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Abstract To reveal and clarify the heavy metal pollution status of brackish-water lake wetlands, we
measured and analyzed the organic matter (OM), total nitrogen (TN), total phosphorus (TP), nitrate
nitrogen (NO;-N), total salt, and six types of environmentally relevant toxic and harmful heavy
metals (As, Pb, Hg, Cd, Cr, Cu) from 9 sampling sites in April (spring), July (summer), and October
(autumn) and January (winter) 2018. The results showed that content of OM and nutrient salts in
sediments were larger in locations with substantial human activity (Lake Center, Bird Island, and
Bridge #2) than that of other regions, revealing that human activities impacted the spatial distribution
of nutritional salts. Summer had the highest levels of total salt, whereas winter had the lowest levels.
The OM, TN, and TP levels were highest in summer but lowest in spring, whereas the NO; -N values
were highest in fall but lowest in winter. As, Pb, Hg, Cd, Cr and Cu in the sediments of Ningxia Sand
Lake ranged from 8.83 —13.55 mg'kg”', 16.61 —21.71 mg-kg"', 0.02 —0.08 mg-kg™", 0.02 —
0.46 mg-kg', 51.16—66.54 mg-kg ™', 14.67—24.42 mg-kg', among which Pb and Cd were above the
background values. The single-factor pollution index of six heavy metals was all less than 1, and the
ground accumulation (/) index of six heavy metals was all less than 0, suggesting that the sediment
quality was satisfactory. While the single-factor pollution index and /4, index of Cr, As, and Pb were
higher, and the geographical distribution was quite high for Holiday Inn, Lake Center, which required
further attention in monitoring work. The potential ecological risk of heavy metals in the sediments
of the study area was all medium, whereas some Hg and Cd sites showed strong and medium
ecological risk. These results indicated that the ecological risk of heavy metals in sediments of Sand
Lake was mainly caused by Hg and Cd, and the high ecological risk areas are mainly located in
Holiday Inn, Lake Center. Correlation analysis and principal component analysis revealed that the
pollution sources of Pb, Cd, Cr, Cu, OM, TN, and TP were similar, and the main sources were
anthropogenic and natural sources. The anthropogenic and natural sources mainly contributed to the
main sources of heavy metals in the sediments. This study will support the pollution status and
potential ecological risk of heavy metals in semi-saline lakes and provide a scientific basis for water
pollution control.

Keywords Ningxia Sand Lake, sediments, nutrients, heavy metal, risk evaluation.
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WIVERS T AE 3 M DX A AR, 95 AT o AR AL SR AR P IR S5, R A S e 5 p P AL M X
HATHZAPE 0. K WA, SOPR 0 RUSIK I, 51K 0™ A BETE 1—35 ¢ L™ AYBIA, oK WA
A AR AR AR B, 1 T 3 45 e R o FOIR T RKBA YT, PR AL L X9 22 LA
KA T, JK B R A, MR R HEMERE 1SS, B 2 NI S A A AR AL A S mi e L T
DI M A P I P R DX, R R AR R R AR K IATE , T T R B A A AR A A m] sk
AR IO U1K AR A PR M 55, B A~ I T B T B9 oy TR A B | K SR B S R W T A
FHEAEIN R, SEGE RE SR ERIEA T U, S0 2 RO R AR DU /K S A 2 A R S AR WA R
Vi H R W R DU T, TE4E A5 T, 23 ) KA P BRI, R P 75 G, [ I X EE G 3 4
FAARREME, RS R GE AR . YR, R B TS B TR IR AR I Sh A ) Z R
P72, S0t T A < A L TR T T i 4 A R S XU AN Y. 2014 4F E A 8T 2 XL
FRY 3 Js AR R AR 23 A, (LRSI T B ELR 7 Vb W DORR Y v o 4 Jm ¥ YRR Ak . P e AU R4 7
o

ASBIFSE 8 3 s I V) 3R 2 CAR ) ) SRR b A s i, AT BRAL b R R 8 SR 114 4% 8] 20
fiE, 32 P PR 735 Qe B0k . AR R B0k R e A 25 XS 8 K50 45 22 b T BOH U AR ) o 42 J 45 e
MEZEAT VR Ao Ar, I3 2 AR Sk 0 A R T2 i e A X DORR ) v B 2 S 5 8 FR SR AR DG SR R A
ABEFEXT 8 7R T IS DU E S Ja o A I L, s A Ts e Biiih B T EHE S 8 X

1 MRLE5 7 (Materials and methods)

1.1 WF5RIX Ik

TR AR IX (E 106°19'6"—106°24'10", N 38°45'17"—38°49"42" ) {vf F-4R )1 3 J& rh L34,
B2 1 2R O R KT, SRR A B R 6 S /NBUIYA . K U T AN 3498.39 hm?, MR 1093—1102 m.
A T B AU g R i M 2 W o BRI, AR RSN 9.75 CL ARREUK O 1747 mm, 2T TE
6—9 H, 4E7E kK N 1400.0—1600.0 mm, 2K % 2.2 m, RN 4.0—6.0 m P 7 E Vb1 E KRR
DXASE 61| DT o 2 b g s B, MERR T ST I T, T AR HZE S AR YD L B R AE M) IR
He, HUTH = AR 1088—1110 m, I% BEF-27, VAR RS, +50REL . W B AR B g ks . v 2 B
4y 3 T8 0 A 40 90 XUEE R R BT, SR EL AR ZREME AR KRR SR IR TSNS L AT e A S R E
B kS Z AP I e,

