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Abstract: In this paper, nutrient elements (N and P), heavy metals (Pb, Cu, Zn, Cd, Cr, Co, Ni, and Sn), and grain size in
surface sediments of Baiyangdian Lake, northern China, are studied. We also analyze the spatial variation in elemental characteristics
and undertaken a pollution risk assessment. By combining data with information on the river sediment characteristics, we use
multivariate statistical methods to reveal the sources and variation of elements in sediments. The results showed that the average
contents of heavy metals in surface sediments from the lake and associated rivers were higher than background values. Within the area
of the lake, nutrient elements are relatively high in the northwest region but low in the southeast region, and heavy metals are relatively
high in the middle of the lake but low in the southern and northern areas. The sequence of comprehensive pollution index () in
sediments was Cd >Pb > Cr > Cu = Zn > Ni > Sn > Co, with Cd being assessed as severe pollution and other elements as moderate
pollution, although severe pollution of Cr was found in the Zaolinzhuang area. The order of potential ecological risk coefficients (E,")
was determined as Cd > Pb > Cu > Cr > Ni > Zn, whereby Cd was associated with a strong potential ecological risk (except in the
Caiputai area) and other elements were associated with a slight potential ecological risk. Differences in the lake sediment texture were
found to be slight. Non-point source pollution after rivers flow into the lake was determined as the main reason for the spatial variation
of elements in the surface sediments of Baiyangdian Lake, although point source pollution in the villages surrounding the lake should not
be ignored, especially with respect to N, P, Pb, and Cr.

Key words: Baiyangdian Lake; nutrient elements; heavy metals; spatial distribution; pollution and risk assessment; source analysis
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fH0 4. 54, F 3<I <6, 5715 YRV 8%
V5 4y AETE PN B Sk RO DE 5K R Ml DX TS YL TR L Cd
YIS (P) KT 4, P E GRG0, HE TR
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Table 2 Pollution index of nutrients in surface sediments of Baiyangdian Lake f J =

5 Xk TN Sk TN e T .7 TR
BS R 6.91 0.79 1.21 f ol:.s'é ry
BI2 PeEiE 12.56 1.44 <1 o po~"

B33 s A 7.9% /' 0.01 [ o ¥ Wy 0. 424,
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B62 * gk O], pbas” 143 Jf 7 f,45 043 %
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BY3 . AR y i ;.0?1 0.58 1.04 0.31
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Table 3 Heavy metals in surface sediments using the Nemerow index method

HYREL(P))

=
" <8t Cu Pb Zn cd Cr Ni Co Sn
B5 X 1.20 1.04 1.31 2.91 1.19 1.20 1.15 1.13
BI2 PRI TE 1.34 0. 66 1.30 3. 66 1.02 1.14 0.87 0. 89
B33 S Ay 1.78 1.15 1.39 3.39 1.39 1.41 1.21 1.38
B44 DS 1.50 2.91 1.39 3.70 1.49 1.82 1.30 1.48
B50 KR 1.88 1.93 1.72 5.20 1.56 1.49 1.30 1.46
B62 vk 1. 80 2.01 1.91 5.22 1.50 1.69 1.35 1.47
B81 T 1.49 1. 65 1.72 3.59 1.50 1.50 1.33 1.23
B93 AR 1.33 2.77 1.29 3.40 2.47 1.34 1.17 1.38
B103 KifiG 1.19 1.47 1.03 2.65 1.13 1.10 0.98 1. 15
SFH(H 1. 50 1.73 1.45 3.75 1.47 1.41 1.18 1.29
LEATS A R(T) 1.70 2.39 1.70 4.54 2.04 1.63 1.27 1.39
LT R e e e Gl s U U U e

1) MU P, <0.5 80T <1, W F LRI YL B TG0 5<P, <2 B I <T <3 N EIGY,2<P, <4 B 3<I<6 HEFIGY,

P, =4 8 1=6 g 54 ()

3.1.3 EBHEASGEEN
Hakanson #7542 25 XU 8 B0k e S e T
TR H R ICEN YR TR, R 2R E YR

ZEARN, FFRENS E R TR AR B FE R, A
#5712 FH Hakanson A= 25 JXURS: 38 K02 74 1R TE 26
FEUUBR®IH Cu, Pb, Zn, Cd., Cr FII Ni 5TE, XK
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BEAR E, HOFr e R0 R 4. NAFERANES
BRI FRE AR ERE(E) KN
ik Cd > Pb > Cu > Cr > Ni > Zn, 2)ZUIFY R
Cd #p,JCZ Cu., Pb, Zn. Cr & Ni B E' BUEIH/NT
40 , FE I ELA R A0 TR AR A A AU 5 R 1 A1,
fidbIX Cd A9 E: BUEALT 80 ~ 160 Z 8], HA #AY
TETEA S AU
3.2 FVEERZUURYIICE RSB

