RFVAS REA T, ALon R
EENFEES T 10 L mEERETANEY
Pb TEFFIR R AT & R B F K& Rl R fE % K
HIEGESN

#7 TRAXRSLETENEERT

Table 7 Enrichment factors of metal elements in different weather

JLER Wi e % 52 FI9ME
Li 5.3 5.0 7.9 6.7 6.2
Be 1.7 2.1 3.0 1.5 2.1
Cr 5.8 3.5 11.2 3.4 6.0
Co 1.3 1.3 1.9 1.4 1.8
Ni 3.0 3.7 5.0 3.3 3.8
Zn 5.5 7.8 16.0 7.2 9.1
Al 0.7 1.3 1.2 1.2 1.1
Ba 2.8 3.7 4.1 3.4 3.5
Ca 1.3 2.2 1.2 1.9 1.7
Fe 1.0 1.4 1.7 1.5 1.4
K 1.0 2.1 3.0 1.8 2.0
Mg 0.8 1.4 1.3 1.4 1.2
Mn 1.7 2.2 2.8 2.3 2.2
Na 1.6 2.4 4.8 2.0 2.7
Pb 108. 1 206.0 571.1 156. 4 260. 4
Sr 1.2 2.1 2.4 1.7 1.8
Ti 1.3 1.1 1.0 1.0 1.1

2.3.3 "W 5E&IRITRUEERHSCHE

FHIEAE 2385 FH Pearson AHI¢ R B0k E E WA~
i Z B ZPE A OCRRJE , #x RIRTE 0. 01 K B
BEMIE, = FARLE0.05 KF EBEMEY .
T KRR h & B TR 5 AR 1 Z [
FHOCR B, A B T oA G SR & TR U R AR
e A A 2. BRI T 5 e R TR BTG
PE3HT , Pearson AHOC R ELZH R W3 8.

e 8 W, Jrill 6 )& e = b Li, Be, Sc Al Pb
SRR GAEOC, 200K 58 00 E A e,
Li, Be, Sc, Co, Al, Fe, Mg, Mn AT 5 XGE 2 T
FIEASC. MWATHE TR T LA ) Be, Sc, Co,
Al, Fe, Mg, Mn Fl Ti ()& 4 HF#AR /N JEF7E 1
~2 Z 8], KM TR FEORIE T 3 4 R
5 A 5 R E A O
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Table 8 Correlation between meteorological factors and metal elements

2.4 KRG BT R AR vk
2.4.1 A AG/KAESXT 48 B T AR vk

&) L R i
o e — FRA4E 1C 1 1CP-AES (245 5, 448 T R
Be 0.336" 0.7 0.410 " [W H 0y 4 Fh & JR/KIBESS BN E T, 458 L3R 9.
Se ~0.366" 0.143 0.333° 12 H K, Na, Ca, Mg /KA b B2 b6
Cr -0.132 -0.178 -0.003 o HAETE 58% L. 11 A X 4 Fh 4 @ K il i 2s
Co -0.197 -0.228 0. 446 ** e
Ni ~0. 158 0.054 0.081 Tuuﬂ/b\ﬁi(ﬂi] AN 14% ~55% . 11 H =S4
Zn ~0.296 0.111 ~0.024 X BE e (IR (47 % ) , iR T HE A 0 0~ F 18
o 0241 018 0375 KT S TG, 7T Al 5 LTS, 12 2 A
B: -0.193 -0. 160 0.264 . o
C: o188 0231 0. 301 XEEE B AR E T 11 H L HIEA RS, 4 M4 E
Fe ~0.286 ~0.195 0.377" BT KRS e 0 B R AE, T RE S 4 KA
K -0.254 -0.006 0. 265 %Fﬁﬂ’mﬁﬁﬁaé B RTLUSRAMISE. Na Kn[
Mg -0. 130 -0.133 0.337* N
" g o1 0331 - AN BN L BIFEAS R A 1 5928 A6V A 18. 63
Na ~0.104 0. 103 0. 055 ~67.57% ,12 Hﬂij(ﬁ\ 11 HAn2 AMXTEN. A
St -0.217 ~0.096 0.220 %5 RIF6 TTLIT IR 2 J1 4, 2R B 1
Ti -0.135 -0.231 0. 404 ** : e g A —
o o amm 0971 0065 A, K AT S Na B DTHREE S 8K. K KT E
B ) }925. 96 ~63.13% ,8 H FI11 H F/h, 12
®9 AEAAM4FHERKBEHESHESL %
Table 9 Percentage of water-soluble ions in total ones in sampling months/%
Fif ] Naja/Nagz Kkws/Ki Mg/ Meiis Calisn/ Calis
2012 4E 8 H 37.02 25.96 42.01 100. 55
2012 9 H 18.63 42.55 35.04 94.90
2012 4£ 10 A 45.31 46. 67 39.78 102. 84
2012411 A 20.29 28.39 14. 31 55.08
2012 4£ 12 A 67.57 63.13 58.11 113.75
2013 41 H 40. 65 40.97 30. 51 104. 38
2013 42 A 26. 94 54.45 47.69 106. 70
-1 36. 63 43.16 38.22 96. 89

