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Assessment of Heavy Metal Pollution and Tracing Sources by Pb & Sr Isotope in

the Soil Profile of Woodland in Quanzhou

SUN Jing-wei'?, YU Rui-lian', HU Gong-ren' ", SU Guang-ming' , WANG Xiao-ming’

(1. Department of Environmental Science and Engineering, Huaqiao University, Xiamen 361021, China; 2. School of Resources and
Environmental Science, Quanzhou Normal University, Quanzhou 362000, China; 3. Center of Analysis, Beijing Research Institute of
Uranium Geology, Beijing 100029, China)

Abstract: The contents of 8 heavy metal elements (Sr, Ni, Fe, Cr, Cu, Mn, Pb, Zn) and the lead & strontium isotope composition
of soil profile of woodland in Quanzhou city were analyzed by AAS and ICP-MS, respectively. A modified BCR four-step sequential
extraction procedure was carried out to obtain the speciation fractionation of heavy metals in the soil profile from 4 stations. The results
of the heavy metal elements and the speciation fractionation of heavy metals in the soil profile showed that the heavy metal pollution in
the woodland in Quanzhou was relatively light, and the main pollution factor was Sr. The non-residue state of Pb was the highest,
leading to the highest activity. The result of Nemero comprehensive pollution index showed that Sr in the depth of 0-60 c¢m was at heavy
pollution level. The results of the RSP showed that the activity of Pb was the highest. The results of EF showed that Pb, Sr, Mn and Zn
had exogenous sources. Factor analysis showed that the main sources of heavy metals were the compound pollution of agricultural
activities, natural resources, and the vehicle exhaust. Composition of Pb isotopic ratios showed that, Pb in soil profile of woodland in
Quanzhou was from vehicle exhaust and parent material. The contribution rates of the two sources in the soil profile were calculated by
using the two-mixed model. The contribution rates of parent material and vehicle exhaust were 85.14% (62.53%-98.36% ) and
14.86% (1. 640% -37.47% ) on average, respectively. Strontium isotope tracing results showed that the main sources of strontium
were also vehicle exhaust and parent material. Coupling both Pb and Sr isotope ratios agreed with the above mentioned results.

Key words : heavy metals; Pb & Sr isotope tracing; source apportionment; factor analysis; enrichment factor; woodland; soil vertical

profile
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Table 1  Basic information and physical-chemical parameters of the soil profile of the woodland in Quanzhou
BERGES REERIE om AR SN pH CaCO, /% /mmifig_, HHLF/ %
pl06-1 0 ~20 B, & A A LS, AR &R 6.01 2.91 10. 95 3.96
p106-2 20 ~40 5K, F AR &R 5. 82 5.76 17. 46 3. 80
p106-3 40 ~ 60 IR AR 5.21 4.57 13.17 2. 14
pl106-4 60 ~80 JKE A, 4.89 4. 64 12.73 1. 60
pl06-5 80 ~ 100 JRH AL 5.12 4.56 20. 67 1.76
pl106-6 100 ~ 120 AR 4.99 3.18 15.51 1. 66
pl06-7 120 ~ 140 AR N 5.01 4.99 16.59 1.55
pl106-8 140 ~ 160 AR 4.99 5.62 17.34 1. 44
p106-9 160 ~ 180 TFARG) 5.06 3.62 18.92 1.07
*2 RNHKMERNETESSELEZNRES HKIHE
Table 2 Statistics of heavy metal elements in soil profile of woodland in Quanzhou
e w/mg-kg !
e Cr Cu Fe Mn Ni Pb Sr Zn
R/ME 12. 50 10.20 8 200 115.0 5.450 33.20 29. 40 63. 40
R ME 43.20 16.90 36 800 320.0 26. 90 51.80 133.0 86. 80
FAh{E 28.97 13.82 22744 207. 8 17. 40 42.53 66. 68 76.71
CV/% 43.83 20. 39 55.30 42.27 55.33 17.99 70.77 9.970
SN T )2 g ) 54.16 293.3 38392 1999 31.33 245.0 239. 4 1622
TR g g o) 41.30 22.80 42 400 280. 0 13.50 34.90 34.00 82.70
o(Crymgkg”!  @(CuVmgkg’  wo(Feymgke' wMn)mgkg! wNiymgkg! w(Pb)mgkg”  @(Sr)mgkg”!  @(Zn)mgkg’
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Fig. 2 Speciation of heavy metals in the soil profile of the woodland in Quanzhou
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Table 3 Nemerow Pollution Index in the soil profile of the woodland in Quanzhou

