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Abstract: Heavy metal contamination in rivers has become a major issues in recent decades due to their biogeochemical
cycling, environmental persistence, and ecological risks. Intensive attention has been given to river sediment contamination
but heavy metals in soils and plants along the river ecosystem have been inadequately studied. The results of this research
will contribute to a better understanding of heavy metal characteristics, pollution status assessment, affect in river
ecosystems, and environmental protection of rivers. A total of 32 soils and 16 dominant plants samples were collected in the
riparian of the Fenghe river of Shaanxi Province from the headwater to the river mouth. The spatial distribution,
accumulation characteristics, and potential risk of heavy metals in the soils and plants were investigated by measuring total
concentrations of Cr, Cu, Mn, Pb, Zn, and Ni in soils and plants via X-Ray fluorescence spectrometry and atomic
absorption spectroscopy, GIS mapping, and by analyzing the relationship between heavy metal concentrations in soils and

plants. Significant spatial accumulation of Cr, Mn, Pb, Zn, and Ni in soils and plants were found midstream and
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downstream. The geometrical mean concentrations of Cr, Mn, and Pb in soils were 92.1, 611.1, and 32.9 mg/kg,
respectively. The average concentrations of Cr, Mn, and Pb exceeded the corresponding background values of Shaanxi
topsoil while the average concentrations of Zn, Cu, and Ni were lower. Taking the China Environmental Quality Standard
(GB15618—1995, Grade I ) for soils as a reference, the ratio of all the samples in soils above the limit were 75% for Cr,
19% for Cu, 63% for Mn, 25% for Pb, and 6% for Ni, which indicates the pollution characteristics of multi-metals in soils
are mainly due to Cr. The Nemero Index showed that the soils in the riparian of the Fenghe River were moderately polluted.
The Geo-accumulation Index showed that soils were not polluted with Mn and Zn but there was mild Pb, Ni, Cr, and Cu
contamination in some samples. The heavy metal concentrations in plants in the riparian of the Fenghe River had normal
distribution. The Cr, Cu, and Ni concentrations of Pb in some samples were above critical values, while the Pb
concentrations were high in all samples. The geometrical mean concentrations of Pb in the above-ground biomass, which
accumulated to 15.5 mg/kg, was 7—=8 times the normal concentrations in plants. This paper did not screen out new plants
which satisfied with the standard of hyperaccumulators, but Portulaca oleracea., Artemisia argyi, Phragmites communis,
and Polygonum hydropiper grew well and were potentially tolerant species. There were significant positive correlations among
the concentrations of Cr, Cu, Zn, Mn, Ni, and Pb in the soils and plants, and the Cr concentrations in soils promoted the
accumulation of Ni in the underground biomass. Along with Pb increase in the soil was a corresponding increase in Zn, Mn,
and Pb in plant roots. It is necessary to focus on the potential risk of heavy metals for water safety and human health in soils

and plants in the riparian of the Fenghe River.

Key Words: Fenghe River ; heavy metal ; soils ; plants ; ecological risk

T A B 30T AT 45 R 2 3 S R T R T T kR A S A A R, YT O A P RS
SE3% AR AT R] Py HOSETEINR A M2 m e 0 AR SR 3 1 Xt R P AN O A B DA vk B T R AR LT
7= T R A ST R, DATRTI Ry o0 ) A 25 R G B 1) 5 e ) vz S0 A Tl 3 A 25 2R 4 fe B )
RS, i T AR TS e A AR A TR R AT Y e, R e R RN AR
AN 23 AR - 458 rh il A P 0 5 AR Y 3 1 T EL s ) SR S A Ak S RV E T R )
ARG, 4 B YIRE B G SN R 12280

HEAL T RS, S PO 2 T R 5 [ K TR AR /K T8 5 3248, 278 28 i R 22 XN R 2B TR AR R 7K K
T, BEFE 2 DA R N 3K 2805 & R iR & B T X S B0 Tl /) & &, TR KR D) g T B
KGRV, KB AR 0P AR S 1 X R R AR A Y P Cr Cu Mn Pb Zn Fil Ni 6 FhEE
&8 E AT 540 HT , R WGEER R A R G D A JE SRR, DU A 2 b B 1 R R B A AN
U WO TR X Sl P 5 o o PP A P R AR A
1 MR57HE
1.1 W5 IXHENL

