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Determmatlon of Heavy MetaL Geochemlcal BQSeline Values .and. Its
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Abstract A total of 351 surface soil samples (0-20 cm) were collected from the Luanhe River Basin in Chengde City (a typical area
of wn(,entrdted mineral resources) and analyzed for 12 heavy metals (Cu, Ni, Cd, Cr, Pb, Zn, Hg, V, Ti, Mn, As, and Co). The
geochemical baseline values of the heavy metals were determined using the reference element method and the cumulative frequency
curve method. Furthermore, the spatial structure and distribution characteristics of the heavy metals were assessed based on PCA and
geostatistical analysis. The accumulation of heavy metal pollution in different types of soil and in association with different land use
patterns was also evaluated using a geological accumulative index. The results showed that the geochemical baseline values of V, Ti,
Cd, Pb, Mn, and Co in the surface soils of the Luanhe River Basin were higher than their background values for Hebei Province. In
contrast, the geochemical baseline values of As, Zn, Cr, Cu, Ni, and Hg were lower than their background values. The average
accumulation index of the surface soils followed the order of Cd > Pb > Cu > Ti >Mn >Zn > Cr > Ni > Co >V > Hg > As. More than
80% of the soil samples were categorized as having no accumulation or moderate accumulation of Pb, Ti, V, As, and Co, while over
70% of the soil samples were categorized as having no accumulation or moderate accumulation of Hg, Mn, Ni, Cu, As, Cd, and Cr.
With respect to different soil types, the average accumulation index of heavy metals followed the order of fluvo-aquic soil > cinnamon
soil > brown soil. With respect to land use types, the accumulation index of heavy metals followed the order of industrial and mining
land > shrub forest land > agricultural land > woodland and grassland. The accumulation of Pb and Cd in the surface soils of agricultural
land was relatively high in comparison to the other elements, with 27.69% and 25.38% of the samples being above the moderate
accumulation level, respectively. The iron group elements Ti, V, Co, Ni, and Cr are likely to derive from naturally high geological
background sources, while the spatial patterns of Cd, Pb, Zn, Mn, Cu, and As were associated with the combination of parent material
and anthropogenic inputs. The accumulation of Hg was mainly influenced by human activities.

Key words : heavy metal pollution; geochemical baseline; accumulation characteristics; Luanhe River Basin; Chengde
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Fig. 1 Map of the Luanhe River Basin in Chengde and the sampling sites
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JCE S RAFHEMRA B R, BAES] 12 fhE
SIRTCE M ERIb AR A (R 3).

AW BB R -IC R & i oA 20 45 0 (&
3 ) 38 e (R AR B AT RS L4 0 Ble ke 1y FH B4 T 2R 4
BT AR (R) W, it B B

B A M2 A, PRI P A DA A RE S B 1Y
SEREANE Ry HBR AL A LR (.

