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S3HT TR & B ARIE RS AR B SRR 2
— HATE N T RIZIEZ ST R 5
TAE REARIC T2 M 2 Hbs ISR 25 A T4
(1:250 000) Hu A5 W &4, )2 T HERFER 2 1
F/km® 1 /4 km® HEAFALA 00T K2 R FER
FER 1 /4 km® 1 /16 km® SEATHLA R
AR 78 MKFE T b 5 T 4 HE b 5 24 B W I ) 2
37 e 3 X R ¥ A Ml R ) A9 A 5 15
H, RZ MR R B 5 b %5 B — 5, 3k
1 /4 km® R KR LT T HBIERG ., A
ETHgLonsit 0 kMg it ik, R4 0F
Jé + 5T 4 Jm T R O RREIE 23 (R AR R 5 TR 43 AT
PUESE R B B8 s, T H &R T R AE R
J2 A4 s SEARRAE BT, X B Y - 4
JEIC R 3 4 DR AT R PR i R, b A I TR DX
TR A S 58 TAF AN S itE + e A58 Wi 4R 12 4K
P A H AR,

1 5T XA
WS XA T AL BT AR R &, BUbt Kz il b, 1f

T2y 906 km? (18] 1), Ja& KBl 1 22 WU, 35 3= 1
ZIN, BB RN KRG TI A TIEE TR

XNHLRK R T, B E iz i oK &,
A R/NIHE 13 55, B BEL 245 km, B2 kK FALiE
AT KA 3z s 4

G DXCER I 2R TCAR ) F 7K o] R T A o
PR HERRNT AR, KB LR AT (L) A
G R LA i e AR b B BRI T
FACERILIX, LU & K,0 A BLARUERAE 2R LIRS A
TE ] AR | B AR BRI T A S P AR L X, DA
B CaO MgO R HLARLRFAE 20> Jb iz il iy 12 | i)
FITRIT e LA S R BB 0 S 3 T 98 55 AR 45 JRy
M B B AT B UTRR YD 5 AE AR A AR — 3l A /N T
TR A B 4 A X Ik 22 Ry e i AR Y . BR 7 36
(RSB M3 X | 15 T8 55 A1 A5 DX R Al DX 3k g - 82k
Y F2 RSB i - JRy A G B - A B - 5
P DX B 3 225 A e + s B AR 2 o
TR bR L, K2 T pH EEH
h7.36~8. 74, BR)2 3% pH (HYEH R 7. 56 ~8. 83,
= R R e R D 7 e b L D22 B R B
TR BRI, DA g i FH b B b ROMR b o 2 O
R FH AR T 2 AT S8 N IR X S B b R
IO B E S D 30 A7 7 S b, B b A A3 A
TEHER M A T 2R 55 K SR B S5 b T bR b
W32 50 A TR XN

B

[ i
[ 2%

[+ ] HHeRpeS

Q 4km

40km|

E1 #MRERERM
Fig.1 Sampling points map of study area
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2 BRACREE I ATl S s Ak B

2.1 HERESHH

KPS AL 7 AT A0 Rl ACR AR R E TR
2 IERER, SRR S AL B A M 2R AR 322 R
Hi MR, 22 )2 1 ERFEVREE R 0~20 em, TR )2 14
RS RZ HHORFE S E MR, SRR
160~200 cm , RFESE ] 1 14/4 km®  BES R KT
1000 g, 32 1358 VK2 1300 i 45 R 5 224 14,

W R S EAT FH AR, T 5 O RR Al
FEFIREA b, FIARHER IR, DI BRAE P 5% 1R A a5
FIFH 2 mm 9 FLAR 55 X RE S R4 2 07, 590 B3 oA 3 3k
KA A 45 X T RS AT s | B Sl e