FEAh S VRBE/ em P, P, Py, Py, Py Py, Py, Py,
pl06-1 0~20 0. 305 0. 560 0.217 1. 089 0.494 1.484 3.824 1. 050
pl06-2 20 ~40 0. 349 0. 500 0. 200 1. 143 0. 494 1. 481 3.912 0.938
pl06-3 40 ~ 60 0.303 0.472 0.193 0.982 0. 404 1.398 3. 647 0.767
pl06-4 60 ~ 80 0. 656 0. 495 0.323 1. 054 0. 822 0. 968 1. 488 0. 819
pl06-5 80 ~ 100 1. 046 0. 764 0. 667 0.571 1. 993 0.951 1. 024 0.961
pl06-6 100 ~ 120 0.910 0.731 0. 703 0.482 1. 941 0.997 0.988 0.958
p106-7 120 ~ 140 0.818 0. 694 0. 802 0. 464 1. 644 1. 103 0.988 0. 863
pl06-8 140 ~ 160 0.985 0.782 0. 854 0.482 1.926 1.344 0.915 0.999
p106-9 160 ~ 180 0.939 0.759 0. 868 0.411 1. 881 1.241 0. 865 0. 994

S 0. 701 0. 640 0.536 0. 742 1.289 1.219 1.961 0. 928
2.4.2 ARG R phase and primary phase, RSP) iz - 412 HI T 75 FH 1

YA AH 5 B AR A8 FEAE L (ratio of the secondary

VIR Cu JER B 5, R ek s X
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e AR RSP &, L P BOIEME R OK, AF 7R B
AP E XU, T LA A

x4 EMNTHBIELESEBTRRNERSREMELE
Table 4 The RSP of heavy metals in the soil profile of the woodland in Quanzhou
FE S S RBE/ em Cr Cu Fe Mn Ni Pb Zn

pl06-1 0~20 1.2821 0.5416 0.1156 0.6229 0.7122 3.1338 0.5505
pl06-2 20 ~40 0.5715 0.594 1 0.1103 0.6306 0.6858 2.0439 0. 609 2
pl06-3 40 ~60 0.909 1 0.7556 0.144 8 0.4196 0.7111 2.3308 0.3547
pl06-4 60 ~80 0.3235 0.5553 0. 0607 0.7000 0.3413 1.7535 0.1393
pl06-5 80 ~ 100 0.2037 0.2558 0.0245 0.8667 0.1579 1.022 6 0.1943
pl06-6 100 ~ 120 0.2616 0.1877 0.0221 0. 605 6 0.1553 1.2357 0.1371
pl06-7 120 ~ 140 0.2424 0.2736 0.0209 0.2174 0.1536 0. 688 6 0.1258
pl06-8 140 ~ 160 0.1863 0.1803 0.0223 0.2042 0.098 4 0.8957 0.1212
pl06-9 160 ~ 180 0.2675 0.2205 0.0213 0.1292 0.1055 0.799 6 0.1106

M 0.4720 0.3961 0. 060 3 0.4885 0.346 8 1.5449 0.260 3

2.5 bR R TH R A R TR AT
2.5.1 BEHERT
SR Dantu"™ 1 7 2ok i a2 + 460 4 8 10 & 42

A7 (enrichment factor, EF). & & F T 1] LI ¥k X
oy BRSNS E 5 g R R IF B e N ks
Yl R A Y MRS Turekian 257 (U HF 5%, LA
Fe (ENSHILE , WA IR RE " ENTT R
{8, EF AR (3) #1715

(C/Cy.),
=€/t @
KX EF HIGEMEERNT5(C/Cp ) B
WREELSES Fe WEELL; (C/CL), M RMHEM
FCAH, ARAE AL 252 (BT, 8 30 B2 2k
PRAEUNR (EF <1 R %, EF 1 ~3 SRR

EF

WEHEEF J3 ~5 FORPEEE EF 5 ~10 £IR
R E A, EF A 10 ~ 25 RoR P E L EF
426 ~50 ForAEE T E B A EF > 50 KR ™
AR,

EF B3R5 B angk 5 frs, Ni 19 & &£ K 11
AR e 5 R Z 80 A h4E3h
AR, HASEYERBERZEENFELR, IR
JZERAER 1,80 ~ 180 em TR 24 U B 4 B 1
WA, Zn 7E0 ~60 cm VREE,Pb, Mn I Sr 7£ 60 ~ 80
em WIE NP EEE. £ 0 ~60 cm R, Pb 1 Mn
R & e E 4R, Se A E A, AR Cr,
Ni, Cu %R H ARV, W] BB 1% DX 4 40 Al + 75
FAH K P, Sr, Mn, Zn WAR 0] RE3Z B4R B9 A K
15 YL 5.

