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Geochemical characteristics, geological genesis and ecological environment
evaluation of soil selenium in Chengde, Hebei Province

WEI Hao'?, WEI Xiaofeng’, WANG Jingbin’, ZHU Sujia*, YANG Fan’, LIANG Zhao'?,
TIAN Xiaoxia®, LI Wei'?, JIA Wenru'?, YU Kaining'

(1. Hebei Center for Ecological and Environmental Geology Research, Hebei GEO University, Shijiazhuang 050031, Hebei, China;

2. Hebei Key Laboratory of Strategic Critical Mineral Resources, Hebei GEO University, Shijiazhuang 050031, Hebei, China;

3. Sino—Zijin Resources (Beijing) Co., Ltd., Beijing 100012, China; 4. Institute of Geographical Sciences, Hebei Academy of

Sciences, Shijiazhuang 050011, Hebei, China; 5. Institute of Geophysical and Geochemical Exploration, Chinese Academy of

Geological Sciences, Langfang 065000, Hebei, China; 6. Institute of Grassland, Flowers and Ecology, Beijing Academy of
Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: This paper is the result of agricultural geological survey engineering.

[Objective] The study aims to delineate the distribution characteristics and geological origins of selenium in the soil of the Chengde
area, providing a scientific foundation for the exploration and effective utilization of selenium in the region's soils. [Methods]
Geological surveys were conducted to identify the types of soil parent materials in the area. The content of selenium and multiple
elements in 553 soil samples and 66 rock/ore samples were determined using X—ray fluorescence spectrometry, inductively coupled
plasma emission spectrometry, and the Kjeldahl nitrogen method. Data analysis was performed using SPSS software, with geological
genesis being interpreted in conjunction with geological processes. [Results] The soil parent materials in the Chengde area are
categorized into nine distinct groups. The selenium content in surface soils ranges from a minimum of 0.016 mg/kg to a maximum of
0.743 mg/kg, with an average value of 0.17 mg/kg. This average selenium content is half of the national average, indicating a state of
deficiency. The average selenium content in iron ore, gold ore, and lead—zinc ore are 0.860 mg/kg, 1.233 mg/kg, and 3.365 mg/kg,
respectively, significantly higher than those in the tailings and wall rocks associated with various ores. [Conclusions] The overall
selenium content in the soils of Chengde is very low, primarily determined by the soil parent materials, with distribution patterns
influenced by geological formations. Selenium—rich soil areas are notably concentrated in the south of Longhua County (Area A), the
southern parts of Chengde City (Area B) including Shuangluan and Shuangqiao districts, and the eastern part of Kuancheng County
(Area C). Area C is characterized as “rock weathering type”, associated with the presence of selenium—enriched primary carbonate
rocks and carbonaceous mudstones. Area B is classified as “mineralization associated type”, linked to the symbiotic relationship
between selenium and metal sulfides during lead—zinc mineralization, as well as the substitution relationship between selenium and
sulfur. Area A is defined as “river sedimentary type”, relating to the dynamics of river and lake sedimentation and the adsorption by
organic matter. The selenium—rich region in southern Chengde possesses a natural advantage for developing a forest and fruit
economy. Weichang County, situated in a low selenium environment, is identified as a contributing factor in the prevalence of

Keshan disease and other endemic conditions.

Key words: soil selenium; distribution characteristics; correlation analysis; geological genesis; agricultural geological survey
engineering; Chengde; Hebei Province

Highlights: (1) The distribution genesis of selenium in soil is studied from the perspective of geological process of soil formation.
(2) Three types of geological genesis are proposed for the selenium-—rich area in this area: Rock weathering type, mineralization
associated type, and river sedimentary type. (3) The effects of soil selenium distribution on ecological environment were evaluated.
The selenium—rich area has lush plants and excellent ecology, and has the natural advantage of developing forest and fruit economy.
The low—selenium environment is easy to cause endemic diseases.
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a: 1— 7P 2— K 3—TH 5 4—8 5 S—URITUASIA 575 b: 1—HLEEJE TURRYHERR, 2—2Rm B UURRY; 3—b (R A ib  dtits ; 4—b s
TR S—DUR NS ; 6— KON T— A & A 1 8—BRER 1 o 8 1 O— MR I A — IR s 10— A i 11— X aUEahs; 12—# 1l
AN 13— A - BCA A 14— B A 15— RIE A S
Fig.1 Topographic map (a) and geological construction map of Chengde City (b) (after Wei Xiaofeng et al., 2020)