T, RN AT B 0L 0 5 AR AT P AT
B PR BN TS RRE S R T 500 ¢

b — 2 — AR A R I A B2 WA TR
S L, 43 #7 As, Hg, Cd, Cr, Cu, Ni, Pb, Zn,
AL O, .pH Z5 4845, BAR B ik K BRI 3R 1,
R B R — QbR e St A7 v B s i, 4 500 1
FESh H % 85 46 A 12 4 GBW FR #fE ) 5t ( GSSI1 ~
GSS12) S ML R S5 AR EAT 20 A, MERA B B A% R ER
=98% ; WEHLIMEL 5% AR RE & Z B 2 i ke 52 2 4y
BT, SEATAE 2 BE 42 RS 28 B G A R K = 98% ., Ml
REER TN, il F ik 3] T (£ H bR XK
BRALAFE A FIIE (1:250000) ) (A= S HERALFPEA
FESL T B AR ZER ) S i B R 2T

x1 BUUSHRAIS T E R HR

Table 1 The analysis method and detection limit of target elements

PaRiE et PR(EE A R B BoR IWIRPS
As 1 0.011 A sy
He 0. 005 0.0004 TR T A/ SR T 6T (AFS)
cd 0.03 0.017 H R A S5 S T i 7 (ICP-MS)
Cr 5 0. 0003
Cu 1 0. 4889
Ni 2 0. 0002 HLJBA A 55 B8 T MO (1CP-OES)
Pb 2 0. 0008
Zn 4 0. 0096
Al 0, 0.05 0. 008 X ST (XRE)
pH 0.10 0.03 pH it
TE OGRS 1070 A & BT N % s pH N TG RN,
2.2 HEQKESEGRS SR 1] A A ORI S5 B 28 H 5 Z () Bl Z (x,+h)

SO PO bR R 2 RS R
i B 2 AR B B G0 1T RUAR S 43 BT #E Excel H 5
. 7S B H BRI B 25 5 A e E oy
Bok IR, FRAETCRZS R 0 AR 3 5 BB . AR
T T REUNT 15% 0 LR 5525 [0 728 P 15%
~100% A HH A5 TR B 4% 6] A8 S, KT 100% by i 25
) A S 2

FIH 3 F b e 1 22 JE DK 53 (LR I
ISR TCFF Ak, R O 3 R 0Ge JBE 255 (it 32
FEIT 0, W FEFEE 3, MR IEZS A3 ) KA 30 5 Bk Je
AR 2 5 RN IE S A A3 &, K2 As,
Cr.Cu Ni .Pb Zn SITRIEAM G, Cd Hg ST I%F
BOESIM 0 s RZ TR B EOE S0

R A S RS S S, S AR S R el R X

Bjﬁﬁ—é[sl—m]:
y(h) =W; [Z(x, +h) = Z(x)]%, (1)

A ch R BIREAR 28 I BE B N (h) 2L A

N(h)

GRS R Z AEAS LS x, Bl x+h SEINE, .
AU AWIE 5T BT 8 ST 00 2 72 S ok BORE B AT 45 L
( Exponential ) F1Z& £ ( Linear ) B Ff

FRBURAY
- h
y(h):{co +C|:1 —exp(a)}, h >0 (2)
0, h=0

v(h)=C, + Ch/a, h > 0, (3)
K el ¢, BRI S 4505 25 € FoR
GEREAR S s AR o S 25 TR BB 5 (8 T X 1 Y
PR, BAH Cy+C Fn & BENLITEARS S gk
S R S RIEH €/ (Cy+C) e 3T R Y
2 (AR | ] 26 BH 2R 4878 b Y 2 Tl A O ME R
A R FH BRI R R AIE 25 8] [ AH S P B 5 55 , 2 bk
FE L /NT 25% ) e B % 00 2 28 (8] FAH G HERR
25 (A1 G5 A0 3 B2 ZE R R TR R S I ML A T
25% ~75% 2 [A] i 32 B 0 R 25 0] A AH DG rp &5
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25 ) 546 52 S5 M 1 DR 2% R e ML DR 28 0 ) S
MPFE R T 75% B R W20 R 25 W) | A DGR
559, Hoos () G54 £ BEZ ALV PR R L [R5

FUAAREA 1 e E 1] )H R0 R FIBE 25 RSS 3k
[P R R, AL A PR G 32 17 s RSS k)N,
A MR ARBFFEFI GS+10. 0 # iRk
172170 S R B A L M e 3L SR i e 3%

itk — i LR E SR TR ERIZ L EP R
BEERE, SIS E RIS, BERBERZ
30 B R ST S AR R TR 2 T R A
SCMME R ELE AR At AR b, 52 F AR FE 5 e 2
FPAETCR M E RIS i AR Y AL S
W ICR A RE , S B LR IEAR 5 52 B A
SRAVEF BRI ) DA T4 45 R BT, e
AVERZH R T AT R AR, LUERR A R 1E T
s, BRI .

