2021-04 JE BTS2 27 4 (A AR BE A I
57(2) Journal of Beijing Normal University(Natural Science) 225

TG B TIRE S BISRAGIT BRI

DED BHED FERED REER

(D ACFIRTE K 2F K B2 BF 5T BE, 100875, db5T;  2) # R /K ¥5 Ye s 518 2 205 35 TREHF 5T o0, 100875, dL &)

WE RIS A T TR TS YU AT, AT PR B | AUR B4 LA s S B HE B,
St E PR AP BOR B AR, AR SON IR BERRY T v VL P8 b Jie it X b3 o s e fer T4, SIS0
AL DX ERITE i R A AR . R, AR 67 240 o D A R A 2 o P M R 15 T e e DA AT 5
SEFRI: AN _L a0 VT AL D 4 R AP A O, 5B AY 80% L b HIER EL G R EEORIE T Tl R
7P RIEREA 25 T, 350 i 40.16% 1 40.79%, 2 DX I EE 4 15 S By 4248 B A FE 5. 5 St fer BOR IR M4l R BERS

T IX FREE T DA, KT Y by s R R i B S
KEEIR EAE; B AE SRR Tl
hE LS X53; P96

0 5|5

N 2 2 PR 5 v A R R B R AL K
IR E AR A KBRS mK £ IR T)
FE R BR B8 22 4, 23 00 AR i B 3 B ™ HE 52 . T
4 8 T Y G far TR RS Y TR AT A 5T, RS B R
4R TG Y BRI M S Y X, A A R
K A IR v A T e, ORI A A A B R R
BRI R

KEFEEEE BTG Y FEE PN X L, A
XK BT 4 R s Y mr ok B, N H iR R )Tz
1) 2 Y B HE TS SR A LG 43 B O ik X S T vkl
o PRI HE R A JE s e i R, R AR K&
B SEESIOTEHEA R P E SR S, A
56 B B A 19 43 M UL (ER — B BT, AR X R
T B T AR L AR 0 0 4 R S e HE TR LA
B, DL A R RS T — O A fg
oE e, B H AR S B S8 mE KN A H
2. X T AR TS Y AR R U, A2 R A
SR AR R A2 O T I R Al A T L A T AR R
ZERIREAY 3 2R F 85 53 -2 e ek 915 (APCS-
MLR) B | b 27 i d - i (CMB) A5 78 | KA J 98 S
A3 AT CUNMIXO) A RS | GF 2 PR 4 B (PMIF) 455 784 46 [
T [ (PMF) A5 AU S5 540, 5k b 27 (A A 1R 2 A7 14k

* L5 R S R R bR R A e i B

DOI: 10.12202/.0476-0301.2020147

A B Al B AT S R s Y R O R BT TR SR, AE
fif /4w TS YL R AR ORI RS BT, A2 AR T ) £
Mr &t SR H B9 MG A 75 Y TR G 32 880, IR R RE
SEPURE B TS JE T L ST LR, AS B 5T A iR
JE A A 2 NMF-CMB #1588 11550 5 4 @ iy 15 Y 11
T, IR AT 32 BT YL Y. R R A R AE 8 A %
MR S S B 6T 22 b IR BE A ot o T Y W 5 o3 A 0ORS f Z1
i, 2 WERA R L S8 B A 1 O # T NMF-CMB
A A5 D B 6% 70 R A B0 1) S5 Ak 1 A T e R S L
PRI, 1) b 2 - i AR o BT 05 e DR, T DA AR
PETH 5 Yl U5 A BT 2 SR 0 1 A L

AR 5T 2R ) ik R R R A A TR 3 T B
PEAN I DX 380 T 4 0w T5 YL ) T R IR AW Y, R
B2 5 Y VR RE AR Rt HERE A 512 X 1 T 4 IR 1 75 Y
g, I DL Sk 5 i A B L 32 2205 gL i, O X ML T
5T XK £ A BT 25 A i B T AR S LRl 2% S .

