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Geochemical Characteristics and Source Apportlonment of/ Sml Elements in an Urban-

rural Integratlon Area A Case Study in the anglong Area of Tlanfu New Dlstrlct

LIU Shu-huai' WANG Déwei ", SHI Ze-ming' 3, TAMﬁang‘ T, ZHANG Feng-ying' /LIAO Cheng' S LI Xiao-yu', XU Wer-bin*™ ’
(1. College of Earth S(nences Chengdu University off Technology, Chengdu? 610059 China; 2. Chengdu Cd{ter of Ching* Geologlca Survey, Chengdu 610081, Chlna
3. Applied Nuclear Technlques in Geosciences Key Laboratory of SlchuanJ Provmce Chengdu University of Technology, Chengdu 610059, China) f

Abstraet . The Qinglong A%a of Tiauy New District ih Chinghis thd conngtion aloa of Chengdu city, Sichuan Province, which dominantly supports the primary agricultural
products for the metropohs The soil quahty therefore, has-been detériorating in lgoem “decades due to the intensive planting and industrial pollution. Thus, the evaluation of
soil quality and the 1dent1ﬁce_mon of the pollution sources are significant for Ststainable soil planting and regulation. To this end, 395 soil samples were collected, and the
parameters;of ‘pH, soil organic matter (SOM) , total potassium (TK) , available potassium ( AK), total nitrogen (TN) , alkali-hydrolyzable nitrogen (AN), total phosphorus
(TP), available phosphorus (AP), Se, B, V, Zn, Mn, Mo, Ni, Co, As, Cd, Cr, Cu, Hg, and Ph were analyzed. The results revealed that TN, Se, Hg, and TP were
obviously higher than the background value of the Chengdu Economic Zone, and the Cr, Mn, pH, and TK were depleted. The combination of correlation statistics,
geostatistics, and positive matrix factorization (PMF) source analysis revealed that heavy metal enrichments were mainly affected by four sources, namely natural sources
(32% ) >industrial sources (30% ) > agricultural sources (25% ) > traffic sources (14% ). Likewise, the source apportionments were verified regarding topography,
industrial boundary, farmer density, and traffic flow. It was estimated that Mo, Co, Ni, and V were affected by slope; the enrichment of Hg and As was the result of
agricultural activities; Cd, Mn, Cr, and Zn were affected by industrial waste diffusion; and Pb, Zn, Cu, Cd, and Hg were related to transportation. To a certain extent,
agricultural fertilization and pesticide application have partially controlled soil fertility and pollution (Hg and As).

Key words ; urban-rural integration area; soil geochemistry; source apportionment; positive matrix factorization; Qinglong Area
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/' B 28. 00 24 [y 230 64. 46 18.04 63