AT R AT 2 — K SO TR B 2 A — S, KR T8 2 TR X1 £ 3 55 DL iy 228 du i, 4
K 78 km, I HI AR 1460 km?, 4 PG LT K 2 X P ELZ2 WA RUR FH T 22 01X, Hh 56 AN 3 Y 2L i
Ao TR B A AT | R e A AR T AR A E R e 1 DL Sy R R O BRI RO T, &
PERHLLT =W O e AR, B I X 2 R N B AR SRR 5 K TR 8 i, T K A
T R TGN, RE IR AT L A AR T &, i R 3 R el XA i DL S R iR IX S BT
ik, FEQERKBUERAL, TR K A ™ 5, BRI R AN R A A AR T 2 E AR, R H R IE
T 175 255 70 9 Y50 6 (B R 7 75 T 5 7 o ] RO

MR YR TRl A el i B, K B As Ak, N B AT B4R, 1 2011 4F 5—8 A (CF/KIN) i#FAT RPN SE M 5 4 Fn
KA, HTFHF GPS K& AL, Wy T B I UK AE LRI I Sk EESE KSF- £ s 1 6 RA SBIbR AR K

http ; //www.ecologica.cn



6836 JAE = 3%

B TR IR ZE IR R RN R w w
S AT A O R 16 R 7 .
ME 1), % )\iifﬁ'\alﬁlj:miﬁ?%? .
12 PERCRESS Y
1.21 TEHERIEESSH

AN RE SUR TR A B RE 5 T 0 (R AFETRIE 0—20 i |
em) B 500 o, FTATRE 85 B 48 1] 92060 2 T e L e
HRFIRIAT SV 0 I U9 43 S50 54 5t 2 : gl TN
(e T, I B W B U S BB TR bl By By
ZM- 1 RS REGLIFS A B A BRI 4 o (REOHED 5 | /
0.0001 &) +HRERLABLEL Y (M RAED) K 5| -
T LA R = 1 YYT-60 T REDL M IRE Kotk i | ,

AR S | B Ar 22 B g B A8 2 &) 42 72 B9 PW2403 51 108°21706.55" 108°37'06.55" 108°53'06.55"E
X-Ray %%%i%fiiﬂﬂ%ii\}%é‘%“‘”i W o 7 R -
W EZ RS GSS- 1 Fl GSD- 12 JEAT A2, T Fig.1 Sample Sites about soils and plants in the riparian of the
PREY BT E SR CR ME S S B MR HEIR 22 Fenghe River
INT 10% . MEAR, BEHLZEHC 5 AHE G iR 52 A AR ifE
i 25 AR 5%
1.2.2  AHYIRE LR EE 5000

FERE B HLAT I 2—3 4> 2 mx2 m BURETT, PR AAE T AR AR AR s BE N 55 88, B DL 38, ok
AR — B W S8 B AR RN [) SRR XS AT 0 0 5, 85 B R S 6 28 5 A 0 o0 Jth, b R PR 4
FHFH R AR R 4 2 T B35 W) A8 b v kT R T R 8 1K b e 3 UOT I K48, T 105°C AR 30
min, 57 65°C FHURT = HE, KR fs A FRE 0.5 ¢ (CREHA% 0.0001 g) AEAIFE S A HNO,-HeLO, > 32 7 figf ( 52
95 R B PR i, S e ask A vh IR A I AR 25 1, 2R [R1IR A ) 5 FHAE 7 35 prid FH A A BR SR 2 w2
PR TAS-990 5 WIS o3 O RE T E Ay rh i 4R o . S B b R H B bR ( GBWOT7604 ) 4T
Jo e A ] ] A A A ot B A5 S Ao D VS VR AT S A5 s [ AE 82.4%—103.8% 22 [1] , 35 FH T4
R I E .
1.3 Hdllsab s