1 MR5REE

11 MREXEBRE MHRXAT /A TR, kbt
24°29'~24°55"' N, 102°47'~103°04'E, J& E&EH A
P IR 4 B R VL BL b A R P R 0 IR L, AR S XA
Tor L L N PO R TR A K A R
JEAR IR 7K, B AR R T 2K i, SRR E w2
54 SO T e S (S K7 | R Al 22 B 2

TAEGEEE BEE(1974—), B, 2, WA SR, HF5E 5 1 R ER L. E-mail: teng1974@163. com

W e H 47 2020-04-21


https://doi.org/10.12202/j.0476-0301.2020147
https://doi.org/10.12202/j.0476-0301.2020147
mailto:teng1974@163.com
mailto:teng1974@163.com
mailto:teng1974@163.com

226 LA R A A 4 (A AR B i)

557 %

) 2 BB, S K B ey i Al A 7 R B
G S REL BT SR B TR s e, v VLB AR S
DragiR 1k B 2, PR EER O B AOR 25 SR L.

12 HRRESSH WRF\FRTE, T 20194
3—4 H R BTN LU v vr L X8k A HERE 5 60 A
Hi R K FE & 30 A4S, BF G XA B SRR R AR A A
B BT7R . - HERE i Ak 2 S0 48 20 5% 0 o s o )
(GB 15618—2018) H1 3¢ F 4= A 5 I 38 v 114 AH ¢ Ak
PR . T8 AR &l 2 200 B G, H AR S
BB K, 2R 5 H iR 1R & % (HNO,-HF-HCIO,) M ff . i
I PR Y 0.45 pm FLAR A BB 2o & /KRR . (9 P R JER
G4BTI & 565 7 (ICP-AES) T HL S 5
SER TR 2 8 AP 4xJE (Cd. Cr. As, Hg. Pb. Cu, Zn,
Ni), - FH A o 72 5 45 ) 300 45 11 o0 B DA B b v
A8 T Xof HR 43 A 46 52 0 3 ok 4 ) O ik DR TE B 1
B P . O T A B 25 R AT S A, (B (E
R e 2B 45 3. AR AR BESE b, il O A 10 SRR
SR UES % ) T HEAT LUK K A o RS B R
FMIR 22 <8%, NINARAE i ) [T Ry 95%~105%, T 8 Fif
H 5 # 4 J8 it 43 20y E &5 R (LOQ) & 0.38~8.50
mg + kg

FIRA
_—
2

iz

é‘g%

Zy ,ﬁg 2
L AVE

A
65

oAl

1 MREUERFERRER K

1.3 SHRARRE

131 & EARA R 32 IR L L T B A
I PR o Sk - S, 13RS Y W e R R b AT
S (W BE | BT i oA . B AR AIE S RE A PR ), DT X Ak
22t FR) UETR E AT AR R R TN . s R AT TR A ARE £k 2
FE AIF 5 DXk A B ] RN 2 8] i RN, B R G5
BA @I IR . RN R 3 5 28 6] OC & 1 — > )
2%, S A A Y Y D R GE R ] PR AL Y B
58, JF DLz ik 2 5 ) = SRR AT o B Y, T A2
PR 27 i PR S 2 A AL AR ST Ak Y P B 3R
Wl A 2 iR,

SR

K
ot

&

\‘@*‘
HREBHE 45 o 7K Lt
i%ﬁ%?ﬁ Iz%ﬁﬁ

<
R ARER By
k| | meE 4

TR
o it

B2 &EEREKELR

i i Level TN % i & A5 80 %F 4F 5% X 4 @ 26 5%
H 8 PE AT 9T . L R A 7 R T LA R N

vE,-+vA,»><cA,~+ﬁXZvU=ﬁXZ(VU+vR,~+DZv), (1

2 v, SETG Y R RS T P HEGE 2R, mol - h;
va o A T i A AL B A R S, m’ - h
SRR o R WA T LA P E, mol - m;
Vri B RN, mol + (Pa + h) ™' v EXYEH S, mol « h'';
vy AT L] A AE AL 3 4, mol + h'y D & MBI A

