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BIEZ>HETSHEIPRE; 2) MR XK AFEEGHEARAE 0.024 0~0.049 9 mg-(L-h) ' Z [A], AN KAk
TR BUKIE~PE > PR RIRRE KRR Z IR E> LM RS, RIRGEEHAER PR R
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BAREZZE X, Kikd DO BTk B 2l e (b2 BIFE AR A nVER G, #EAR E BT K A LR WP IRE
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1 MRS5S EE
1.1 HRXESHERE

HPEE (115°38'—116°07'E, 38°43'—39°02'N) U A FHELHTIX, MR ICIE Wl /K Z il S it
X, ARAHEIFT, T, R PSRRI AR E, AT R R KRR R A
FERR A B AR KR 22—, ARIRE TS A )RR, R PR RN s IO A e, 4
DI AT R R P s, 2 e/ KRB 2 —, tR/KIR DO FEFR R IAARa S EEW . X1 X 3,
IKIRETAAXTE S, FEASETER . KIE , VAIESTE, KB ARARSIILESE X ASZ K s Rk 2 . RFm]
IKHEATER ST, FKEMAS S FEOKEKEREIE I, IF5IAREIEY>, IR 1 7KIE o KAk
PEo AKIETEAMRATEE, XD T ARSI RREE . I AR IIAE RS K 255, AR
e . kel o] LU BT . GRS E, (A B AT /K 1M 5 B AR
T, HAZIFARK B AN, AR TR AR . T8 K ARE & S UK AR Y, I
TE R — AR K T, 2023 4F 10 A A7 RE X XIS SE N2 3 K T8 (S1) . 78358 (S2) AIFEm
(S3) 3 FIUR[A] FHIRZBI KR (& 1), IG5 2Rk, IR = N FR AR FIK
L EAEERHUIIST . m X W SRR S1 OKal) MG, B7EATERGFASRE RN, AR
XIE TR B EE 738T DO AFEBRAR AL S R 2

K, RIZDRWIRECRAE . FIH A 2 4B AT RS KRR, 2 S5 F A2 Rk 2t
KEHFTZ (L2 PR, TR RbE. FEKEEEER FEDKIE 0.5 m A REE, 2K RAERE 3
JKIAT 1.0 m bR, N ZKFERAEEDTRRY) K A 0.5 m AbSEFTRAE . SRIGIEASRAEM, SrHas B s
T, &, HAEORCKR O %S, Bk, REVTFRYEES AR} (HYDRO-BIOS,
Germany) T REE, ABEASEEL, BGaki.
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Fig. 1 Location map of study area and sampling points

1.2 SIS =ERER

1) FKAGTARERE AR RN E . BRI (HQ30d, 2£[E HACH A#]) 545k (LDO10103, 3£
[E HACH A 7)) M2 /KkE DO; #4850 /K B (YSI Professional Plus, 5[ HACH 23 #]) 5 7K FE L
(T) . pH. %AfLiBJFEHAL (ORP) . B (COND) | HIAMREAR (TDS) 5 ML (2100Q, F:EE HACH 2
F)) MAE P SEFC AR A
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RAERIRE L RS I SCI 2 A E, FF TR S SEm . F0KAHE 0.45 pm 138k (FH5) 110,
TEIEJE KRR AT 4 °C WIRIRAT, FTIRIERE (SRP) | A% (NO-N) | ZA (NH,-N) it
HHLEE (DOC) MM ; JFUKEERTIE Sl (TP) . BA (TN) | fb2AT %0 (COD,) « FfRRE %L
(COD,,,) . M4EE a (Chla) ZEHEARIGINGE . FRIZVURUWIRES L H0 2= A B2 AT EL (FD-1A-50, Jb
SRS A RA T IR, TR R SR e i 08T . KPR SRP, TP, NH;-N,
NO;-N. TN Al kS i ORRZK M AT G 4 ) ) P #4708, Chla R BEEREEER,
il FH S840 00 e BE 0 2 Y5 CODy, Al COD,,, 2R FH A A 10570 45 & 1T WL 43 6 )6 B2 11 (DR3900, 3% [H
HACH 723 #]) M5 s {f L EA PR HTNE DOC (Vario TOC, %[ Elementar A F]) ; RFIGUEDIEZESS
P 22 7 BOD A= W15 k4% (LH-BODKS1 B, b 5T i 1k S4RHE K AT FR S ) Bk ) 5 1L 3
BOD;.