1.2 RS A TRIRE R AR

HRAE T VW K S A B B 9 AN SR A SRR 1(ST, 1 S BRHL), AR 2(82, 2 SRS AL, R
FEAT 3(S3, 3 SIESHL), RAE A 4(S4, BB A K ), SRFE A 5(S5, W0 ), RAES 6(S6, 517), K
FERL7(S7,2 50 ), KA AT 8(S8, i HIJE A ), SRAE 53 9(S9, 1 Sk LM, anf& 1 frs.

T 201844 H 18 H(F).7H22H(E). 10 H 25 H(Fk). 2019 4F 1 H 23 H (&) HIES %R
Je 4% (PSC-1, RV TH AR 1/40 m*) KA R 2T (WREEZ) R 25 cm), H] GPS Fi & AR A AL, B DR R
Hi S AR [R]. B SRR BT ] L 8:00—11:00. BN RAE SSUREE 3 A FATHEN, LRSI 5 IR SoA e,
RA TG A B ML R, —20 C A7, REMTIRY E T B mGE XU i 77 T T 141, wFEE 5 i
100 H i J5 45 H.

1.3 Ky k

HR A € A Ak 2B 7 i Y24 i 5 i, e ORI 1) pHL, A ML (OM) . BVA(TN) . B (TP) .
AR (NOy-N) S Eh i & . 4 8 &% & (As. Pb. Hg, Cd. Cr. 1 Cu) #& M AH 3¢ B K 45 #E
(GB15618-1995, GB/T17141-1997, HJ491-2019)il] & .
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Fig.1 Locations of sampling sites in Sand Lake of Ningxia
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Table 1 Soil background value and toxicity coefficient of heavy metal elements

i H
Ttems As Pb Hg Cd Cr Cu
TR (mg-kg !
Ea}:’k{ieﬁgviuz 11.40 27.10 0.04 035 58.10 22.70
g RE
FHER 10 5 40 30 2 5

Toxic coefficient

1.42 MRS EIEN
iz FH Muller™ 22 H 1) 3 38 R FRHE 80 (Geo - accumulate Index, Jye,) 8 i T° Z TR 4 J& 15 YL 1 5E
AR, AK(D):

Lo = l0g,[C;/k % C,] (D
C T i & 1 S C, SRS aR B S, AR AT BV Wi e = F I (EE
55 L AT B o0 L S b S LTS Y BUIR D, kR 1.5; 4 Ly, PTASTUBUNTS YAREIr M LATR 7 251 1,,<0,
T30 < Lpeo<l, BTG Y5 1 < Lo PTG Y 2 < Loo<3, IR EE VG Y3 3 <o <4, FEETG Y45 4 <
Toeo<5, PEHLTG Y > 5 T HTT Y.
1.43  WAEAESKRIEH 7%
K H1 Hakanson™” 75 ¥4 TURR M) o 455 Ja 75 Y i O ATV AR A S U, 22 30an(2) L (3):
E. =T/ xC;/Cj (2)

RI:iEj (3)
i=1

Horh, BRSSP T A AR AR A KU A 80 REE T A A5 KU 48 8 T, =50 0 R EE s 9 22 R G
C R UURRYI R ER i e  J B SN s G’ D8 o e 5 Ja B9 18 SR (L. ASWIFSE BT SR A B 4 7 S {FD RN
BEVE R RO 1. H G R IR AE R A5 XU R JEE PP s v L% 2.
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Table 2 Potential ecological risk assessment indicators and classification in sediment

Plisgizgid LE A Gl AR5 ik
Risk index Slight Medium Strong Very strong Pole-strength
fo sk ZE(E,) E, <40 40<E, <80 80<E, <160 160 < E, < 320 E.>320
A SRR E(RD) RI< 150 150 <RI <300 300 <RI < 600 600 <RI < 1200 RI>1200

1.5 BdEsr i
ARG A H Excel 2020, 352 PE 43T . A0 PR HT #1 3 4353 B>k I JMP Pro V13.2.0 43
Br, % Orgin 2021 4[4,

2 515308 (Results and discussion)

2.1 DI ERAL R

X7 BRI A RAE S DU B PR AT 0T (18] 2), 25 SRR B, 7 B VD45 RAE A3 pH (EE B R
8.13—8.79, F-HI{H Ay 8.41, S0, 4B 25 [0] pH JC {35 25 6] 40 A #a %, FEAS [] 22747 1] JC B & 22 5+,
ULHH pH Z AN FSE /N, FEAZ WA B SRis 8 5 TTRUE s .
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= H | KH | CH od | e g
dilrElclatize el 5 15
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Fig.2 Physical and chemical indexes of sediments of Sand Lake in Ningxia