®5 FNHHEEINETIRECEEERATF
Table 5 EFs of heavy metals in the soil profile of the woodland in Quanzhou
BRSBTS R em al

Cr Cu Mn Ni Pb Sr Zn
pl06-1 0~20 1.41 2.58 5.02 2.28 6.84 17.6 4.84
pl06-2 20 ~40 1.74 2.49 5.70 2.47 7.39 19.5 4.68
pl06-3 40 ~60 1.56 2.44 5.08 2.09 7.23 18.9 3.96
pl06-4 60 ~ 80 2.03 1.53 3.26 2.54 3.00 4.61 2.53
pl06-5 80 ~ 100 1.57 1. 14 0.86 2.99 1.43 1.53 1.44
pl106-6 100 ~ 120 1.30 1.04 0.69 2.76 1.42 1.41 1.36
pl06-7 120 ~ 140 1.02 0.87 0.58 2.05 1.38 1.23 1.08
pl06-8 140 ~ 160 1.15 0.92 0.56 2.26 1.57 1.07 1.17
pl06-9 160 ~ 180 1.08 0.87 0.47 2.17 1.43 1.00 1.15
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2.5.2 HF4Hr
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BT Bt 7 22 5Tk 98. 3% , 43 S AT DL R 2 )y
%11 60.3% . 22.3% F115.7%. Fe, Cu. Cr Fl Ni
FERF 1 B R 0 IE 2R AT, TT A8 ELA A R] ok
U5, XS 4 JE T R S R BN S,
L7 B - HERE R A2, O H SRR Ph. Mn 1 St
FENF 2 AR RIEE AT, Hodr, Sr Al Mo #B7E
P 1 A e v f g Ay, i BH R U Ry Al
NE. Zn fEWF 3 ARSI IEZAM, Zn il 17
FETARREANA 2 25200 SR i B3 Ay S Tl 41 2
A3, R, 12 K7 1T 6832 040 2B 7= [ 52 .
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Fig. 3 Varimax rotated factor loading of the soil

profile of the woodland in Quanzhou

2.5.3 FRNIEIRERIESY

F T [R5 28 76 AR IR BE v OR P AE [R R
TR, FL A7 28 2R B = 2 32 VA DX A0 U 0 5 o MO Pk
Bl AL EAR IV 12, Ph [FA 3K R < A5 80 RHE

—o— BRI
0-20

AR i 7 FH T RS YL IR B o T

(DRI RAR ST FAL R AN, B AT
AFET [R5 2% A AR 73 s 285 [ 57 2% A i) T A2 £
K 4 fIiR.

H & 4 ] %0, 2°Ph/"Ph 43 A 1 HE 384310, 2 B
THERES A Ph RIERE 2. — R, AR TR
f97°Ph/ P55 ( > 1.20) , AR A7°Ph/ P Ik
(0.96 ~1.20) ™", 55 M Ak ot 3 2735 17 +- 3% () **Ph/
PhHAER/NT 1,20, FLREZE B (34 T ms A
A AR R B SR KA I AR 2 S/ MA T IAE
RZ2, RPAMIZERZ L2 8 T BRI
HANRBEMECH T IERZM TERE —ERK
BE. 5HTA Pb MBS e —EL

ANFE A 1 4 i 7R A vh 3R AN [ 1835
MR RSB, RIS Qs oL T, 4 Jm E 2 DI M
AAFAE, B T AR AT IR 25 19 43 A AT LA s e £ 3 v
AT AN RE A2 SR T AR T ) T
SRR 1T 3 AR 405 TR 57 2 40 B Ph/*Ph, **Ph/ (**Ph
+°Pb) ,*Pb/*Pb, *Pb/**Pb, *Pb/**Pb , **Pb/***Pb
HIZEAL YL BBl 43 ) M 01,1709 ~ 1.1893, 1.1054 ~
1.2050, 2.0440 ~ 2.2270, 18.391 ~ 18.840,
15. 647 ~16.061, 38.419 ~41.794. HKl 4 frs, R
AT A Ph/2Ph S R 1 AR X R A B A AR N
B F W]+ B TR 32 B — 8 AR K IR B 5.

RS2 Li 0 g i AR S Ph Al
RUAAZHN TG Y52, LR R e fE AT T
St Ph R 2R HAE B HLAT M R A, T DL P
ARG A SRR IE 4T . AW B B sk A
Ph [ 2 OB 5 B8R 25 B 58 vh A5 4 B A g
X BRI S Ph [F 4 K FLIE S5 (*Ph/*Pb: 1. 187
~1.216,™Pb/*Ph.2. 026 3 ~2. 083 8 ) FEA—3.

(2) A LB RIE BETZE L R
JRB /S 2 VR JRE 45 3ty G 41 4 11 2"Ph/ 7P F1°Ph/**'Ph

—o— Rl

—o— Mt
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Fig. 4 Pb isotopic ratios in the soil profile
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and the known sources
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Fig. 6 Contribution of main pollution sources to soil profile
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