FZUIRY) OM & A1 A et it 1k JEA Tl 5 EVAUFH CHNS JTZ 43 H1Y (Vario EL 1T, [
Elementar 23 7)) M5 ; TP i ASPILA 4529 ik mniiibe)n , FERRIEHRIG I TIE . ABST o6 sk oh
R BT GRS R B UV-2700 HYEE5M LT

2) SLIRH T . WPANTA] R R R SR A R AR .
TKRE, RS RE (18] 2) TR KIAkE e
IE . AR R B R HAR N —
6 cm, A 26 cm BBIACRAHIBIE A AR . K Hu
FEME A (W) 4f DO Ji vk B 3k 216 A J B
730 mL ZEABEERS BRI B (R R Bk
M), %E AR E T (LDO10103) MR IR
JE, RHEEREEBMA, 1E 25 °C fEIRSE T #F KR
FESAUWEI, [RIR% 2~4 h SO E. 24 DO it
RERBE/ANT 2 mg L BHEIE WA, %) DO 2 SRR
e E-HTJ‘I‘EH Hhéﬂ%#?f%hkﬁiﬁéﬁg $o Fig. 2 Diagram of the experimental simulation device
1.3 BERSHR

IKIREE AR KR R EHAREIZE B G IL, W SOKIRFESAMTTRUIRE AR KRB 2, KARZE G
S R AR K AR FE S H 2K (water oxygen demand, WOD) AT FE 5 3K (sediment oxygen demand,
SOD) .

TRIFFEAGE (WOD) 775 DO FsiR - R B AR, 4070 mg(Lh) '

WOD = —DO; :ZOZ (1)
K ¢ MEGRIARTEIE], h; ¢, NSCIGZEHRTIE], h; DO, N ¢ BHZIAY DO REWE, mgL™'; DO, N
t, IfZIRY DO Bk, mgL™',

i
itk S AX

6 cm
. N

IR R A FEEHE RT3 . AKIRFE A E R (WOD) 5L #E 4 E % (SOD) AN, BAf7
mg-(Lh) ",
LEAFEA A = WOD + SOD Q)

T X1 (] 42 B T K B CH e o3 2. SR R1E 5 #F AT STL (Seasonal-Trend Decomposition using
LOESS) Jri:a g X EFEWT UK BT S BRI e . STL Jide—Fia il F 50 i s, AT Ab3iBR
H BRSO Z R, TF HHATDUESARLAECRE™, (] STL Jrikmf d ey HESHL
SEEF-FIHE O (twindow) , IZSEHEH] 1T - FIHIUN AR MHEE , HARGER N AR T 14 3 B DB e 27,
AYAAIIER] STL J5iknyidh- BN, ZnEdERH] 720 R (frequency) FEA TN,

SRR ARG ST (i SPSS 26 #4AIEZ /KD (Pearson) AHSCHE M AR K RSB ka#i ikt
geitsrdr, (] Origin 2021 FAFFN R JRi#h (Pearson) AHICHE T AR R BRALFEAR FIFE SEH R A T4
I3
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2 HRSIE