Col 32.20 22.1 52.6 179.9 53.85 17.36 85.98

Se 32.50 0. 04 0.24 1.23 0.25 0.08 0.11

TN 32.80 0.28 1.27 2.8 1.31 0.43 0. 547
SOM 36.80 1.6 19.9 46.4 20.7 7.61

As 37.60 0.4 8.8 20.7 9.49 3.57 8.39

AN 41.30 20 123 369 127.21 52.58

Zn 42.90 33 77 478 81 34.77 73.48

Cu 45.00 8.7 29 213.8 30.2 13. 58 27.21

Pb 47.50 1.9 31 186. 1 31.09 14.76 26

cd 51.50 0.025 0.26 1. 68 0.28 0. 14 0. 14

Mn 56. 50 114 405 4053 419. 86 237.18 702. 3

Mo 65.90 0.4 1.1 13.2 1.16 0.77 0.91

He 66. 00 0.0025 0.07 0. 406 0. 09 0. 06 0. 04

TP 72.10 156 628 4479 772.72 557. 13 452.13

AK 104. 10 25 118 1585 185.35 192. 92

Co 165. 00 5.1 12.6 460. 3 13.78 22.74 15.93

AP 210. 30 0.7 17.25 1220 63.76 134. 09

Ni 252.70 10.8 25.9 1509.5 29.65 74.92 33.8

1) pH fHICH4],SOM |, TK A1 TN Hifvi Fg-kg ™', ARSI Fmg-kg ™

2.3 EGJEICREIFIT 2R BT

X i AT 7 22 BRI M T B — 2P 1
WA E AW AR FE G (C + C) M4

{E(C,) PIIA S WAL RS, €+ Cy RAEEIR S
A2 [A) A R R S, FUAR R 3 B A 2 [ 72

PR, B[ €/ (C + Cy) 1 RRBENLI 5 |
(142 ) AR Sk 78 AR S T o ) B B, AT DA B AR
HKas A A PSR 55 pH, Mn, Mo, As, Cd A0l
Hg BRIELLAE 0.25 ~0.75 Z 0] (% 3), )8 Trh &
JE 23 (8] AR S5 10 BH 35X 26 T 28 A2 G5 A 1 TRV 3R e BT 1
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AN |-0.59 072 -0.10 0.59 077 AN . . & [ ] ]
TP |-022 045 013 073 052 040 TP @) @ @ ® o 04
AP |-043 037 0023 075 047 058 081 AP @
Se [-015 0.63 -0063 0.31 053 041 051 024 Se @ O . o 000 @ o0 . ® O 02
B |oa4 0091 011 012 012 000 024 009 039 B @& @ @ . ® O o [ ] . )
V jo.0045 021 061 013 026 017 022 0068 030 036 V & ® ©® b
Zn (023 024 020 017 025 0078 042 0098 066 046 032 Zn @ @ @ @ ®0 0 @
Mn 046 -026 015 0080 028 034 013 016 038 046 025 000 Mn @ @ @ ® ¢ @0 @
Mo [0.047 -0.033 0050 0.080 -0.053 -0.015 0.8 0.0078 050 056 026 o058 o6t Mo @ @ ] () @ =
Ni [0.084-0.0033 -0.14 0.079 -0.088 -0.066 021 -0.016 0.62 050 015 061 080 081 Ni . ® o0 &
Co [0.072-0.0013 -0.15 0078 -0.084 0056 020 -0.017 0.63 052 018 061 080 08 099 (Cp ® o . &) -0.4
As [-021 016 0072 010 0.4 025 0.043 0071 016 033 047 012 -00037 027 0.072 012 As
Cd |027 031 014 0071 026 0.017 030 0024 065 029 024 074 052 042 o051 o5t 004 Cd @ @ & -0.6
Cr 019 020 028 004 007 -0.048 028 0038 040 037 040 0.50 040 030 041 041 022 043 (Cr . &
Cu |o.097 030 019 025 028 018 050 019 069 057 044 0.79 062 066 072 072 022 056 051 Cu . 0.8
Hg 031 052 0.2 042 051 043 048 038 045 021 007 026 -0.097 0.046 0.075 0091 0.24 023 027 0.26 Iig
Pb |06 021 -021 020 017 019 031 016 055 032 013 057 035 045 053 053 014 049 033 043 030 Pb -1.0
pH SOM TK AK TN AN TP AP Se B V Zn Mn Mo Ni Co As Cd Cr Cu Hg Pb
— ya [ 1/ ) E’_} xrwest (0 g Y Va ‘7 J .
rJ I,', g -‘"‘f_’.‘lllllll' ,v,‘f:j' Fig. ..rﬁ .-‘E'l n} rrelatlon coefficient in the study area i “ - 3 -"':d__.llw
| | J VA &
l%f;:,fim,m Lo I Pb S maaém&ssm BffE X 45 Cd Al wﬂﬁ%ﬁ

0.75 ag&%@k& 50.9,4
Eﬁﬁﬁfrﬁaf%: BEHLIED 25 IFy.

lﬁwa@ﬁ 5. aﬁ‘wﬂs‘

x, WEED%J_Z‘ﬁJ’ﬁ%BE*H%ﬁWﬁ S R 2 e
; £ ) PAVSL VI As 975 SHR /N, BEIHIX 2 MOt E R
; ‘%ﬁ%ﬁ@?&%%ﬂ%‘“ﬁ@?ﬁfﬂﬁﬁﬁﬁf RGPS , 7 /IN 9t Bl N 17 S Ao, 1 S [

/Tjné‘ﬂ’mlﬂ E*ﬁa@«eﬁl TR R/NBITR RAREECNE k.
R3 ARRELBEAEMNEHE
Table 3 Semi-variance fitting data of heavy metals
LS
a5 mbE  BSHG) i R m o y%ff;ﬁ

pH BRAR 0.2620 0.0903 0.710 3260 1. 280F - 04 0.977
v Rtk 0.3210 1.364 0 0.765 2130 0.171 0. 865
Zn BRAR 0.7240 3.4580 0.791 11 470 0. 360 0.915
Mn EiR 7. 050 18. 470 0. 618 40 80 21.2 0. 848
Mo BRI 0.0229 0.0937 0.726 13 420 2. 926E - 04 0. 832
Ni [EE0 0.4000 5.8090 0.931 10 340 5.53 0.716
Co i 0.2070 2.5240 0.918 13 475 0.423 0.715
As BRI 0.091 4 0.3498 0.739 2010 2. 766E - 03 0.958
cd EiEd 0. 007 83 0.019 06 0.589 16 230 1. 159E - 05 0. 841
Cr SH 0.3000 1.3010 0. 769 5700 0.098 5 0. 906
Cu EicE 0.3380 1.4350 0.764 16 230 0.048 5 0.921
Hg BRI 3.2800 9.096 0 0. 639 3060 1 0.977
Pb BAL 0.1470 1.5410 0. 905 4530 0.058 4 0. 969

2.4 PMF &4 )8 BT
Xt RS 4 E 4 BT R I 1T PMF VR R AT,

WRKBE N TH3 ~7,

S S R B T8O T

Hﬂ‘,ﬁﬁﬁ/n%miﬁmﬂﬁ%iﬁﬁ -3 ~3 A, &/

Q 173 969. 8, H. Qo M1 O 18] 2 5] 52 /1N

,

AR HER THCH 7 A, i 5 4 8 T Z 814 i
LABU(R )V NO0.62, 34 V AHA T E MR

ZEHE W H R E 858,
Cd. Mn., Pb #1 Hg iy R* KT 0. 95, k&
(K 3).
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