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Spatial distribution characteristics and sources analysis of heavy
metal(loid)s in a water-soil system of Longtoushan area
around the Fuhe River
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Abstract This study selected Longtoushan area around the Fuhe river where water body of
Nanchang section was seriously polluted by heavy metals as the study area. A total of 16 soil

samples, 5 surface water samples, 5 sediment samples and 4 groundwater samples were collected in
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June 2021. Contents of 7 heavy metal(loid)s (i.e., As. Cd. Cr, Cu. Ni, Pb. Zn) were quantified
by ICP-OES, and spatial distributions of these metal(loid)s in soil-water system were delineated with
an inverse distance interpolation method. Possible sources of heavy metal(loid)s were investigated by
correlation analysis and principal component analysis. Results showed that heavy metal(loid)s were
accumulated in soil and sediments, and their contents were generally higher than the values of the
upper crust metal concentration (UCC), although they were in the same order of magnitude compared
with other basins. Spatially, heavy metal(loid)s showed significantly higher contents along the Fuhe
River as compared to other locations with a moderate spatial dispersion degree. There was a
significant indigenous correlation between different heavy metal(loid)s concentrations in adjacent
soil and sediment samples, while no significant indigenous -correlation between adjacent
soil/sediment and surface water/groundwater samples were observed. Heavy metals including Cu, Cr,
Pb, Ni, and Zn were mainly derived from weathering of natural rocks. As came from industrial
practices, and Cd was sourced from industrial and agricultural compound activities. The results will
provide scientific basis and theoretical support for source analysis, and prevention and management
of heavy metal(loid)s pollution in natural soil-water systems of the Fuhe river.

Keywords heavy metal, soil and water system, spatial distribution, source analysis, Fuhe

River.
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1 MRS )7 (Materials and methods)

1.1 CREE SR SRR E
Pial J& i Jg 3k L s X B & = VT4 ¥ 2 5, MR A B A Poil s i s S (UL 1), B
VR 25 T 2R B2 M X Pl K b & 4 @ AR B 4 B B, HL b XN 128 B A vy, DA FH 3R
F, PR AEY) 22 KRG, £ 1R ERE AR AR AR 205 (RIS K/ 2.5 kmx2.5 km) F125 4 Hh £k
KA AT R, R PRIE R A S R 0 A, T 2021 4F 6 H MR AR 16 S HIEAE
(S1—S16); Hi e K FIUTFRY) KA AT B AE [F]— AP B b, VI T RAE RISl 2.5—3 km, 535k 4R
HLFeAKEE S 5 A (SWI-SWS) FITTEUEE S 5 4~ (SD1-SDS) ; AR S R K EE S 4 1~ (GW1—GW4),

B RFE A B ELAAR LA 1.
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&5 Legend x +I3RAE A Soil sampling sites
o HITFKRAE A Groundwater sampling sites
o HFK + IFRYIRAE A Surface water & sediment sampling sites

B 1 CRFESE
Fig.1 Location map of sampling points
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K Excel 8 A0 0BG AT BAR 0 M Ge i h; 58 114 (IBM SPSS Statistics 24) #E A7 #§ b 4811, M
KMk e F R A3 B 2 B/ A ((Coreldraw 2019) 2 il SR FE A5 23 Aii 8] 2R FH e 58 4 {8 16 F) ) Arce
map10.8 2] 5§ 43 8 55 [8] 4345 K AN [Rl A o v i 4 s 2 A 2k R UL FH AR 1F Origin 2018 22 ).

2 %5 59718 (Results and discussion)

21 tTOKRGPESRESES T
Tk RGEhE SRS EALEWME 2 PR, LD As 5 5 1.20—15.03 mg-kg ™, Cd [ & &
9 0.49—3.13 mg-kg™', Cr & H 15.53—66.42 mg-kg™', Cu i &}y 4.74—28.33 mg-kg™', Ni i &
ol 5.54—28.68 mg-kg !, Pb & BN 10.75—45.25 mg-kg ™, Zn & & 4 35.32—283.50 mg-kg . +
b 4 Jm A vk RN HES A Zn(107.38 mg-kg™!) >Cr( 44.32 mg-kg) >Pb( 25.41 mg-kg™)
>Ni(18.62 mg-kg™')> Cu(16.94 mg-kg')>As (6.29 mg-kg™") >Cd(1.79 mg-kg™").
B 25%—75%( 3% Soil)