a: 1-Chengde City; 2—Reservoir; 3—City boundary; 4—Provincial boundary; 5—Luanhe River Basin boundary; b: 1-Coarse clastic sediment
accumulation; 2—Fine clastic sediments; 3—Sand (gravel) rock—siltstone formation; 4—Sandstone formation; 5—Shale formation; 6—Limestone

formation; 7-Dolomite formation; 8—Ferromanganese dolomite formation; 9—Amphibole—metamorphic formation; 10—Gneiss formation; 11—Basalt
formation; 12—Andesite formation; 13—Dacite—rhyolite formation; 14—Granite formation; 15—Monzonitic granite formation
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Fig.2 Distribution map of surface soil sampling points in Chengde City

F1 AEHRE (0~20cm ) TEFEEE (=553 1) &
HitERHX HER S E51T
Table 1 Statistics of selenium content in surface layer (0—20
cm) soil of Chengde City (n=553)

wAME RKME B

Hox /(mg/kg) /(mg/kg) /(mg/kg) ZH
IS 0.016 0734  0.170 AL
I 0.05 0.99 0.29 [z 7, 1998
i 0.03 2.00 0.40 Fordyce, 2007
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R2 AEHRE (0~20cm ) FEMEFRX T ERESESRIT (=553 1) (mgkg)

Table 2 Statistics of selenium content in different soil-forming parent material areas in the surface layer (0—20 cm) of
Chengde City (1=553) (mg/kg)
PR BOME RKME ME ARERE IE
7

e BpERA s E LREM () /% EHERFH ED

R A HBES 0.04 073 0.18 0.12  0.015 70.20 0.93
! TR A FlizE 41 0.01 0.25  0.10 0.05 0.002 51.37 0.51
5 R - B [mESH 8 0.06 021  0.12 0.05 0.003 46.06 0.63
) B [ 8 57 0.02 0.17  0.08 0.04 0.002 51.43 0.42
JUTTS c [EBmESH 14 0.02 034 0.3 0.09 0.008 67.75 0.71
3 AT C EEb77R5) 27 0.02 021  0.09 0.05 0.003 54.67 0.49
4 P s A D [HEs 61 0.02 0.59  0.17 0.12 0.015 73.78 0.87
D §EB7E=3 18 0.04 0.15  0.09 0.03 0.001 30.22 0.49
bk L E [EHESsS 78 0.02 038  0.16 0.08 0.007 49.91 0.85

5 (e =T
E FlgE 10 0.03 038  0.14 0.10 0.010 68.36 0.75
Je 11y e 2 F  HZEH 63 0.02 047  0.16 0.10 0.010 62.88 0.83
6 KL F FlmE 30 0.02 029  0.11 0.07 0.005 67.10 0.57
7 RIR A G FEmES 66 0.02 0.50  0.20 0.13 0.016 61.76 1.07
8 O TUE TR H [t 63 0.02 0.57  0.17 0.10 0.011 61.75 0.89
9  HMELRE L FEpEs 64 0.02 0.63  0.18 0.13 0.019 70.29 0.97