AR LA TS YRR R A R ik TR AU

NI = {[(C/ 8)nu*(C/ S/ 21"

A, NI R 385 Y8500, C 2R i RS e Sl 5 £, S0 3 i A e B S0, AR SR L3RR
JE R ARAE (GB15618—1995) T 2831 Al 1B (AR 7K K U5 %) = SR R 1l (7 ) 207, Fevp Min EA A 78R P
HE R T SHE Y (GB15618—1995 AR A KT Mn IIRLAE) ,(C./ S,) o N HIEE & Bt E his
REURKAE; (C/ S)) o N A5 YR BN - AME . DI HEH00) 73 G I SCik >

PR SRR A BENE o S e AR AR AR

l,.,= log,C, /KB,

K, ¢, g i G 8 & A SEIE, B, N Tl ST R AE 2K 0UA H P 248 & A SCRAIPE A T R
TEEAE K N H B, X A TE T RES TS SLEAS B IE (—BE K=1.5) , B BI85/ Pihnife S
TSR

o4 R 1 1 D 4 SR BN B e AT TE A 73 A K2 5 ( Shapiro-Wilk #5565, P<0.05) , X FF5 1E 27045 /Y
BARIEATIT 20007 . BRGS0 R SPSS 17.0 #1 AreGIS 10.0 #5144

http ; //www.ecologica.cn



214 WlH A AR RO SR < A A R A A A KU 6837

2 HERSW
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W 7 48 Cu Zn NI & BRI K, A8 S5 R0, 43 5 o 4.3—102.7,7.6—74.7 ,3.2—57.6
mg/kgHll 86% 53% 49% (F 1) , ULHIIX 3 FPOCE /K V28 AR, I sh sl . X R 22 7T e 5 H 4 Jm R &
KGR 7 R SR FE A P SRt £ T R A A, B Zn Cu A1 Ni 4b, Cr(92.1
mg/kg) Mn(611.1mg/kg) .Pb(32.9 mg/kg) FYJUAT -2 & 359 i T3 SefE, P 2L Cr 1 Ph ok 3 Y5
L5 A5 (JU339ME) .

®1 FAGFETEPESRERAEKT
Table 1 The concentrations of heavy metals in soils in the riparian of the Fenghe River
H4 @ & & concentrations of heavy metals / (mg/kg) (n=32)

ey SRS U o BELE CRRRRE B
Heavy g i (brifi2s) (brifE%) s JERTRM bRy THhRE  Overlimit
metal Range Median Arithmetical Geometric C\; Background Background Ratio®®

mean( SD) mean( SD) Valueﬁ) Value‘?’
Cr 65.9—114.3 95.4 93.0(12.5) 92.1(12.5) 13 62.5 90 75
Cu 4.3—102.7 20.0 26.7(23.0) 19.9(24.0) 86 21.4 35 19
Mn 467.8—730.7 628.5 615.7(76.2) 611.1(73.9) 12 557 583 63¢
Pb 27.7—42.7 32.7 33.1(3.8) 32.9(3.8) 11 21.4 35 25
Zn 7.6—74.7 39.2 40.4(22.0) 33.3(22.4) 53 69.4 100 0
Ni 3.2—57.6 23.7 24.3(12.2) 20.8(12.3) 49 28.8 40 6

@ Corresponding background values of Shaanxi topsoil; @ #4536 LA - HE MRS Ar T 254544 2 WL AH ( GB15618—1995, Grade I ) China
Environmental Quality Standard (GB15618—1995, Grade 1) ; @ Mn JCE AR KL P E LHOTE T RE NS HHE

MR IX N 3 H Cr Cu Mn Pb Zn 1 Ni - 8URERI(KE 2) X 6 FiEE & BT B L 2FETZ
WERLJIATHRAE  BR Cu 4b, Cr Mn Pb  Zn il Ni 5 (B DX HY (30 F-HERT o T BB, S5 RRPE 4 L TR S
XFH(E 2) 2 Cr Ph 8 351 T35 508, Cr & 5 e (A E RN A, S I AE LR ST 5 Ph &5 Fe e B
TEFRAUAT S ARMETE R KM A, & AF 8 Mn Zn Ni & 50 58 SEAH FE A A — , Mn & i REEAGE 1 |
Ui 5, B AR E R P AR A s Zn 5 B bR e (ELTE TR R, B AR AE 5 TR A5 NI 35 B s (L R A i, B fIR{E
TEANTE O B Co & 5 S B AL T B B, fem (AR TR E e, R iy B & /b S ARMEAE 5
Jeks

