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i TR . (CBFFREER T WF S X R BEBUR B ML, R )2 B3 il S F/ME Y 0.016 mglkg, BN
0.743mg/kg, “F#ME N 0.17 mglkg, 3TN & B OOy 4 FE L HF S R 12, A TSRZES. B h. &F
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HARFICEMREAGA R BIXRT M pEAER” , SEYEET I R i -5 R AR ) 1R B 2R 5% 2 R SRR
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Geochemical characteristics, geological genesis and ecological environment
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Abstract: [Objectivel To find out the distribution characteristics and geological genesis of soil selenium in Chengde area,
so as to provide scientific basis for the exploration and effective utilization of local soil selenium. [Method] The types of
soil parent materials in this area were identified by geological survey. The contents of selenium and multiple elements in 553
soil samples and 66 rock/ore samples were obtained by X-ray fluorescence spectrometry, inductively coupled plasma
emission spectrometry and Kjeldahl nitrogen. The data were analyzed by SPSS software and the geological genesis was
analyzed combined with geological process. [Results) the soil parent materials in Chengde area are roughly divided into
nine categories. The minimum value of selenium content in surface soil is 0.016 mg/kg, the maximum value is 0.743 mg/kg,
and the average value is 0.17 mg/kg. The average soil selenium content is only 1 / 2 of the national average selenium content,
which is in a lack level. The average selenium contents in iron ore, gold ore and lead-zinc ore were 0.860, 1.233 and 3.365
mg/kg, respectively, which were significantly higher than those in tailings and surrounding rocks of various ores.

[ Conclusions] The overall content of soil selenium in Chengde is very low, which is mainly determined by the parent
material, and its distribution characteristics are controlled by geological formation. Selenium-rich soil areas are concentrated
in the south of Longhua County ( Area A ), the south of Chengde City ( Area B ) ( Shuangluan District, Shuanggiao District)
and the eastern Kuancheng County ( Area C ). Area C belongs to the 'rock weathering type', which is related to the
combination of primary carbonate rock and carbonaceous mudstone with high selenium content. Area B belongs to '
mineralization associated type ', which is related to the associated relationship between selenium and metal sulfide and the
substitution relationship between selenium and sulfur in the process of lead-zinc mineralization. Area A belongs to the ' river
sedimentary type ', which is related to the driving force of rivers and lakes and the adsorption of organic matter in the process
of channel deposition. The selenium-rich region in southern Chengde has the natural advantage of developing forest and fruit
economy. Weichang County is in a low selenium environment, which is one of the factors leading to the epidemic of Keshan
disease and other local diseases.

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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i NAR PN AR R e 2 (Liuet al., 2021), #4FRA “Aar{fPrim” CRBEFIZE, 2018).
Hh = (<40p g/day). 78 2 (110 g/day)FH#E A& (>400u g/day) i 1) 2 7 H /N Ellis et al.,2003;
Sager, 2006;), fififk = 5 & A2 0t AR RS JEE (Winkel etal., 2012), JLH G2 5] & 7ol
I3 25 Hh 7 PE 57 (Beck et al., 2003; Joseph et al., 2013, Xing et al.,2015) . A& MAE4) HH S IR 0 3% £
BRI IR, DR R S N 1) A EORYE (R AR5, 2020), 3T A SRIR[E - Hh i &
HER AL 2 R 25 3 X 3RS il 0 AR AN 5], Fordyce (2007) 2B b [E KR4 3 il o &
PN 0.01-2.0mg/kg, SRS BERIK. JLHORALR-F U B — 2% mAT 22 A4 IR, 294
A ELRTR 72% (RM4EE, 2021). PRl 23R E R S Mot Rz —. TIEM TR IR
BRAL S0 50 E AR RO B N A2 F AT SO (R 4%, 20185 Xuetal., 2020; #&4FE %%, 2021; &
T, 2021), HLHE-IEG )& & (Fordyce, 2007). 73 Ai%HiE (YU etal.,2014; ZEREE%, 2018).
T2 E A (RS, 2013; F4i%%,2018; Chang et al.,2019)%% . ¥ RirfE R L Hr# N 3, E%
A FEWE T LR R R B B TR R (XITE SRS, 2021; T AKZLAE, 2021; WEAEFRSE,
2021), YONFI RS B E RN RO R . RaEAE ). BALMERTASE (Mast et al.,2014
Winkel et al., 2015; Xu et al.,2020; Xu et al.,2021). 17 MIbJFAFE F A BEF 70 300 sz R R 5o i
55, VRTETTONG], M ENE AR i, XKW KRB A, BOE T BT E Bk, BRI
R BRI R A, P DAAZ X 3R 1) 3 AR R AR G2 e e 8 X IR 42 52 B s /R R sg e, (HAT A
B xof AT 3 A REIE P b T B DR TS 5 v 5, B X R A X 9 A g % o A7 R kb 5
VRIS R 2, FTRL, A SCIE X A X M ER AL A2 A, A B DXk 5 1) 43 A R AE
TR 27 A B R AT 5 T S8 A T s PR 35, AT R 232, Dl 2 e S 1) B8 A R A AR
FIFHIRAER 2R, XA RRE 5t P OCE AR, REENRMER I 2 MR AR
HIEZ L.