P=(C§ /CZQAl)/(Ci;’T&/C?{W)o (4)

. PONKRCE S B s 5 R AT U R s R R AL
PRI G EUE) s €. N FRJE LT R A s2i
H;Cpy WRZ L EITE AL FLIE; Cy H
R T OTR M TNE ; Cpyy HIRZ HIEHE RITR
AL R SEDIE

ANa] 2 TR T A R B0 o0 & AR R B Y 3
FRAEA ANFE R, X BB 5 AR X TR
BRI RAFAE— R R ARICRHM A
FRAEETES R AT R B 6l | 25 5 A5
X TR A S PRIE O, AR & 45 R BN KD,

FEEBRE I A E S 55 WL E A R LR
MEES K. BERBUNT 1.2 AREE, BERE
T 1L2~L5ZRINEEE, EERZBN T 1.5~
2.0 NEE, BHERBN T 2.0~5.0 KiREE, HE
REOKT 5.0 AR ELE,

H oG R OC RIS B R A M LA R R Y S A
FElFEA T B 0, Jl e e A R KT 2.0 1Y
D3l 5 7R BE Al 1 7] B 2% SECA [m] - ) S AT
BETTE S AT FEIE A 52 M 25 S, N A Sl AR G 5 B
R M BT R 2 - T R A R, AR
TG AT 55 MR R R R F M6 )2 30T
R AN, B nT P il A R R TERE 1
W B AR X

K HLER AL A — {4k RSt ( geochem studio )
2425 (AR AE A, 7F Mapgis 6. 7 46 Etr R
Yl S

3 RS

3.1 E2BURSENRITHIE

2 TR IX L SR T R RO (E
(X) F/ME(X,,,) POAE (X)) FRORIE(X,,) .
PRIERS 22 (S) MAE S R B C,) FFGEHRHIE(E

TESEAT L HETT R & 70 AT, A AL (8
PERTTR I BES B, i ERIZ IR S5
JEICR AP ALE T AR B, As  Cr Ni 7E R JZ 1 G A
& HACFSWZEEONEIE M Cd  Cu Hg \Pb ZnfE

R2 REIBE REIESSRTEFITHILE

Table 2 Statistical eigenvalues of heavy metal elements in surface soil and deep layers soil

WH As Cd Cr Cu Hg Ni Pb Zn
X/107 8. 64 0.171 55.1 24.9 0.079 27.3 25.5 76.1
X,.,/107° 3.89 0.070 37.6 12.6 0.011 17.8 17.7 37.3
2 X,./107° 8.61 0. 165 55.0 24.3 0.059 26.8 24.9 73.4
X,,../107 20.7 0.611 81.8 122 1.54 46.3 70. 4 288
$/107° 2.20 0.058 6.20 9.30 0.126 4.40 5.50 23.1
C./% 25.5 33.4 11.2 36.4 134 16.0 21.4 30.3
X/107° 8.76 0.108 53.8 21.0 0.026 26.8 20. 4 59.4
X,./107 1.82 0. 040 15.9 4.50 0. 005 8.30 13.4 20.2
2 X,./107° 8.52 0. 104 52.9 20.6 0.015 26.2 20.0 57.8
X,./107° 28.6 0.550 128 39.9 0.882 47.7 46.8 107
5/107 3.97 0. 049 12.1 7.60 0. 064 7.80 4.20 17.6
C./% 45.4 44.6 22.4 36. 1 244 29.0 20.7 29.6
JemAiEE /107014 9.30 0. 147 66.0 23.0 0.045 27.0 25.0 67.0
AR 2 L4/ 1070 14 9.70 0. 096 67.0 23.0 0.023 29.0 23.0 64.0
HE 22 /1070 1) 8.50 0. 140 58.0 23.0 0. 066 25.0 24.0 69.0
r 2 338/ 107014 8.40 0. 095 58.0 20.0 0.017 26.0 20.0 62.0

Wb RE I (0~20 cm) BEAR & n=2268; b 5t THIRJE -1 (180~ 200 cm) HEA R n=483; TEEZE +HE(0~20 em) HEAR n=