N

=~ b 1
2
-3
4
5
6
7
8
9

0 40 km

P 3 RPETTR)Z IR AE A (a) FIRL L BRI 1] (b)

a: 1—BL = (<0.125 mg/kg); 2—i11% (0.125~0.175 mg/kg); 3—ifif (0.175~0.40 mg/kg); 4—i (> 0.4 mg/kg); b 1—ipiA W s 2—XUER B
A BEJT 3—EMEAFRAREE BT 4— I A BRAR A BT S—R P A SRBRE T 6— K IR A BT 7—RD SUAR BT 8—BRIRE AR BT 9—h R A 72
Bt BEST
Fig.3 Se-rich level map (a) and parent material distribution map (b) of topsoil in Chengde City
a:1-Lack (<0.125 mg/kg); 2—Edge (0.125-0.175 mg/kg); 3—Moderate ( 0.175-0.40 mg/kg); 4—High ( > 0.4 mg/kg); b:1—Alluvial sediments parent
material; 2—Aeolian loess parent material; 3—Basic rock residual parent material; 4—Neutral rock residual parent material; S—Acid rock residual parent
material; 6—Volcanic clastic rock parent material, 7—Sand shale parent material; 8—Carbonate parent material; 9—Gneiss metamorphic rocks parent
material
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Table 3 Selenium content statistics in major ore deposits of

Chengde City
vom kg A ME K WME e
FARE AED g (mghe) (mghkg) 2
(Rl 18 0.180 3.380 0.860  0.930 0.860

B A 6 0.100  0.140  0.120 0.020 0.000
RN 15 0.010 1.180 0.280 0.410 0.170
EHH 3 0.229 2.942 1233 1.214 1.475
b 3 0.087  0.173 0.141  0.039 0.001
SN R 5 0.268 0.754 0.528 0.158 0.025
YRR 7 1.336 7.685 3.365  2.284 5217
R 6 0.347  2.129 1472 0918 0.843
BYEEN R 3 1.489 1.687 1.558  0.091 0.008

1

NS

Se/(mg/kg)
N
1

—1

S sy

T T T T T T T T T
Pba Pbb Pbc Aua Aub Auc Fea Feb Fec
W IR

P 4 RIS 2RISR AN & 25K
Pba—4F 80 15 Pob—4YEER R s Poc—4FEF0T B Aua—42 4™
WA Aub—& 1 FIE; Auc—& 1 B ; Fea—H 11 f1; Feb—4k1"
Bl s Fec—40 A
Fig.4 Selenium content grade diagram of main deposit types in
Chengde City
Pba—Lead—zinc ore; Pbb—Lead-zinc rock; Pbc—Lead—zinc mine
tailings; Aua—Gold ore; Aub—Host rock of gold deposit; Auc—Tailings
from gold deposit; Fea—Iron ore; Feb—Host rock of iron deposit;
Fec—Tailings from iron ore
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R, AT RA G N Au-Ag-As—Bi—Cu—Pb—
Mo—Sn—Se—Te( F 5L, 2020) ., &0 8 A i &&= N
0.229~2.942 mg/kg, -3 & 1 K 1.233 mg/ke; FlA
fifi & & 4 0.087~0.173 mg/kg, F ¥ & & M 0.141
mg/kg; W TP 0.268~0.754 mg/kg, “FH4 5
24 0.528 mg/kg.
433 45580

HYEERT R B R 2518 0 5 L VE A G rh
RIRRZ IS, &R0 Y EL R INER .
BT, Ao AR AT DL AT AR AR
S ARG A IR, 2012) o HYEER B H i
Sl 1.336~7.685 mg/kg, XIS K 3.365 mg/ke,
il 5 1l & BN 0.347~2.129 mg/kg, 3 & E N
1.472 mg/kg; A" HH il & & h 1.489~1.687 mg/kg,
SEX R R 1.558 mg/kg. & A ATYERD R, ATTAR AT
B LR T A 4 I8 XAFAE TN BT S ds vh (R R
45,2021)
5 v ®’
5.1 HiEER K T BRAFMm