H EIPRE R Z DB o0 2 0 UEA T hR o Ak A B
J& N SPSS for windows 19. 0 34X o2 & = AT
FHRAED T (2 5) . NPT Cu, Zn, Cd =
FHZIBILAK Co, Ni, Sn =¥ Z[EI7E P <0.01 /K I
P ELA I R G U5 B A [R] 7 oA U 8 TR R
fiE, 23 [ A AR RRE A AR B FR TR N P Z R K
HESRZEICH B (P <0.01) ,ILAMTE Ph
Al Cr 5 HAb TR WICH WA (P <0.01).

Ak AR T T 2R R R s ) A
AL, XHIFFE DI 3 1 9 B B G 2 Hcd oE
FE RGBT, AT EE LI 3 (a) 13 (D). 74
[ S-S0 6 g 207 Ak T 30 A 0 2 AR 1
SR GERE A AR M A L, JE R BT 40 NP
2 5 1244045 Zn, Cd, TP, Cu Mz TN, 55 — 254Uk
Cr, Ni, Co, Pb f Sn, 3BTyt 1 (¥ 3 LR A
TG 2 LR b 2 VR A A G I8 s BL A ) 1 ok
. TR X TR I I 2 H 2 7 T 15 S, N
T FEAT | 2 SCIAT B o 02 1 2 i B K B
o , LT U 0 22 3R 2645 S AH 100 AT LA A 30T 37
HE QUF= S TV I e P s A | BE B ik =R T AY
TEZ 25 A5 A 32 P 2 (LA S5 A L P 24 s
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Table 4  Potential ecological risk coefficients ( E') ;1.1(1 hazard rating of heavy metals' in' surface sédirr;ents from Baiyangdiaﬁﬁl Laké
- B ‘ i i WS EE AR (B ‘ Y 4
Cuf [ Pb Zn €d 1 J Cr " Nig
B5 A X 6. 00 R0 1.31 ' 8785 72.38 2.41/
ez S e 6.1 Vg 1.30 0983 T 203 2.28.

“\ B33 S i) 880 & [ 5,06 of 1.39 Joq01,57 2.78 2.83
B4 = (A% 7.50 14.55" .39 ¢ Myiojor ¥ 2.99 T3.64
_B50, T 9.39 9. 66 1.72 “ 156012 3.13 2,91
B62 | SEREK e 8.99 S 10005 1.91 | 156.67 £ 3.00 3.38

Tnstl | | g EFRET 7.46 48. 24~ _,; 1.72 107. 81 3.0l 3.01
! B93 ORI 6. 67 13875 1.29 101. 89 4.95 2.68
B103 Kbt 5.93 7.34 1.03 79.38 2.27 2.21
SR 7.51 8.66 1.45 112.39 2.95 2.82
[ i i B i} i ik
1) MUY EL <40, 3R HE 0 R 8% K A 2 A AR 40 < EL <80 4580 < KL < 160 Jg3# ;160 < EL <320 MR ; £ >320 Mtk
35120
x5 AFRRERAMTEMEMSHY
Table 5 Correlation analysis of elements in surface sediments from Baiyangdian Lake
TN TP Pb Cu Zn Cd Cr Co Ni Sn
TN 1. 000
TP 0. 548 1. 000
Pb -0.437 -0.261 1. 000
Cu 0.352 0.778* 0. 179 1. 000
Zn 0. 163 0. 449 0. 195 0.765* 1. 000
Cd 0.417 0.619 0. 266 0.825*  0.857*  1.000
Cr -0.266 -0.288 0. 746 * 0.129 0. 150 0. 162 1.000
Co -0.267 0.271 0. 580 0. 655 0.756™  0.553 0. 407 1. 000
Ni -0.193 0.221 0.677* 0. 639 0. 669 * 0.597 0.292 0.848*  1.000
Sn -0.269 0. 338 0.762* 0. 669 * 0. 499 0.527 0. 564 0.853**  0.800* 1. 000

1) #* &R P<0.05; * * 3&/R P <0.01

3(c) NHATETEATR] X R AL 25 22 18] B R
T AR, B X (BS) L B4 TE (B12) | i A
(B33), AU (B50), JEyE L (B62) , T K %E

(B81) TERZERIIL I 1 i — A2, AR U P A
JRE B 57 5 FINAT AL AT 11 8 20 A AL, 28 ] 3 2 X I
ERAZTTHUR M 5 107 [ Sk (B44) | SR 65 (B103) K
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Fig. 3 Hierarchical clustering dendrogram of elements in river and lake sediments, and sampling sites
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