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The accumulation and potential ecological risk evaluation of heavy metals in the sediment
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Abstract: The concentrations of Co, Cr, Cu, Ni, Pb and Zn in the sediments of Lake Taibai, Lake Longgan, Lake Chachu and
Lake Xijiu in the middle and lower reaches of Yangtze River, were determined. Combined with geochronology, enrichment factors
and Hakanson Potential Ecological Risk Index were used to evaluate the accumulation degree and the potential ecological risk of
heavy metals in the sediment. The results showed that the status of heavy metal enrichment in the sediment of Lake Taibai and Lake
Longgan was in the lower level, while that of Co, Cr, Ni in the Lake Chaohu sediment was low, and Cu, Pb, Zn enrichment reached
moderate level. In the sediment of Lake Xijiu, the status of heavy metal enrichment was different from heavy metals, which Co en-
richment was very low, Cr and Ni enrichment was in the lower level, and Pb enrichment arrived at the moderate level, and Cu, Zn
enrichment reached the higher level. The status of heavy metal contamination in the four lake sediments was ranked as Lake Chachu
> Lake Xijiu > Lake Longgan > Lake Taibai. The potential ecological risk index of single element was very low, however, based on
the potential ecological risk index of multi-elements, there was obvious difference among these four lakes; Lake Chachu > Lake Xijiu
> Lake Longgan > Lake Taibai. Generally, the enrichment and potential ecological risk in the sediments of Lake Taibai and Lake
Chachu had been increasing since 1965, while those conditions in Lake Longgan and Lake Xijiu tended to decrease in the surface sed-
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iment, all of which strongly correlated with the way and intensity of human activities in the catchment areas. In the catchments of
Lake Chaohu and Lake Xijiu, the development of industrialization and economy was rapid, and lots of heavy metals were discharged
into lakes by human activities, which made these lakes polluted. However, the way of human activities in Lake Longgan and Lake Xi-
jiu catchments was mainly about agriculture, which contributed to a small portion of heavy metals into the sediment.

Keywords: Heavy metals; pollution index; ecological risk; lake sediment; the middle and lower reaches of Yangtze River
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HERRRLBECARE. M FRBIIRY RS lom BRI ATESRBRTEBRLES
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A, BB 42cm Ab X} R7 1824 4F, T 3 S6em Ab X RL Tab. 1 The baselines of heavy metals in lake sediments
1886 4F. ML AT L, B BRMWALE T WA ZH, TE xa# b 230 B [t
AKE SRV F E 4 R TR B, Co 18.0 14.9 1.2 14.0
KB BRBMEY R AR 10cm TTE Cr 95.9 74.1 50.4 68.2
WESHEE W R, ME N RAK 6em TE  Cu 27.4 27.5 2.1 30.0

EEHEEAIRERME, HEBINE TR RME Ni 39.4 28.1 19.4 345
RnE1. Pb 37.6 35.6 20.4 39.3
2.3.4 ELBFENGFH 5% AFRYRER _ > 66.6 73.7 39.0  105.6
50cm #7347
(1) BEERMEERB(EF)BUTARIE!.,
EFs = (M/Al) ;/(M/AD) (1)

A, (M/AD) BERTESRS ALTTEMREL, (M/AD BEERESHESRY Al TREE .
(2) Hakanson HEASNEIFH. A. B—TRERSH CH:
C; =C/C, (2)
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Tab. 2 The changes of C, and RI corresponding the WEESRNBIES RITEARR:

pollution degree and potential ecological risk .
€, BREE R WEESKRER Rl = X F )
Cy<5 3 RI <50 ® B b 2 B 9T 69 75 % 76 ¥ ( Co Cr.Cu . Pb Ni,
5<C;<10 h% SO<RI<100 GAE Zn) />F Hakanson 21 & 8 #, BT LA E X C, M RI
10sC; <20 % 100<R/ <200 B8R AT EE . EHENENESLRITE C,

3 &R5iti8

3.1 MEMTREREEL

KEABAREHIRYPEESRNSRYET NN TRE, KETEARHN, RAETAEES
REFPARBENER BRESRBESHEREZE/, EEBERE; RMTRYFESRE Cu i
WAWE/DTFHERMEN, HETROKEBHERE(R). 2P, CuNi BRI RERTREN 2 5
%£,Pb 3 5%, Zn ERIKH 5 B E; BRTIBY P Co.Cr Ni ¥ EFER REMHEEMLA K, T Cu.Pb.Zn B¥
BRI W IR, Ko Cu B KER AT RN 4 £, Pb X BIT R 2 £5,2n BREXBIHRIEH 6 5.