376 743 ; th E 12 13 (180~ 200 cm ) FEASHE n=95 588,
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RIZM GRS TIRZ, ZHE 1.2~3.9 %
AN BRI RAEEEWRE, K2 Cd HE21k
JEFE (0. 070 ~ 0. 611) x 107, IR )2 & f 2% 1k 5 [
(0.040~0.550) 107", R ZFHF EIEIRZM 1. 58
£ 32)2 Hg 5 2840 (0. 011 ~ 1. 54) x107° I
Ea AL (0. 005 ~0. 882) x107™°, 21 &
HEWIZR 3.04 £%,

&2 AT 9T IX 32 148 Cd S K- T
JC T A A 4 E I ME ; He & B T s i ¥ (E,
LR & T2 EE; AT R &K A 5

1.5 -

ST YEMEESE—, RELSE o eSS0
T PEIEA —F BR Cd A8, HA TR & & AL
FaEBME, Hibnl W, R X EKZE 5 Cd Heg &%
AT R 2 4 Cd S AT

IR R Cd, 18 25 8 A0 X N £ X
Cd RFFE 45 LRI R E WE LN Cd &
BB 5 KT | XS DT AT E DT s A AR RO
A ,Cd MUGEH R TR 58, i A L5 Ay
LRSS & b s, v RS o NSl i R v A
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Fig.2 Comparison of mean values of heavy metal elements
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FZ HIEHE LR TTR R AR HE HU
BI(E3), T REA T 0. 749 ~0. 958 2 [a], i 1A
TR A A T BRROR 84S, Cr Zn BY5%
FERER, AR 52,1 F 655, As. Cr Ni 19728 45
/J\,ﬁ}jnﬂ]j’ﬂ 1.56 km . 2.27 km 3. 18 km;Cd.Pb FA AR
FEPEE 50508 7. 32 km A1 6. 18 km; Cu Hg . Zn Y75
FRER 4318 27.97 km (18. 21 km ,14. 98 km, As .,
Cr (IR BE /N T 25% , 52 80 M 4 o 1 25 ) [ A0 G
PE UL B AT 25 8] 43 A R AE FE 2232 45 T 45 M P
% ;Cd ,Cu Hg Ni Pb. Zn BYHIEEHATF 25% ~75%,
23 [0] [ A e 4 | BRZ 25 R g db , 157 F]
NI B A S IR EE (I BERLIE P 25

)2 HHE As Hg \Pb [ Fe L0 G 1 S 5 B
A1, Cd Cr Cu,Ni Zn [ e 400 A5 50 20 Sy 2 A5 7Y
(F3), BIHZREAN T 0.831~0.970, 5k Z 8/,
PIE R BB . BR As . Pb I9Z5FE R 4. 79 km Fil
11.06 km b, Hofth 6 % 1928 #2248 1 23 km; Hg Y
AR, TE 39. 15 km iKBPFARR B, Cr BYBLEELL
H 82.37% , R A 55 1 2S (8] [ AH e, B2 RE
BLPE R 25 ; HoAth oo R 35 2 v 45 [ A e, 52 3]

ZERYEIN R MBEPLIE N R AL R R

AR5 DX by i) 9T et ARt 1 9] et AR s 4
I, 32 B BORIEAN R 2 | R R RS2 A
P RIIAL T B AR AR A, AN (] it B 4 438 b i
JLER G22I, S W2 S 0 B AR R A 5 1T 3
JZ RIRIVIERER 78 F AR IR A 0 I 3L [R5
Wi N ZET AL, TR A 2E S R RIZ TR )
S e il 2 20 A I ) R SRR, IR A T
W2 LR M ERERTRZ, HZHHZE -
HETUER 1923 (] 5 H 32 B T S5 AR S MBERLE N R

FRVE AR
3.3 EgBREERETEDHNEESAE
3.3.1 AHEM

RZ5WZE T EE SR TR & SRR AH M5
Mret REH (3R 4) , & Z A 7R 0 8 3 1 IE A
KRR (CA BRI o FrBlE He 2 8] AH &M fc i,
FHOCRFGERF] 0. 745 HA T R Z 18] B AH OC R B
HWIE0.2~0.4 Z[H],