2 WX AR

AEM X AL N S R AL, PR AL, SN E R AR, (BRI, TR
B, VBT AbS 40°12'—42°37', KL 115°54'—119°15'. BEA#EaA IS . Kk, KEoHX
SR, PEAR/NE A NI B R (B 1a). AR R RO, AR M IR G, Hh A
SPAH . XK IR R, W PR I KB DY ROK RAKE R, AP KETA 3. 76 <109
me. AAEAG, TS 5.6 C, KA 140 ~ 160 d, JBTIEIEA . LT R
KFEPEZE S Mt o R 7 20 DARK ORI 253 3, B A0 2 v I M T 5 Bl sl

DX PN M T oy R I . BRIR AR s . ARG fEkd s, KlE . R
REES (B 1 R, Presss, 20200 (B 1 (b)) AURE BT 225 AR b [X 1 £ 5 280
FEA O PP WA, KRR b M XA SRR P L TR . R R
FNEHRAE B A TR . 2 BIRSUT K LS B BRI AR BRIR Eh A TR AR W0 (BR) BRI,
JBR 578 0 R AR
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a-1—7RKAET; a-2—/KME; a-3—Tiifh: a-4—4 % ab— WIS 1—MMBUIRIHER: 2—AREBIiRYD; 3
—i (Bp) A-MibadiE; 4—wadil, S—IUAE: 6 Kadil: T—HoadE: Rl 9—
NGRS 10— A N—ZXRAEE: 12— IIAEE: 13— H-MEUadE: U—iKEsE
i 15— RKAER A G
Fig.1 Topographic map of Chengde City (left) and geological construction map of Chengde City (right)
a-1: Chengde City; a-2: reservoir; a-3: city boundary; a-4: provincial boundary; a-5: Luanhe River Basin boundary;

1: accumulation of coarse clastic sediments; 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

3 FERLREE LTI

3.1 FEARAEE

R 7 A JE B SN MR A I AR REAE s LA BRI G, R GPS 7R [X 43 3L A1
B 553 AN HIHEE S SREE S, SRR ST EAS 10-100m VS P 4-5 DNy SRS TR, SRR N
e LB R A A, RIS, ARG REAF KB X REM R (0-20cm) KT 1Kg
BEAT AT o 6 B 5 R WAL B B PRA AR X (A [X) SR 16 1 -390 S A0 5% 280 0 K R S A
66 1, mEl BRI (B (X)) JA[ 8 MEA— 2% B i b A B a5 T A 9 A, ARSI % 10-30em
) BE R A SR i 74 1, BIF E A DX I SR P b SRS IR o BT B T DR A B LI 2,
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Fig.2 Distribution map of surface soil sampling points in Chengde City

3.2 FE ALK

(1) b4 Se (FilsE . K IERE R 40RES 200 H, HL 0.5000g, BT, 5 IR
R, WA MERR, TR, 10 285, AN (+1) 3RiR, FIn# 10 08, AHT4H.
PN 50 mL KB , IIANBRERIE, DSV OL 555, F RO s (XRF)
W72 Se.

(2) Al smiilse . ¥ HIRFERAIREE 200 H, HASER- LR - IR - = SRV I, TH MR 5 ik
BRI EEAGIE N, [BICR:  =>99.5%, EEMERZ: +£0.5%; ¥ pH HERE N EHE TR
HHE pH o ALK A BRI, B R Bk bm i VA O 8 BV s T e R IS G B BIRR A B0
1B, HHUR (%) =HHLEE (%) X1.724; SiO,. Al,Os. MgO. Na,O. Ti KI5 K I A RFEE Fr
HIRE, XS 2O A BB E, &t 3 K H 258 R BUEMBUR 2k A bRV IE T 3 [R5
BN . Mn. P. TFe,05. K;O. CaO. Cu. Pb. Zn. Cd. Cr. Ni. Co. Cr ¥ H/EH& %5 11k
RGN 2 o
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4.1 7¥< fE1th X + 15 fili T R =5 [8) 9 R FHE
I A X 553 4 IR ZFEM (0-20cm) PRSI, 15 H R EE T R 2 3 A B
B, H/MEN 0.016 mg/kg, B KAE N 0.743 mgkg, “FHIME A 0.17 mgikg (£ 1, % 2), J5#50.012,
PR ZE N 0.109, MIRREHE 1) B HURE R/ . 3 1 51 4 [E 3P 3590 & & 0.29 mg/kg (fATHR A7,
1998), RS LTI E B A E SIS B 12, A B AR L X AR AT I A
WAL, ® 1 AIHESFS0E &, ARG ST HRIN . Ay s g A 2 A TR
1&&9’]7J<Tm MG (bt pE SR ERA 2E VPN R Y TR BRI NSRS, Bz (<0.125 mglkg),
iM% (>0.125-0.175 mg/kg), i&E&E (0.175-0.40 mg/kg), ' (>0.4mglkg), & ETH£ELIEE
isEg i (B 3a), AIE1: AMEAGEHIX, JCHE BB Ll &2 mik, 28 Tik=5%
%, BEHORMIERERS . ERAEREH (A XD AETEH (B X)) CREEX. XX, %
WERH (CX) B il .