2 TR 1 5 B R ih ki e
b ERfL 22 FE LR (E, FES AWt E E e EonER"
(e AT R A 2 JE TR (CGB) M H E Y
2 FEESEITR T SOEMEEE TR . k3
AL DL PRRR T A E 1 T 4R A BE b Bk b 2f SE R (B
FHZER/IN. B Pb Ml Cd 4, ARy it S E 4
JBFEL AT A0S = T BRI A, ATREE T 2R
TR 28495 5 356 Ph Al Cd REAS B0 43 A A1 X
B2, BAE I B8 J5 A A Y B T 530 DDA X A8 1K 32 B
1), —ERE LRV TIEESE Pb Al Cd T2 A
KRR, 13 As. Zn, Cr, Cu, Ni il Hg JC&E
LM T WAL AT 2EH, 15V, Cd, Pb, Mn Al
Co JTLERILLME T A 5efd. LIV, Ti, Mn
Fl Co LR IELE I W m T2 7 SO, Pb,
Zn, Ni fl Cr TR 52 EE SHEMEHZEAK, Cd,
As Fil Hg JUER T 5CENBAL T4 8 S AL ME(E.
I EAER by | A EANE A TR YOG ER
BRAGSAFEZEAE X L AT 0, V. Ti, Mn 1 Co JUF 3
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‘.-{'"'l 2 Table 3 Geochemical baseline valuesas determined by different methods
5 JE‘ S TCR IR TT E eSS foElae) GES
) [m1)9 5 % R? P AR AH HELE G ool g
As As =0.282Li -0. 126 0.383 0.01 8.528 7.556 13. 600 9.0
Pb Pb =0. 120Rb +10. 886 0. 360 0.01 23.312 24. 100 21.500 22.0
Zn Zn =0.537Ce +29. 072 0.398 0.01 72.652 72.093 78. 400 66.0
Cd Cd =0. 006Sc +0. 052 0. 306 0.01 0.122 0.129 0. 094 0.137
Cr Cr=4.071Sc +4. 391 0.598 0.01 50. 782 48. 860 68. 300 53.0
Cu Cu=1.460Rb +2. 948 0.678 0.01 19. 585 18. 108 21. 800 0.020
Ni Ni =1.947Sc +2. 805 0. 547 0.01 24. 986 22.589 30. 800 24.0
Hg Hg =0. 817Li + 1. 889 0.275 0.05 26. 968 25. 865 36. 000 26.0
\ V =7.746Ce - 3. 582 0. 805 0.01 84. 678 81.993 73.200 70.0
Ti Ti =199. 600Sc + 1 535. 700 0. 497 0.01 3810. 158 3765.616 — 3498. 000
Mn Mn =40. 221Sc +296. 160 0. 365 0.01 754. 482 742. 430 608. 00 569
Co Co =1. 088Rb +0. 697 0.701 0.01 13. 095 11. 685 12. 400 11.0
1) FELAE He B0 Mpg-kg ™!, HE Mmg-kg ™!
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W4 FRAHEL AL, 12 HoEF
IRWC4 A ERSr, H R TTmk Rk F] 80. 260% . H:
TS — R AT TR N 39. 917 % , 85— LAy Tk
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Fig. 3  Frequency distribution and cumulative frequency curves for heavy metals in the study soils and arrows indicate the positions of inflexion
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Fig. 4 Factor loading analysis of heavy metals in surficial soils
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T+ 4 V-Ti-Co-Cr-Ni [ VEMEEE, 5+ +F
AILEFEEEMEE; 13 As-Cu-Mn #1 Pb-Cd-Zn 3%
N A iE s A SR R R AL A2, 4% He V5 44 vl fig
FER AT IG5,

F4 FRIMESBERSWHER

Table 4  Factor matrix of heavy metals in surficial soils

- AT

T H

pPCll PCI2 PCI3 PCl4
Co 0. 908 -0.305 -0.111  0.001
% 0.870 -0.326  -0.098  0.029
Ni 0. 804 -0.354  -0.023  0.059
Cr 0.711 -0.443  -0.008 -0.029
Zn 0. 706 0.604 -0.170 -0.144
Cu 0. 697 0. 090 0.606 -0.074
Ti 0. 595 -0.368 -0.295 -0.125
Mn 0. 499 0.390 -0.229  0.353
Pb 0. 368 0.798  -0.032 -0.194
Cd 0. 487 0.739  -0.073 -0.160
Hg 0.281 0.043 0.889  0.093
As 0.134 0.217  -0.035  0.910
FRAFA 4.790 2.414 1.356 #1072
TIRRE/ % 39.917 20.114  11.296  8:933
25k % 39.917  60.031 80. 260

71.327

2. 1.4 ST 5 ] A8 S Y

G T )
PRI ik 22 W5 7 250431 - O AT A
P, AEAREHERIATE G I 3 LA 5 28 30 2
TF7 R . R OFSE X 2 2 12 MG

R Bk % BT, LABf B (s

iy

AR SRR BT 4R 28 W S, LG
BRI 5.

