Cr5 505

Eco-Environmental
Knowledge Web

~ . o ~ ® o ~ < o ~ . o ~ . ~ . @ ~ @ @ ~ ® @ ~ . o
P A T I T e A T e T e A T I T T A T I A T e

B i RERSRESHFEARHD
2022% 1R

$43% F 18
Vol.43 No.1




w % # 3 W43 % 1

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 202246 1 A 15 H

H &
A R T TR A8 BAE 5 MU T -+ oveeveermereeemeremee st YU, MLE, HHE, Y5, k7 ( 1)
*E%iﬁﬁ%ﬁ”#i%qjﬁg%ﬁﬁ?ﬁ%ﬁ .................................................................. }%%7 f%ﬁk, ﬂ%ﬁ’ %éi%, Ef?i‘:li ( 11 )
%?’%MEE‘Jﬁzﬁﬁﬁ&iiﬂﬁﬂ%ﬂ%&ﬁjﬁﬁﬁf)% ........................................................................ Egﬁ"@$7 %j@?, ?5, %ﬁk ( 26 )
R[] B R SRR X TR A TE BATE TSR B Meta AT <vveeeeveeermeermmmemminesne st WEF, WEH, BEH, CRA ( 37)
Jt?ﬁ@fﬁmgéz{ﬁ@%ﬂ;&"’:ﬁ{gﬂi%%gﬂ%&E{ﬁﬁ:;’g(}g%*ﬂ ..............................................................................
............................................. ﬂ%%’ E%’ ;(Jjg, Hﬂ$, @7\71, [%}%, \Fi]/ﬁ, ;H:ﬁi%’ ﬁﬁﬂ, %@‘%"‘—, ﬁﬁi, Tf%z? ( 46 )
RO TRT PM, o /MM TR BRI oo HE, AD, B, U, M, BEE (6 )
SEIRTT PM, (525 S S IE TR BT v Tiek, K, BHF, EHA, AXE, FlOL, RS, BRI ()
*@Kﬁﬁ/v\%*ﬁﬂ:*m PMZ_S:gﬁét*@'ﬁﬂﬁﬁﬁ ................................................................................. $ﬁgﬁg7 %:\7]%’ )EX ( 85 )
LR PR e T BT e 475 e LT ) S EER, WA, REW, 4%, THE, BRE, BK (93)
FERGHB X KL Tl KRR KB A, VOCs 5 P AE JL BRI  -veoveeemeeeereeeseesme e
..................................................................... ?Fi, gﬁﬂ_, —gﬂ{%’ %»j&r’“’ %ﬂ’ ﬁﬁ, %%, ﬁ]gq’—,;ﬁ, )%;E}@L(’ %ﬁﬂﬂ@( ( 102 )
RLBE AT VAU AL RAFE | 1 L RRTRRAT -oovveverssmnenensscsnnn bk, BE, RAZ, RS, KE, A#E (113)
BUM COVID-19 JIB1 KT VOCs (RBUMICEILISE -+-ovovevevevesessssvennen #ie, FEH, ABE, BIL, HE, HE, EF (123)
i@miggéj{/ﬁ VOCs E;’%’fmib&é*ﬂ@f’ﬁﬂ% ...................................................................................................... éﬂ. ( 132 )
HIIATBRA A VOCs BEIEBIL O, F1 SOA T -oovvvvveveeee SET, 2%, S04, BDY, A, B, THE (140)
B PR R UL VOCs HERUEHIE SHERL R T «vveeeeemeeee e BT, ERE, R, BN, E8, BB, REg (15)
A FHIL = S SRR SERIIER oooveereereee (AR, BE%, REe, TRE, 78, THX, T5H (160 )