25%—75%(}1 7K Surface water)
[125%—75% A #1Sediment)

= 25%—75%(H R 7K Ground water) «
1001 %é de {100
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z 8 B s
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Fig.2 Box diagram of heavy metal contents’ distribution in different systems

TURY As i & 7 9.22—24.91 mgkg!, CdAY & & N 2.36—3.09 mg-kg™, Cri) & & N
27.48—74.87 mg-kg™!, Cu B &M 6.61—18.47 mg-kg ™', Ni B35~ 7.51—29.07 mg-kg ™', Pb &=
Jy 18.85—24.36 mg-kg ', Zn A &N 60.45—86.75 mg-kg . YUY b 4 B S X9 B R INHES Ay
Zn( 74.69 mg-kg') >Cr( 52.70 mg-kg') >Ni( 22.82 mg-kg') >Pb( 22.04 mg-kg') > As( 15.28 mgkg"') >
Cu(14.60 mg-kg™')> Cd(2.76 mg-kg™).

Hi R K R HE R K R AG Y A, Hb 3R K 4 R AT S0k B R /NHES R Pb(1.66 mg L) >
Ni(0.27 mg-L™")>Zn(0.09 mg-L™")>Cr(0.08 mg-L")>Cu(0.01 mg-L")>Cd(0.005 mg-L") 7K &4
4R B4 B K /NHES A Pb(0.78 mg-L ™) >Ni(0.39 mg-L™")>Cr(0.15 mg-L™")>Cu(0.13 mg-L™")>Zn
(0.08 mg-L™")>Cd(0.03 mg-L™"). & Al %I, [Fl—H & @ 7 T MpiAR Y iy & & oK kb & & mih gy
1—3 MR R, ARG X HE 4@ BB A R RUTAR Y b, N [E]A) J5R) B 4 JE Y B e 2 A 3R
OB A 7K AR 1 H 4 8 15 Yok IR 2 —, TERF KR E 4 15 Je i N+ K R A T45 6 % 8.

2 1 A0 PH S H S AR h B A R S i A A TS ST, B2k 1 AT, PR R Sk 1
5 H A AR L, B4 8 1 B KT AL TR — B g, B RN T A I B R K R/ ME 2
). HARRIN: SHEBHBIAH L, 23k X £33 Cd. Cr S & %%, Cr. Cu. Ni, Pb, Zn & &K 00
A Cr & it iy, HAE 48 & A%, HIEATDURR Y 2 SR R 5 15 VT SO (26 Tl sl AR L, 3T
B T JC R & R S BB L, DU As, Cu i, HARTTR SRS Bk
AR B A0 AR L, DURR Y A 8 o i Y B R KO
2.2 LIE-DORRY v E 4R A W) A AT REAE

ABIF ST IX 4 i A A R TR v, SR T AE S R 80 20 0 B B2 4 R S 1) 0 A RRAE. 72 S
FENCVIRFARIRAE £ BB 0 B AR L, A2 5 RE(CV, %) =(hr i 22 ~F- 245510 <100, — A
S CV<10% H 5578 4%, 10%<CV<100% Ky H1 4548 51, CV=100% 58 k. 7 Fhve 4 8 22 5 R AU
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PG5 SR K B/ NHERE A s As(72.10%)> Zn(54.46%)> Cu(40.45%)> Cd(38.85%)>Pb(38.30%)
>Ni (38.23%)>Cr(35.08%) , W] 7 Fft i 53 Ja 1445 (] B R BE 1 I T b 25 A8 S R, 7 RV 2 Js & 1 7
23 [B) 3 AT AFTE — 8 BB HOFEBE, A3 A AR 34 5), Forh As 1% ) 2 BOFE B2 e imy L 25 [ 43 A e o AR 345
Zn, CuikZ, 1fif Cd. Pb. Ni, Cr 43 i HXH Ry 355
R 1B LSO e R S B SE T (mg kg )
Table 1 Statistics of heavy metal contents in Poyang Lake and its tributaries