OM J&EFEY AR, XA B E R ICR A VIR P TR . 0 bk 2 5 224E 2. SRR ST
Y OM & & [l 10.34—35.27 g'kg ™!, “FHMEH 20.50 gkg . ST & F W F R E IR E, A
26.66 gkg', S8 K E L SRR, SN 16.06 g-kg . ST RAEE M KR AKAERY, AT OM F
ROEB(TH)I)OM S, Sk 2380 gkg!, R4 ) SRR, SEN 1734 gkg™, KU TH
IR FURYIE YR EE, IR, TN AR 0.37—1.79 g-kg ', TN @4 F-54{E 7 51 4
1.06 g-kg™, Hirfr S6 & Z= P & i, it 1.54 gkg ™', SO BT R RAR, SN 0.73 gkg™ .
HR(7TH)TN SamEh 1.29 gkg', HFF(1 H) S KN 0.62 g-kg . TP {EFI7E 0.40—0.83 g-kg™!
Z ), SFHE N 0.62 gkg ', Hird S6 & 2= 1 & i ey, N 0.75 gkg !, S9 A Z P HEARAR, &
HHR057Tgke! &7 H)TP S EimE, SN 072 gke!, HZ 4 A) SR, S8 M 0.53 gkg .
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UURR Y A MR A DB 32 2ok B KA b A= g HE 40 LA e AR W 54N, S6 A T 15 1, A W HE i
2, I B AL TR W X 32 NZETE S 52 K, S6 RAE fi45 215 TN il TN FBE & | m . DLy
OM. TN Ml TP & ¥ TER T HRAL, H A m. BN ZRoK IR R, 7K R 52 e TR A7) 0RO
BN R Z —, Wi B ZKIRTEE, AP0 s s, Smxh ik e sh, ik & A Ak Fn i Al A6 454
PR GO v A ) 55 A 1) 6 20 T 2 AP0, A 53 2 17 S VD WA R R Rl T R S Bl 5 P AKOK U
HEA T BRI X N, AR 2R K D, AN RS IR SRR

BUAWINOS-N Fr 846k 1.34—12.36 mg-kg ", FHIME K 5.8 mgkg . & RAE HNO-N & i 25 48
K, S2 & FTF-EMAERAL, &% 54 2.00 mgkg”, S7 & T V4 EEm, &8 K 9.54 mgkg . EEER
R ST SR A 5 SR Ui DX Aar AR RS R Tk, 52 AN E0E B TR, T S2 SRAE S B i IX e, A 3
PR/, #cZF (10 H)NO-N Sitm o 7.58 gkg, £F(1 ) SR E A 3.91 gkg™'. ZFFhK
8D, NI SN IR A TS G, 2 4 R EE B 1K, AR s A 240 T s AR AR FHD8SS , 3L
DURPINOS-N B i3Ik, 5 R S B K3 2, W15 s, fiNOS-N & it .

FR A T 55 HE A5 B IF TR 45 3, 440 B 0 R, T8 (it b R B 3 BV I U B 4k B i AR ALY L Ry
0.11—2.62 g-kg™, FHME R 1.12 g-kg ™, S5 F1 S6 RAE 5 4k & & T HARAE S, 2510 1.64 gkg ™.
1.44 g-kg™!, W X BUR RIS HAA —ERE e B3 07 A) & aim, 'R 1.65 gkg!, &
Z=(1 H) & ik, &5 0.66 g-kg .

Ji SF R SE 45 R 3R W, [A]— 0 b OAR W B A o 25 S R 52 N ZSTG s 52 i B, B 58 b A2
T B R B X I (S5, S6 A1 S7) UL H OM., TN, TP FINO;-N /& T HAh X 38k, B2 | FkF P
OM., TN, TP, NO;-N FI& & 8K &, HFF . LB ERK, BEIEK B ARG I, A
TG YR, I DR AR TR R A SRS AR I BV R B DR, FLK IR &, SR AL W T sl
S, XTJRC U AR S B I, A B T DURR Y v A W SR A R A i Ak RS2 1 S 1 R 1 20 I A AP, R A
OM, TN, TP FINO;-N F & Tt i, HEFEMA KA, A#EEH MG Y0, FOKIREAR, I A . B
BRI I, AR ASNEE R AR T BV IR S R R E RN E.

