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2446.0 mg/kg, ¥ A 789.22 mg/kg; it B ¥ R A FE A 318.5~4662.0 mg'kg, 1A% 1706.7 mg/kg, ¥ H A F % 315.05~
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Abstract: Baiyangdian Lake is the main ecological function area of Xiong an New Area.In order to find out the distribution
characteristics of nitrogen and phosphorus in the surface sediments of Baiyangdian Lake and evaluate the pollution degree of nitrogen and
phosphorus, we carried out the investigation and pollution assessment of nitrogen and phosphorus in Baiyangdian Lake. The results
indicate that the total nitrogen( TN) content of sludge layer of surface sediments are 528.5~10566.5 mg/kg, and the average is 2859.91
mg/kg. The total phosphorus( TP) content of sludge layer is 425.7~2446.0 mg/kg, and the average is 789.22 mg/kg. The TN content of
transition layer is 318.5~4662.0 mg/kg, and the average is 1706.7 mg/kg. The TP content of transition layer is 315.05~976.30 mg/kg,

and the average is 598.97 mg/kg. The total TN reserves of surface sediments are 15.86X10* t, among which the TN reserves of sludge
layer are 3.76X10* t and the TN reserves of transition layer are 12.10X10" t. The total TP reserves of surface sediments are 5.54X10* t,

among which the TP reserves of sludge layer are 1.02X10"t and that of transition layer are 4.52X10* t.According to the evaluation result
of comprehensive pollution index method, the sludge layer of surface sediments in Baiyangdian Lake have been heavily polluted. As for
the transition layer, except Shaoche Lake, which is severely polluted, the other lakes are all moderately polluted or slightly polluted.
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TESARAEAL I TG S, 20 4 80 AEARLA
R, FIVETE ARSI 2 3 " HR AR S RGLR AL
IR B A S S IR )82 WL GE . 2017 4,
S RE S RN EE B 0 o VAR e 5 P 8 R
MMy HAZ O AR S T RE X, 30 AF A5 R B i {4
SEERAEMEE, REZTRYAIEN A HEER
M B B RS 23, 2 W SRR B A, U
TR b B U AT R WA I 3 A E WA sh A AR T
BB OC T, 5B KR 1m0 A
U5T5 Ye W, & B IR K AR & B R 1K (Ellen et al.,
2001 ; Sndergaard et al.,2003 ; Vicente et al. ,2003;Li et
al.,2012)
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FE B0, O TE R R 2 DU R BT ™
TR ) o KB XU

AT 1V DE 1t 0 FR 0 RO 2 A1 R0 1
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XA /b ) 3 o) 51 T AT OE X AR JE LU TR
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FA SR, Hoh 22 SO ] AT ohoKCh 32
AR ATETAL , HARIAT AL (S A TR) sl A A0 A A /0
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Hoh B yE 0 3 W XK BT R S & G 1Ay
AL KR S M R L ERZEW X & B &
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FBIH(% ) .
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PIREE (m) 3 A R EPETE DUBU 4 i AR (k) 5p

UM AR T % (10°kg/m’) ; C HTTHYI A
(@i)qzﬂ]/a\%(mg/kg) o
2.3 MARMEREBES TN X
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Ko, S BRI F5 80 (i A0R TN 5 TP)
S >1FN iz A bR & B T EN FREAE ; C R TEY A
T i SN & CONTEM IR | bR IE S B, FF
FEEETTRIEE . F A n WA R 175 YL 38 KU
BIE (S F1 S BI85 F,, s K ELIPT- 45
(S M Sy, M KAE) . S IRUTRYI 2575 e it
JESTHARE (SR 1) 15 3 TERZ DU Y S A A
PSR S
2.4 HIEAMEEE &

B Ak B 5 43 BT oK Excel 2016 A1 SPSS 19.0
A B8 2 18] 43 B B A2 1) R D ArcGIS 10.5
At

3 giR51he

3.1 REMBYER.BESH
3.1.1 J&RRJE TN F= TP o H 45 4E
HYEETR IR 2 TN & &0 528.5~10566.5
mg/ kg, EHIE N 2859.91 mg/kg, 285 2N 50.2%
(F2), B AR E N AR m Pk (E 2),
TN BB X FEENPEEVE X B EyE e i
o YE R 12 A e G RN U P R, TN &
HZ KT 3500 mg/kg, /KT 6000 mg/kg, ¥
PEVEVEHER 7 T UE M R 2 FUERS T TN &Ik,
F1 MPMEETLEESRIFE