R 1EEDRE (0-20cm) HEMASE (n=553 1) REMBERMBXEWHSEL TR
Table 1 Statistical table of selenium content in surface layer (0-20cm) soil of Chengde City (n=553)

X /MBS (mglkg)  BCORAE/(mglkg) ){E/(mglkg) 2 ik
R 0.016 0.734 0.170 AL
GHE 0.05 0.99 0.29 4R, 1998
5 0.03 2.00 0.40 Fordyce,2007
e —_ — >3 1S, 2019
YAk — — >3 1S, 2019
HAHEE 1% — — 0.51 YANAI et al., 2015
=eilliny 0.04 0.27 0.11 Robberecht et al., 1982
SR YT RACT J5 e 36 - — — 0.20 5255 4,2012
il N TRAREATS — — 0.27 i %4, 2019
WL A Y A X L3 — — 0.40 HHEHS, 2013
T E AR — — 0.23 ZHeE S, 2018
"R 0.03 1.42 0.28 MR 184, 2012
M — — 0.37 [ E3H, 1996
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B3 AENRELREMERE () MBLERDAE (b)
a-1—it = (<0.125 mg/kg); a-2—i81% (> 0.125-0.175 mg/kg); a-3—i& & (0.175-0.40 mg/kg); a-4—= (> 0.4 mg/kg);
1= R 2— XARBEEBT, 3—SEVEA BRI 4—r A BB BRI S—IRIEA TR BRI 6— KILE
JEER: TR TUE R 8—BRIRELE BT 9— i RRE A FUE BER
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); a-2: edge (> 0.125-0.175 mg/kg); a-3:moderate ( 0.175-0.40 mg/kg); a-4: high
(> 0.4 mg/kg); 1: Alluvial sediments parent material; 2: Aeolian loess parent material; 3: basic rock

residual parent material; 4: neutral rock residual parent material; 5: 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

4.2 AE ALt BB IR T 3= =518 3 TR 4

SRR LR RX A c R S ERE (R 2, B3 K WIRAE IR IXA Se P& &8
4 0.20 mg/kg, EHERKE)N 1.07, KT 1, XA E Y S RIS ERHE . IR R
[X Se /M AN 0.04 mg/kg, #HRAE N 0.73 mg/kg, “F¥IME N 0.18 mg/kg, EHERECN 0.93, #ik 1,
54 [E 37 SAH Y . KB - RER X Se Be/ME A 0.06 mg/kg, i ANAE N 0.21 mg/kg, “F¥ME N 0.12
ma/kg, EEZRECHN 063, BHE/NT 1, R THEHE. B REIR TR TFIERERE, LR
R WIFE AR A 22 S8k OK, CV 35>50%, FKHHLIE Se sozm a5 (MR e m, 2z RIEKR,

2 AEWERE (0-20cm) FEREIBREIFHESELIHFE (=553 1) (mg/kg)
Table 2 Statistical table of selenium content in different soil-forming parent material areas in the surface layer
(0-20cm) of Chengde City (n=553) (mg/kg)

e
ERR
. 5 e HAA
- ) . o SN =) 5 v ¥ (CV)
g WIREOREE S BAERAE B R OV
%
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1 . A HiZEAL 72 0.04 0.73 0.18 012 0.015 70.20 0.93
T PP AR