22 E&E AR LS R
221 DI E SR & o

TERIUMDURY E 48 5 mARIE R 3 Jis. A RAE S, {0 S3 F1 S4 RAFEA As il T &
B LIRS R, T AW RS E T FEM 1.01 f5H 1.08 4%, S3. S4. S5 Fl
S6 KA s As T it o T E UM DR I 4 JE - YR T A SR AR A P I Cd & A S, YRt
TR R EM T E AW IR SR R ED Y, A R S Po T T E U IR Y
4@ F-341E, S2. S4. S5, S6 Fl S8 RAE firh Cd & i it T B MR Y & & J8 - 34{E. S1. S7 AN
S8 K AL At Hg & = M ik v B R T 295 5o, 43 2 [E 4 4 Hg & = 75 5t 1.23, 1.08 il
1.08 f%. S1. S5. S7. S8 Fll S9 KAf i Heg & it 1 77 = 44 W) 1 + 1 i 4 Jg 5 e (A 7 = il i
T o 4 @ - 341 A6 T A RAE S DT T, Cr ¥R b [ 0 R 5 &= {H, [ S1. S3. S6 Fll
S8 RAE MM T HAW - LR SR R (E, S1. S2. S3, S5, S6. S7 1 S8 Mt T H VMM VI 4
JEFRBIE. P A RAE s R S3 SR AR Cu & M i [ - T R 5 5H{E, S1. S2. S3 il S8 KA A1
Cu M TERN L HIEES RS SE, 20T EAW L HIEE SRS SEM 119, 1.09, 1.3,
1.24 . B A RAFE UTRR D rh 6 Fh e 4 Ja 5 1 oK 8 o 1 398 PR 05 Joi o 1T b, 1 098 7 2 XU 48 45 A o
(GB15618-2018, pH >7.5, F M4 ik HoAth ), U6 WA 7 VD IIUTAR M 8 4 5 Yo R B 2. ST TR
() He 52 T HARAE A, S3 YUY 9 Cr A1 Cu 35 i T HAB SR AEE 5, S6 UUR®I Y Cd W&
THABRFE S (P <0.05). Bk BAH, Z NKE TR Z A XL ST, S6 H4 R & | K, THEE
X7 E VP 2014 AR TR 42 8 4 A AT 45 SRAL SRR T A U A5 e

WA A SRR 25 5, I B AN Sh TR 4 R S, AN TA) X 8 4 i A e — i 25 e ) 4
KW, ST SRR As 1922 R OKR, A8 7 RECH 46.15%; S2. S3. S4. ST 1 S8 AL sivh Cd 1y 25 5
PER K, 28 5 R B9 R 86.15%. 55.03%. 72.83%. 85.22% Fil 66.18%; S2. S4 Fll S9 KA 45t Hg 122
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SR, 78 S R EUT BN 66.67%. 59 .98% Fil 81.86%. As. Hg 1 Cd 7% S 2R ¥ e, eI AE 2 4] |- 4%
A AN g3,

®3 THEUBVURYESE SRR

Table 3 Characteristics of the amount of heavymetals in Ningxia Sand Lake

*Sﬁeﬂj\ f jj; As Pb Hg Cd Cr Cu
FHME /(mgkg™) 8.83 18.32 0.08° 0.02 63.74% 2221

S1 FrifE2 /(mgkg™) 4.07 4.14 0.01 0.01 1.34 3.11
5 2 A% 46.15 22.59 16.01 35.73 2.10 14.00
FHME /(mgkg™) 10.38 20.46 0.03* 0.41 60.39% 20.42%

S2 FrifE2 /(mgkg™) 2.52 3.15 0.02 0.36 2.72 2.42
5 ZH /% 24.29 15.40 66.67 86.15 4.50 11.85

FHME /(mgkg™) 12.65 21.71 0.02° 0.27 66.54* 2442

S3 FrifE2 /(mgkg™) 1.52 1.91 0.01 0.16 3.09 4.97
5 ZH /% 11.98 8.82 38.78 55.03 4.64 20.36
FHME /(mg-kg™) 13.55 16.61 0.02° 0.45 54,92+ 17.66™

S4 FrifE2 /(mgkg™) 1.38 2.38 0.01 0.33 473 2.99
5 ZH /Y% 10.17 14.30 59.98 72.83 8.61 16.93

FAME /(mg-kg™) 9.81 17.17 0.06" 0.42 59.06™ 14.67°

S5 FrifE2E /(mgkg™) 3.15 2.87 0.03 0.16 3.30 1.98
5t R A% 32.07 16.74 47.76 37.76 5.58 13.47

FAME /(mg-kg™) 12.20 17.57 0.02* 0.46° 64.22% 15.13°

S6 FrifE2E /(mgkg™) 2.91 6.07 0.01 0.18 3.68 1.21
5 ZH /% 23.84 34.52 47.94 17.67 5.73 8.00
FAME /(mg-kg™) 11.52 16.92 0.07° 0.19 60.70% 17.44%

S7 FrifE2 /(mgkg™) 2.03 6.73 0.04 0.16 2.86 1.79
5t R A% 17.65 39.77 54.82 85.22 4.72 10.25
FHME /(mgkg™) 10.14 20.88 0.07* 0.45 63.09% 23.10™

S8 FrifE2 /(mgkg™) 2.61 3.28 0.04 0.30 5.40 3.32
5 ZH /% 25.78 15.72 54.82 66.18 8.56 14.38
FHME /(mgkg™) 10.61 19.55 0.04% 0.11 51.16° 16.70™