Table 1 Classification standard for comprehensive

pollution degree of sediments

31 SN Stp FF TS YL
1 <1.0 <0.5 <1.0 I
2 1.0~15  05~1.0 1.0~15 TR PTG Y
3 15~2.0 1.0~15  1.5~2.0 Fp T e
4 >2.0 >1.5 >2.0 G R
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Fig. 1 Distribution map of surface sediments samples in Baiyangdian Lake
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Fig. 2 Distribution of TN and TP in the sludge layer of surface sediments of Baiyangdian Lake

Z/NF 3000 mg/kg, WX TN & & & 2% HE
FPARUCN e ETE >ma R >/ N PR TE >B EiE>T R
FESPANESZ MPESMWAATE , KW IXEIEZE TN Frit
PIRFAFERF IR TN £ (2009.14 mg/kg) o

ARYRFFEIIN], 7R T8 U 2 A B S (e
F ok EEE S (1995) FIBFFE SR (2480 mg/kg) , {HAIK
TERUEEF (2020 ) FTIHASE SR (4020 mg/kg) , B A
Oy AL AR — 3, TN & s KRB S 6 T
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Table 2 Statistics of TN and TP content in the sludge layer of surface sediments of Baiyangdian Lake
s s AVEX HWERE O REEWE MXIE EFRE HER Z/E WMIE NATEE AENR
/(mg - kg™') n=267 n=36 n=39 n=19 n=44 n=31 n=51 n=19 n=28 n=14
¥ifE 2859.91 2677.53 3731.32 3267.89  2694.24  2716.23  2509.94  2472.42 2923.57 2009.14
Fe/ME 528.50 1029.00 919.00 891.00 618.50 1057.00 723.50 528.50 628.00 896.00
™ BRI 10566.50  4682.50  10566.50  6248.50  5820.00  6724.50  7099.50  7059.00  4656.00 3633.00
Cv 50.2% 29.7% 50.6% 42.3% 48.2% 52.4% 53.0% 74.6% 36.9% 46.68%
YA 789.22 870.67 775.27 1135.49 748.13 709.85 703.69 620.56 891.66 1008.17
R /ME 425.70 587.70 581.35 743.20 511.30 572.60 435.10 425.70 502.00 719.50
b KfE 2446.00  1337.40  1138.70  1808.65 1375.70  887.10  1072.00  860.30  2446.00 1386.30
Cv 29.5% 20.4% 17.8% 20.7% 22.6% 9.4% 20.3% 15.4% 49.0% 16.84%
PEATE JEFRBE A TE TN & iRy, FXI(EY 2633.62 mg/kg,

FITETE R Z TP & ikl 425.7 ~2446.0 mg/
kg, FII{E N 789.22 mg/kg, B 7 R EL 29.5% , SAA
AYAT LA AT ATE T R AR AL 3G s A IX
e, HA DS B AR (BT 2) o TR ACGE F R X
FER X TP & & d, FHE R 1163.1 mg/kg, H
WR/INFIEVE AR AL EB | 5 E B B AR TE AL R
PEHLX, TP S8 £ KT 900 mg/kg, BEAEVER T .
TRIERES 1z PR St fa 3 TP & s KA,
Z/INF 700 mg/kg, WATEIRIEZE TP & &K,
SIS RN 632.73 me/kg, 5 IX TP & & H &
FIICHE TN & B R >/ PR JE >3 78 TE >he 4
ST RESP TRz Mg > miE, Xl E
XA Hoh 4 X2 TP & 2 KT A e
WRZTURY) TP &4 (1008.17 mg/kg) . FITETE
JEUEJZE TP -2 F i v Tk B 45 (1995) I WFSRE
BR (640 mg/kg) , W T AR A5 (2020) By
REER (730 mg/kg) .