132 REAA G FAAR AR G BT A

SEAE, B e B AR R EE AT E AL, B FRER A I 4R
J XoF IR A ) 3 B 25 (Z2) AT SC, AN TR
BAENHE LB TH RE(D), @ik D 5N
BE Ay iR B (f) 1 3fe BUAEE 7. LA 3 i o0 SE Ak ) o O
5 75 FE, W) AT Ao B O AR A O R AR
i — Pl 5 R R A e 0 OC R AR AR T A 1Y & B
B ot A H bR Al 2 il 0 5T o 40 80 (w) - FE X S i R
By S At L, A 5T fd FH Matlab R2010a 4% 5 Level I %
FE AR AL ACAES, RS A M SO M OSSR 5
TZHAME . &ESHOTE SR R T R RS



5 2 1]

L e R 7| R SR o= e A R iR R a - W& S 227

FH Matlab pRi %00K i it e, AR AR R f) 45 2R i 1 SC A
TR f18 K At YA A ] 3T

Level Il /g iR
"""""""""""""" K5>S 854

|
at K +3E
|

HY

' !

Zmr Z er Zsull Zscdxmcnt

T T W e
WS R TR R
7
T 4772
T
7
s £

e W Z
R 3000 0 B 5
S

3 REREKERIE

1.4 NMF-CMB B & 1% &

141 BEABERE AL Fra PR (chemical mass
balance, CMB) 7£ 15 4¢ il $5 23 &1 3% 1 {5 4 i 2 [8] A AF
TE IRV HT R T, nT DLSE BT ¥ 2 A0 A 1 e AT U,
AR 2R KT WA 78 (non-negative matrix factorization,
NMF) A DL s #E 75 Y4 5 48 S B, SR A 115 73 X ot
HR 2. R 2 R A 0 #8  2 I HE TS e TR s SRS,
FEA FH CMB fif B 15 G 5 R A5 45 T HE B 238, i D SEBR ]
RO R R TE L PR A OC OC R BN B AT B B AL A iR
T, MR BT S E A, SRR RTS Y ) T Oy Hon] L

G IR IUAS FEE 5 YL U5 75 Y W o S 43 B0 2P AR
Jin, B
W= Cowpi=12m, 2)

K n 5 YL IR AP m R TE YR B w2 IR R
i S Y W i B R B, mg - kg C R iE YR YR GO
FAH Y BT R 2 w2 s YL UE TR Ts gy iy i gy
B, mg - kg

A1 TS A5 05 Y U4 SIS, T LUAR 4 5 #2 (2)
SKAS 5 YL U5 TR 2, A TN VS g ) R K TS
EAS BT 4 R, AT RhaE o 2k AC T oKk 15 O A E—
fiff, K B A AT e R B HE o8 LTS G IR AR SCEIE S 1Y
Jr N

Wy= ) CuSpi= 12 ms j= 12,0 (3)

o wdE B S s Y S 8, mg - kg
S VT YIRS BUEN 1, mg - kgl Cy 2 15 Yl IR BTk K.
1.42 NMF-CMB AR 3t FiRf 1 S ke i Ao

AL, 2% R R AR IR ik T R o AT 0 R
R i 22 5 R J R D O 25 0 I T SRR AE 1 2
fEAH, Z )5 ) B3ty 22 57 ik R A 7 fof 2% 40
o 01 SRS DR A5 A0 Y SR Al E AT AR R
FE %, A5 2 A 45 A LR 0 PR 7 for 48000 1, B Sk 2R
5 YIRS SRS B TR A RO 25 T BT
TR DTk % e,

2 FHRE5VR

21 ESBEERAAMAREMAR S5 WHMRME
G BTG Y HE ORI, P VT R [R) A 39 ) 28 8 Y &
EREIGRY RN ER s, TR ENE
& @ He A, 25 A B AR E 4R A AL B, AL
Level T 9% i F 455 760 X AfF 5% X H A5 8 4 @ E 47 00 8
Bl H AR 4 R 78 SR8 A o (25 0L KL DL AN
) ep ) SO S R VR L B 4 BA A N & 2 BT
NGRS, B B AR E SR A S K, RO E
KA AW ESESEAR, HitsX
A 4 8 W E S <10 ng - L7 MUY B H
b H 4 I8 R A B <10 ng - k!, H T EORIE T K
FH . K AH 4 JE 0 T iR Ol 143~576ng - L, £
Herp 2 bR 4 8 i B0 = o 2 381 ng - kg