A 37 B 41 0.01 0.25 0.10 0.05 0.002 51.37 0.51

2 B 6l 375 EL 4b 8 0.06 0.21 0.12 0.05 0.003 46.06 0.63
KA+

B EEp7E5Y 57 0.02 0.17 0.08 0.04 0.002 51.43 0.42

3 T C 6375 EL 4b 14 0.02 0.34 0.13 0.09 0.008 67.75 0.71
MR

C FE 37 B 27 0.02 0.21 0.09 0.05 0.003 54.67 0.49

4 D HiZEA4 61 0.02 0.59 0.17 012 0.015 73.78 0.87
HRPE A TR AR

D FEl 37 B 18 0.04 0.15 0.09 0.03 0.001 30.22 0.49

5 E  HEis 78 0.02 038 016 008 0007 4991 0.85
[T A

E FEl 37 B 10 0.03 0.38 0.14 010 0.010 68.36 0.75

6 . F HiZEA4 63 0.02 0.47 0.16 010 0.010 62.88 0.83
KOLTRE B

F FEl 37 B 30 0.02 0.29 0.11 0.07 0.005 67.10 0.57

7 KR Eh s G 3£ 4b 66 0.02 0.50 0.20 0.13 0.016 61.76 1.07

8 TR R H 37 £ 4b 63 0.02 0.57 0.17 010 0.011 61.75 0.89

9 FREERAE L H7m B4 64 0.02 0.63 0.18 0.3 0.019 70.29 0.97

4.3 FEW R W mh T IEfT = 2 R HHE

AN R IR (A XD A8 AR S B IR, ARYE TR as R (R 2,
B 3D KI b s AL ER A . S AMZIX SAFAE RO HAUE Al Xk, 5 XIS
SN EN X XA E, T IR R B AR I s AR e, TEREL R (A X
%%T%ﬁ%ﬁﬁx@ﬁ\%H%WE&laﬁmwﬁmmm§<%an@%3\A4Tﬂ,%ﬁ
PR il & P E R, RIS B IMEIR S, BEEW S R TS . KRy A
& EPIERE S TEr K5y . BT
43188

ARIETTER IR EZE 0 e OBITPVERRAER, 0 PRERR 282 03 5 B V- B A A R s
KA, FEBESATEAER A PAER KB IL—, SRV YR TS, SRRy . Mgy,
TR AT %ﬁo&m3%mwm,$i 4 0.860 mg/kg, (EAHREAK, XA
BB =, BAmIS BN 0.100-0.140 mg/kg, “FHI& &N 0.120mglkg, B IS EN
0.01-1.180 mg/kg, “F¥J& &N 0.280mg/kg. @UUARAR R BIERE", F= B0 AT MRV IR—I A8 —
i MG T T — ARG —7, SR Y EZNRS AP (FER %, 2016), HALSRBLYIRL
YL, FHNATR A AR
432 B ER

BIWHET MNERBT YUY T, UONTEE . 7. INEET . IRER. Mm%, M
WERE, TARBATEEHAS )N Au-Ag-As-Bi-Cu-Pb-Mo-Sn-Se-Te (F 5, 2020). &0 Al &
4 0.229-2.942 mg/kg, “F¥ 5 & 1.233 mg/kg, Fl A ili & & 0.087-0.173 mg/kg, “FH4& &4 0.141
mo/kg, N TSN 0.268-0.754 mglkg, “FHE &N 0.528 mg/kg.
4.3.3 4hEEN

FREERT PRI RI RN 5 KO E A SR I IRIR IR E R, &R0 YR B N TH . NAEE .
TR, O AR LB, AT RSN (FIRIEEE, 2012). HREERTRA Tl
N 1.336-7.685 mg/kyg, ¥ & 5N 3.365 mg/kg, FEl Al & /08 0.347-2.129 mg/kg, “F¥ & &N 1.472
mym,%ﬁ¢ﬁ EE N 1.489-1.687 mg/kg, “THI&E N 1.558 molkg. ERIIEYEED H, AR AT AE

KGR R AR NG Ak (AKESE, 2020).



®IABEET KRB G se FEG

Table 3 Se content statistics of main deposit types in Chengde

et N (/) fx/IME/ mg/kg KA/ mg/kg ¥I(E/ mg/kg FrAE R 22 Vi
ERIel 18 0.180 3.380 0.860 0.930 0.860
BRI 6 0.100 0.140 0.120 0.020 0.000
RN 15 0.010 1.180 0.280 0.410 0.170
&R A 3 0.229 2.942 1.233 1.214 1.475
S A 3 0.087 0.173 0.141 0.039 0.001
SR 5 0.268 0.754 0.528 0.158 0.025
R 7 1.336 7.685 3.365 2.284 5.217
YA 6 0.347 2.129 1.472 0.918 0.843
R R 3 1.489 1.687 1.558 0.091 0.008
8 —

RONENC NN

Se (mg/kg)

Pba Pbb Pbc Aua Aub Auc Fea Feb Fec

W ARRE

Bl 4 FET R BN RRE K& BERE
Pba—4Y450 A1 ; Pbb—44El [BlA; Poc—4FEl B s Aua—&W W A; Aub—&H BlE; Auc—4&H Bl ; Fea—
B A Feb—BRETHIE: Fec—HkIT A
Fig. 4 Se 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: gold surrounding rock; Auc: Gold

mine tailings; Fea: iron ore; Feb: Iron ore surrounding rock; Fec: Iron ore tailings
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5.1 #h B E & Bk B R A S0

