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i R RN R RER L DL IE R SR (PMF) IR HORIE AT . 455K, EIT MK & EnE
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Abstract: Forty; oné metal elements , ncluding raré earth, elements and the lead, 1sotope ratio in rain water in demen were medsuréd by
inductively ©oupled plasma mass spectrometrys Sourced’ of metal elements Wel"f’.l{df‘ntlflf’d By combined enrichment=factor ,/isotope
analysis, and positive matrix factorization analysm JThe results showed that the concentration sequence of total metal eIements in
* rainwatér in Xiaftén was winter- suburbdn (213- 964 gL' )\ > winter-urban ( 176.357 pg-L7') > summer-suburban ( 75.401

g* L”) There were/FSeasonal and reglonal differerices- in thecontent of rare earth elements, and their standardized distribution
patterns were’ m(‘onsntent with each potential source, 1nd1(‘at1ng that their sources were relatively complex. Enrichment factor analysis
showed that Ni, Cu, Zn, and Cd were significantly affected by human sources, whereas Be, Ti, V, Mn, Cr, Co, Ga, Rb, Y, Cs,
rargllearth elements, Th, and U were mainly affected by natural sources. The result of Pb-isotopic-analysis showed that Pb in rainwater
was significantly affected by coal sources with a contribution rate of 63.67% , and soil parent material, garbage incineration, motor
vehicle exhaust, and cement dust with a contribution rate of 36.33% . The result of positive matrix factorization combined with the
enrichment factor and isotope method showed that the metal elements in rainwater were affected by coal burning, natural sources,
industry, and traffic.

Key words: rainwater; metal elements; concentration; source; isotope; positive matrix factorization
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1.2 #qﬁﬂliﬁ'ﬁﬁ’*ﬁ
1.2.1 é;)%‘m?%i

Fﬁﬂ(ﬁéﬂnﬁﬁ 0.45 pm L(ﬁﬁ‘gk/ﬁfﬁ
Tso mL mﬁuahﬁfﬁ%ﬂﬁ A 0.8 mk T
(MOS 4¢) M1 ~2 Wi HF (MOS 4¢), ¥ B F T
130°C NS b JFHUR IR, 3797 3% THEFR 2 1A
PG R B3 7, T 180°C A Nk 12 h,
WO S 3, ¥ A0S ) b i A0, 5 mL A 2 ( MOS

F1 2014 F£EITHMEWRERE

Table 1 ~ Sampling time for rainwater in Xiamen in 2014

HE ZE
B GS (REIX) KEEH ] FERRS S (RBX) KEEH ] BER S (IRIX) FAER
H1 08-12 hl 11-30 rl 11-30
H2 08-13 h2 12-03 12 12-03
H3 08-14 h3 12-19 13 12-19
H4 08-18 h4 12-25 % 12-25
H5 08-19 h5 12-26 5 12-26
) dkeZE T, MHRNINA 0.2 mL (50 wg-L™") MWa & M B 0%, A 5 mL HNO, (0.5
Rh R, [FIBTINARG SR (KRR R 3:1), FF mol-L™") M5 & T 70°C # A X H I 44 30 min,

UK I B T 140°CHEAR N INFA S b, L B & 55
BT K R % {X (ICP-MS, Elan ERE e, Perkin
Elmer) M%E4/EJGZE [Li. Be. Sc. Ti. V. Mn, Cr,
Co.Ni,Cu,Zn, Ga,Rb, Y Nb, Mo, Cd, Sb, Cs,
Ba, ##i+JC& (LREEs) . Hfi +0& (HREEs) |
W. Tl, Pb, Bi, Th, U FlSr] &4

1.2.2  H[E 2= 00E

KBRS 0.45 pm FUER T HEEFE T X

JH 5% HNO, 4% 50 mL, AL B84 %8 1
R 3% AL (ICP-MS, Agilent 7500¢x, Agilent) il
B TR o7 RAE.
1.2.3 s

TR S BE LRI S A T AT S5, A
X RRUENR 22 /N T 10% . Ff F A8 L34 FH AR 247K 55 1k 3
i SR T 10% MR8 24 h, PR LK ETE 3
i, HET, B H.
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EF i WAZ (2)

C/C ) n
L, EF WEEHTF; ¢ ARFMTE T =
(mg-kg™); C, NBHILETE(mg-kg™" ). HH,
EF KT 10 B, RRZ AN BRER; 4 EF
H/NT 10 B, 32 FAR TR A K.
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I R AU S S T )
Ry = fiR, +f2R_2 (3)
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Fig. 2 Mass concentrations of metal elements in rainwater
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~ fwn|l ) @EnCRD) f%ﬂlﬁ'”' J B U et ey | e i ]
ﬁi Vi | g1 g | - — — 12,0000 —
| o' | Soss —ﬁ e’ - — - —
o4 =
sc S 0.0483 — 0.009 0 — — — —
4o 0.7771 — — - — 17.0000 -
\ 0.3704 1.4833 0.0130 — 1.4000 — 0.1600
Mn 14.488 9 5.0233 0.007 0 35.5360 21. 8000 21.8000 2.5500
Cr 0.3659 0.2267 0.0170 1.1770 1.0 5.900 0 —
Co 0.3633 0.0733 0.004 0 — 1.2000 11.4000 —
Ni 7.3589 0.5900 0.0490 2.4910 1.4000 4.6000 0.4100
Cu 28.8255 2.0700 0.0340 2.4910 5.4000 20. 5000 1.8400
Zn 60. 028 0 20. 4000 0.0220 45.2920 88.7000 89. 600 0 —
Ga 0.0193 — — — — — —
Rb 1.3358 — — — — — —
Y 0.0747 — — — — — —
Nb 0.0132 — — — — — —
Mo 0.3745 — — — — — —
Cd 0.176 5 0.1467 0. 009 0 0.2910 0.3000 13.3000 0.060 0
Sh 0.203 1 0.2367 — — — — —
Cs 0.0489 — 0.001 0 — — — —
Ba 17.0153 — — 23.484 0 — 17.100 0 1.6800
LREEs 0.204 1 — — — — — —
HREEs 0.0752 — — — — — —
W 0.402 1 — — — — — —
Tl 0.0276 — — — — — —
Pb 1.369 8 1.3633 0.0020 0.6340 18.3000 10. 4000 1.2100
Bi 0.0120 — 0.000 3 — — — —
Th 0.0125 — — — — — —
U 0.0129 0.000 1
Sr 19.9422 1.3200 14.998 0 16. 400 0
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