2R FNN N 2 A E AN L
REFA O (E 2%, 20045 #7785 095, 2012) o 1A%,
AR FORIE b A o IR A R It
AT AT B, BT AR AR SR Ay U R ARAE £
PRSE T b T R AR, G X B A S K
AR T R R R B, 1 DX I A
TR POE T IX A HET R A AR SRR
(Brantley et al., 2007; Hewawasam et al., 2013) , T
IS8 25 (2020 ) K 75 7 i [X K1 43 oA 7S R 24 3 okt 78 s
(£ 4)o XN 9 Ff sl A AF 5. 0 I v AL . XU
+ | R R R R e L AR R IR T
A6 5 A T AR B A a AR | 22 LU B 805 K L%
JB A AR Bk IR A AR A D DU (BR) SR AL
FIRRA A U AR R (& 3b) o AR 7R f s X A+
BEJ5 737 ], IFRF HOAS [R] ol A= B Al 75 55 7K
X 3 2 1 HEAN 5 5, AT, AR PR b X 4 SR T R 4
AR FRAE F2 A2 35 F R B A s o, G 55 i/ 4
B X 2 R S AR A D . BT, AR A

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


http://geochina.cgs.gov.cn

51 % 5 4

BRI T AE AR X - AT T 3R MR A 2R AIE | B PR B AR A PRI 1297

R4 AEMRMEGEE (R IBESE, 2020)
Table 4 Geological formations in Chengde area (after Wei
Xiaofeng et al., 2020)

[P RS Wil

1 HER R I8 WA, W-TR L v

2 BRREhEEIE VSNl = P =N 7S 7 = Py i A <5 s
3 B A i WE. WibE. TUETdE

4 fEREAREE TR RN GG
5

6

KA TERAE-RECE . Rile . KIE S
HRE i JTRRE SR ISR i

X 3R)Z IR 5ol F 2 PeE TR BRI, 43
ATRHE 245 T T s

R4 R 1T 2 2% 4 B A AE R R (&1 3) ] A,
TESEIREL AR TR (C X AFAE B A 1358 . % B b o el i
FI(E 1) AT, 1% X b o 8 1 0 1 2 5+ 0 T
G, 20 b IO R A A B M M M R TR R+ T
TR SR A, X NIRIRER A S BT, HAAS
) =B 5 X, AR X A - 34 e e, AR R
B(ED)N 1.07, KT 1(£ 2), fERAMTIHREE S,
1§ (Se) J&—Fh M A AR HOTER (RIS, 2003), it
1) 2 ZEACUR Sy A A TR, G R €0 DT IR R b
JZ, BRTR 5 DA K i R k2 v (4 G 55 ek A X 5 v
(Girling, 1984; #7545, 2019), H & 0] DIE Al 5
PR, Ut S LRI PR . 7 B A 4 4 PR R 32 SR 4
il R GRIDUEESE, 2019) o H [ £ 5 il - e e
LR DU SRR Eh 7 o T o AT L i i 7Y
MO R X I R AR AR, 2021), b1 X 5%
TR FHRRTTR 5E 5 X 48 (MR A F-45, 2012), L
JEU LT 1l DX B e b o X (T B 7848, 2019) o BT
DA, AR AR R A il 2 R AR R R
FOoR TR Ko X I A 2t K KLk E,
TR AR, T I o 8 0 B T )
PEZR T, B 5T 40 A e RV FE AT R R
B E RN . 5380, FRRA AR U AR AR
X W EA RS IS R E(R 2) . IR
P, B R, B AT Se 1Y A Oilile
A 2021), BT LATE AR X B H PR AR I 7 3
JZ DX i s AT A A

SRR, A 5 A 3 PR AS [R) 11 3 2 A
Ji Al B AN [R) B0 & B e KA e, il
F YA AN AL AR BE AR [R], i b B A s 1 22
P AR P B AR b i) T R X AT ) o A
i R S0 55 a3 ol B AR A T . DA ST AR

(C X)) AR, B2 2l 5 R A il & 5
Wl T G P e il =49 mT ARR 2 “ e KR AL
5.2 BH1ERABIFN

AL BB (A X)) S M B 2 W 4 @ 0 IR Bl
S HA NIRRT IR (1) 7 b, FOZIXHYRE vk
JC AP R P AR (/T 4 Vi R S T 36, 2012) o Cook et
al.(2009) Al Lin et al.(2011) 8 HAfi o] AFL (£F) A= 78
BT IR, L rh A AR AR B A R R A i
Bewo B 3 AT, XA R A 2R A R i
&, B, Bl D, UL I AR XA ) A
YERBA S . A EyEEs A & = & T AT
FAJAT, BYEED N 2R)2 T PR Y A RE ) R e T
PoRTE N