ZHCFE VN IR S B R MR R A ¢ (RIS, 2004; M REAE, 2021). 1
P BE BRI T Hb o it . Ll R AR AT g 2 R I KA T B, BT AR AR ISR 2 U SR ARHAIE
B T S RRAE , TR X 2 R 2R R oy AR e ] 7 R UR B R, 1M Xk
R BB P T IX R TR S E I R A SR ARFE (Brantley et al., 2005; Hewawasam et al., 2013).
PR (2020) K ARMEHLIX R A S RS s (R 4)., STRIJUREREBRERT: TR, X
PO b FEVEA RGP IEE RN BRYEA TR KL A TR AR BRIR ShA TR AR . wP
T BR) FRIGA. FRRE R AR (B 3b). MR A X s B0 A B, FE0 AN A it
RERU & & SRS X R Z HIRM S &, A, AR X 30 0 20 AR RRIE 32 B2 s T k- BEJR
(PIsemm, Al s/ R R X R 2 LI S AR D . BTRL, R X 3R 2 IR S E
FEYE TR BT, A RAE S 4 T i

* 4 AEMXMREE (B D, 2020)
Tab.l  Table 4 Geological construction in Chengde area (According to Wei Xiaofeng (2020))

Fs RT3 sk i
1 HER it W-BRAr . RP-IERE s
2 WK sh's i K Ao YA o a i
3 IO =gE Wia . Biba . TUR IS
4 T 5 Kt i R RAEM A EiE
5 Kl diG Jea-MECE . e, Rl i
6 FrRE G FIRRE  FAINARRL A i

MR AETT R Z IR ERSRE (E 3 ATk, fERIRE AR (C X)) FAEEM 13, X HE
AIEE (B LA A, XM TR IE N F oA+ TUR WA, 2 M0 R 2 A B H e b 2 i iR £
FARIA TR S A A A, SRR 2 B R o EUEAN A i B X, AR X A 30 1) 25 B de v
BEZBE)N 1.07, KT 1 (& 2). fEHEAERBIASES, W (Se) 2 —FiMMEMmHBUTER GRGH
45 2003), M EERFEAEMAVRE, WMBATUAERERIZ, RIREE DR £ 7 i
B B (Girling et al., 1984; Wang et al.,2001; #7524, 2019), & AT LIEEAN R, wnifadEmn
AT PR /K FBAR S0 R A SCERBHIIT PR GRIEESE, 2019). FREVF 2 & il -5 2 LR B TS
BUIRIR #h 5 N St WL i B A A 8 R AT IX I8 (e s, 2021); Skl X T v ifEAH
BRIR LA X 38 (BRART, 2020); BB HLIX & m ek iia X iR, 2019). Frbl, 7&K{#E
IR G S R TR Y R TR 3628 SR TR A 0% . IR A A A K I b ibk g, JE 4
Gy RKEWRK, FERE Bk A4 Fone o7 (PR PR 26 5 338, R 4 0 il 1 R B4 F T B2 /2 A A
IR EEERE. A5, A RREZFUERRX it A Bl E £ R (R 2). UEMRE
B, mbREAHERCE, BAARIT Se ME4E (EREF, 2021), ATUATEARMEHLIX 2 12 F RkA AR
Ji 5 XA B A LA A

NMAAKRE, AXMREGERAR KSR, FAEMSEARSBR AR fEF, i
TG AL HANT M FE AN, Mot i S 1 2 AR PE . (AT PR AR b4 th] 1 R i X - 43805 1) 4>
ATRHAIE S 338 2 B m AR 1 5. ABEIE RIS (C XD K, FEZ M5 dd B R A
B R TR Al IR AR N “E A R,
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5.2 A 1ERA RIS

PEAE R (A XD AR Z GBI RSN 5, HA/NUEET IR (5D 7 &, HixX4v:
TR BRIE PR (VFIRIEE, 2012). Cook etal (2009) F1 Yeetal (2011) F&HAfinl LASL (FF)
AETEAVEET IR, H R SRR AR B IR S R s . R 3 TR, Xl A RS R A
WiE, RBEIRZ, BAEED, UL I REXT K E R R . e A TR B R
T KB, R 3R I & SR RE SR A R

ZIX g =l A T R R B SRR B I R O . A T AL I R I R Al AR I
SO, PR A B R AR R B A . PR — i R IR 16 1, i E il IR On R A
HRE . LB R AR P X R Z LI EMS (R 5) nlAL, L /ME N 0.41mg/kg,
& KB N 0.98mg/kg, “FH41E 0.52mg/kg. & fili T35 0 2 A S ME AT 3R B (3% 6D, filf (Se) [A]4T (Pb).
Be (Zn). B (Mo). % (Mn). 8 (Cd). R (Hg) TTEMAAWEZME, HY2IEREHRL,
K% 252 WA (r=0.90,P<0.01; r=0.87,P<<0.01;r=0.72, P<C0.01: r=0.69,P<<0.01;r=0.93, P<
0.01;r=0.64, P<<0.01), & Se-Pb-Zn-Mn-Mo-Hg-Cd je &A1&, M5 Hoth o 2 6 B S AH ek .