# 3 WIAUIEY  E S R IE B AT B &P E

Tab. 3 The changes of heavy metal concentrations and their averages in the lake sediment

BiH 3 4 Co(mg/kg)  Cr(mgkg)  Cu(mg/kg)  Ni(mg'kg)  Pb(mg/kg)  Zn(mp/'ke)
KE® eHEE  19.5-25.8  96.6-118.4  29.3-34.9  39.2-49.0  40.9-58.6 71.8-100.0

HE 21.7 104.6 31.9 43.9 48.6 86.2
R BANE  13.2-22.5 77.9-114.2 30.1-46.2 29.1-46.2 34.7-54.1 64.7-122.8
HE 18.6 101.6 40.8 39.4 4.5 9.5
iy EE  12.3-20.8 59.1-98.4 15.4 ~46.1 24.2-46.5 26.5-67.9 53.0-227.3
#E 17.3 78.1 24.8 35.1 41.5 106.1
Vith A 7.8-14.2 51.0-90.9 30.8-118.6 23.4-47.5 39.7-90.1 123.1-644.8
e 11.1 72.4 66.5 33.2 62.9 360.3

BN ERERESHREN LS, X4 N, KA WARBMTTBY E S R oK B X B ; BT
By & EL ARSI ; BRIIBY P Co,Cr Ni MEHAE, T Cu.Pb.Zn WA M. (B2, (UREE
&R B AL R Yo 2 FL B SRR L, I T 22 £ B JL e 14 o LA .

3.2 RRWP RS MTRARSH
3.2.1 BT EHF AR RBELREEEF (EF) MRA—TRESRSBB(C) EH(FS), kB
BUTBY TR Pb A Zn B EB R, L ETRM EFs #/hF 1.0. Pb 7 Zn # CB %, KR Co M
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Cu,Cr F Ni BAE. AT, K ABTRYHEE R ERBRERMK. RBHATIEYT Cu MERBERR, HETT
RIBAE. Cu i CAHBLIF , Z /5K Zn Ni Cr.Co Pb. B4k L&, REMIIRY PES RN RPBRE 1
B, BB TAEM.

#4 BLREERT (EF) MB—TRERSH(C) Bl
Tab. 4 The changes of enrichment factors (EFs) and the index of single element pollution of heavy metals

WE S% Co(3HH) Cr(39fH) Cu(394) Ni(351H) Pb(39{H) Zn(34fH)

XKE# EFs 1.0-1.3(1.1) 0.9-1.2(1.0) 0.9-1.3(1.1) 0.9-1.2(1.0) 1.0-1.3(1.2) 1.0-1.4(1.2)
C} 1.1-1.4(1.2) 1.0-1.2(1.1) 1.1-1.3(1.2) 1.0-1.2(1.1) 1.1-1.6(1.3) 1.1-1.5(1.3)
BR# EFs 0.9-1.2(1.0) 1.0-1.3(1.1) 1.0-1.5(1.2) 1.0-1.3(1.1) 0.9-1.1(1.0) 0.8-1.3(1.0)
C} 0.9-1.5(1.2) 1.1-1.5(1.4) 1.1-1.7(1.5) 1.0-1.6(1.4) 1.0-1.5(1.2) 0.9-1.7(1.3)
¥ EFs 0.8-1.4(1.0) 0.9-1.4(1.0) 1.0-2.4(1.4) 1.0-1.8(1.2) 1.0-2.2(1.4) 1.1-3.8(1.8)
C} 1.1-1.9(1.5) 1.2-2.0(1.5) 1.3-2.8(2.1) 1.3-2.4(1.8) 1.3-3.3(2.0) 1.4-5.8(2.7)
¥ih EFs 0.8-1.1(0.9) 1.0-1.7(1.3) 1.0-5.3(2.7) 1.0-1.3(1.1) 1.0-2.7(1.9) 1.2-8.5(4.1)
C} 0.6-1.0(0.8) 0.7-1.3(1.1) 1.0-4.0(2.2) 0.7-1.4(1.0) 1.0-2.3(1.6) 1.2-6.1(3.4)