Hedx 2280 (CorStill) AT LAF 2k B2 4t T 0F 50 78 4
7 DA S PR R S , eI B 1 2R LA A [ 38 f
. 45 Co/Still <0. 25, FMIA Y23 A8 53 AL Y
ARSER R, AR AT IR A A, RIT R
2S5 5 F A RN R IR 45 0.25 < Co/Still
<075, At FAT PR AR 2 18] [ MG, 0 3% 1)
AR5 B (SRR IR AR IR % Co/
Still >0. 75, A8 5 EELIFEHLAE 5+ 32, 23 18] AR
KARES, FEBAHHEII. e RE(RY) R
B4R B, T A (range ) #5176 5
FIOULIN R T 25 1] 4 RSCROPE S R, e AR
PRI, At A 2 ] RS RE ™ 285 GS +9 B4
BOIHT, WEFEIX 4 As, Zn, Cd, Hg F1 Mn 5 51
AR S BRROE AT A PR, Ph Cr, Ni IV
(28 5 PRI R 45 BRI, T €0 15 4
SEHOBEAL | CoF GBI As. Zh | CdHll A1 Mn
B FAORT 0a75, etk iry 2 ] 5353 DL BEAIL P A 5
K, THEEEZABEELIL P, G N Co, ¥
FITi Hede A0 /0. 25, 75 i ELAT 98 20 2 it
Kbtk IRV S PERE o0, FEZ ik AR
SEFVIR RO Cuy VR Ti 0P i 24005 )
0556, 0.446 ,0.340, BURAIIAREIEBe el , ARFLd
X/, RIS FTRCR kR, BRI B
FRFHTTEFEERAM. As | Zn| Cd 1 Hg KB BCHR Y

SO ST PR RIBEHLE, A RRAROHES K, ATRES 4 As.

Zn . Cd il Hg JUER 52 A PR 28 520 B 4 i 25 (8] 40 A
A, FELEIRTS I K

®5 I1EESESETRRBEASIT

Table 5 Variation function model of soil heavy metal content

S Py 4 2K R
5 i o o e AH ki e
As 2R A AR 51.01 51.01 1. 000 132.55 0.232
Pb ERCRAR T 50. 00 1.095. 00 0. 046 7. 90 0.126
Zn LR MR 2529.92 2529.92 1. 000 128.75 0. 148
cd LR PERIRY 0. 80 0. 80 1. 000 128.75 0.312
Cr BROPRAT Y 60. 00 3241.00 0.019 6. 00 0. 008
Cu 1R TR 1.00 1 238. 00 0. 001 7.97 0.556
Ni BROPRAT 15.00 391. 40 0. 038 9.30 0. 284
Hg LR 14 086. 53 14 086. 53 1.000 128.75 0. 008
\ BRORABE Y 1.00 2210.00 0. 000 6. 40 0. 446
Ti TR ER A 10 000. 00 3 698 000. 00 0. 003 17. 10 0. 340
Mn 2y 475 691. 47 475 691. 47 1. 000 132.55 0. 342
Co FRE 4. 60 54.42 0.085 6. 60 0.285

2.2 ERIR DB
221 TRIE KRBT

5 BRI L, ST 5 T R B bR
07 VKR AT 2 5 5 TR R B BN, AT
9 BB T 7 7 W 2 0 96 28 6 o B0 B

R, AT IX 351 (RFE SR 12 ROt R R
AR (R 6). X 4 IeEK M B8 H0F
BIME (1 ,pe) TR, BIFSEIX 12 42 J8 9G4TS
e SRR B R 2 55 KK . Cd > Pb > Cu > Ti
>Mn>Zn>Cr>Ni>Co>V >Hg>As. fE V., Ti
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FRKFE. 9 A 1.14% . 0.85% . 0.57% Hi ' Hg, Mn. Ni, Cu, As, Cd 1 Cr J& Jc 2 - i
0.57% By 3RS H Cd, Cu, Hg Il Mn 3K 8]58%-  RBUKF, A8 289 + 38 & 4 8 M85 i & Bk
WG g DA EVs Qe 590, MR 4 3, JEE K, EA R R E T 2B g -
2 2. 80% VI BRI Ph, Ti, V., As I i B ALK