A E R RN R Z DU TN TP
SRR, AFEERZVRY TN, TP
TR FEREKFE(ERI),REZVEY TN i
e, TP S UK F AR, W FE¥&EE, A
TEVE K | e Y A b 5 K 8l D) 25 R OK
W RZVIEY TN, TP S R EE® THE T
WA
3.1.2 it B TN Fo TP & 45 /%

FEETE L 2 TN &R 318.5~4662.0 mg/
kg, FHIME K 1706.7 mg/kg, FHIME NIEIRIE TN &
Y 59.7% , SRS BLAL S R AR A A A RRIE (81 3)

B X E A X, 341 2134.00 mg/kg, R ARVE
DX /IS FL PR VE PU P 0 5 s 2 e A1, A U IX il 2
TN &2/ 1500 mg/ kg, LLZR 1 &5 12 f03E 1
2 TN &R, FHME N 1120.54 mg/kg, iLIEZE
TN 341 ST Z AL, BB 4 0E & i K, R
HRVE X B it /)N
FIVEVERT P2 TP & ik 315.05~976.30 mg/
kg, FHME A 598.97 mg/kg, FHME HIEIRZ TP &
Y 75.9% , VA S BTG i AR AR oA AR (& 3)
FEXIE BAETE /NAFTERE)Z TP i, 2 KT
600 mg/ kg, LARGXIFE i Xy, P18 8 778.38 mg/
kg, ZRARDXIIR TR IEVEHS b4y h bl 1z g
AR A TE AR LR R B b X B e A, Hot e X
*3 HEFRDEZHWAHAREITRAY TN TP FEXTL
Table 3 Comparison of TN and TP content in surface

sediments of major lakes in Eastern China

WA TN/(mg - kg™') TP/(mg - kg™") P 3
HYERE 2859.9 789.2 PSS
il 1850 1020 k5% A 2020
¥ DU 2500 720 BRI 2013

H 1088 585 FHIF4E 2021
L 1020 580 WS 2010

N 1349 486 e, 2014
] 22 1046 242 X8 ,2019

pLENT 514 267 ZEJEMSSE 2013
T PH 1216 506 TR 2012
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Table 4 Statistics of TN and TP content in the transition layer of surface sediments of Baiyangdian Lake

as CEs SIEX OWERE O BRER MmN ER%E BER @i ZaiE AR
/(mg-kg™)  4=90 n=11 n=13 n=16 n=13 n=9 n=14 n=%

HfE 1706.81  1763.00 2633.69 2134.17 1613.25 1297.54 1513.11 1120.64  1898.75

/M 319.00  559.00  1080.00  658.00  319.00  567.00  544.00  400.00  1015.00

™ RKME  4662.00  2883.00 4662.00 4218.00 2998.00 3704.00 2822.00 2345.00  3795.00
Cv 58.96%  37.06%  49.00%  58.45%  54.25%  71.02%  52.26%  60.57%  46.15%
B 598.97  677.73  588.38  778.50  588.63 48133  550.61  582.45  668.38
T/ME 315.00  508.00  315.00  541.00  442.60  335.80  384.20  348.30  560.00
w o] 976.00  874.00  779.00  976.00  841.00  608.80  958.40  841.00  747.00
Cv 22.01%  15.80%  19.38%  18.21%  16.67%  16.30%  33.30%  18.58%  9.49%

R TP &8 Z/NT 600 me/kg, I E1Eid J¥ 2
TP & & e fil, P BMEh 481.33 mg/kg, 5§ TN £
1, 1 ZE TP BAR A SR e 2 A IR, & A IX
FZE A T AJE HJE

3.1.3 TN.,TP FedKF &G 5 A 442

FIAEVE 6 /3 ] 1) T RAE SRR )2 St I 20T
PRI 5 Fros , IR 2 DU R EE R 0.06 ~
0.57 m,*F¥EN 0.23 m, i LIEIZREH 0.30~0.42
m,%ﬁj{ﬁﬁa 0.36 m,