1 TELIBRFBAEEER~YRESH mg- k'

IR I P
Pb Cu Zn As
K H 0.078 0.045 0.104 0.023
St 0.061 0.022 0.093 0.011
i 0.044 0.014 0.055 0.003
B 0.031 0.013 0.046 0.003
W 0.052 0.018 0.085 0.008
JEEIX 0.510 0.016 0.070 0.006

R 4 3 3 55 7R Ak B 4% AN PR 35 4 b EE 4 T 1 T
Jo R e B, 45 R T X A5 A I AR RR, SXHATE 5T X 45 A 2R
EATWESEMERETAE. SARE, SES
J& 5 G B R A R, DURR Y AR X AN e Ah,
R 4l 3k A L Ay B AN [R) A 22 8] A o A% i, T HE
i T 4 R 1 A TR Bk, BE 4 R R 4 8 P
YKk, Ho 70.82% B9 4@ HE A KA, 29.18%
B H 4 JE HE A L SEAE L X TR AR B AR B 4
J&, 2 — R 5N Yy AL 24 O 7= A — S B, K AP
LA A R R A R 9 X 4 R 0 BB BRI AR 1E



228 b BT R A 2 i (A SR B2 i) 57 4%
k2 ELRSRYRERE. RENHLTREESE
w/(ng * kg ™) fit i/t
HEE - - -
Gt 7K +i% VIR 7K + ALY
Pb 23 143 829 6.8 6.67 38.81 0.10
Cu 2.9 174 767 0.8 8.45 35.90 0.39
Zn 9.5 576 2381 2.6 27.69 111.46 0.17
As 2.4 145 298 0.7 6.80 13.95 0.04

JKAR L A TR A e P i R R 0 R
fift 1 1Y 14.55%. 84.29% H1 0.69%; Cu i fif & 7 3 o
JOTH R B 1Y 18.34%. 80.98% F1 0.08%; Zn i fif & /3
) T Y 19.37%. 79.91% F1 0.09%:; As i fiF
9 AT Y 32.94%. 65.88% F1 0.15%. 1] Ul
- B8 v B i ™ SR I AR ) 5 A% DA K ORE 21 TR
TR N E.

SRR =R SN Sl R el € 7 11 2

TR 3L 7K 358 A S B ST R Y R A B AR K Zn,

Cu. As, Pb. 7EZS A, K, L3 DI 4 M, 35
rh Y R A TR R e, RO K, DL R A R
. KEERAELEDT S ERZ, MERY
S A D, A PR O A7 45 R P O VR R S )
WAt AT el . 45 AR A R R R TE R R, 1Y
>80%; 1Mij AH 5] 1 F% LA /K AH 2 DT AL A (0 3 8 o .

M F 20 AL, PoAE £ HE O & 4> $ S 829
ng - kg, iR K, S 38.81 t, 1 £E TE AL W AR By
FEAf R, 4 0.10 t; Cu [FFE7E + 58 v 2 4 B i
K, ik 767 ng - kg'', fili 1 R 35.90 ¢, M E VLR Y h A
0.39 t; Zn 7E 1 48 b it &% 43 536 2381 ng - kg'', fiff &
11146 t, 1A LR B, R 0.17 5 As 7F 1 1
op R 23 80K 298 ng - kg, fifHE N 13.95t, FEDTAR
R/ Sk 0.04 t.