#6 BRRLMELE L, FRGEH/ %

Table 6  Statistical classification of heavy metals (I,,,) in the study area/%

TiH Lyeoane ERB T-PERER O PERR PREH B E S SR 3R SRR iSRS
As 0.198 37.04 44.16 15.38 3.13 0.28 0 0
Pb 0. 608 71.79 25. 64 L.42 0.28 0.85 0 0
Zn 0.486 19.09 64.39 15.38 0.85 0.28 0 0
cd 0.639 22.51 47.86 22.22 5.70 0.57 0.57 0.57
Cr 0.482 26.50 49. 86 15.38 6.55 171 0 0
Cu 0.519 25.07 52.42 16.52 4.56 0.57 0.57 0.28
Hg 0.333 38.18 40.17 15.38 4.56 1.14 0 0.57
Ni 0.429 27. 64 48.43 17.38 5.98 0.57 0 0
v 0.357 29.06 53.56 16.24 1.14 0 0 0~
Ti 0.515 15.10 69. 80 13.39 1.71 0 . 0 ~ 0.
Mn 0. 502 19. 94 57.55 20.23 1.42 0.28 0.57 Hﬁ'
Co 0. 406 25.07 55.56 7 18.23 1.14 Qe 0 o s
{4 | ! ' .

2.2.2 AREHEA S WANFRHEESE > As, Cu /fl Mot [ B BUK T B F R b
FRUHAE e LS T 35.90%, Cd AVNG b B R BUKOR DL BR Ak o5
RIS A T2 50, ABERIF 33,339 . i b ol o A8 BB B R Gl >
DRI N S UIAROG, Hi LHEEAVRIAE IR Cr> Cu>Ma >Zn >, Pb > Ni > Ti > Co > V >Hg > Asi
FHO7 5GP AT G0 b SBR[ RE MR | Cd T BBIK AL ERE AR 7 36, 659% | Crndft Nifth
R R S LA Y 20 20 B ST e | | BBUK L BE W 0 30.43% . RHEH P,
ES G 2T = A e T Cu, Zn BT Mn ST SRS SR S
VAR AT K0, ST R L RIRITE G, T RBUKT L L N T
T G 9749 RBUEHOR R BB DL ERER,  20% ; SRS b Cd A1 P R RBUR SRS 4
METH(BRR) , SRR (RT), Ti, V., Co,  JRILHEE, 1 E BBUKT RLEFE S & H5r 50 K
Ni fll Zn JCR T REEECS BRREME + > 35.719% f128.57% . HUE + F2E450 TR FEpz Il
W >k > AR S TS LML Cu, Cr R Mo JC B, 2k R AR B DR R R R,
FOPY ERE S ERREE L S HEE ># 1t > Ti, V. Co. Cr, Ni fll Cu V¥ 2RSSR, Hik
U > SEAS L. Wk B S BB M Cd., Zn, Pb A1 Mn, As Al Hg RRUREERAR. H
AT Cd J0 3078 REUEECEHIN N, BI90K  Fb | AR 8 LA LRk YKy 1
Tl BEUKE; B85 Wk OB b B MM, RO T SRS | TR R A 4
FRHh Ph TR RBURRUL BB He 74 A5, 12 R &R T3 RBUSHCLW + > 1+ >
b AREE, W E L AL RO R TR SRR HELE TR L X R e R (T R A B A
BT, RBURIE14.29% ~26. 1% 5 As 7R BEBCRAIE, IE EAOHA LAY Ti, V| Co, Cr, Ni fil
RS AR REUSSOE T Cu TR T BBV R, RV T #
K, i BBUKTELL R 5 R 12.50% ~  BORHUTT SHARAE, Cd. Pb A Zn MIZEICK Y 1A F
25.64%. KOG LR P TR R WO RREE, 48 R h 3 SRR I A
FEN, RRBRELZRTRBS LT RE Wk
AR, 55 ) AR 8 2% b R RS A TR DL MR D7 ST A AT My, 45 IR W (
i, KBTI RS RX , 2 ACEEEN  8), HUT M (BB A T ) (09T 4R T
K. BFFCXKAR T, FRHORIE 13X 3 Bl R HEK Sy W SRR AR X R, O AT SR Wt X
MRS, WL ES RV RBUERC RN B 12 FhE &R T2 B AR 4 5 1 H 2y
Cu>Cd>Mn>Cr>Pb>Zn>Co>Ni>V>Ti>Hg  BEAMHERRE, H Cr, Ni fl Hg JCE 7R [ %
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2 TP 2R R, 435I 0. 71 0. 81 A
0.82; HEH 4@ TR WAL A MR Z L
¥ 2R B . V., Ti, Mn, Co, Ni, Cr, Hg,
Cd 1 Pb TR TEAR MR Z T3 o 1 AR B
WA TFHEARMIHL, Mn, Zn, Cu Fl As JCZE A H
FP G AR IR T HEAMR M 5 2R . A S R b b
R E SR BRIRECRARBAL, B Cd, Pb Al
Zn JTCR LR V-1 SR B0 b b 2K 5 T AR b
Fhh, BT R HE RT3 RBHEEE hy 7 b 2
FRAI XTI, EARM M Cd, Mn, Pb., Zn Fll Cu JC
FOFH BRI X B R, 45. 00% A9 T A bR