TR T T S 4TS Y HE J BRI ZE AT o veeveeeeeereemmenmmmie et W&, BX, TFH%, T, aEE, £5 (170)
TR 2 TR R V5 AR B oo VR, BHF, LHR, AFF, T, K¥E, Wk (180)
IR B TR ORI TT JLARAE  «ovververeeree ettt FHE,EAT BT A, FLdk (189)
f§%*(ﬁ“ﬁj&}ﬁ%ﬁ[§%*%%[ﬁ”ﬁ?f%milgﬂ(ﬁ;ﬁ{ﬁ ............................................................ 51‘(#, EZL_\Z’E, gﬁﬂﬂg’ Ei;lg ( 199 )
TR TR AL TG YRR BRI ASY < evvvveeeee RRF, B, HEL, FEH, KF, @8, ZI, AL, T8, LE, 44 (210)
%%{ﬁ“}ﬁhﬁi&%7kiﬂ}‘7kE(Jﬂq’h:_:},ﬁ##?ﬁ&ﬁfﬁu% ............................................................... ?;}3%7 %H}E, EX%@E, glﬂ\:‘ ( 220 )
PRV I S M X URR ) TR 1 o 2 B 15 SRR B KB T ARy oo WXE, Z2aF, KE—, KGE, TAA, THA (230)
IV O SRR MR R DU PR RHE S BRI ICTR oveeereereeeens A, BHE, B4, MER, AKE, THE (239)
JEHTTAIZ WK R Sh P i Sk R AR B B F 19 6 R SRR BSAERETTAR v vveveeeeenens AN, AN, X, ERT, REFE (247)
j&fﬁ@‘ﬁﬁiﬂ( %&ﬁﬂ(@i‘%#ﬁ[ﬂ?)ﬁ{ﬁﬂfﬁﬂﬁﬁ ...................................................... Xd/i\‘f, ﬁ}ﬁ, fﬁ%&ﬁg’ [&]35))2%’ g[gjéq'—_ ( 256 )
%’:J»”%;%@ﬁ%)%ﬁﬁ]\%@IK/?JJ(_J:;E;J(;:P DOM %&@ﬁﬁ ...................................................... ?ig% , ﬁ/;k\, %rqﬁ%’ ?qﬁ% ( 267 )
%JII%}UXW%%@E%R%&@Q/ﬁ%%ﬁﬂﬁﬁﬁ ......................................................... u1—4$~§’ g%ﬁ’ %ﬂ(/&’ ﬁg)}, %j};ﬁ: ( 277 )
R IR B A B I DU BRI oo ez, R, FHR, B, UKRE (285)
ORI ERS SERKIAM SRR o MR FEMAMGRER - R, 2T, 224, £, TWE, fHe, 2@, REE (295)
A IK RN EH nirS TS AL T BEERAE AMHT  ++eeveerversrernemsesmmenme sttt et ettt e
............................................................ ;{gﬁ}é’ %;é}ﬁ(’ %rﬁx&‘}, %p]:f/]ﬂk, XIJ@LX, éﬂﬁ, /ﬂﬁkﬁ‘i, éﬁ/ﬁ, 3’—?%% ( 306 )
K OB L P BRET I A AR woovvvvvevvevmmennimnnnscnn KEH, BBZ, ke, BB E, £#A, B (314)
T X T K4 B T AN B E B KBS AL oveeveerrereeememmemmeene st Tk, HE, %% (329)
M IRHEAL = N A BT KA R BN 2 LUBRTE = O covvvssssssnnon BRA, AR, HEE, Ak, £ (339)
£ = — IR AR TE X X KRB 1 22 il PPCPs (20 B A B AE B KU TEA v eeeemmemmmne e
....................................................................................... gﬁ%ﬁgﬁ &*@:F, M’i%‘%, ﬁxfﬁé, ?ﬁ)}%%, /f\;@{:, %ﬂ!ﬁ ( 349 )
TR BE ) B A 209 i 22 IR [RI 2P 23 AR AR AE 5 UR IT A <o e eeeemerenemneeeneeeins BRI NHE, FRE, EEE, HXE (363)