HRYHEA RS RS, &3 KT .
FEff . PSS oG, fEa 3. K, B3 i
2R HP PN ESBESERER, AAEXN
70% LA I, 37t 8 o H At 3 FH A A s R K R
H—EmEa, MM E< P sER/N. BT
LT M DR AP IR B (R, B I AR S KRS, N ik 4
Hh Y R 4 R AT R S R ) G B
22 TEESRESHEIFEHEN L PMF AT R
115 7 1 B e A = i A e e g R
FEA 3ARE, 43 5 T VR . Ak V5 AR A,
BT & A EL B 5 2 23.67%. 34.20%. 42.13%, H
P25 AN E 4 2~ . A H Monte-Carlo AS B 52 V£ 43 #r

AL, 3 TG B R AN Bl RE 3 BE 2 18] R 6%

+£13%. +4%. RV 75 G P A9 N 8 5 P e X 3 Fhis G

R L A9 73 PE v R e KB, 3 W AR D 95 e % 78 Al
Bk, 2 o 32 B 7 e B B AR 1 S R E R
75 B, TR 15 U IR A AN B 1 =S ] /)y, R
AV 75 G (4 B AR LU B SE B, T ek Bl AR e, I
AN RN 8] N A AR R R A

100 1100 m T 1
90 + {90 MWK 2
80 180 §?3

X 70} 170 S

E 60} 160 S

A3 Y

g;rso- {50 g

& 401 {40 =

X 30f {30 el

20+
10 +

120
110

0 Cd Cr As Hg Pb Cu Zn Ni
B4 SRIFEFERFRITBEKELG

23 SRIFETIEFES R AHBILEESES
e W HE T B A ol HE A, 2 25 SCHRBE 5T F NMF-
CMB B, J 4f Hh o VB 5 32 27 e AR A K
T (B 5) 3 B AR AT 75 G I 45 SC 5 (18 6).

mZn

10}

Zos; T

lg 0.6} As

=204t =Cr
A

0
TRV ARTE RZAE BARE S
a4

Bs5s BIEEERETERFHEYEE

1.2 ¢
= 1.0+ =7Zn
W& 0.8 1 =Cu
=06} Pb
32 04] As
o2l -Cr
oL l - || = Cd

RE B W dmE =t ANl AHUE
AL R ZEA AL

6 RAHIBESBHMIELEE



55 2 1]

L e R 7| R SR o= e A R R iR a - W& S 229

X FETG YR E [N -5 4 S 5 Y IR SR & B0 Cr
5 g S FEE AR I Tk R A 4 [ AR T s AR
As 5 4 32 i Ak Tl = A2 5 Cu. Zn Ml Pb 2
ARG e 1 F AR ST AL S A TS YL R AR
B &l A VT BRI Tl Ak Tk A T T
A= =R, 43 ) A7 T IR S G BTk A LAY 7.21% A
16.46%; 42 25 AL I S SR 5 S il 1 A0k 26 7= 8, 43
i) i B Al 5 Y IR BTk 43 H Y 23.38% Al 10.82%;
TR AR 4 B IS Ye R AR A AR RN ok, dE R T
AN A Dl AN Y ¥ TN = /= = Ll = |
S 5.61%. 10.88%. 17.41%. 8.23%:; £i 4 A< |V J5 A1 T
b R4 Fh 2R TG e PR H, B 28 B DR I T
Pl AT =, fRAEAR 2y . AR e A 12.82% .
27.34%. 40.79%. 19.05%.

Zd i EA, BILE I E SRS Yok E
Alb A A AR AR A 25 5 e k. Sl T i — 2 i
B A 25 0 FH 5 0 % v 9T BL - M R 4 B S YL A R
) B2 4 B Al Ak BB B 4 Ja HE TS YL 38 a0 /S,
LU i b G o F 4 i 0 s R AR, X L AR AR A 2 4
J& 15 Y G S0 E R0 e A 4 TR 4 R TS Y A
. NE 6 nT A, 1F = 44 i 7 Fp 24k
(JRE . SERE ., S8, SumH. —x&EA
A A HL-TCHLAE L K A HLAE ) o, Zn AR & H & 4 8
Y EE N R, R EREITAN, & A >0.5; K
AL BT Y b, R 2 Bl R A AN HE A B
Cu 1 Pb, i if i — 20 43 A AR 25 A0 B 19 75 e 48 sC 1%
PR, A B il A AN A Tl R A X 2 PR IE 1 s SR
T 3T AR 2 AR B A ) B 4 R TS Y UR EE SR, B
BT Zn i 32 ZEAE, Pb Al Cu WA —E M5 H(>0.1).
PR I AT DL 3 2 A A Y K il O 7 A Rk Ak
JEIS gL i FE N &,