VA i . E= BTN
Location Medium As Cd Cr Cu Ni Pb Zn References
F I +3% 0.75 41.56 31.06 23.52 35.85 115.72 [40]

Poyang Lake I 18.00 0.108 42.10 39.20 24.90 46.01 119.30 [40]

i + 4 629 1.79 4432 16.94 18.62 25.41 107.38 A3

Fuhe River TR 1528 0.73 52.70 14.60 22.82 22.04 74.69 ES'S

=L .

.{”..( TUERY) 225 1.67 1040 77.8 57.5 176.1 [41]
Xinjiang

BT .

ﬁ.{ TR 125 036 693 246 313 86.1 [42]
Ganjiang

i ;

%T TP 1839 1.86 35.19 51.92 35.83 179.67 [43]
Rao River

(LN el
o UIBYW) 10.98 <0.45 40.94 7.00 <3.00 13.00 [18]
Xiu River

SR 0l )
e R 1.50 0.10 35.00 25.00 20.00 17.00 71.00 [44 — 45]

Upper Crust Concentrations

SR FH SR B (e A - SE-D0 AR 2R Gt b o < Jis o5 s ) A R AR A7 25 R A e A, 38 -T0RR
Yy P AN ) B < s v 225 1) oA L 3.

A SI08) (EICTimeker) X
STRREET S 9o
Sil

& Longmu
S20 gkl
’ ‘Fuhc's nvcr SD4!

> m%% 05
SIS Sk
S5
Si4 0 @B 1Stm S13! Sja © 0B 15tm $SH6]
T X puoaT SD3| FElfilLegend
X Bl s7 "‘V§§*\ (a) As/(mg-kg™) (b) Cd/(mg-keg ™) (¢) Cri(mg-kg™h) (d) Cu/(mg-kg ™)

CO[1.2,3.4] =E[10,12] C[0.4,0.8] == [1.8.2.1]11[16,23] -[44,511 C1[4.87.5] =[16,18]
I[3.4.5.6] WE[12,14] CI[0.8.1.2] ™ [2.1.2.5]71[2330] ®m[51,59] CI[7.5.10] ®E[1821]
1[5.6,7.8] mm[14,17] ©I([1.2,1.5] =m [252.8] F1[3037] =m[59,66] TI[10,13] ®m[2124]
=[7.8,10] =m[17,19] =2[1.5,1.8] mm [2.8.3.1] =1[37.44] =m[66,73] =a[13.16] =m[2426]

(e) Ni/(mg-kg™) (f) Pb/(mg-kg™) (&) Zn/(mg-kg ™)
[5.6,8.5] mm[17 20 CO[11,15] =m[28,32] C1[3566] ®m[160,190] X LHERFER
[8.5,11] =m[20,23] CI[15,19] =m[32.37] IZ][66,97] = [190,220] Soil sample Sges
©[11.14] =m[23 26] =9 [1924] mm[3741] ©[97.130] =m[220250] ° S’Li%*% s
=1[14,17] wm[26,29] = [24,28] mm[41,45] ©==[130,160] mm[250,280] ediment sample sites