S9 FrifE2 /(mgkg™) 3.74 471 0.03 0.078 1.77 4.48
5 ZH /Y% 35.19 24.08 81.86 68.47 3.46 26.84

FhE H TR T SR 9.7 7.9 0.065 0.103 66.6 24.1
THAW - L E SR RED 125 11.4 0.032 0.105 61.2 18.7
GB15618-2018 ! 20 240 1.0 0.8 350 100

TEH IR E 48 - E) 11.4 27.1 0.04 0.35 58.1 22.7

VE: [FRIF) P05 1)/ SRR 2R Rl 6w SR TR A A Z AR 3 225 (P < 0.05).
Different lowercase letters after the mean in the same column indicate significant differences between sampling sites for the same heavy metal
element (P <0.05).

'FOR IR TR AT 3T S XU A P4 ) (GB15618-2018 ), pH >7.5, [H iU 5 LAl
Indicates Soil Environmental Quality Standard Soil Contamination Risk Control Standard for Agricultural Land (GB15618-2018), pH > 7.5,
and the field nature is other.

TRV 6 Fhi 48 & B2 E s 2R 4 Cr> Cu>Pb> As>Cd >Hg( % 4) . JifH
Wb E 4 R S RO PG PE BT (40 OM. TN, TP. K2 N 28 ) LA S i B 45 2 i R 22 5 i Y. 45
FW. BZ(7 A)MBZEC10 A) VTP Po, Hg, Cd. Cr fl Cu B FEHMk Em THZE (4 A) M ZE
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(1 A). B2k il R A oy, JRLBE B e I I 1 DURR Y v i 6 J RETOE JEE . W58 3 W] OML AT TP 5 4
HHE GRS R IEA Y, TN &5 5wk, TORY) 00 8 G AR, 15 2 RUTUTRY b OM., TN #I
TP 15 & 2= MRk 2= 5 Ay, {H TN & B0 I, JF 50 (A5 DU AR W) o 5 6 s W BR RE 7 AR, 3 ] RE IR
PRI A 19 22 1] PRI Ak 3t PR S5 A A — i 22 5. AL, 77 VD T 4 J o o S A ] 2 9 22 5 S Kl
OM, TN HI TP £ 5. WAZ S+ R BORE , 5 MU 78 5 2 8k i 12 Cd, HOUOR: He, B/ Cr, 32
B} Cd Fl Hg & EETEAR 22 A ZR 0 vh 22 S R B R A& 2278 S R AU = 1Y 72 Cd, HiG= H, fievy
2 Cr, W] Hg Ml Cd &R AERKF ML F DR 275K
R4 TEUWUURYE SR SRR LT

Table 4 Seasonal variation characteristics of heavy metal content in sediment of Sand Lake in Ningxia

T =g
1 ?El*/]‘
Season Index As Pb He cd cr Cu
IZON( 14.60 24.48 0.07 0.64 63.20 20.40
fe/MH 7.66 11.30 0.01 0.02 49.00 11.90
gé SEME /(mgkg™) 12.10 18.0 0.03 0.30 57.80 16.00
Spring
brifE2E /(mg-kg ") 2.60 3.80 0.0 0.20 5.50 3.10
AR R /% 20% 20% 60% 80% 10% 20%
SN 14.01 24.48 0.08 0.94 68.29 29.1
f/IME 4.14 14.69 0.01 0.03 50.30 15.80
LE SEYME /(mg-kg™) 10.78 20.29 0.05 0.50 62.68 21.43
Summer
FrifEZ /(mgkg™) 3.20 3.60 0.0 0.30 5.50 4.80
AR RE % 30% 20% 60% 60% 10% 20%
IZON( 13.61 25.39 0.09 0.77 70.10 284
fe/MH 7.19 13.96 0.01 0.02 62.07 15.20
S SEHE /(mg-ke ) 10.90 20.10 0.04 0.30 62.60 21.50
Autumn
brifE2E /(mgkg ") 2.90 2.90 3.80 0.0 0.20 4.70
AR R /% 30% 20% 70% 70% 10% 20%
SN 13.73 22.88 0.09 0.34 65.9 20.8
f/ME 5.80 11.23 0.01 0.01 51.96 14.6
L7 3
Wi SEYME /(mg-kg™) 10.58 16.82 0.04 0.15 58.60 17.39
inter
FrifEZ /(mgkg™) 3.00 3.00 4.90 0.0 0.10 4.40
AR R /% 30% 30% 80% 90% 10% 20%

222 VIR 4 )8 SRR 15 PR BUA TR
12 FH PR 795 Y A8 50, XE T Z VM DU A B VAN, 5 R o (WL 5), £oRAE R 6 P E 4 )R
JCE 15 AR /N T 1, RV TR T R O B A 45 SR B A 6 R 42 JE H DK TS e AR R
HEF Cr> As > Pb > Cd > Cu > Hg, H:H1 Cr (19 5K 775 e g8 BUR K, - B{E L 5] 0.89, HIKh As Hl
Pb, “FXE 5518 0.71 Fi10.70, HAYE 48 S F15 Y5 5034/ N T 0.7. Cr. Pb Fil As A 5. 75 Qe 8 5k
e, L5 A S E A, ISR LSS TR I 4w e R W
x5 TEUWESERHETIG R