TS Gl JE AR BT 43 I L B 45 R Al vs e g, B
A I A 24 1 e AT SR 2 A1l 380 L o - 48 o 4 v
) 2 YR Sk, A A e BARE A g o L Al Ak R £
FIAR Y 15 Bl () 2 HEHE 23 X3 5 Y 7= A s R s . A
WA Y A= 77 35 Bl 04 R A K T A 3 A A AR B
BB . 7 BT 0 7 B 3 AL R o, 5 B 3 JE A
1o B TR A 2 b Ak AT R AR ARl T A Vs e B
PSS 1 S R 7 VA0 £ O 11 7 N A > 7
FLAT Wl 2 B0 0 1 ), At &2 & AR RE R B it oo R R
AR SR D Al T 4 SR TS Y ) H BR T T 22—

3 #ig

T 24 S 1 90 B 22 P ) e A A T e T 4
T 15 e 11 B RF S, RS 76 LI 2 | 52 T 4R
16 7K - TR 4 T A B A . B T I B A BT 1

4 R g RRAE, RE 6% S T 4 Jm T YL YR 1Y 2 [ A b
PEAL A WA R A8, TT DL TS A KA 2 Rl
RYAE 5 Y U5 T8 801 O 16 RRE AR B 5 43 B op i AR
B3 T g A MR G TS Gl R T8 B IR S R Ak 2 ST A
RUTE 0 75 Yo BTk 26 BE 08 15 B B 0 R ofE 1) 1 A &5
W g E, B R B XK RN 5 E 3R
J R BRI 4 R B ARG A R B, S R
) 80% LA b, BIflTH 3 45 A7 & W I 25 21 . - g rp
4 R BRI R Tl A e R AR IR A 25 1 1 T, L
i H ks £ 80.95%, [ ffF 5% IX. 5 B i AfF 1 00 S 3 45 1
FETR 1T B AR W) A, 2 B A AR R AR T Al AR
7R DX 4 S UG Yl B B A ) L DR i R
7/ 1177 B e w3 S g AT WD BT B T 1K (9 B
B AN B AL, 2% AL A 25 1 B — 2 R, R
U, e 355 s kAl B 9 K 2R TS Y HE )
B A, WBUR B HLf Ok A, T B X Rk
g M R 4y R A LR W AR G, el T R AR A IR R
DAV 2 DX 3 4 R 1 e A, Dy X3 A S A (g R
R PR 45

4 BEEK

C1] A[&, skPrbr, PhE A, . BRYL D TR 4 R IR f AT K2
HAESAEMFEN LRI T RIEERKFFIR, 2017,
37(4): 69

(2] /588, 30K, #ibR, 5. BT UNMIXBALG 5™ X R 14
P 98 o S DAL ATT ). FRBERL, 2018, 39(3): 1421

(3] RS, $5 ko, FoE Tl K 8 4 8 HE 0 5505 57 fr
TESTHT[I]. FEERM 5 HR, 2012, 35(11): 180

(41 &k, EUF, Bodok, 5. HIR0 R/R i I 4w 15 Y I
FERTIT I RELT]. FREERR A SR, 2017, 40C11): 17

(51 5RZE, 30, B 05, . TR X 4 i 4 S 5 e A
TR B HARRBT )], BREERL, 2019, 40(8): 3774

[6] &2 5. Tl X MY f 4 Jm ok I ST % iz A2 a5 (D). b
ot T EROLRREBE, 2012

[7] CHEN L, ZHOU S L, WU S H, et al. Combining emission
inventory and isotope ratio analyses for quantitative source
apportionment of heavy metals in agricultural soil[J].
Chemosphere, 2018, 204: 140

[8] CHON H S, OHANDJA D G, VOULVOULIS N. The role
of sediments as a source of metals in river catchments[J].
Chemosphere, 2012, 88: 1250