BT H Co.Cr.Ni ) EFs M1 CAEL BN (# 4),Co.Cr Ni (B RALFEMLB] K5 T Cu.Pb,
Zn ) EFs 0 CEHARRBERG , %91 Cu Pb.Zn SRSABIFBIR R M ERAF. BRIBYF Co i EFs F1 CfE
RN, ULBA Co B AKFAE; Wi M Cr.Ni Pb i) EFs Fl G KE, Cr.Ni B RKTFHAE, Pb ERE
Bl %K F; Cu.Zn i EFs Wl CHEIIRR , KW Cu.Zn HELE LA RKF.
3.2.2 #REFRARDH BEEARERFNSH CHELE L), KAWRRBHTRY P EHE
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Fig. 1 The curves of pollution degree of multi-elements in the lake sediments
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SRM CAESPNEG6.3-8.1 f16.2-9.2 Z[RIA{L, FIHESFIN 7.2 #18.0. KEAM A 1965 £F8h,C,—
HERF.0,5REE—-HENE; i LBHBENE LT ERRS CMIET.0-9.0 Z[EZE, 1996 F 25
A BT R, BRBRRAT 6.0. Hitk, Bk Fik, KAMMEBEBRNTRYFELSBLTFTPEERKE,
M E &R ES R BRI R TR A,

R NIIBRY I EZHESRE CHESFIET.6-17.9 M6.0 - 14.6 ZH 24k, EHENFIHR 11.7
FN10.1. $ ¥ A 1965 EEF 0, IR C,E—HEA T 10.0 Lt , T H BaTRR7EH i, il C,AEBAE
6.0-10.0 26, AR BTRYFESRIERERE. MEWARYHESR C.H7E 1965 — 2000 £
KF 10.0, RERE C, AT 6.0-10.0 Z[H]. BRTE 20 L 90 FRFEHEHEE, B B RTTTEY +
HERISRAETREMKF. EETRM SEE R TS E, R TTRY + &0 %0 B4 T5 R m TR
#:Zn > Cu>Pb > Cr > Co Ni, iAWY P EILEN BART YA FWR T : Zn > Cu > Pb > Cr.Ni > Co. 134
ERRTGRITFNSE C,HEL 4 MR BY T ELRERBERNXR N 88 > T > BEH > X
B#.

3.3 BE&MBELESRKREITMH

3.3.1 B - EBELSARFH 4 MRTIRYPEHELRTEMNE—BEEASRBEEY/ANT
40.0(% 5) , A BNATIRY B — T R I 7E A B KB ERRME. B2, RNFE M ENHETH AT LR, Co,
Cr.Ni M 7E £ SN RO : 3 > KB R > B X F Cu Pb, ¥ > UL > XKEH. B
BB Zn, AL > ¥ > KM .

£S5 WETNBYFA—BRTRKEEESNESH(E,) Bl
Tab. 5 The changes of potential ecological risk of single element (E,) in the lake sediment

Bz ] E, Co Cr Cu Ni Pb Zn
KE# AR 5.4-7.2 2.0-2.5 5.3-6.4 5.0-6.2 5.4-17.8 1.1-1.5
HE 6.0 2.2 5.8 5.6 6.5 1.3
W AHE  4.4-7.5 2.1-3.1 5.5-8.4 5.2-8.2 4.9-17.6 0.9-1.7
Ha 6.2 2.7 7.4 7.0 6.2 1.3
H AL 5.5-9.3 2.3-3.9 6.4~19.1 6.3-12.0 6.5-16.7 1.4-5.8
Wia 7.7 3.1 10.3 9.1 10.2 2.7
Th FLHE  2.8-5.1 1.5-2.7  5.1-19.6 3.4-6.9 5.1-11.5 1.2-6.1
¥ 4.0 2.1 11.1 4.8 8.0 3.4

332 AXBELSAR TN RESTREEESARER(RD ZA(E2) , KEHTIRYPESR
RIME7E 24.4 ~31.0 EARAL, P98 0 27. 3; RBWITUR Y P E & /R RI{E1E 23.3 -35. 5 |34k, P HEN
30.9. KO WA REHMTTRY HELR Rl EB/NF 50.0, A TFRABELS KR, H2KXEBE RIELF
B EFRE, X YT RER.