B3 - R v S [ A
Fig.3 Spatial distribution of different heavy metal concentrations in soil-sediment
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B R RE P (0 B B G, BE P MG, B4R S m T BB AR, V5 U Y AT RE R . 33X R PR K B R AE
— P ELGEUR, R T Ak 2 RN ZEIE B, AR I e XA N T Bl S A %, R RE S Ak
WL Tolb A = AR A A T AR A8 sl A 56, AN [R) EE 4 8 19 28 (B A3 A RRAE R BR - As Hp () /a0 17 AR P 7
ML, Cd. Cr. Cu. Ni, Pb mg It PMEL =7, VU e A AT AR AR, Zn D)2 30 e 00 5 T, As TR & &
EE XA T ST R S11 B, s A S7(1& 3a);Cd JC 2 w8 A PLAE S3 F1 S7, e i S7(& 3b);
CroG & (8 4 BLAE S7. S15, fe i oA S1S( 3¢); Cuyt 2 i {8 45 BLZE S8 AT S15, fe i 1
S8( &l 3d); Ni JC % /i {H A5 BLAE S7. S9. SD5 il S15, fie i 45k S15([&] 3e) ; Pb 7T % 5 {8 A5 B AE
S7 Fl S11, e sl SIS 31); Zn JUE @ {H A BLAE S7 A1 S11, & £0°8 S1S(8] 3g). SV, 7 i
H A BT RFE AL ST, S8, S13 1 S15 4b & fiw /5y, 75 RAE A S1. S4 b & = 841K SRAE £ S7. S8, S15,
S16 &b (%) T 4 J& 7 & 50 & T S10. SI1(BR As Ab) . 7 Fh 4 J& 09 d 5 (B 4 B2 T S7(As #l Cd) |
S8(Cu) . S15(Cr. Ni, Pb il Zn), & B3 $ERAE 5 B3 - 8 v 81 & Jm 1 e e oy ™, FLrPoRFE RS ST R
T A, BB AT B 2 3540, BT RAYRRR, 40 Y 5K EM S S Eh M ES RN
T, AT BB SR I A A B 4 T o v R A R Y SR S8 MU AR HIRT, SRR AR B, % Cu Y
O B (E, ARSI /N T AR FH 1 T G XU B {8, 2% SRAE ASUR] Cu & it A8 AN W 5, 6 3047 8 e B i G
BB B TSR R e S5 AH 1 N 2835 By, A7 A /D B AR b 3, HED Cu mT BESRVE T B SR 55 NI
A R TS 1l SRR S S1S [N TP B B4 T L, mT fE S i AR AR el 4 255 R 44 S 30
& JE Fr ik s RAEAS ST 5 S8 M BRI, (A E 4 8 & i 4 R 22 B 1 JR PR 2 AR 5 - R R 28 A
AN, S7 M b, 52 NFSIE shRe il & Aol i sh (52 i B &2, 17 S8 WU k&g b, 52 N8I sl g /)N,
2.3 FHSEHES T

(DAF RGP EH LS & A

Xt BT Y (< 1 km) AR [R RS0 (88, TR . b3 RN /K v 9 7 4 b 1 A A S b 43
Mr, ELORTTR S5 0 L3 2 FNEE 3. S5 5 R, HHERDIA Y a] O AH 56 2500 0.918—0.958(55 2), 4R
B 5 TR ELA 3 A S, 2R B 3R TR ) Hh 0 B 4 JE 0T B LA [RIVR T 4B AT 3 AU R S R
K /4R KT8] B AR 56 220N -0.493— -0.093 (36 2 FIEE 3), 41T RAF A5 1] — 35 0 Inb 2wl td 3 A AF DG 1k
FEHARIE TR 5 b 3K /M R oK 4 AR IR D7 ST REAN TR R IL, IRIEA R R G hE 4R &
A CHE BT AS AL, DR s - IE-DURR W R e T DI — ARG AR R R4 7 3 4 S (R R A AT

2 ABUEXIR 3 R P 4 A S T

Table 2 Correlation analysis of heavy metals among three media in neighboring zone

7Y IJ_‘T 7Y IJ_‘T
AAR AL SW1 SDI s1 AR SW2 SD2 $2
Sample sites Sample sites
SW1 1 SwW2 1
SD1 —0.493 1 SD2 -0.129 1
S1 —0.421 0.958%* 1 S2 —-0.132 0.924%* 1
7. kY lJ_:" 7.k E
*#“‘.‘ SW3 SD3 S8 *HF“‘.‘ Sw4 SD4 S12
Sample sites Sample sites
SW3 1 Sw4 1
SD3 —0.068 1 SD4 —0.138 1
S8 —0.177 0.933%* 1 S12 —0.167 0.918%* 1

HER* AR 0.01 205 (BUR), MM 2. * 78 0.05 223 (RUR ), M6 i 2.