Table 5 Single-factor standard index for heavy metals in Ningxia Sand Lake

Site As Pb Hg Cd Cr Cu
S1 0.57 0.68 0.32 0.04 0.96 0.74
S2 0.67 0.82 0.11 0.83 0.91 0.68
S3 0.82 0.80 0.27 0.57 0.98 0.83

S4 0.87 0.61 0.29 0.98 0.81 0.60
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sk s
ﬂé;ffeﬁ As Pb Hg Ccd Cr Cu
S5 0.63 0.63 0.75 0.85 0.87 0.50
S6 0.79 0.65 0.42 0.92 0.94 0.51
S7 0.74 0.62 0.25 0.38 0.89 0.59
S8 0.65 0.77 0.86 0.91 0.93 0.79
S9 0.93 0.72 0.81 0.32 0.88 0.74
FEME 0.71 0.70 0.42 0.65 0.89 0.64

223 DI E S R AR BOE T

oA B AR HOH T VNIV T AR A TE YRR R AT T VR (18] 3). ST SRR 55 HH 4 JE M B AE S
JPHKUCA: Hg > Cr > Cu > Pb > As > Cd; S2 KAt \5 4 & B8 0 HE 4K K M : Cr > Cd > Pb > Cu >As >
Hg; S3 SRAfE 5 8 4 & HFHE BHE R YK K : Cr> Pb > As > Cu > Cd > Hg; S4 R Ff 5 5 4x @ Mo B8 BcHE
PRI K. Cd > As > Cr > Pb > Cu > Hg; S5 Fl S6 RAf 5 T 4 J& MBS BCHE P ARl : Cr > Cd > Hg > Pb
>As > Cu, Cr> Cd > As > Pb >Hg > Cu; S7 >R Af 5 4 J& MBS BUHE P4k R Cr> As >Pb > Cu > Cd >
Hg; S8 K kE 5 T 4 i 38 B KK M : Cr > Cd > Hg > Cu > Pb >As; SO SR Af 5 5 45 J@ b A48 Bk
JEPHKI N : Cr > Pb > As > Cu > Hg > Cd. FT A HIBRFRE/N T 0, 15 S BN 1. B4R AR K %)
/N Cr> As > Pb > Cu> Cd > Hg, 1, Cr # RFFEE0(-0.76) e K, 76T H VDAL W0 TAEh 7 &
MORERAEITR.

o} A ol B ol ¢
-] | = . s -1 L= == B = i -l - == BB ——
2} = = 2L %
= gL Li = gL . = gL
-5k = -5 L 1 =5 L
-6 L ‘ -6 | -6 L

-7 1 1 1 1 1 1 = 1 1 1 1 1 1 -7 1 1 1 1 1 1

As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu

1 1 1

of D of E ot i
= = —— g qtE = - - -1re= H = =

=
2+ -2+ B -2+
& 3f & 3t T & 3t L]
1 -]

-4 ) -4 ‘ -4 L
st L s L N sk =
-6 -6 | -6 L
-7 1 1 1 1 1 1 —7 1 1 1 1 1 1 -7 1 1 1 1 1 1

As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu
1 1 1

G H 1
or or or
—_— o - G) —— - [ ] T
-1 == = é -1 [t® B é S =
2T —_— 2 -2 ——
g 3@ . g 3@ E g 3@

4} 4+ 4}
-5 -5 F -5 F B
-6 -6 -6
) 1 1 1 1 1 1 - Il 1 1 1 1 1 ] 1 1 1 1 1 1

As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu As Pb Hg Cd Cr Cu

3 T EUWIAIE X RGTR ) b i 4 AR R A
s A~ 200 R A5 ST, S2. S3. S4. S5. S6. S7. S8. S9 MFH BRI HUITM 255
Fig.3 I, of heavy metals in sediments in different regions in Ningxia Sand Lake
Note: A~I are the evaluation results of land accumulation index of sampling points S1, S2, S3, S4, S5, S6, S7, S8 and S9 respectively
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23 [6) 43 A 45 3 h S8(-0.89) > S5(—1.11) > S9(—1.14) > S2(—1.16)> S4(—1.18) > S7(—1.49) >
S1(~1.66) > S3(-2.09). S2. S3. S5. S7. il S8 LAY & R AF i Hh BLFE B 2% S50 /0N, vl LAHET, S2., S3.,
S5. S7. i S8 RAE s TRy v i) 43 JE R IR AR, FEA R AL ST vh H 4 & s AR TR BOE R OK, 3R
A 4 JE R A AT
224 DU E 4R WA S XS 18 B0E P