T 1] 43 AR MRS R PR (B 4) 6 AETH
MR TN TP FIE KRB A A 22 5, (0453 1H]
e (1] 25 AL B AR LA — 30 TN TP FIS /K R i) 1 3¢
IR BETR B 14 It /)N, O B0 R4 A, B A
LR 5 e R R AR B A T $5 2 )5, TN Al
FOKF TS, TP FalliE T, 0
TA (4 PMO4) $55 8 22 05, TP & fa e 28 Bl TR B 3 KT
AR HAIR F 83 5 Z R & B K, HILER IR
Je)Z TN TP 7K 3838 il vy T2k I 2 MU AR )2, H
JEVRJZE TN TP 55 7K S B R 2 /N 1) 3R 38K T
PR R OURRZ s WA & bR B ARt 2 B, DIR
Yy TP SR AREHEE L TN & 8RR 2%

®5 SERHNARREMIERERE
Table 5 Thickness of sludge layer and transition

layer of each vertical section

m

20 PMO1  PM0O2  PM03  PM04  PM05 PMO6
KEE  0.20

SR 0.42 0.34 0.30 0.42 0.33 0.35

0.06 0.20 0.23 0.57 0.12

Gt RI, 6 D REESURIZ VIR TN TP
IS KRR o 2398 0.87+0.09 ,0.86 £0.22
F10.9040.09, &L E)JZ VIFRY B TN TP A& K FEE
WWARE o 5 0.964£0.09,0.93+0.19 F1 0.97 +
0.08, JETRZTIBRWIM TN TP Hl 5 7K 28 25 1 2 54
o BNFRVEZ  RK R Z TR YUY TN,
TP R 7Kl R K T 200, KR )=
AL TN &K R R AL o BIARIEZE /N T
0.1, FRW TN FIE 7K SRR e s fa e, 2
AN 2 ] F TR TN R 55 7K 258 B R e il R A —
HAFERECE WA, IR 2 AR E R TP S
ZH o WUFRAEZE 050 0.22 A1 0.19, KW TP & &
BER RS AR S A %, 5 AT R — 3
32 RENBYR. BEE

FIFETERZUUBR Y A 45 R BoR , FHVETEAN ]
VE XU )2 S i J2 R A 25 57, 2 VE XK T2 1T
FUIIELEE 0.03~0.60 m, P JEREE 0.15 m, K2 0~
10 em 7K E 31.05% ~83.36% ; 1L I JZ TR Y IR BE
0~1.06 m,FHJEE 0.46 m, F&#F 0~10 cm & 7K%E
18.03% ~56.23% . AL 45 W X i 6 )2 Al ik 8 )2 0t
IR FRJZ 0~10 cm BEFKR RGN (1) ~
(3) THEA W X PR & K RS2 A58 T %5 B (%
6) o MRHE TR 450 X I )2 M I 2 VLR S
JE R FJE 0~10 em BE TN A1 TP &8 KB (1)
A2 TR A PETE A W X R R Z Kt 1 )2 TN Al
TP P38 &, R A X (4) 754 W IX A B i
(£7),

THEZRE R, FFERERIZUURY TN S
A 15.86X10* ¢, HiHP IR 2 TN fiii hy 3.76 x10% ¢,
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Fig. 3 Distribution of TN and TP in the transition layer of surface sediments of Baiyangdian Lake
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Fig. 4 The vertical distribution of TN, TP and water content in the sediments of Baiyangdian Lake

HiRME Y 23.7% a0 PR TN iR 12.10x10" ¢,
mi L 76.3% . HTERERZDIEY TP Bl h5.54%
10 ¢, HHURIE)Z TP & 1.02x10" ¢, 5 S i
) 18.4% , 1L ¥ )= TP fiff it o 4.52 x10* ¢, [ [k
81.6% .
3 45 X R T L, B 4 T R R DR

TN Fl TP fif i B K, 73518 4.47 %10 1 0.96 X10*
t, o5 T X AU B Y 25.67% F117.36% ; 7 X E A