IZ X A b S S T BE R S YRR AR
WA . T WS R o AR 1 E Al g
5, SERERE AL E B AR BT TR R R L PR
P — R AR IERE AL 16 14, M E G X TR
HAEFS . ARy EhXERZ
B 5) A, 4 M il R /NME D 0.41
mg/kg, fix K {H N 0.98 mgkg, F ¥ {H K 0.52
mg/kg. & Ml HHEITR AT R R 6), 1l
(Se) [A4% (Pb) . #%(Zn) . 4 (Mo) . 4 (Mn) | 43
(Cd). K (Hg) LR A B E MG, B R IER
T, M2 R BB R 1=0.90, P<<0.01; =0.87,
P<0.01; 7=0.72, P< 0.01; r=0.69, P<<0.01; =0.93,
P<0.01;7=0.64, P<0.01; JE i Se~Pb—Zn—Mn—Mo—
Hg-Cd SR G, il 5 HA TR ToH WAH G .

Mo R, K. 4. MRS SR IR Z H
T A 28 B, TS R EL AT AR A Al 2 P o, PR
Gy DR R R G317, It AR AR Wbl 5 ik 48
TLRMAER —EMNEEXRR, B BA B EMHX
P B0 A BAERALIE B R ERT 2R T — R 51K
Fi7 fift RN 43 A R (B FR T 2 X B A B T A 4K
PE, BRI A S5 R A MBS E 4R T
BRI —EMIEAHLL R,

rh AR 3 5 3 B AR AL I8 s, T
WALE  WARA , AR, AT 45, SHYEHR £
LB ALY =B (CuFeS,) . HE W (FeS,)
IeppA:, AR ST B OREEZR, 2020), B Gl &
H5&@my IR & m ik 4G R B B % )
A o % XA 32 A Ry A T LA WG R B
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Table 5 Statistical analysis of soil elements in the lead—zinc mine area of Longhua County

TLER () /M LN el HME T fi 22 i

Se 16 0.41 0.98 0.52 0.16 0.03

N 16 72.00 5966.00 3874.00 1764.84 3114655.87

P 16 562.40 6578.00 1400.09 1445.21 2088635.36

K 16 96547.717 246579.36 206628.17 44717.99 1999698188.87
Ca 16 8390.50 101986.73 23392.05 29104.36 847063811.70

S 16 331.60 7092.00 1276.56 2094.22 4385749.64
Fe 16 26485.11 96322.20 40044.84 21897.69 479508864.22
Mn 16 1312.00 3105.00 1899.19 564.51 318671.90
Cu 16 18.69 191.40 41.62 44.66 1994.93
Zn 16 97.41 1208.00 272.76 326.23 106428.78
Mo 16 0.20 4.05 1.16 0.92 0.85

B 16 2.27 45.52 32.23 12.79 163.70
Ge 16 1.01 1.50 1.23 0.13 0.02

F 16 359.32 1568.27 583.20 314.04 98623.72
Som 16 0.15 12.80 8.29 3.97 15.74

pH 16 6.25 9.08 7.01 0.79 0.62
YXN 16 6.01 540.54 339.53 159.74 25517.82
YXP 16 0.10 29.04 10.58 7.66 58.69
YXK 16 15.15 798.38 389.36 220.96 48825.33

Cr 16 49.15 78.01 59.66 8.00 63.93

Cd 16 0.11 6.85 1.21 1.93 3.71

Ni 16 21.90 48.52 28.96 6.99 48.80

Co 16 8.67 100.60 20.67 26.40 696.78

Pb 16 2.39 2539.00 334.26 734.15 538978.03

As 16 1.07 14.16 8.18 3.40 11.59
Hg 16 0.00 0.44 0.09 0.10 0.01

vE: Som. YXN. YXP. YXKH$A 41072, pHEHA, HAbN107°,

* 6 FEUEHRFY X TIETREXERESLIT

Table 6 Correlation coefficient statistics for soil elements in the lead—zinc mining area of Longhua County