JE LR Cd Jn R A BRUKE, A
30. 00% FYTEAR ML )2 £ 3ERE S Mn | Pb 1 Zn JT
R th AR BEUKCE. A b 734 SRR B2 AR X
BRIIICE N Ph, Cd F1 Cu, 3 BEFE RN
0.64 ., 0.60 F10.60; H KK Ti, Cr Al Mn. HHiH
Pb Al Cd JoZ T3 REUREGEX &L, 43910 0. 63
F10.53, 29.27% A2 T HERERL Cd LR P55
FERUKF. b b E 48 1 RREREOCER A Ti >
Cd >Pb >Mn>7Zn>Cr>Cu>Co>V>Ni>Hg>As,
T BRE BUR ORME N 0.52, BRRBREY
B

®7 AELBEAABEETFHHRRIERS itk
Table 7 Average values of heavy metals (/,.,) and their accumulation rates for different types of soil
THem WiE As Ph Cu Zn Ni Hg Ti \ cd Cr Mn Co
W Lo ave 0.28 0. 61 0.64 0.63 0. 60 0. 46 0.58 0.52 0. 81 0.67 0.64 0.54
] -
2R/ % 22.98 26.71 26.09 19.88 30.43 26.71 16.77 23.60 . 36.65 30.43 .27.33" 24.84
“ 7 |
b Lo ave 0.14 0.59 0.36 0.36 0.22 0.33 0.47 0.21 0.49 0.24 035 7 0.27
% i -~ &8
2/ % 12.87 24.75 15.84 15.84 15.84 19.80 13.86, #7.92| 23,76 15.84 13.867 10.89
{ i . -
1 Lyeoane 0.23 0.73 0.97 073 0.68 0.30 0.64 ¢+ 0.66 (I) 91 0. 80 081 “.-_I-‘KO. 69 |
; Y
BHE/ % 25.64 23.08 35.90 (17.95 33.33 20.51 15.38 - 28.241 33,33 30.77 35.90° 28214
eo-ave -0.41 0.15/ -0.11 |-0:27+" 0.04 -0.52 0:27 'O 334 -0.17 0.06 -0.1T | =0.04
REHFHE B L g T o, VWV *
o B/ % 6.67 0 13438 ¢ #0.F 4720.00 6.67 2000 »6:67 0 4 13.33 13.33 20.00 .
F) . Ty, ¥ -~
%%@.i I 851 # 0.29 0.92 ] 0417 ,."'f_-O. 3"5 -0.02 0.28 0.25 -0.09 ’ 0.74 0.11 0540 —==0. 01 =
ZPR/g 1429 28.57 Tl4pf 14297714 1429 ¢ g 3 9570 714 2148 O g
i gt ] 0.01 0.53| -0734 ~0/02 -0.33 0.05 0.02 1-0.58 -0.16 -0.36 -0.22 -0/43
J J BB ge 1429 0 ol /o 0, 14.29 0 0 1429, 0 0 0
7 ! | i ! .