3.3.2  EARFFES T

P EERBREE T RZS5RZ T EES)R

JCRZIBIMERER AT L i 4R e R 7R )2 +
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Table 3 Semi-variogram models of elements in soil and related parameters
i HGHE B (a)/ EVEEY ' Ykt k%
T YA =R Heafi(C, -
2 Ba G (g km (R)  [C/(CrO)] (RS
As ARl 0.590 4.43 1.56 0.749 13.33% 0.512
cd HRE R 0. 0366 0.0733 7.32 0. 883 49.93% 1.21x107*
Cr FRBUL Y 5.00 36.8 2.27 0.817 13.58% 52.1
S Cu ARl 21.3 42.6 28.0 0. 940 49.99% 10. 1
Fa
Hg EiE ) 0.275 0.589 18.2 0.950 46. 69% 2.92x1073
Ni FEBULRY 7.16 18.4 3.18 0. 852 38.87% 8.8
Pb (AR 5.87 14.7 6.18 0.919 40.07% 4.9
Zn FRBUE 130 281 15.0 0.958 46.23% 655
As iR ) 0.119 0.239 4.79 0.957 49.79% 4.10x107*
cd LR R 0.105 0.143 23.8 0. 868 73.53% 2.49%x1073
Cr LR AR 0.0421 0.0511 23.8 0.831 82.37% 1.90x107°
I Cu LR R 0. 127 0.193 23.8 0.934 65.87% 3.53x107*
Fa
Hg Fe R 0.122 0.325 39.2 0.948 37.55% 5.35x107
Ni LAY 0.0785 0. 101 23.8 0.870 71.42% 1.69x107*
Pb AR 0. 0207 0.0419 11.1 0.970 49.31% 1.04x107°
Zn LR 0. 0671 0.111 23.8 0.965 60.29% 8. 18x107°
*4 RESREITESEETEZEMBEXNE
Table 4 Correlation of heavy metal elements in surface soil and deep layers soil
I H As Cd Cr Cu Hg Ni Pb Zn
M 0.236" 0. 095 0.243* 0.285* 0.745* 0.321° 0.385" 0.289"

VEL T ERTE 0. 01 G () ADEHE R
e i SR RIE X SR E R E
ABWBUESATEI ] AL (B 3) , As Ni Cr 7ER)Z
B E 0 SALBER0  64% T4% (82% , Ui,
Wiz e R R4 S EIEMESS, M Cu Pb . Zn,
Cd Hg 555 5 SR LB Y 07 Sl a2 50, 4
S He, 52 M 50w 48 B 9 7 B0 bt
40% , Ut S BE SR TR M EE EEEH R E,
XA Ay AR IR S B (R AR BRI SR AR TR R . Ik
TR Tl AL R ) NS0 i) [ SR RS B ik
()4 B ST e e 3 2 H 3 B AF R, S 80

|

100
80

60

et/

40

20

Pb

LR

FVG P F B AR B, BN e T kA
THRCRTEBE RS, X 51 £ 24 B I 58 45 R —
ﬁ[lO,é&%Sl] .

et R X NAFETE | AN TR AR Cd |
Cu . Zn ol 7 HEIREE i i A ] 4 5 e
RS A& bt (I047) ) (GB 15618—2018 ) AH R 4] X
W6 0 6 L, M FR RN 0. 45% ; 1% S0 B9 pH B N
7.36,Cd e 0.31x10°°, Cu &k H 122 x10°°,
Zn FRAH K 288%107°
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m REEE

" RES
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B RESE
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Fig.3 Percentage of the enrichment degree of heavy metal elements in soil
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3.3.3  wHEXIEL 5

PI1.2.1.5.2.0.5.0 A&, A% H Cu,Pb,
Zn .Cd Hg §HEREMZS B (E 4), ATLEH,
F 9% X H 4 J 0 2 5 B A SR (3 < Xk I i
AR R IX 5 ISR AR (1% 7S W] 3 A AT