WA R K B WRESSESRE IR 2 A 2 s, iml AneR BAa AR A 22 14
P 5 URR RS EAE, FURAET Y HmE LR SR c R ArEE —ENEEXR, BoREAEE
FHRAME . A0 A BAE AL TE BRI R A2 T — R B AR A o fAE R T 38 e - RE 5 ¥ 4k
AN, IR SR R B MASSESEITREIN L S IEHRRE R,

BT PE e R R B DAL I A TR, TR ERAT . AR AREVRE . 55, SEvE
LSBT PS54 ( CuFeS? ). BT ( FeS® )FLrkA:, 1RSI (JEFE4, 2020,
Wil & B S5 & B IR S RmA A GRS ER T, Mz X £ B 2T PR
B Rt IR ARV, X ACR A SR S AR >, TR, W SRR . T4
W SR B A TEYVEEN SBR 2 0), Fr DA A A TEYEE 5 2 )

DA b 158 B A Ol I R R A AR T O B IR AL, TR A AR A pP RS A R R, B
R IR AT R . AR X AL EL R (A XD B A I S B S YR R A %,
AT ) R R 2R B AT DAEHE S el PR AR AL

x5 BEUBHHT XM RGIE

Table 5 Soil element statistics in the lead-zinc mining area in Longhua County

JLER NN B/ME SN ¥l ANt T E
Se/10°® 16 0.41 0.98 0.52 0.16 0.03
N/10°8 16 72.00 5966.00 3874.00 1764.84 3114655.87
P/10° 16 562.40 6578.00 1400.09 1445.21 2088635.36
K/10® 16 96547.77 246579.36 206628.17 44717.99 1999698188.87
Ca/10°® 16 8390.50 101986.73 23392.05 29104.36 847063811.70
S/10°® 16 331.60 7092.00 1276.56 2094.22 4385749.64
Fe/10° 16 26485.11 96322.20 40044.84 21897.69 479508864.22
Mn/10° 16 1312.00 3105.00 1899.19 564.51 318671.90
Cu/10°® 16 18.69 191.40 41.62 44.66 1994.93
Zn/10°® 16 97.41 1208.00 272.76 326.23 106428.78
Mo/10°® 16 0.20 4.05 1.16 0.92 0.85
B/10°® 16 2.27 4552 32.23 12.79 163.70
Ge/108 16 1.01 1.50 1.23 0.13 0.02
F/10° 16 359.32 1568.27 583.20 314.04 98623.72

11



Som/1072 16 0.15 12.80 8.29 3.97 15.74

pH 16 6.25 9.08 7.01 0.79 0.62
YXN/1072 16 6.01 540.54 339.53 159.74 25517.82
YXP/10? 16 0.10 29.04 10.58 7.66 58.69
YXK/1072 16 15.15 798.38 389.36 220.96 48825.33

cro® 16 49.15 78.01 59.66 8.00 63.93
Cd/10° 16 0.11 6.85 121 1.93 3.71
Ni/10°® 16 21.90 48.52 28.96 6.99 48.80
Co/10°® 16 8.67 100.60 20.67 26.40 696.78
Pb/10° 16 2.39 2539.00 334.26 734.15 538978.03
As/10° 16 1.07 14.16 8.18 3.40 11.59
Hg/10°® 16 0.00 0.44 0.09 0.10 0.01

6 ELEMET R REX R ST

Table 6 Statistics of correlation coefficients of soil elements in the lead-zinc mining area in Longhua County