Note:** Extremely Significant correlation at 0.01 level (two-tailed). * Significant correlation at 0.05 level (two-tailed)

R 3 AT X 2 B o P E 4 A DG B

Table 3 Correlation analysis of heavy metals between two media in neighboring zone

f/‘:&" »’/‘:&l‘ \‘/‘;IJ__" f/‘:&"
AR SW5  SD5 R G s R G si0 R G sis
Sample sites Sample sites Sample sites Sample sites
SW5 1 GW2 1 GW3 1 GW4 1

SD5 —0.187 1 S5 —0.093 1 S10 —0.167 1 S15 —0.185 1
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(2) HHE-UURRAY AN ) B 4 i 1] ) AR DG 1

+ - U N IR T 4 H] A AR DGR AT 45 SR L2 4, BIEUTRIH As RS Cd HA M, #56
FHCH 0.523, R EMENE. CABR T As AN, M5 BR T Zn Z AMH HAth T 4 J8 (AR A OC. Hofth 5 F
HAJE, BT Ni 5 Pb. Ni 5 Zn ZA0, #1550 A 0 3 9 AH G, fH R sl Cr 5
Ni, i5 8] T 0.852 1y i 5 AH G, 3X 5 P8 4 JC R M AH GR35, vl B EL AT IR M. 2 BT 45 SR e
As Al BE A — Al ST sk I 073, 5 M 4R (5 As F1 Cd #h) Sh[RIL B A — sk 578, Cd /T e i
AP L R T 5

T4 TE-DURYAIRIE S JE B A DG

Table 4 Correlation between different heavy metals in soil-sediment

JLE

Elements As Cd Cr Cu Ni Pb Zn
As 1
Cd 0.523* 1
Cr 0.377 0.658** 1
Cu -0.077 0.484* 0.692%* 1
Ni 0.418 0.555%* 0.852%* 0.618** 1
Pb -0.121 0.565** 0.510%* 0.735%* 0.390 1
Zn -0.296 0.351 0.478* 0.708** 0.301 0.706** 1

T #* 78 0.01 BN OBUR ), MM B35 * 7E 0.05 ) (W), Motk i3
Note: ** Extremely Significant correlation at 0.01 level (two-tailed). * Significant correlation at 0.05 level (two-tailed)
(3) T IE-GUARY) h o 42 & & = E M 5e 4 TR B (UCC) AH DG
b S Y 46 R VR RE A S DX I R A A T S il b M 5e 4 TR R BE 3 A ET LA A3 e A
SRR T2 N AR, ¥+ DI I E SR & S B ST & B W E (UCC) #-ATAHDC 40 #T, 43
Fres R LA 4. 9518 4 HIE-DURY S48 & 5 b 5e 48 W B (UCC) M3 [a] 2 B IE AR DG OC &, A
KRB(R) % T 0.9383. F4:JE Pb. Ni, Cu, Cr. Zn JEFERELR (1:1 HZR) Bhilr, £WX S FhiE 4 )8 £
SRR, As, Cd BB T 1:1 DAL, #EIA — R i Ak T A

500

Cr
0 PbNﬁ j Zn

& A
= S o
g
B Ica
=
S
© oSt
y=1.3091x
= R*=0.9383
0.05 ke ! ! s .
0.05 0.5 5 50 500

UCC/(mg-kg™)
B4 IE-DURY b E SR & R b R IR B (UCC) M 23
Fig.4 Correlation analysis between heavy metal contents in soil-sediment and upper crust metal concentrations (UCC)

24 HHGUR TR E AT

+ DU Y b AR R A MR TR B R T KMO A EL AR R R AL 55, KMO BUREE Y11 2 50k
0.674, LLRFHIHF(E N 0.000(P<0.005) , B ]l AR T 3 o370 A BEAT 3 -DUR Wy Hh 1) 2 4 Ja oK L%
Br. ERIT BT BARGE R IR 5, G5 R R U] T IE-PURRY b iy 7 Fh 5 Jm SR BCRAE R R T 1 Y PIAS 32
5, BT TTIR AR E] T 76.098%, Hrf AL 1A 2 M STERAE SR 50.903%. 25.195%. LAY 14
ff Cd. Cr, Cu, Ni, Pb, Zn, EfTHYFLE R E 530 0.665. 0.862, 0.842, 0.756. 0.769, 0.711, F 4>
2 f 4 As F Cd, ALHE R E 0 0.875 1 0.536 HIALHE. Cu, Cr, Pb, Ni, Zn HYZZ 5 R E(Cv) B/, B
23 (A3 A 48 R 34 5), 7 4 S DLAH DGPR3 B 25 R (3R 4) R WTIX 5 A & J@ =2 ] LA AR 5 114 [W] 54, (] B