HeTy i AVA AR UK R A AR IR AR - 20, HEE, TH8%, KEE, X2, A, ReW, Sk, BT (369)
SR DK M BT K-SR CO, 8 S TS H B MBLI IR oveeememememeeis RE, MEEN, TWA, 78 (377)
TIIREAL MR IR BB F o 5 B O 1 45 B BE/K T P * R R AT Bl 4%, Rait, SEL, #afl (387)
BRASB AW ZGOKE IR DL AR BRSE S R BAETA e R, FH, &, BIE, ARE (398)
W B TEHUE A E MR SR A MRS ALEREE e eeererm et AR HNE, FEE, BRE (409)
VLS ANAMMOX A: M T2 B LR 5 B RELE R AT oveveveeeremenesssen e, I, Tk, T4, BR (416)
BUBEG ANAMMOX V5 R I MRS (50 B AR < ooveeenenvseerenneneenns FERX, ik, FRE, R0F, B8, BER, TH (424)
BET PMF B8 775 L1 XN T 3 8 S 2 W0 A0 BORARARAT ovveeeeeee e AT¥H, a—%, T4%, G0k, ke, 438 (432)
Wb SR BRAKE DX o T - 2 4 S 5 SRR AR BB MUY +oeeveeeeeeeeemsnenieieisii R, MM, 2A, BR, GHEH, AR (442)
P AR BIRR B A b FH T I R [ v e veeemmenmessmenie et MR, BAH, EXH, TLE, EEH (454)
%aﬁ DGT ﬁﬁﬂ@fﬁﬁ%ﬁiﬁ%&ﬁﬂﬁ%ﬁ%iﬁ? ................................................ %‘5})&(, \,g]/]g);] , g‘,ﬁﬁ%, éﬁfﬁ, F}f[’ﬁ]m ( 463 )
e g DOpCE i A AT TE D (i Bkl T, ENA, BUNT, £%, LAK (4n2)
BT SEXHE S T G R AR | AR R BURRAE B AR MR PR «eeeeeereneees FRX, IS, W, AR, KEE, X, W04 (481)
LB AR AR 1 - S 3 b 2 IR YRR S R KB DAy e KEH, B4k, EaR, K, BN, TAW, K&R (490 )
TN ) P L o P b - A O DL 2 B R IE R R U PR oo Tl BEX, A%, Hhk, t2W, BR4 (500)
i%}%g%xﬁj}ﬁfﬁi%ﬁ_%giggtmEg%ﬁu[{ﬂ ................................................... glgj('%’ %;\%7 ¢1/E§F, {%%‘}%, ;]%ﬁj;]fﬁ, 22131*& ( 510 )
KMHAERT 85 5B SR M LA BUE VeI R e 20, BN, EARW, RUB, Hes, TER, NEH (520)
LR AR AR A R LSRR RO AR SR - 2B %, RRT, KB, Hlbh, EEH, £XF, BHE (530)
PCIEFIA DUIEFC I LE Wy o + SRR PR A DIV s - U8, &k, BARME, BT, 228, #%, 7%, &% (540)
ZWe b BRSO I S A R D T SERUEMCBHRE oo B, RS, i, K, RE, KL, TEH (550)
ﬁi%%ﬁ?iﬂﬂﬁﬁ*‘l%ﬁ*ﬁXﬂLi%‘ﬁﬁﬁ\ /J\ii{ﬂﬂ?@é}%ﬁz%ém%ﬂﬁ ...........................................................................
............................................................... W%, TAM, T4%, HEE, T7E, 4, MaE FHs, #F2 (560)
FEFFAR XN - K I 3B TR . 0 CHE BRI A BRI L IR BAIT ovvveveeeseesmsemssi e
................................................................................................... ﬁ/J\;fﬁ, ﬁ}q/%, %i@ﬁ, g/gg, %%f’ i ( 569 )