JLE  Se N P K Ca S B Ge F Som  YXN YXP YXK
r - 015 -015 005 -010 -002 017 -021 -0.02 -021 -0.15 -0.09 -0.23
P 058 058 08 071 093 053 044 093 042 057 073 039
Jtx  pH Cr Cd Ni Co Pb As Hg Cu Zn Mo Fe Mn

r -026 -0.02 093 -012 -0.02 0.90 0.40 0.64 0.09  0.87 072 -0.04 0.69
P 033 0.9 0.00 0.65 095 <0.01 013 0.01 073 <001 000 087 0.00

rMRAEG p-BEH KT

5.3 JAEFRERA

K 3a EoRTEARTET M E (B X, AFENEEX . XHFX) BANEnA E i, R
IR, R O “TITE PR A 7. o r 2R A T R S P DA SRk 1 A1 & — T T 1 0 £
TS RER — 2B b Y 74 R E L, A S /MEC 0.41mglkg, B KME A 2.86mglkg, “TIAME
N 0.61 mg/kg (R 7). JBREAS[FR BE 3 ) 35 T L3 s R B Eon (K5), 7E 0-0.8m A& & AE
4 0.42-0.66mg/kg, A FE T IEARAE, BEEIREEREG, WA SN 0.36-0.04 mg/kg, BT .

R 7 ABEHABARTREAEEN— SNt EREDIRARSE
Table 7 Contents of surface soil elements on the floodplain and first-level terraces of the Yixun River Basin in the
south of Chengde City

IE NN R/ME wKE HfH PR 2= Ji %
Se/10°® 74 0.41 2.86 0.61 0.41 0.17
N/10° 74 159.00 2926.00 1381.65 513.55 263731.85
P/0*® 74 80.99 2441.00 941.37 445.21 198214.84
K/10° 74 49193.82 289570.45 227101.59 48196.07 2322860843.44
Ca/10°® 74 9355.34 221197.57 26912.80 36120.70 1304704614.85
S/10° 74 149.70 6312.00 527.44 1024.33 1049244.02
Fe/10°® 74 18523.50 113797.20 44684.99 13371.47 178796189.17
Mn/10° 74 376.80 2999.00 810.45 392.00 153660.85
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Cu/10® 74 13.97 7756 36.35 10.92 119.27
Zn/10°® 74 19.19 498.20 104.04 53.57 2869.43
Mo/10°® 74 0.18 3.30 1.39 0.55 0.30
B/10°® 74 15.89 88.31 37.78 8.01 79.31
Ge/10°® 74 0.12 2.07 1.35 0.26 0.07
F/10® 74 375.75 9366.18 828.88 1027.89 1056550.71
Som/1072 74 0.36 8.54 3.13 1.59 251
pH 74 5.70 9.40 7.94 0.54 0.30
YXN/1072 74 9.71 277.22 113.72 50.08 2507.84
YXP/10? 74 0.68 353.40 26.96 55.19 3046.11
YXK/1072 74 35.71 734.80 219.74 131.96 17412.65
Cr/10°® 74 47.96 614.80 100.34 83.62 6992.48
Cd/10® 74 0.01 0.37 0.19 0.06 0.00
Ni/10°® 74 5.11 47.06 30.98 7.98 63.64
Co/10°® 74 8.59 23.16 15.00 3.15 9.95
Pb/10° 74 1.85 95.58 27.85 10.61 11251
As/108 74 0.35 15.92 10.13 351 12.30
Hg/10° 74 0.00 0.80 0.08 0.11 0.01
Se mg/kg N mg/kg K20 % Ca0/% B mg/kg
(Jﬂ 5 0'4 (lli ()' U'I 1‘) | 00 800 400 0 900 800 700 MK) 500 400 32 29 2 K 1 9 I 8 I l 6 I 5 -J'U ?'( \' "4 '4 '(J l):u I('»[J I;ll) I'U I(‘lll x:] (\‘U
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Fig. 5 Vertical profile measurement values of different elements in river sedimentary soil in the southern part of
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NNV

Bl 5 AT EIHE (B X)) T YTAR B 58 7 70 3 1K) 2 i 3 T ) A

Chengde City (Zone B)

B E TR A ST (R 8): MiFEE (P). H(K). AHLUFE (SOM). 4i (Cu) JT&
Z IR B A, R 58 (P). AHUR (SOM). il (Cu) EEZFHIEFI, MHRRE 7
4 (r=0.33,P<<0.01; r=0.37,P<<0.01;r=0.36, P<<0.01), H54f (K) & B & A%, 55 R% N (r=-051,P
<0.0D). MEFEZE (ND. BEfEZ (YXND. £5(Ca). fiii (S). #f (Pb). i (As). £ (Fe). # (Mo)
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TCR BB EFEMIME, Hd 545 (Ca). B (S). 41 (Mo) 2R FIEMIM:, MKRED N (r=0.24,P
<0.05; r=0.31,P<<0.05; r=0.25,P<<0.05), S%& (N). A (YXN). filt (As) 2 EZEFMAHME,
R BN (r=-0.29,,<0.05; r=-0.31,P<<0.05, r=-0.25,P<<0.05;), S#. . . K. &%
TR K. TR Se-P-SOM-Ca-S-Mo Tt & 4H 4 -