PN IR A w260 T 01 A R VA e [ 1 R N 2]
0, M SRR AR, 32 KUl R SR AR L
KAFRBICHE T X m I f% T — e ES)E
TCE  ARAE O A WG R R I ST X R AR IR
Hif#) Ph Cd \Hg 4 UL R0 1 2% R, i R T e &
RS DN R L S (| A 237 S e y-d i
FARE A BT AR 5 T M X G AR S8 A, LA
2005~ 2018 4Fix —BF A 1], A 1H % B i 956 A/
km? HGINZ 1741 N/km? 3B P9 34 B2 68 01
FERLEEZ) 200~300 J7 t bR, 4R AR i i
1K 54499 v, HURLE] AR IR = Ik 44223 1 KR
H He MR RO, B O E 4R T
Tl BR BR AL 22 1 Cd  PbP s 4R sk S AR
AR K T E & Cu Zn  Cd 55, K HE
Wi i IR A R A B N R
Tl Al Bt i R A0 RE VR T AR SR — R A A 2K
W, X ESH T EELS B R E A EENEE

JANZ—,

THOTR G R 2 I A R R R
My SR ALME BT 2 B AR IR R A R
1 T 52 3 -3 R G N BVE ] ALEAE R AR
(PN e ook iRy (R NC PSR 2 2
A, fETHR R R R BN ] AL /RN 2% 1 AT
Bi e TR EWER T BRI R XITT R &
MBI, PRI, AR U E I JU R AR X R
BN PRUZR S5, FEFFE X A 3P 5 A (A
X BIX.CX.DIX.EIKX)EgETRMERELIE
R E X (E5) .

B X5 38 M3 XA 7 R AR W) 4 i DX A
A1 FU AR 5 € IXC55 R 7 3k e M 38 o 1) i ]
AW, I Aol oA U 5 X P XK
Z LA 3, AR 6 5 K HR B R
A HECSEAT A g 1) R A T AMNIRY I, 2
AR RHEOTR A IR R SR T R R R
TP E S, X T RS —ACRIE— Y E
DX HAT R R AP R AR IX., 8 10 0t A 55 Al A=
FEIE B2 ) IR s KRR T R OUR , B i
REZTHOURE L, R B b i N5
B, HaE IR R R L B s IR LA

(e) Hg

B4 TREESETEEXRRYUZTELH

Fig.4 Distribution of heavy metal enrichment coefficient in soil
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Distribution of heavy metal elements in soil of the Southeastern suburbs

of Beijing and their enrichment characteristics in surface soil

ZHANG Qin-Rui', LI Huan', DENG Yu-Fei?, HUANG Yong', ZHANG Bo',XU Yi-bo’
(1. Beijing Institute of Geo-exploratin Technology ,Beijing 100120, China; 2. China Chemical Geology and Mine Bureau Research Institude of Geological
Beijing 100101, China ;3. School of Public Administration , Hebei University of Economics and Business,Shijiazhuang 050062, China )

Abstract; By collecting and analyzing the heavy metal elements insurface (0~20c¢m) and deep (160~200cm) soil samples in south-
eastern suburbs of Beijing, the distribution characteristics of elements in soil in this area were ascertained. The spatial autonomy of
heavy metal elementswas explored by establishing a semivariogram model. The enrichment characteristics of elements in surface soil
were discussed ,as well as the correlation of the enrichment coefficient. On this basis of the research, the significant enrichment areas of
heavy metal elements are divided, and the reasons for the enrichment are explained and analyzed in depth. The results show that:The
content levels of Cd, Cu, Hg, Pb, and Zn in surface soil of the study area are significantly higher than those in the deep layer, with a
gap of 1.2 to 3.9 times. Compared with soil” s heavy metal content in Beijing and China, , the soils in the study area is relatively rich
in Cd and Hg. As it was affected by many factors such as the source of soil-forming parent material and human activities, the spatial
autocorrelation of As and Cr in surface soil is strong, and the spatial autocorrelation of Cr in the deep soil is weak. The spatial autocor-
relation of other elements in the surface and deep layers is medium. As, Ni, and Cr in the surface soil are weakly enriched. But Cu,
Pb, Zn, Cd, Hg are strongly enriched, and Hg is the most enriched. Based on the enrichment coefficient, five significant enrichment
areas of heavy metal elements are delineated. The division of this area clearly reflects that human life, agricultural planting, and indus-
trial production are important factors that cause the accumulation of heavy metal elements in surface soil. Therefore, it is necessary to
pay close attention to the distribution of soil elements in human settlements, agricultural planting areas, and industrial enterprise distri-
bution areas. The purpose is to prevent the deterioration of the soil environment and ensure the safety of the ecological environment.

Key words: soil; heavy metal elements; spatial structure; distribution properties; enrichment characteristics
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