(REREMVEITIRS(73) (R ERII (209)  fFE(229, 266, 338)



)
IET-HUFE‘ In BB R = 554335 5B 1 20224F 1 H

Eco-Environmental
Knowledge Web Environmental Science Vol.43,No.1  Jan.,2022

ETPMF ZETREUR/MNIBTIEEEEZE S
o K SRR R

BT822, Aa—ui', E4a°, m/hE?, Boieg'? ) shies?

(1.?Eﬁ%1&ﬁﬂ%5ﬂﬁu%rﬁ, I 7500215 2. ?Eﬁ%t?&%f* B, &)1 750021)

. ORI R LI XN S 4 R TS Y o AT R B SR TS R U B A R R . SR AEIFIE T 260 ERJZ (0 ~ 20
em) HIEFEFHTE LS Pb, Niy Zn, Mn, Cu, Cr fl Cd. & F 7 2 38 S8 , i A F A Nemera 2G5 50T HIRE &) 15
YR, foft P A A 2 XU 8 500 A 25 B XUBR /K ST A4 T 1A, R I 2 4 A R 7 4 M i ( PMIF) Al Kriging SR {BLARSS & 00 7 7k
34T b G Jm 2 6] 3 A KOR TR, 45 RRH, o(Pb) | @(Ni) |, w(Zn), @(Mn) , @(Cu) . w(Cr) Ml o(Cd) B{ESHH 31,42,
36.22, 62.89 . 546. 18, 22.26. 61.90 F10. 18 mg-kg ™", B Ni &b, HAITE M LT 2 585 Sl , (HAR T A0l 3875 e X
I 26 45 A o R % € 0 B S5 0 AR U T SR {H. Nemera 255 F8 8RB 0 B | b B N I O 4 TR V5 U o5 LA 0Nl 71 92%
19. 23% il 1. 54% . #1E A= SRS LUZ SORES: 0 3, B LU 98. 85% , IEAMEAELE M A bk v 45 W e A A5 XUBR bt 2, o5
FE R L. 15% . R U5 AT 28 B 77 B LU X/ 3 0 18 T 4 J 3 ke U A e I R T HEBOIR A TR (12 6%) Zukﬂ’*zdwﬁ
(23.5% ) FARBEIRCIR (27. 6% ) A A W IT R HERCR S IR (17. 7% ) AR ORI T8, 6% ) . ; 71
LR TSR WEA SIS ; R T4007 (PMF) 5 25406 ; 75 WA

hESES. X53 XEFRIEE. A XERS. 0250- 3301(2922)01 0432-10 DOI: 10. 13227/J thx 202105128 —]

Spatial Distribution and Source Analys15 of Soil Heavy Me,tals in\a Small Watershed in

the, Mountalnous Area of Southern Nlngxm Based on PME Model
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Abstratt; In order fo ascertain the distribution chalaelerlsﬂfs of soﬂ hea\"i metal pollution and main pollutlon sources. in a small watershed in the southemn mountainous area of
Nlngmg,.and 19 ensure the quahl) of the soil environment, the ¢ontefits of heau metals Pb, Ni, Zn, Mn;*Cu, Cr and Cd in 260.surface soil samples (0-20 cm) were
collected and determingd. Based on the soil background value in Ningxia, the- 'smk_l;eaiy metal pollution status and potential ecological risk were evaluated through the single
factor index,, Nemera composite index, and potential ecologlcal risk index;~and the method of combining positive definite matrix factor analysis (PMF) and Kriging
interpolation‘Was used to analyze the soil heavy metal spatial distribution and source. The results showed that the average contents of @(Pb), @(Ni), w(Zn), w(Mn),
o(Cu), a)'.( Cr), and @(Cd) were 31.42, 36.22, 62.89, 546. 18, 22.26, 61.90, and 0. 18 mg-kg ™", respectively. Except for Ni, the other elements were higher than
the background value of Ningxia but lower than the background value of agricultural soil pollution risk selection criteria and green food environmental quality standards. The
Nemera composite index showed that the proportions of mild, moderate, and severe heavy metal pollution were 71.92% , 19.23% , and 1. 54% , respectively. The potential
ecological risks were mainly minor risks, accounting for 98.85%. In addition, there were a very small number of samples with medium potential ecological risk levels,
accounting for 1. 15% of the total number of samples. Source analysis showed that the main sources of soil heavy metals in the small watershed in the mountainous area of
southern Ningxia were mixed sources of fertilization and industrial emissions (12.6% ), agricultural activity sources (23.5% ), natural parent material sources (27.6% ),
mixed sources of pesticide use and mining development emissions (17.7% ), and atmospheric deposition sources (18.6% ).

Key words: heavy metals in soil; potential ecological risk; positive matrix factorization (PMF) ; spatial distribution; Ningxia
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2.1 TIESHESESTEMRIEST

THILX/NEEEZ LIEEL)E o (Ph),
w(Ni), w(Zn) , o(Mn) , (Cu) . @(Cr) Ml w(Cd)
IR 31,42, 36.22, 62. 89, 546. 18, 22.26 .
6L%ﬂammg@%%3xmﬁi%%ﬁﬁ§
oA I M5 Y KBS A 2 AR HE (GB 15618-2018) , ifF 5%
IX 44T 4 J 0 3R 3/ T AN A e TE G AR T ok
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FRLRRUE (NYAT 391-2013) , Bf o (Ni)A @ (Zn)
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S R T MESEYE T ERE R, AL
FERBK/NHF.CA(0.50) >Cr(0.47) >Pb =7Zn
(0.37) >Cu(0.32) >Ni(0.29) >Mn(0.23). i
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Table 3 Characteristics of heavy metal content in surface soil of the study area

- fe/ME I ON ;1 FHE i ez TEWEME  GB15618-20181 NY/T 391-2013
LE /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! BRAM /mg-kg™"  (pH>7.5)/mg-kg™! (pH>7.5)/mg-kg!