RMVLRYIHE SR RIMETE 28.7 - 62.9 [EIZE4L, FH9{E KN 43.0; ANIIBRWH EL /R R H7E 20.1 -
45.1 [E1ZR4E, P HE A 33. 4. SLUTBW FE 2R RI E7E 1985 S£/5—H KT 50. 0, T B AL FESHE MM
¥ BWEZS4THERELSARBE, TR P ESR REER K /AT 50.0,  FEAESR
B, ERERIMEY —FEREEFFESNR, FLFEHEENESREROER, BARRYPEL RN
A 25 R B 7 2 T AR

Bk PR, AWHIIRY T ESREEESRBREE R 58 > Wi > gy > ka#. B2, EW
HIBOLRE , RBMAANRETRY T ESROEAEESAREZS TR, X EERH T 20 #4290 4R
FIERAT I, B AR G BUR N K T X SR okl 2 8 B4 . LUK i 4sR S0 41, 90 ARAR v f5 9, BT SR A
T—R#BmERAHIREL™  BLRRBHRE RPN ES RS BA VB THES (E
1), T B & R %t 7K 1k i ¥ 7 f o R B A BT
3.4 AFFE X MARRY PESROKM

EAEAFTRIGRIFNSHAEEE SRR KX L, SMATRY P EL RS REE B EES
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Fig. 2 The curves of potential ecological risk index of heavy metals in the lake sediments

RESRFF - 8 > T > B > KE . SMERERSMERIBAALRE ST R LURREET
XK.

AT, B EBTIRY P Cu.Pb.Zn M5 R (EFs A C) LURBTRIFRIIR(C,) TARH(F
4,8 1),Cu.Pb.Zn L FRREIGRAF, MEESRVEEESNRUERS. EILEEABTRYTESR
B ROK R FEA SN —EA T EFRE, X RBRT BB RIM A ARE S X ES R TR SR
% 2500 BR TH MV 1 150 ZTTIREN O, 4FET IR i 3 P HER IO & B Tk Bk (A& TS K B2
WO, B AR A Ak BB AR, A IR T K Tk R R A TR B RN, A O B,
ARG RBATKENESBTEK, LHE CuPb fl Zn WERH.

BN TEXARA,EEREA TV MEZFHRERR, FFHREASEHRE BETY BNRER
BRAAWERR, N T RBARISRY AFTR, I TKEEIFEIS R, IR 20 142 70 SR HHZE 90
FAPH BEEROBRREIERTE(E ), BRELESHECEN L G EERREA FTROZE, B2
HEARIIAY FES RAOSRATHRRR . B, Cu BREIESHRARERBE T AL, BEE
YRBBULUR SENYRARBMNESEN  XTERERKR Cu SROTEFRE. P SEME—FE
S5RERGMEASEMA R S—HE, P BRUTW S RERSE, RE BT 8BRS
RIS AL Pb 155 UIB W Zn B9I554 5 Pb 25401,

SEBMAL, WRRIRAA OHER S, ST B E T AR AR AR R, XERARE b6
RTHERYEAKENHER, SURBNARY P ESREREHEBELSARETFAMNEERHE. KO
BAERHE&ER KRN ESRISREIBEESNRRZ LMATHNSBRIE(X4,81,82). KA
FREBFIREE UL =R ET  BRAE RASRUHRBERAKTEZS, BOAREEL R
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B, ABE S R A— DA R 3R BB R TR Y & R s AR 8D, X2 K B8 IR
S5&Y . ANIRYTESREBERBENERRA.

4 £ig

(1) REXREFRE. FERTRE—TRERSH, KENABRBTRHRYPEHES RO ERR
BERIREAR s BTIRY B Co.Cr Ni M ERBEEEHEKF, T Cu.Pb.Zn BB PEHKF; BRTLRYH
Co MERIEHE, Cr Ni BEAKFEAL, Pb B HEEKE, CuZn KB R K EHRAKF.

(2) NB&ELER 4 AR BYTESROGREEXRR R SEH > TN > BEM > Ka#. Ka¥
FMEHHTFRA 1965 FUR—HENE, TEEHHNANARYHESROERERER TRABES.

(3) KE#. BB AT NITIRY P AT REERBERIERE(E, <<40) , BRBESTR
BEESXRER, FEHTRYPESROEBEESARERFEVBRZER 88 > B > BEBY >
KA#. 5ERBERMATHIM, K EBI0SB 08 7E 4 5 RS — B 78 , 0 5 85 F1 78 SRR (] 284k
A T RERBE.

(4) ZWHTS R B A AE A A5 AR 0 2 52 5 M TF L A KT 3 B O A& BE DA 5E. LA
NI (BT R R , A O3 250 Tl AL B0 IR 4 W96 47 5 01 B 75 34 s TR M ALK B 8 R
BAIE S ER RTS8 E, ARHESET XA — AR BB, W H & RIS R TR A X B
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