WETEES I ZE(E) AT ds R (R 6), nTLLE T E VIR b Cd 1 He 19 XU 25 Pt =i,
Cd Ab T 2 A 25 KUK (40 < E, < 80), Hg 4b T3 A= 25 KUK (80 < E, < 160), Cd Al Hg T 7E A= 25 KUK R 5K
53 M E 5.07—108.93 il 45.83—159.38 Z [i], HJ{EH K ] T 74.98 i1 83.76, H.rfr Cd & sl K. S1 Al
SO RAE AT A 8 Cd W AE A KU REFEEUIL T 40, kb TR AL B (E, < 40), S3 FI S7 &b F 4§
A (40 <E, < 80), S2. S4. S5, S6 il S8 AbF a4 A KBS . S7 KA 5 4 J8 Heg W7 A B KU &
BAGEUR T 40, 40 THA02E B XU, S2. S3. S4 1 S6 4b T H 45 A= 25 XU, S1. S5, S8 il S9 4b T3 A4 75
K. 4@ AS. Pb, Cr Al Cu Ab FH2M Ak A XU (E, < 40).

Fz6 TEUVMVIRYE SRS KT BUE T 5 Y55

Table 6 Potential ecological risk index values and pollution levels of heavy metals in sediment of Ningxia Sand Lake

SRAES E; fEERE
Site As Pb Hg cd Cr Cu RI Hazard level
S1 22.77 13.52 159.38 5.07 7.48 15.11 223.32 &g
S2 26.78 15.10 56.93 99.16 7.08 27.78 232.84 T
S3 32.64 16.03 45.83 68.66 7.81 16.61 187.58 HhaE
S4 34.96 12.26 46.92 108.12 6.44 12.01 220.72 s
S5 25.32 12.67 120.36 101.98 6.93 9.98 277.24 T
S6 31.49 12.97 66.77 109.87 7.53 10.30 238.93 &
S7 29.74 12.49 39.24 45.71 7.12 11.863 146.17 B
S8 26.17 15.41 137.83 108.93 7.40 15.71 31145 Ll
S9 27.39 14.43 80.56 27.29 6.00 11.36 167.04 Hh&E

FEE 28.58 13.88 83.76 74.98 7.09 14.52 222.81 s

TTHRR Y% 12.83 6.23 37.59 33.65 3.18 6.52

WA S KB FE 8 (RD 25 /T LI (3R 6), TR MITIRY hE 4 )8 RUEEFES 167.04—
311.45, ¥ 9 222.81, T A R kE 5 RIE I RIS 600, SRFE S S7 Ab T84 8 KUK (RI < 150), SR ke
1 S8 A TF i A AR AU (300 <RI < 600), A SR AE 5 Ab T rp 45 AR A XUBS: (150 < RI < 300).

UL, 2 DO 48 Hg A1 Cd J2: 5 42 8 W 76 A2 725 KU 1 32 R TR, sk R o Blak 8] T
37.59% #i1 33.65%. As GTRAFILF] T 12.83%, Pb Al Cu 5Tk T 505N 6.23% F1 6.58%, Cr K 5T wkRAK T
4.00%. 1E AW L 7K FIIE -t % BE T S ARLGE JRE0 2[RI, SR ok b X 7 Y LR ) R 4 s Y
PEEEMN, FEAEE 4SS He A1 Cd.

AW R IR Z R0 B N DT E 48, BROS E ar Uyl AT T 3 4 R 2 A TS YRR AiE ),
AR 5T R S DR 15 e . R BORI TR e UG 8 B 2 & b B B4R 4, ¥R T VIR )R
QG Bk R, T B HTTRRYPIRAS R 4F, Horb Cr. As Fl Pb B[R 115 Y45 HIOR B8 EIO X 4
15, T T 0 XU 48 B s 2R 5 B DR ¥ e A8 BORT L AR 8 B0 AN s A AR TR), Cd. Hg 1 As 38 78 XU T8 B0
1o, AR ST 45 A 2 B0 VA XU 48 B0 5 B R 15 Gl ORI b R BT 45 SR W A A [ 4044,
MZS[E] FRTE, SR 7 4 R S8 I S5 SRAE S UM h T 43 R V5 YL UM X A
23 EEJE. BIRER VIR IE T
231 DIRWESE . BT

Pearson AH IR0 BT 45 SR A& 4 fi7R, 45K Cr 5 Cu, OM, TN, TP &£ % [EAH (P <0.05),
Cr 5 Cu, OM, TN, TP B A MLIATE R IR s ™4 T2 /75 OM 5 TN, TP Hl NO; -N £ I #F 1IE A
K (P <0.05), BB LA P OM 114 K i A RS O 77 U0 53 TN, TP F NOs-N H AT HE £ . TP 5
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TN &2 B FIEMIE (P <0.05), W] TN I TP AR IFAF]. As 1 Hg 5 H A IC R A CAE A A R X R W
Pb. Cd. Cr, Cu, OM. TN, TP HAAHELAYT5ROKIR, 17 As Fl Hg 975 B IRAFIE AT AE 5 1 & (9938 4E
“ENE I LA BT R b A .