Al i K. Mg B9 E 2 14.31% ~58.11% ,
111 A/, 12 AR, Ca IZE1BVE LA 55. 08%
~113.75% ,7E 11 e/, Hop A #AE 100% 247, 722
FEARK, B8 AFN12 A4M, Ca®* KT b A
18] 5 AR LA AR [l A2 AL R 3. Ca /K AT i B
BB R, SEIEL 96. 89% , T 5 KA H )
Ca FEVIKATHERIIEAETE, HUOR K, KIS

A7 B 43.16% , Mg/ Mgt P340 38.22% ,

7K ATAEZS Na B9 5tk E /N, R 36. 63% , Ui IS I
ok HoAH 24— Na B FE kIR | &R A

L) v e A B K I ?&‘“’.

2.4.2  A[FERAKATEEEX &8 8+ B A 5T Fﬁk
ARIRA 4 ﬁhéﬁﬂwﬁu d RS E 2

KU 10.

R10 AAXRET4FMEBKBSHESHENLE/ %

Table 10 Percentage of water-soluble ions in metal ions in different weather/%
P ~al Najza/Nafiz Ko/ K MgZdsn/ Mekits Cadyn/ Caliye S E AR L
I 43.34 34.73 54. 66 101.78 46. 89
S 24.10 30. 84 14. 68 67.01 52.52
% 37.42 66. 37 57.28 116. 64 81.33
i 30.32 32.07 16.99 66. 47 49.16

BB E KBS S RSN G eSS g
KARIL, #RAR T 0 K B9 LU (H, (H 2 78 2% KB Na &b,
HABE TS & BSA L BIE AR T Bk qd, B

AIREIE PN 4 Bh IR R M55 58 K 2 AT
PRE LU 23T, T 5 JRORH X it B W 4 3 R, — A
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90% LA L, AN B AT /K 1 B B MR RE 152
WA, B BB N ZA 15 T LUS TRABISE.

3 it

(1) RAEI 0] 75 5 00 TSP 5 MR B A AR 3491
F7167.78 pgem . &Zx TSP R IE fe i, BB ER
1%, EEHAIK; 2009 ~2013 4EA[R KAR TSP 445
HRE W RRERE A > FER > B K > HEK.

(2) TSP th & J@ e P BT Bl Al > Ca >
Fe>Na>K >Mg >Ti>Zn>Pb>Mn >Ba>Sr>Cr
>Ni>Li>Co>Sc>Be, Hift Al, Ca, Fe, Na, K fll
Mg 5o & B 7 BTl T 3R B BE Y 94. 2% , = KR
SERPEESEICE,; Zn, Al Ca, Fe K, Mg Al
Na (1 -3 BEAE AR AR AR, AR TT R AR AR 4
/N, BR Ca Ml Na SMIr A JC R MR BEHAE 1 AR H
SEY{HE. Fe, Al, K. Ca. Mg, Zn, Ba, Mn, Ti, Sr
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