[9] FEIXF, CHRISTAKOS G, XIAO R, et al. Improved heavy
metal mapping and pollution source apportionment in
Shanghai City soils using auxiliary information[J]. Science
of the Total Environment, 2019, 661: 168

[10] FEI X F, XIAO R, CHRISTAKOS G, et al. Comprehens-

ive assessment and source apportionment of heavy metals

in Shanghai agricultural soils with different fertility


https://doi.org/10.3969/j.issn.1673-9159.2017.04.011
https://doi.org/10.3969/j.issn.1003-6504.2012.11.038
https://doi.org/10.1016/j.chemosphere.2018.04.002
https://doi.org/10.1016/j.chemosphere.2012.03.104
https://doi.org/10.1016/j.scitotenv.2019.01.149
https://doi.org/10.1016/j.scitotenv.2019.01.149
https://doi.org/10.3969/j.issn.1673-9159.2017.04.011
https://doi.org/10.3969/j.issn.1003-6504.2012.11.038
https://doi.org/10.1016/j.chemosphere.2018.04.002
https://doi.org/10.1016/j.chemosphere.2012.03.104
https://doi.org/10.1016/j.scitotenv.2019.01.149
https://doi.org/10.1016/j.scitotenv.2019.01.149

230

LA R A A 4 (A AR B i)

557 %

[11]

[12]

[13]

levels[J]. Ecological Indicators, 2019, 106: 105508

GUAN Q Y, ZHAO R, PAN N H, et al. Source apportion-
ment of heavy metals in farmland soil of Wuwei, China:
Comparison of three receptor models[J]. Journal of
Cleaner Production, 2019, 237: 117792

JIN G Q, FANG W, SHAFI M, et al. Source apportion-
ment of heavy metals in farmland soil with application of
APCS-MLR model: a pilot study for restoration of farm-
land in Shaoxing City Zhejiang, China[J]. Ecotoxicology
and Environmental Safety, 2019, 184: 109495

LIUY, LI CY, ANDERSON B, et al. A modified QWASI

model for fate and transport modeling of mercury between

[14]

[15]

[16]

the water-ice-sediment in Lake Ulansuhai[J]. Chemosphere,
2017, 176: 117

LUOL,MAY B, ZHANG S Z, et al. An inventory of trace
element inputs to agricultural soils in China[J]. Journal of
Environmental Management, 2009, 90(8): 2524

LV J. Multivariate receptor models and robust geostatis-
tics to estimate source apportionment of heavy metals in
soils[J]. Environmental Pollution, 2019, 244: 72

WANG X L, ZHANG L, ZHAO Z H, et al. Heavy metal

pollution in reservoirs in the hilly area of Southern China:

Distribution, source apportionment and health risk
assessment[J]. Science of the Total Environment, 2018,
634: 158

Load and source of heavy metal pollution
in the upper reaches of Fuxian Lake

MA Guangyu"” LI Yuezhao"

CHEN Ruihui"

TENG Yanguo'*"

( 1)College of Water Sciences, Beijing Normal University, 100875, Beijing, China;

2)Engineering Research Center of Groundwater Pollution Control and Remediation of Ministry of Education, 100875, Beijing, China)

Abstract

Quantification of pollution load and identification of pollution source are important in environmental

management, risk prevention and control, pollution control, and in formulating environmental protection policies. In

the present work, we used the fugacity model to calculate and forecast soil load and distribution of heavy metal

pollution in the upper reaches of Fuxian Lake. The non-negative constraint factor model and the chemical mass

balance model were coupled to identify or decompose pollution sources. Heavy metals in the upper reaches of Fuxian

Lake in Chengjiang County were found to be stored mainly in the soil medium, accounting for more than 80% of the

surface area. The heavy metals in the soil were found to be mainly from industrial production, use of fertilizers and

pesticides, accounting for 40.16% and 40.79% respectively. Consequently, these should be the focus of regional heavy

metal pollution prevention and control management. Such analysis of pollution load and source identification as done

in this work should, provide data support for environmental quality assessment and pollution prevention and control.

Keywords

heavy metals; compound model; source apportionment; Fuxian Lake
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