6 1] B LT A PR e Sk I X K R GE P (38) i s ) 3 A A SR U A 1929

A UCC M A as 31, X 5 il 4 8 R 53R P0 A SRR A . LA SE I 58 2 B 30 (1 Cr A1
Ni 32 Z A2 U ER Ak 27 B 52 M 99, Zhao 2599 76 8 [3A] L1 A B 5 AR Cu, Cr, Pb, Ni, Zn KU T A 4K,
AR 30 R, s 1R A AR R A A AUk As 19728 5 RECR KR, R T s R
15 YR R RRAE . As SR BMREE, 408K A 7= 28 Tl TS sh =4 2 — P, MG T A R B As & (X
HAES S EA), BOYFER; A As. Cd FEHIE 0 IR ATFRE TS e P00, 455 903 0 A FiT R B B
2 0 W B AR AE N2, W5 X AF TR0 U0 R R LR 96 sh Y, T DL F A4 2 AT R AR IR R R i
Tk 3 8. Cd (7] s 2 it FH A B RN A 25 55 BAR TR IT 28 52, ARl ¥ Yo — it S BT 05 % 9 R o, T F 9%
DX PR A S5 Ak Sy e 48, BRI Cd A RT BB R JR TRk 3 2, 1 4510 5 HE 4 () AH SR A BT I 208
“Cd AT REA P B LA R IR 7 20— 2K
5 TH-UIBWE SR TR S RS T

Table 5 Statistics for Principle component analysis results of heavy metals in soil-sediment

%
HRR Component
Heavy metal 1 5

As 0.029 0.875
cd 0.665 0.536
Cr 0.862 0.316
Cu 0.842 -0.316
Ni 0.756 0.334
Pb 0.769 -0.343
Zn 0.711 -0.530
FFAE(E 3.563 1.764
TUHRR /% 50.903 25.195
FI Tk %% 50.903 76.098

3 458 (Conclusion)

(1) HET] Ji 30 e Sk Ll kb X 8 4 Ja 2 2 v 7E T I S5 TR b, I8l — 5 &8 78 R Ut ARy b iy &
KRR R 2 13 AN ISR R B AR e = TR b & R R (UCC), 5
by SR AH L 4 B A T R — HUE KT

(2)7 FlveE 4 J@ (1) 25 [A] B HUORE B2 38 )@ T rp G e RE B, Horp As (192 [R] B BUORE B o v, 7 PP &R 1
B S ] o A R S I — S 0 o A A, LA SR R AR A I kv T ke Ty, Jrh
AR X A7 T3k 1 (S10 Fi S11 BFFT ) FI1 76 5 £f (S4 F1 S13 B ), Hor As v Ja] & 1 45 74 W AR, Cd.
Cr. Cu. Ni. Pb BILPIMIEL &5, P4 R A AR AL, Zn D022 300 e 00 s F b A

(3) 83 = HEFNUTRY b R A 55 (R TE 4 8 HLAT 0 2 A DG, 43T - 458 /TR R 3R /K /-l T K ]
TG 5 25 A OGP 5 4 D AE DG PR 3 Al 8 B As HAT BT iR 7 =X, Cd WT REA > B S LAT- 1k
D772, Fofh 5 FhEE 4 JE oo R MM SR &, T AR LA IR UE I 3 -UO B vh B 4 R B iR b e 4
J& e B (UCC) A Mk K 3 43 20 B 20 M 45 B2 26 W, Pb. Ni. Cu. Cr. Zn %5 5 Fhor £ £ 82 H R KIE,
As TESRIET Tl i5 4, Cd KI8T T A E A5G
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