X TN FI TP fiff 5 /0N, 43 931 o U DX 0B A o 11
3.55% #13.81%

S E rR RS OK A AR L, VR TE R IZ DI
) TN fif B8 5 80 TN 8 (15.8x10% ) AT, TP
it B2 TR TP fifh (9.8%10% ) ) 1/2( E
HiSF-4E 2021) . BRI, KB ER 770 km®,
PEVERIZ VTR 43 A5 T BN 149.5 km® . BT
TR 2 VTR BB 6 X L 2 B, 1A 7 D Y L PR AS7
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Table 6 Calculation results of surface sediment mean moisture content and natural dry

density in each sub—area of Baiyangdian Lake

. B/ m RBEIKFE TR EK A EEARTHEE/(10° kg - m™)
e e RIRZE HER RRE JdER RRE JER SR TR
WEAETE 22.09 0.11 0.42 0.49 0.31 0.49 0.29 0.74 1.23
BafETE 24.89 0.15 0.55 0.53 0.40 0.51 0.36 0.69 1.03
B X 5.24 0.21 0.35 0.64 0.35 0.60 0.34 0.53 1.10
THRE 21.57 0.15 0.42 0.58 0.32 0.56 0.30 0.59 1.21
BiERE 20.31 0.13 0.47 0.59 0.30 0.57 0.28 0.57 1.26
b £ 14.82 0.14 0.60 0.57 0.31 0.56 0.28 0.60 1.28
Z A0 E 25.38 0.13 0.43 0.56 0.31 0.55 0.29 0.61 1.23
INEEETE 15.20 0.22 0.37 0.65 0.37 0.60 0.35 0.53 1.06
APEX 149.50 0.15 0.46 0.58 0.33 0.56 0.31 0.60 1.18
7 AFESTXERELRY IN.TP HEHEER
Table 7 Calculation results of TN and TP reserves in surface sediments of Baiyangdian Lake
) TN FaH{E TP & EHIE TN fifitit TP fifi it
e RRRE JEE REE S JEE KRR @R A REE JEE it
BT 2662.09  1575.32  866.95 645.84 0.48 1.80 227  0.15 0.74  0.89
BeETE 360226 225533  756.10  550.43 0.93 3.14 407 0.19 0.77  0.96
XA 3026.03  1957.73  1075.18  750.33 0.17 0.39 0.56 0.06 0.15  0.21
EFRFE 2605.66  1441.65  730.55 560.96 0.49 1.58 207  0.14 0.62  0.75
57 T 2651.60  1138.23  697.76  455.03 0.41 1.38 1.80 0.1 055  0.66
b f 5 2439.89  1270.15  689.64  510.61 0.30 1.45 1.76  0.09 058  0.67
17 e 241477  999.94 610.20  554.71 0.50 1.32 1.83  0.13 0.74  0.86
JNE PR 2677.44  1729.72 83770  642.27 0.48 1.02 1.50  0.15 038  0.53
AVEX 2759.96  1507.04  769.51 567.85 3.76 1210 15.86  1.02 452 554

H TN Ml TP &8 FE B mg/kg; TN I TP fif 807 2 10* ¢

AL TN F TP it i 23 500 R S 5.2 A5 2.9 4%,
FH UG S B | P T R 2 DORR ) RO £ Ao P
3.3 ‘EBETEITEM
TURRAY) BTN 25 5 15 Y 48 052 U OF 56 o
S N R BEE(E T SIS Y P8 E (S 1 Sy ) A7
TEZESE, H AT w6 6 TR R B A S S
A 3N SRR EE (9K 4L, 2005) & UL
FHYIHEEE (Leland et al., 1995 ) 1 v ] 7% 345 i 764 15
THUCRY) A B S (E ( T AR5, 2014) , o i [E
ARSI IE DR RO SR A s gt A

AR VTN A TIPS B IR AL R 100
AR T 10 km® BYHITHBY 896 R Z TP
air, TN F TP BEUEBIE 53514 1111 mg/kg Fl 457
mg/ kg, 5 5% E YT ALY 3 HEE (1000 mg/kg Fl 420
mg/kg) A, BT FIVEVE AL & R T E AR
TSR TR W B BE (B A S BB IS Y
FEME(E . B IR YR )2 Mok P2 TN R TP “F-3
B O S RIS A (5) M (6) TR DI Y A Bk
TS QL ARE AR R 1 15 YR BE S AR RS & T IX R
DU RS G AT PPN
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TSRS  ATEIERIZ TR BB At S35 G 1991