2.1 FIXIERRTEKAE DO BHEIZELAFE

1) ATERFEZI X DO AENAR LI, 2020 4EZ 2022 AERGXIFEWTTT KA DO $8F5Z I EE M4 5
(K1 3) /R: DO 4RI MG LIngkass, HikFm . B8 A3 H LA 10.0 mg L™ 24 MR
8 H A 1.6 mgL ' 224, JFH 8—10 H7E 1.6 mg L' ZEAAdbiksh, b T a4ERIEKF, 10 A4
DO % bFt, 2 11 AJKR%E] 6.5 mg' L™ 247, DO ARblEEEdE R 20202022 =4 DO 7R H 2
P AR, FHEEAE LD A PRI AR TS, 2020—2022 4E I IRAKIK A 3.9, 4.8 i
24 mgL s HFEHEISH T/KPEFRYIFF MR ZIECY, — T, KamE B, BHfsamK
K28, I e S ERZ2IHICY s S —J5E, TR EcE I Al ., PFRAERT g
W, IKFHEYIE b STERE K AR, R REUKMREE .. B3R iR 2 nnt Ty, PRIk Ik
ARG, HEABEES, BRI, KR RE KB o

95 ¢ 20204F — 20214F —20224F R 15 20204F — 20214F —20224F R EIf I
~ % TR S - KRR R
O =10
g0 Z
< 10 = MEEGEmELN.
8 5 8 : I\Ebg\ig:n:]%/%}:::::::&;;:;Zié::::
0 o VK@ mgl) . . ,
2 4 6 8 10 12
Ay Ay
(a) 2020—20224F 7 X1 = FE & T 1 DO s S I ] (b) 2020—20224F 5 X I [EHHE W TDOK Ji A8 fLa H A
20204F — 20214F —20224F R XIE Wi , - SRR
s KT s 20204F — 20214F — 20224F ;?:;g{%%ﬁ
o2 | =0
2ol Dolohotvndbibgh) 2
£ Wl Soop i A
a A -5
2 4 6 8 10 12 2 4 6 8 10 12
Ay Ay
(c) 2020—20224F R X1 = [ 4 Wi TET DO JRT W A ki 1 1 (d) 2020—20224F Fa X1 1 E & Wi I DO#% 25 (&

B3 2020-2022 FREXIEEHTEE DO ZETELE
Fig. 3 Dissolved oxygen variation graphs of the Nanliuzhuang State-controlled Section from 2020 to 2022
(The sampling interval is one hour)

2) ATEMSZ X, DO ARl H NARKIEEE . AF5EIX 8L DO H AR WoR i B > FP>Hh %,
DO 7Ef . H . B HASBIR BRI (3.25+
1.38). (3.91£1.96). (1.25t121)mgL™", Kl 4K
. H . BEPAER 10 d 2241 DO ZE AL
o AHFTREYICY, KK E IR,
DO HZfUIREEEOR . HFFTRBHIITT, vKIZfE
R, X FE X sz ok FURPR K e s, 7K
BT B I S BOB W s B IR, KR
BIER B, BRI EEFCRESR BRI
Ve, KAEAEY) . BWERBR VAR, AROKAEREY)
BIOCEAERIE, A4S, BORAE 2L
Kref DO Ky, FFLAE 7 DO H bR
Ko BEKIEEEFAMRSZ WS, A H A
bR dE/ N, DO B T,

2.2 NEZEDKE GRS FERHE Fig. 4 Change amplitude of dissolved oxygen in different

1) KARFRRH AL R . FHERE WOD BEE scasons of 2021

B4 2021 FRINIEMTE A 1AM E HPERE IR
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FEI >4 0.024 0~0.049 9 mg-(L-h)!, HJ{EH 0.037 8 mg-(L-h) ! (& 5) . A FEvEKEZEE WOD fEEAI],
FAEIKIE ((0.040 3+0.009 9) mg:(L-h) ") =YEM ( (0.039 7+0.009 6) mg-(L-h)™") >4 ((0.033 5+0.008 9)
mg-(L'h) ") BEH (& 6) . AFIREE WOD [FIFEAFTEARE], FEAZEIT)Z ((0.047 0+0.004 6) mg-(L-h) ") > |