TR TR Y TR AE T BN B K A AN ORI JE ,  Bit DADTCRR AR IR B Iy & &
ARG R EREE, B VTR A ARETTRIE CWIEPTIREL” R S B IRE RIR
B, BEEZIX LIRS B S N . W SAENL . Py Ca B RIS, XL TRt
FEAEIE PR 10 3 By o U BATRIIE JURE X Se B E SRR . /i N 70 3R B L3RG AL
JR T CAWR B sl e Al (4R, 2000; EAFEAESE, 20100, AN S EMET, IRt
Wi, S EmSHER. A DTEGRR” TIEEg RS, JoH R IIE M & —%
W EE KA R S EFE, ERASAET, 5a kLIRSS AR R G, FHE
TS R A E S, DU A B A AL, TER T E AR PR, X
SRS P v o o A R AR E F 512

+® 8 Bt ¥ 2 —HF DT REX MRS

Table 8 Statistics of correlation coefficients of soil elements in Chenzhazi Township

JTE  Se N P K Ca S B Ge F SOM YXN YXP YXJ
r 1 029 033 -051 024 031 021 022 004 037 -031 -006 008
P 001 000 000 004 001 007 006 075 000 001 060 051
JtE  pH Cr Cd Ni Co Pb As Hg Cu Zn Fe Mn Mo

r 021 0.22 -0.08  -0.06 0.05 0.15 -025 0.06 036 -0.04 0.18 013 024
P 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

5.4 FHESIMENZINSITEMN

W PL el g, AR X R R Bl S BB, A A, dLE R B X AR,
HH R S XA S AR R TG B AN 5 40 AT S e AR A DX I AR A IR S N AR R o 7R R e
R R P2 AR R A X, SR TR M EA S A . A G RENE. iR E
T prEA. TSR RASRIIER, Bk, RKINEMIXIE, MicRiewRdrEmAak, ReRE
VDT o WK R M — I — A N ARIR B+ R A, RIEE AN, MR, LEKT, 2
JeBFRERA= ML THCE . (IS E R B RS MEX, 7 “HERCEZ 27 2R, SR EEE
AR S H 1 it Y2 R B« 12 X AR SR S Se &/ T 1.38~40.33p g/kg, 137 &4 11.60p g/kg:;
LS FE SR & R AT 0.84~22.64p glkg, “F¥J& & 11.88u g/kg, SHRZERE S Se HraAHIE (fE#H 7
AR B WA SFrdE (DB36T 566-2009 & DB42/211-2002 %), /K5 Se & #=0.01mg/
kg Bl JE T & Se /K. BEvtE &l & &bl (DB 61/T 556-2018) #ile B & WibrifE v Se &
#2>0.02mg/ kg, EfifitritE A 0.010~0.015 mg/ kg. 1, 41.67%H ZERE SHIA B2 B fibrvE, 8.33%
(IR SR s B R & AR 57.14% ILAEFE R A B & ik Fbrdt. Bk, %X EIEE )RR
5, BHKRBERRZFERRMH, AR CHRNIZX LB REM 2 M REM A EZ >,

HEh, R ERICR, 5 ANRERETIAEG, S SECC LR K RS TR
PRAE, TEE I NARFE . e e — R EASER 5 PO U, AR AR L IX O A H A IR
1758, Y2UORERIRBERRERAT, WIES, MEBMHEX ARG AR, 5t A
X 50 F4RZ 80 AT A St v 1lig 12191 N, FET 4367 A, Jist# 35.82% (HEI-FKEE, 1995).
TAT R A SR s L SO B 1 B R OB B (855, 1987; #ILAKSE, 1995). ASCHE
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TR B R, JUHRMIE O il S BRI, 8T se MY, IESEIMEAR se A5 T
FEHTTRRAT IR IR L

(1) 7RAHHh X % 2 L3 b il 5 F fe/IME 4 0.016 mglkg, 5 R{E Y 0.743mglkg, ~FHAME A 0.17
ma/kg, LIRS Ay A E TS R 12, ATz Y

(2) ARGEMIX IR S E T E kg T B, AR LR P T s iE . e B R
(A XD, RMETFH (B X)) G BHFIXD. BB AR (C X)) Sl Z &SR . &
Wi U C X T “ A AR, 5EiEm iR AR e R i s ZHEH K B
DT R PEAERL”, SEREERT R I AR TP SRR 1 P O AR R S R B A R A R
A XJgT “WRETURR”,  SRTETIR R Tl A 9KEl . AU R R A R

(3) REEFIE IR MR ORARTE S, AT DMER YA, IRIPRIEYD L, 0 ARSI A G
TERT, ARER IR A R MR A TR RRE S, ALFREI B AL TARRIMAEE, 2 51 5 Ll S5 1 7 9
TATHIRIERZ—
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