JLHE Se N P K Ca S B Ge F Som YXN YXP YXK
r — -0.15 -0.15 0.05 -0.10 -0.02 0.17 -0.21 -0.02 -0.21 -0.15 —0.09 -0.23
P 0.58 0.58 0.86 0.71 0.93 0.53 0.44 0.93 0.42 0.57 0.73 0.39

JLE pH Cr cd Ni Co Pb As Hg Cu Zn Mo Fe Mn
r -0.26 —-0.02 0.93 -0.12 —0.02 0.90 0.40 0.64 0.09 0.87 0.72 —-0.04 0.69
P 0.33 0.95 0.00 0.65 0.95 <0.01 0.13 0.01 0.73 <0.01 0.00 0.87 0.00

E: —MAREHG p—REFENAKT

DUBUVAR R BUERA™, X PR SRR 4 Ak ) 7
e D, LA, ) S AT D . e AR
WAL & BT YR Bk 2 18], T A& A 5
A THE 5850 2

DA U BB A 3 R v A T R )
W, 165 A AL st KR s RS R R, 3
el o A . KPR X R B R TR (A X))
G A R v A R B S YRR R E A O,
BTG (1% B PR 2 AR T AABEAE Sy < R A 7
5.3 MERIER

&l 3a 7R 7E AR FE T R &8 (B X, AL 48 ALEE X
WU X ) HLAG AN 50 50 A7 () il 1= 408, 32 BV 3t
WA A, BRI SOk I AR HorpoR s

T B P P A VAT 3t 3 P AR & — 2 Tl R ] g
ERER— B b 1Y 74 F3R)2 LD, 05 R
/IME N 0.41 mg/kg, Fix KAE N 2.86 mg/kg, FII{E N
0.61 mg/kg(& 7)o 8 A [A) R B % 2 1) 1) T +- 1€
JCE N E R (E 5), 78 0~0.8 m PR & H A
0.42~0.66 mg/kg, ik 5| & i + bR i, Bl & TR % B
15, B E4 &5 M 0.04~0.36 mg/kg, T L .

T o G T R WA S S B (36 8) « i []
BE(P) . # (K). AHLE(SOM) . 4 (Cu) TLZE Z [HFF
TER S ARG, Horh 5% (P) . AHLET(SOM) | 4
(Cu) 2 I 2 IEAH G, AR50 : =033, P<
0.01; ~=0.37, P<0.01, ~=0.36, P<0.01; 5} (K) &
BERME, R RECH: =051, P<0.01, fififF]
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Table 7 Contents of surface soil elements on the floodplain and first-level terraces of the Yixun River Basin in the south of