8 8 8l
2 6 6 = 6
S S 2
&0 &0 &n
) ) E 4l
S 4 sS4 S
a a a
3=-0.041 0x+8.939 4 1=—0.024 0x+8.665 3 5| 7=0.039 6x+8.478 5
,| B=09833 2t R=0.948 4 R=0.9726
0 40 80 120 160 0 50 100 150 200 250 0 50 100 150 200
it /b /b I il /h
(a) Kil- L2 (b) WE- 12 (c) JEM- B2
8 8 8t
= = Pl
36 a 2
&n &n &0
) £ )
g 4 g 4 g 4t
3=-0.030 1x+8.993 0 1=—0.034 7x+8.975 7 1=—0.030 2x+9.067 6
R>=0.946 5 2 R>=0.976 0 o R?=0.980 7
2
0 50 100 150 200 250 0 50 100 150 200 0 50 100 150 200 250
I fE]/h i fil/h i /h
(d) /K- 2 (e) V¥E-P 2 (O -2
10 10¢
8
8 8r
Z 6 o =
= = <= 6r
2 26 )
& 4 ) &0
) £y E4
S S S
a2 a a o}
=—0.049 9x+9.385 5 2} y=-0.041 7x+9.413 3 1=—0.049 4x+8.586 3
0 R>=0.976 3 R=0.973 6 ot R>=0.978 5
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il /h I Al /h il /b
(g) KE-TE (h) -T2 () VEH- N2
E5 KiEFESIEREEN S

Fig. 5 Fitting curve of water oxygen demand
CIEZ 2 T2

JZ ((0.034 9£0.009 4) mg-(L-h) ") FIFFJZ ((0.031 7+ 0.05
0.002 6) mg-(L+h)™") B (F 6) .
2) RRIFEKAFEA R T, AR Z 0%
RUK A WOD 777522 5, Ha ity B2 0 (7K 1k S 003}
WOD (0.035 5 mg-(L-h)™) /N 7K i (0.040 3 §+
mg-(L-h) ™) FI3E M (0.039 7 me-(L-h)™") 257 1Y f%l 0021
WOD, /KBRS AL WOD {HZ (]2 2 0
SR AGEITR KN FRHRGE N, Hal
Sk H Bk, Hh&a KEFEEDR, X5 0.00 = — aves o
FUK AP R R RN . ZSADK AR T 6 RETFREAE KRS EEE

AT, RSB AT EOK AR, (iAW
AFEARMIIREDKIR L2, IO AR AR

Fig. 6 Water oxygen demand with different
underlying surface types
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2R, YERDKAGE S IR RS, X AMREE S 2 22X 52, SEoKIARm TR
HR, BRI TR RO . SRR AR TIE B ARSI, T SE KR R TR
LIRS PUE A DO #H TR . BRI E YNGR, L, SEE AR PAEAE R IR R . IIEEAY
IR SCRFEFIERAFER 8] 2 SE0L WOD BUEA NPT EENZE, 15, WEKERN A EEGH, X
FREREE T /KR AZ 2ok AR K RS MR XTI, TR T — R K AR RRE . R, REERT R ERE T
10 A BA], SCONBFHAIEES S5 RG], 2EC I S5 AR B K AR s , - [RIEE = =25 8 o0
BEEAGET | HOKRFIEATIE RS HRERI . LA XN TR, TAETKIERR WOD £l )N

3) REKZRIEFE R R ZE T . ARRIKZZ 8] WOD AR H FE KT LZEAF)Z WOD i
B AR, DIBWRRE AR FEEYIR, URREA . STAERRHEI AL, X e AT
DA K B 2R P R, IR S8 T R REE s, A R 2K IR AHFESR
HORMOK, HR, VB —MREAWAS RS, Hha s T REWEFRYAES WM E R, e
AT T A E ST TAE R SRS, MR KA DG s, fEX—adfh, AEwinee
T FEKEF R DO, XFAEDIE SR T F 2K IR R EORIE . Ik, & 8F 27Kk WOD #rf
ERLEER,