VM ES R BoR (£ 8), FITETE 4 W XK e )2
TN BT 5 YL e 80N 2.23~3.36, 2TEIRIRE TN 15
Y8 HR 2.57 15 PR Y O T Y 4 WX TP
PATHYG YL SR 1.36 ~2.48 , A€ TP 15 YL 48 50
1.73, BRiz faye R h s Yedb  HAth v X 340 5 R TS
Yo KX R RZLE BT Y] E N 2.02~2.97 , 22 3E
LTS YR N 2.37 B R E T Y IR T2 AU
15 YR 25 R 5 AR 45 R A — 2, ARSI
RIZABG Y E, MIARZHRYABSTES
R REIOH R B IEAH 5 (Li et al., 2012 VB4,
2017 ; ¥ ZEM 55, 2018) , VR TE G UE J2 AU B TS Y ™
TR I U RS U 1] AR R, in i P T K AR
R E IR AR B UM 13 T T b A A R G R
K,

FIVETE 45 W X o I8 )2 TN PRI Y5 e 48 Kk
1.01~2.37 , BRBE4TE I TN 5 5 e bh, Hifh g
DX Ry o B B B S s A X U 2 TN LIS
PARHCH 1.54, 2PEX LR TN V5 R E Ry p
B WX a2 TP BT 5 YL g B 1.05 ~
1.70, &PELWEZ TP 15 Y45 800 1.31, B g X1 )&
K TG YA HAh e X35 TP h TS G, £
Xt P 2 A L BT YR B 1.14~2.12 , 2 TEIX
CETG YR BN 1,48, A TE AL A5 I8 4L
R, R E BTG O X EEAETE M X N TE R
AP S, KA XK N REB Y, AP

V8 2 W B A TS e R B W AR TR R E L (EAN A7
FEE VS YL X, 8 42 v A md X I R Xk 3 J2 43 )
Tl TN 1 TP 52 TS Gy, 78 S0 I UE AR S 0E it
BF, IR LA PR DX ) T DR R A i U 2
W PN VR BRI .
4 45

n

(1) FAVEERZVIRYIER)Z TN & FE
4 2859.91 mg/kg, TP & H-F-2I{H N 789.22 mg/kg,
oA G TR e E, TN & P E
A1706.7 mg/kg, TP & wFI{E N 598.97 mg/kg,
5 E AR B R 2 DU A B & AR L, A
HEERZVURY) TN TP S84 TR EKFE,

(2) AETERZUIRY TN B itk 15.86 %
10* ¢, P B e )2 TN fifi & 0 3.76 10 ¢, 1 )=
TN ffHEN 12.10x10" ¢, TP Efif iR K 5.54 %10 ¢, H
HETEZ TP g R 1.02X10% ¢, 1 2 TP ff K
4.52x10% t; 54 W X A WA A0 1L, R A TE R)Z DT
W) TN FTP fiff 2 fe K, 0 0l i 60 6 i i 1)
25.67% F1 17.36%

() MR LR A T5 e BOE RN 45 0 I IE &
T IX e )2 A W TG e AR B S Y O G Y 0ok
VR ARG YRR /NTIRRE A 28 6 15 eI
BT, B s 7 UE o W )2 8 H B S g Ah AR A5 UE
Y AR B EUR R TS g
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Table 8 Assessment results of nitrogen and phosphorus pollution in surface sediments of Baiyangdian Lake

UK IR R
Sin TSRFEE Sy SREE FF O SRREE Sk WREE Sy SREE PP SERE
PETTE 336  @HE 170 HEE 2097 HE 237 EE O 129 hE 212 0 EE
BEAEVE 241 EEFE 191 BE 220 EHE 159 hE 148 HE 156 HE
X 2.94 Giyis 2.48 Giyis 2.83 Giyis 1.92 o 1.70 Gl s 1.87 o
F R 243 EJE 14  HE 224 EE 145 RBE O 120 FE 141 RBE
P EvE 244  EHEE 155 EE 223 EE 117 BE O 105 hE 114 RBE
bt JE 226  EHE 154 EE 0 209 EE 136  BE 120  HE 0 132 R
2t yE 223  @HE 136 hE 202 HE 101 RBE 127 hE 121 RE
NATERE 2.63  EE 1.95  EEFE 247  EE 171 wp 1.46 R 1.65 e
SVEX 257  @EE 173 EHE 237 HE 154 PE 131 PR 148 BREE
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