200

Chengde City
TR NN fH/ME RKME ¥iE Bk 2 HE
Se 74 0.41 2.86 0.61 0.41 0.17
N 74 159.00 2926.00 1381.65 513.55 263731.85
P 74 80.99 2441.00 941.37 445.21 198214.84
K 74 49193.82 289570.45 227101.59 48196.07 2322860843.44
Ca 74 9355.34 221197.57 26912.80 36120.70 1304704614.85
S 74 149.70 6312.00 527.44 1024.33 1049244.02
Fe 74 18523.50 113797.20 44684.99 13371.47 178796189.17
Mn 74 376.80 2999.00 810.45 392.00 153660.85
Cu 74 13.97 77.56 36.35 10.92 119.27
Zn 74 19.19 498.20 104.04 53.57 2869.43
Mo 74 0.18 3.30 1.39 0.55 0.30
B 74 15.89 88.31 37.78 8.91 79.31
Ge 74 0.12 2.07 1.35 0.26 0.07
F 74 375.75 9366.18 828.88 1027.89 1056550.71
Som 74 0.36 8.54 3.13 1.59 2.51
pH 74 5.70 9.40 7.94 0.54 0.30
YXN 74 9.71 277.22 113.72 50.08 2507.84
YXP 74 0.68 353.40 26.96 55.19 3046.11
YXK 74 35.71 734.80 219.74 131.96 17412.65
Cr 74 47.96 614.80 100.34 83.62 6992.48
Cd 74 0.01 0.37 0.19 0.06 0.00
Ni 74 5.11 47.06 30.98 7.98 63.64
Co 74 8.59 23.16 15.00 3.15 9.95
Pb 74 1.85 95.58 27.85 10.61 112.51
As 74 0.35 15.92 10.13 3.51 12.30
Hg 74 0.00 0.80 0.08 0.11 0.01
7E: Som. YXN. YXP. YXKHAI 41072, pHIHAL, HAlA10C,
Se/(mg/kg) N/(mg/kg) P/(mg/kg) K,0/% Ca/% B/(mg/kg) S/(mg/kg)
OU.S 04 03 02 01 0 1200 800 400 0 900 800 700 600 500 400 3.0 3.1 3 29 28 19 1.8 1.7 16 15 40 36 32 28 24 20 180 160 140120 100 80 60
20 I
40 I
60 I
E L
S 80
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Et 120 I
B 140 I
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180 I
200 |
SOM/% F/(mg/kg) Cl/(mg/kg) pH Bit/% YR % /%
02 1.6 1.2 08 04 0 700 600 500 400 300 200 64 62 60 58 56 54 84 83 82 81 8 79 10 8 6 4 2 50 40 30 20 10 0 90 80 70 60 50 40
20 N
40 I
60 -
E L
RS 1]
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Fig.5 Vertical profile measurement values of different elements in river sedimentary soil in the southern part of Chengde City (Zone B)
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Table 8 Statistics of correlation coefficients of soil elements in Chenzhazi township

TR Se N P K Ca S B Ge F SOM YXN YXP YXJ
r 1 —-0.29 0.33 —-0.51 0.24 0.31 0.21 0.22 0.04 0.37 —-0.31 —0.06 0.08
P 0.01 0.00 0.00 0.04 0.01 0.07 0.06 0.75 0.00 0.01 0.60 0.51
JLE pH Cr Cd Ni Co Pb As Hg Cu Zn Fe Mn Mo
r 0.21 0.22 —0.08 —0.06 0.05 0.15 -0.25 0.06 0.36 —0.04 0.18 0.13 0.24
0.08 0.06 0.52 0.64 0.71 0.21 0.03 0.61 0.00 0.76 0.12 0.27 0.05

AN BAFAR(YXN) ., 55 (Ca), #i(S). H5(Pb) ., fif
(As) . #k(Fe) . #1(Mo) LR & MM, Hp s
F5(Ca) . BiL(S) . H(Mo) & I 35 IEAH I, #C R4L
A3 9 K 2 1=0.24, P< 0.05; r=0.31, P< 0.05; r=0.25,
P<0.05; H5A(N) ., A (YXN) | ifi (As) 2 2 &
R DG M, A OC &R B 0l o s =029, P<< 0.05;
r=0.31, P<0.05, =—0.25, P<<0.05; 5%, . % .
K., EFFICE T M . B Se-P-SOM—Ca—
S—-Mo JLEH A

L IR ) 0 I 2 A 3 8l i K AR v AL 7
KUY, BT AT FE R - e &5
W EA BRI, SR — @ PUTRRE S . AR
A T T AR A B v A R AR TR B L A
68, BB X RN A7 A N . Bl S5 A AL
. P, Ca HA W EIAHICHE, MIXLETTRTAIEN]
TE LA W v ) 3 R 4y, BH IR AR X
Se H & BRI A, HIAMFERM, H3EhA LT
AT DL i B [ A2 Al (CE 4 3R 45, 20005 1 Ha A2 45
2010), A ML B Fbk =, 398 v g o 0 gl 2
2, WS S B R o AR SO IE TR
MR R T, JUHIR i M S — R B 2
WAL S T, R, A A XL
A T B A 3R R G, IR vl sl R B
TUUERE 4R, DU Hh 43 B Al 1 A BB W B, B
BT E A PRI, G2 DX R A SR ) e R
SERCAE DURE S R
5.4 JEFIMENZ IS IEMN