R g 4 b R R AR s [l oA B (] 3) SR TR T i 3 Mn Zn A T5 5%, Pb Cr.Cu
FNi AELERTRTS g . b Ph 7EZ2 R 3I J™ G8 SRn] Be Y S AR BE IS g, 3 AN =5 SR AUAT B e AT B R
T8 TR TS Y . Cr WKV 2 BRI AGE 0 MU B, W B R BET5 s, Cu 7EHET LI B T TS
e TR AR TR P RS e, Ni RAER G O TS Y
22 HYHE SRS AR

ARG ST 16 FROLEAEY) , RAEL 5 Fh . ) B & ( Setaria viridis ) 72K ( Poa annua) 4678
( Paspalum thunbergii) AT 2 ( Cynodon dactylon ) 1} =5 ( Phragmites communis ) ; % £t 3 Ff; Y £t % ( Bidens
pilosa) Y5 1E ( Chrysanthemum indicum) F13 8 (Artemisia argyt) 5 iR 2 B IKE (Artemisia selengensis) F14-ig
(Achyranthes bidentata) , 59 W RF ZRE LR BB A RTRFIE RS 1A, 2050 9 5 0 ( Portulaca
oleracea) .JKZE( Polygonum hydropiper) 7K Jt-( Oenanthe javanica) [ =W ( Trifolium repens) .“F-%~Hi ( Plantago
depressa ) FIJK KK ( Chenopdium album) , VAL /R FEANWY 2 R ASBER 4G RS P10 38 B Y 38948 12% DL b 75
WX A RETE T A I RO X T RE S ARAHE} SRS R AR HA T 208 T 5, AR LU 5 I
G A i DA S L7 ELAT 5 ) A 476 BB T AN SR () AR B 335 1 B 0 A7 56

FERTVT A P 4R A R4S BRI Mn > Zn > Pb > Cu > Cr > Ni, JP Mn (P #1 Zn 7 SIS
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Fig.2 Spatial variation map of heavy metals distributions in soils in the riparian of the Fenghe River

R4 17.3—222.0.2.0—52.9 Fl 15.4—111.4 mg/kg (£ 2) , X548 & 105 U BRI 7 e 3% (&
4) ,JFiz 1 SPSS17.0 BAF 43 A ff i i A5 s 28 1 iy J LA A4 9 0 (8 B i S O U R B TR ROR ) |
Y AH Y75 T Sz ke L SR ROAE ) b 0 Bt R S0 v A R S R R ARG OE R (B 4) o ANIEL 4 T LUR
HAEY 1 FR 5% Cr Cu Mn \Pb Zn F Ni B S5 5.0 K228 5.0,15.0,80.0,20.0 ,40.0 1 3.9 mg/kg, Hi T
R4y %} Cr Cu Mn Pb Zn 1 Ni (9FL RE .0 KAHR 5.5.17.0.85.0.34.0 .45.0 F11 3.7 mg/kg( & 4) , 7] WA
%ot S [ 4 P TR SRR N S i 7 45 AN AR )

R2 FAGFEYPESESEKRE

Table 2 The concentrations of heavy metals in plants in the riparian of the Fenghe River