Pb 1.52 61. 66 31.42 11.78 0.37 20. 6 170 50

Ni 1.54 89. 85 36.22 10. 42 0.29 36.6 190 —

Zn 2.65 248.96 62. 89 23.30 0.37 58.8 300 —

Mn 22.06 1 049. 09 546. 18 123.85 0.23 524 — —

Cu 1.44 72.26 22.26 7.15 0.32 22.1 100 60

Cr 0. 40 187. 18 61.90 29.39 0.47 60. 6 250 120

Cd 0. 002 0.53 0.18 0.09 0.50 0.11 0.6 0.4

1) “—" FIRTARMEN ; GB 15618-2018 11 - € - SEFR 35 it 1A FH i - TS e X

HbFRHE T e
2.2 +HHEESIEG YT

MIETELETFEITENAESBICR
PRl Py ANZE 4 TR 4R R T ME SRR

SRR AR LTS Y MR TR U NY/T 391-2013 : p (B i)™

TR I XN R Z BN ARG, 7 fhE
GBI B MR S et 5, Hod Zn, Cu, Cr
A Cd T BV YL RE A A7 BRR SBUE A He o il
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Table 4  Percentages of sites at different pollution levels

NG5 B FONRE 5 LU %

- YE YL

LR R Tay TR T TS R
Pb P; 15.77 6. 54 61.54 16. 15 0
Ni P; 13. 46 38. 46 33.89 1.15 0
7n P, 3.08 22.31 71.15 3.08 0. 38
Mn P, 5.38 34.62 59.62 0. 38
Cu P; 10. 77 38. 46 49. 62 0.77 0. 38
Cr P; 21.92 26.92 47.31 3.46 0.38
Cd P, 18. 08 8.85 38.08 31.54 3.46

Py 1.54 5.77 71.92 19.23 1.54
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IR ja%ﬁzj:rl 34 145. 36, {7 TR B 3 A L
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A Zn FEVE RN 1, Cr BHER K2
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B 5 2 e =
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(18 H S A 2 XU, 25 G R o, A R A B
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Table 5 Classification statistics of potential ecological risk index of heavy metals in surface soil of the study area

o N o AR
A S35 T o T - o T

Pb 0.37 ~10.97 7.63 260 0 0 0 0

Ni 0.21 ~12.27 4.95 260 0 0 0 0

Zn 0.05~4.23 1.24 260 0 0 0 0

Ei Mn 0.08 ~4.00 2.08 260 0 0 0 0
Cu 0.32 ~16.35 5.04 260 0 0 0 0

Cr 0.01 ~6.18 2.04 260 0 0 0 0

Cd 1.34 ~145.36 48.90 98 140 22 0 0

RI 12.95 ~173.23 71.88 257 3 0 0 0

2.4 LEEELERIEEAT

KH PMF 586 77 g L X /N i Sk 4 3 o 4
BEAT SRS AT, B BUHE 5 A EPA PMF 5.0 % F)5 ,
WE N TFHE MRAET, o 2 8 2 0 R 7800
VR FAT 45 FAR A 25 ), AR 5T i 3 ~6 4>
HWrEtfr 2w )n, e TR NS i Q

(Robust) 55 Q( True ) AHIEIT , 3L o (H S5 AR Fim)
(HZ R AU A ROR , B sk 2240 F -3 ~3
Z I8, BRI 6. N AT BR Ni 1 Zn JTR BY4UA
i<k R* H0. 569 6F10. 539 15h, At KA thk R
BIRF 0.9, 30 PMF B\ F 4 At BT sl R0y, P
B A SRS S i b B SR 5 8.
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Table 6 Results of fitting observed values and

model predictions for elements

TR EEEN T R?
Pb 1.00 -0.05 0.998 8
Ni 0.55 14.75 0.569 6
Zn 0.49 33.94 0.539 1
Mn 0.99 -0.40 0.9533
Cu 0.85 3.15 0.9279
Cr 1.01 -0.79 0.988 8
Cd 0.97 0. 005 0.986 6
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Fig. 2 Factor profile of heavy metals in soil from PMF model
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Fig. 3 Spatial distribution of soil heavy metals in study area
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