I DA AT AT, AR X 2 A i
S A, 43 A AR EAT, JGER L B AR,
T 0 b DG 5 e A A R . G R R 5 A A
SR PR DX I A AR A BT T N AR R o 7R i i 0 0
Ll A R e ™ i AR v A X, 5T R A A
Ao RIFA . WA EERE . SIS
FLPUEAL . TSRS BUAE R, B, KRR E
il X 35, ifi o0 RE S (e HEAE AR K, B SRR i

T o UNFR A B R4 B — I — T M AR R AR A+ A RR
PR, BRI, AR, ILEK T, R4
FROLA = SRR ARCTE | LA FIAZ A A5 e €0 SR it P A
X, AP ERIEZ &7 2R, TR E R
FIREH . 84 & B % X AR 38 Ak Se S RA T
1.38~40.33 pg/kg, “FH &R 11.60 pg/kg; ILAEHE
i AR SR T 0.84~22.64 pg/kg, V-3 i 11.88
ugkg, S5HERES Se T M (EH B XK
#) o ZHFMAL S HibnE (DB36T 566-2009 K&
DB42/211-2002 %), 7K % Se &5 =0.01 mg/kg, HJ
J& T & Se K. B VG B AT A 5 bR fE (DB
61/T 556-2018) e AL B iiARIEN Se 7 & =0.02
mg/kg, & il &% M M 0.010~0.015 mg/kg. 4 M,
41.67% M JEAE ik 1) RIS AR, 8.33% AR
FE A 2 R R BRI RR s 57.14% LU RE 2k 2 5 1
KRB UE, UL, ZIX B KRR 5, A
R IBMBLZ T B TR, AL C B IR X 48
TR S BRI Z ™

T3 Ah, R — A A AR TR, 5 KRR
YA SG, Sl 2 B0 Lo KB 790 45 1 59 1)
KA, PR AR o T A — R R R B
) L 5 1 O UL, 78 7R M X L 8 3T AR A T
N, 88 2R A v LR R R PETAT, AR, R
Jak Fh s DN B Y B R i B . i g, AR A b X
20 it 28 50 4F A% &= 80 4F X Ak & A Atk 5w i 9w
12191 A, 3BT 4367 N, i L3 35.82% (HE I Fk il
XUHVEE, 1995) o B4 T VA A i v 1L S R B
s B RO X Ok Bl B (BB 45, 1987 #E I ABKAIX
WL, 1995) o ARSCHFSE Bon F7 B, JUH R AEE O
Wil & I, J8 TAIK Se PRBE, TESCIRBEAR
Se J& 5 | & T LR M R IA T R 2 —

6 4i ik

(1) 7R X 3 2 3 h il S e f5e/IME R 0.016
mg/kg, i K A 0.743 mgke, F H{H H 0.17
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mg/kg, IV A A 4 [ P S
i 172, Ab T B Z S5

(2) ZRpE Ml DX A e AR S0 T B Tl b
BERT, 3 AR IR A2 4% T M PO . A B Al B
(A X)), FRTETT R (B X)) (AU R IX) | i
WL ZRHR(C DO S5 M B AL 5 4 . et S
MRS A - C X8 T A WAL AL, 5 &l Y
Ji A B TR R -+ BT e 2 25 A O B IX R T
R REAE RS SRV BT S AR R S < R A
Wi PF A 5 2R S SRR B R A % A KR T
RRCIBI=RYTRSEi RES R B 1= RV S u R AR R RU E~I DA E S
g AL EHIA K

(3) 7R AR 8 4w W 9 R IRE 5, T LU
P, ETHARAED) il o, b A 2SR5 BGE PR,
RIS EA KRR AT I R, LR
ELAE TARBNERSE, 51 K st (L0 S5 7 s A 7 1) [
RZ—
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