T4 BT/ concentrations of heavy metals / (mg/kg) (n=16) TR
Teln Hb_[#843 Above-ground biomass bR #843 Under-ground biomass (5B 28D
Heavy RGEETE HARIMH JURTH PR Accumalation
o S ChRME%) Chre22) R ChrtE2%) ChrE22) Coefficient
Range Geometric Arithmetical Range Geometric Arithmetical (Transfer
mean( SD) mean( SD) mean( SD) mean ( SD) Coefficient)
Cr 1.6—8.7 4.0(2.1) 4.5(2.1) 1.9—10.4 4.9(2.8) 5.6(2.7) 0.06(0.91)
Cu 4.5—35.4 13.4(7.3) 14.9(7.2) 3.9—43.2 14.2(9.6) 16.5(9.3) 0.74(0.98)
Mn 17.3—222.0 64.9(52.3) 80.1(50.0) 10.9—199.0 67.8(45.1) 80.5(43.3) 0.13(1.02)
Ph 2.0—52.9 15.5(13.0) 19.3(12.3) 20.1—42.5 32.1(6.2) 32.7(6.2) 0.99(0.60)
Zn 15.4—111.4 34.1(22.6) 38.7(22.1) 9.4—104.3 34.7(21.6) 39.7(21.0) 1.53(1.02)
Ni 0.2—10.4 2.4(3.2) 3.6(3.0) 0.4—7.6 2.7(2.0) 3.3(1.9) 0.15(1.30)
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Fig.3 The distribution of the geo-accumulation index of heavy metals in soils in the riparian of the Fenghe River
BERORTE A3 T AR 5 b S ARG OC R B (3R 3) , I P IR E B R A s YT
FR xR B A R A LR AR S S e i e JE A G OC R A (R 4) | IR K
WNESE GRS HEES R T RARURR, 5 - RURas R -5,
x3 TENEMHTHIESESEZEREXYE

Table 3 Relationship among the concentrations of heavy metal in the soils and plants

Cr(U) Cu(U) Mn(U) Ph(U) Zn(U) Ni(U)
Cr(S) 0.336 -0.195 0.244 0.178 0.248 0.556**
Cu(S) -0.434 0.961 ** 0.081 0.005 -0.163 0.196
Mn(S) -0.279 0.27 0.145 0.496 0.057 -0.265
Ph(S) 0.008 -0.217 0.715*" 0.683** 0.676** -0.014
Zn(S) 0.425 0.158 -0.017 -0.391 0.028 0.174
Ni(S) -0.138 0.07 0.411 0.328 0.428 0.409

# % E 0.01 7K (UM ) I 8 3 AH

55— R R PN IE B A B (M 20—400 mg/kg, Zn 20—150 mg/kg, Cu 5—30 mg/kg, Cr 0.2—8.4
mg/kg) P B RE AT Mn Zn SR ITEIEFE VLR S0 SRR Co AR, o R
TR Cu Bkl 43.2 mg/kg, 2 MIEH ALY 1.4—8.6 15,535 KRR ENHirp Cr B E, b 351
TSN Cr &N 10.4 mg/kg, 29K E AP 1.2—52 4%, —FAYIIEN Pb & 87E 0.1—41.7 mg/kg, [HHb
B4y Ph A VT BIARTRAS  E 0.1—10 mg/kg Z 0] S E R 2 me/kg 7 T4 RE S A4y
Ph & Y M, TUAT 35 (H K3 15.5 mg/kg, 2R IE R TEBLMY 7.8 £ (£ 2) , Horp D i 58 KSR fiy 2 7L
Xt Ph (R B 50 s AR Ni Bt B D, —BEAE 0.05—S5 mg/kg™™  #KF £ T 42 B34 46 S A
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Fig.4 Matrix of heavy metals relationship in soils and plants in the riparian of the Fenghe River
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PLET RIS Ni (05 SEBE R & RITE 5 me/kg VU B TR AR A M Ni &= il
RAFELT Ni LR E/NTARAEY) , 5 Maria %07 2238 BRFFEAHZERL,
3 iFig
3.1 BMEES RS A SR

AR SRR i R 4R S #IFN Mn > Cr > Zn > Pb > Ni > Cu, P Cr Cu Mn Pb F1 Ni
BETEA K ZHOS A TReE S TR SEY , R XN LR ES RS A5 YR B N Ry 2.16, K]
SNBSS (2 < NI < 3) o 5 H3EFREE AR IE(GB15618—1995) it T Z84R1E A LL (2 GB15618—1995
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