.-

Pb
Hg
Cd
0.2
Cr
-0
Cu
-—0.2
OM )
-0.4
n " o
-0.6
- o
-0.8
NO3-N * *
-1.0

As Pb Hg Cd Cr Cu OM TN TP NO;-N
B4 TERDBTORY T E TS SR A B REAR G (¢ P<0.05)
Fig.4 Pearson correlation matrix for heavy metals in Ningxia Sand Lake (* P <0.05)
232 UIRWIESE . EIRERERI
TE VIR Y E 48 A o i s R LR 7 REL S, 1 3 A U7 25 SRR TTRR R K 60.86%.

FE R 1 BTHE R Z 33.09 %, Cr 5 OM. TP Al TN HA & iF ff 28 (Z fif > 0.7), A4 Cr 5 OM,
TP I TN HAT 3R AH G, X 5 Pearson Al ICHESMHr4h 2R —20. Pb 1 Cu HAT 8 1E 2047 (BT > 0.5) e
X 2 PR 43 Jm ELAG AR R AR VR A BFE R W E 428 P Al Cu & it 2RI T 288 8 fi ™ fi A8 3
AT Y R DX A T i DX, S aE AT N ZE T sht B, al RE 2 i AR Y h EE 4 )R Pb A
Cu & 2R ik, E4JE Po Al Cu EEORIE T AZ@ s M ARG 3. 7 B Wb A R A Cr & i
PR T b B T R SUE, 2 S R BRI, ot B REEEUE T W KCF, T = iR b
Cr RS H S BALPE A ¢, J8 T H AR IR, NI AEAEFE o T 1 AURIZh A s 2k IR T
NZEIE SR H SRR, F A5 2 B DTIRRIE 15.40%, o As HA & 48007 (> 0.7), b RBHS HOF M 4521
VR T ZI VIR E SR As b TE KT, HEW As J& T H 4R A ORI, il 2 B |k
TRF ASOKIE. F84) 3 ITTIREE 12.37%, Fif e R #Ar B/ 0.5.

#7 FHDMIUEYIE SR E R 5

Table 7 Principal component load distribution of heavy metals of Ningxia Sand Lake

_ K- i
JLER Factor loadings
Elements [A-¥1 Factor 1 [A-¥-2 Factor 2 [X-F3 Factor 3
As 0.0468 0.7579 0.3455
Pb 0.5755 0.0071 0.4928
Hg 0.1248 -0.6738 —0.1809
cd 0.4328 -0.0163 0.3106
Cr 0.7798 -0.2011 0.0990
Cu 0.5531 -0.5078 0.3273
OM 0.7060 0.3543 —0.0946
TN 0.7545 —0.0064 -0.3676
TP 0.7959 0.1970 —0.0640
NO;—-N 0.3967 0.2198 -0.6927
FHIEME 3.3088 1.5396 1.2371
TR/ % 33.0881 15.3964 12.3712

R oikE/ % 33.0881 48.4844 60.85559
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Fig.5 Loading plot of heavy metals in Ningxia Sand Lake

3 %512 (Conclusion)

(1) T E R OM, TN, TP, NO; -N FI#h 45 V-5 5351k 20.50 g'kg ™', 1.06 g'kg™'. 0.62 g'kg™,
5.8 mg-kg Fl 1.12 gkg. 76 AZEIH S8 42 X (S5, S6 FI S7) PLARYy vh A3 AL Fl 7 35 2k 5 T Hoth IX S,
NG m T Z TR A LR S RN SR o, S e TR, ARl 25
OM, TN Al TP & i e i, HE SR, NOy-N S RAME S Eim, HERMK. AR MINEE 7%
iy AT B USRI AL RS R R A H AR

(2) B PR 1 et BTN 25 SR R BV DU R ) T R R4, B PH 715 Y46 B0HE) P Cr > As > Pb
> Cd > Cu>Hg, HrP Cr 5P 75 Ye A8 Hdn mr, 5 R F AT s B & Wi

()L 6 FhE 4 )& o0 KA REURBUER/NT 0, 15 59 TG A EH A B T EM KR
#/NH Cr> As>Pb > Cd > Cu> Hg, Hi Cr i RIS HUR K.

(4) T EZIHUTRY  Cd Al Hg 1 XU 5590 e g, o Cd AT Cu 23 T DB & 4 s 2k
SAR ) FEESE. TEVDMBRY P ESIE RUEIE N 222.81, RFE & ST &b FRMAES K, RAf
AL S8 AT o AR A KUK, A RAE ATUA T b A5 2R R XU

(5)H =43 Mrat F 0 Pb, Cd. Cr. Cu, OM, TN, TP EA ML H9T5 LK U8, T BRI 2 A g kIR
FA SRR R

(6) 25 25 XIS A g 9 DXl 2 A6 T A 2H 9% sl o 4 DX O, IO Jin 58 2% X 3 0, 57 Cr, Pb, Hg Al
As .
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