4) KRR G FEE BRI . AKIARLR G FEEBORER G5 I T /KR AP FZFEAORTR . AKIAHFESEGH o F1
DURWIRE ARy o RIS KR LG FE A R A BY T M BRAR K R AU FESEARIE , DL BRI AR 25 R SRR
Mo A8 G PR TE FE X X T PR R 4 % (SOD) BYMF ST 45 5 kU, 1 1) 0 T B 3 IX 8% SOD hy
0.37 g:(m>d)™", B} 0.058 6 mg-(L-h) " (F&MERIFSE XA K IR BEA ALY . ARFSE T WOD H{H 4 0.037 8
mg-(L'h) o KRR TR ARES &, R IRAR ) THERIIE X UK AL SRR
0.096 4 mg:(L-h) ' ZEAFZERAREN T, 1 LIKM 25 °C M4 TR (8.28 mgL ™) IR
A FYIREICT AR EUK T (2.00 mg'L™") A ZEiitalh 65 h.

FIPETE A TETT I R M0 X 32 R R i ke, ok

AKBEBERE A RFE UL AVE X, LN T voer oo T

DO WP FHFEAT I, K HHE S R _005] 00340 (

AP AR DO RIPIA LMY, ABFT 2 o4 | oo I

SOD X WOD (& 7) , SOD 5 WOD ZItH E o

1,55, ZHOU % 17 45 il 5 35 16 K 2 4 4 Il ) soor | l

SOD Jy 0.45 g-(m’-d)™!, HU %1% Sl A ds bl 2 o

5 SOD W 0.42~1.30 g(m*d) "o [k, AFEIH = o

2 X, WOD 5 SOD 2 J& i if{ /K AR B 4 ) = 2L

JEIA., OO0 W k) F k) R

2.3 KEFEEERZRSH 7 KSR SRR L
1) DO B[R ZR AR IS R 2R 44T, FE X Fig. 7 Comparison of water oxygen demand and sediment

45 W A R . COD,,, A1 Chla 8 45 2020— oxygen demand

2022 AEB S EAR L I RS E AN 8 Fizn, MEFEARE R 2B S B TS FREAEaSE, EE TR
B AR E Y, SRMEIRE]T 22 NTU 475 CODy, 845 3 A IREHHE K, 7 5-9 HikflE Kk
IRZS, IFAE 6.7 mg L™ Ze43ikdh, WEHFE RIS Chla 76 1 4EH 23058 FFHE R RI 1 E 2 a5k
T I R, 4 0.15 mg L' Zi4y, Chla N 9 AJFIAZEHT FI%, FIEZE 0.03 mg L' £t

T X W T 7K B 2 A b L 2R AR a3 2 ] Person AHSGPEMTES 5 (6 1) B MU (p<0.01) |
COD,,, (p<0.01) F1 Chla (p<0.01) FZE{LIEHY DO WAL IERIFAE BB T TAHE R, IE S BRIk
TRAEIAE SCR, BIpPRYn i ZFea Ly, 45 DOM Fl DOCH 1 Kbk B 4 S 3ok
R EFYIFE L, wEFUIE . EIRYITCA RIS T BN E R ER, ARk,
WEEER a 2 43R a BRI DO FA7E AR, YK rh S R ZaET, ok
PG, KRG E R EETHAE, DTS K ARSI [l

2) KARFEAAH RS SR B FE bR 2 [RIAHSCE M B 2 /00T, DO kAR B E N 1.18~2.96 mg L™,
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200,  20204F 20214 — 20224 Eﬁiﬁrg 20204F — 20214F — 20224F HEX BT
s 40 YNGR AL