*ﬂﬁ‘:j—i lgeo_ay 17031 0.65 0.88 ' 40. 76~ 0:90 0.16 0.87 0.84 0.73 0.78 0.70 0.85
H : i A
J R/ % 12.50 25.00 37.50 12.50= 0 0 37.50 25.00 12.50 0 25.00 37.50
1) BRSO R4 REUKFLL BRSSO E 41, TR
®8 TRIHMARAAXNTEESCEFHBRRIEHSRITE
Table 8 Average values of heavy metals (/,,,) and their accumulation rates for different land use types
TR T WiH As Pb Cu Zn Ni Hg Ti v cd Cr Mn Co
A4 Lo ave 0.24 0.64 0.60 0.48 0.46 0.31 0.56 0.41 0.60 0.53 0.52 0.44
B/ % 19.23 27.69 20.00 11.54 26.15 18.46 14.62 17.69 25.38 22.31 23.08 19.23
il Lgeome 0.09 0.63 0.31 0.41 0.24 0.24 0.33 0.13 0.53 0.24 040 0.23
B/ % 15.85 3.66 21.95 18.29 21.95 18.29 13.41 15.85 29.27 23.17 20.73 17.07
fis 1) Lyeorave 0.10 0.47 0.36 0.40 0.27 0.17 0.52 0.32 0.50 0.37 0.41 0.34
B/ % 15.07 20.55 17.81 15.07 16.44 19.18 15.07 13.70 26.03 20.55 19.18 17.81
EA M Lyeoave 0.31 0.77 0.73 0.75 0.64 0.61 0.60 0.52 1.09 0.71 0.79 0.58
B/ % 20.00 30.00 27.50 30.00 27.50 30.00 17.50 20.00 45.00 27.50 30.00 22.50
FY Lyeoave 0.21 0.49 0.67 0.51 0.81 0.8 0.48 0.50 0.72 0.76 0.41 0.49
B/ % 27.78 27.78 33.33 16.67 27.78 50.00 16.67 11.11 33.33 27.78 16.67 11.11
= Lyeoave 0.95 0.57 1.33 0.72 1.40 0.71 0.78 1.17 1.29 1.37 0.88 1.07
B B/ % 50.28 12.78 62.78 25.28 50.28 25.28 25.28 62.78 50.00 50.28 37.78 62.78

G54 RS HT MG A ) o AR AR
[ =S <310 I N i o L S = W e R R g e
EEFRHT, Ti, V., Co. Ni Fl Cr T4 )@ 1Y B FFE
JER R S 0 R R LT TS S A O, TEMER MR AR

i, BOALE b0 A X delorh AR R R, HOS g R
R R, 2SS sl inek 4 J& e FE M
FoA i RIE PR R H AL FEAHE. Cd, Pb, Zn;
Mn, Cu Fl As FIZH TR AEA I | AR b FIAR Hh
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