—_
W
S

30
20

M E/NTU
S
3

3
JhE/NTU
=
g
//

oL, WMWWWR*M“L ) . ) )
2 4 6 8 10 12 2 4 6 8 10 12

Ay Ay
(a) 2020-20224F pg X1 = [ 42 W TAT et 8 28 i 5 0 P (b) 2020-20224F 4 X H= FE s W T ok B 7K T AR Ak 34 1R
20204F — 20214F —20224F  mg X E W 20204F — 20214F —20224F  m X
~ 25 2R SR = 12 IVZ5(10 mg/L) IK AR L HA
020 T L
L] e - i 2oS[MMemgn)
R 1) RS SRS | R ——— =, —
(=) —= a
o 5> o 2
© o0 . © o0
4 6 8 10 12 4 6 8 10 12
Ay Ay
(c) 2020-20224F 4 X1| FiE [E 2 Wi [ COD, 32 i S i ] (d) 2020-20224F Fg X1 E 42 K 1 COD, /K B S A [E]
0.08 20204F — 20214F — 20224F  Fg X1 Wi 20204F — 20214F — 20224F  RgXiFE Wi
= BT ~ 0.020 YNGR ST
o 0.06 0
2 004 £ 0010 ST T
< 0.02 i 3 T
© 0.00 L ; . . MWLL““ . S 6,000 L. . . . .
2 4 6 8 10 12 2 4 6 8 10 12
A Hy
(€) 2020-20224 3 X1 1= [l 42 Wt T Chlai B S 5] () 2020-20224 5 X1 7= [ ¥ Wi T Chlask T A8 ka4l

8 2020-2022 FEEXIEEITUIEAE . COD,,, FIMERER a EATTLE

Fig. 8 Turbidity, COD,,, and Chla variation graphs of the Nanliuzhuang State-controlled Section from 2020 to 2022 (The
sampling interval is one hour)

= 1 EXEETHT Ak B e a SR Mt

Table 1 Correlation between changes in water quality indicators of Nanliuzhuang national control section

AHOE R B B RS Eistan DO M Chla COD,,,
persontf Sk 1 —0.598%* —0.756%* —0.473%*
DO
PG T ind 0.000 0.000 0.000
persontf &Pk ) —0.598** 1 0.892%* 0.130%*
U
PAGEEY LA 0.000 0.000 0.000
persontfl &Pk —0.756** 0.892%* 1 0.359%*
Chla
PAGEEY LA 0.000 0.000 0.000
personffS&H: —0.473%* 0.130%* 0.359%* 1
CoD,,,
PAGEEY LA 0.000 0.000 0.000

TE: *FIRTE0.O UK AL

R 2.06 mg'L ™ (£ 2) , REZKEZH DO & MiEH<KiE<VAZ., &K TN, TP #1 COD,,, Mk
JKFH (1.2940.52) . (0.43+0.10) HI (4.09+£0.26) mg' L' (3% 1) . ULFH OM. TP Hl TN & =435 K
9.09%-. 1188.83 Fl13372.17 mgkg ' (35 1) o LMK RIEAE AETAEEIRFE (1992) e R Bt vF
15/ (Sediment quality guidelines, SQGs) 734, WFFEXIHAN OM, TP fil TN J& FH TG YUKT, fAEN
TRRETIUARS .

5% X 3N WOD 5 JL il B4k 15 #5119 Pearson #H &M 43 BT 45 i 7R, WOD 5 COD,,, (»<0.05,
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Table 2 Basic physicochemical indexes of overlying water and sediments at sampling sites in the study area

s K SERHTE R PIRASZE
T/ C pH  ORP/(mV) COND/(uS:cm™') TDS/(mgL™') DO/mgL™) ME/NTU OM/% TP/(mgkg') TN/mgkg™)
SI  17.7£0.7 7.57£0.02 891 539.2+0.8 368.240.9 2.13+0.5  7.47+029 830  1390.30 2993.72
S2  16.3+0.6 7.68+0.37 1061 545.2+0.4 373.4404 2214042 5.80+0.61 9.02  1069.88 2843.59
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Fig. 9 The correlation between water oxygen demand and basic physicochemical indicators
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Integrated oxygen consumption characteristic and influencing factors in inflow
river impact zone of Baiyangdian Lake
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Abstract Regarding the phenomenon of low dissolved oxygen (DO) concentration in the affected area of the
Baiyangdian River during summer, this study employed time series analysis of water quality data,
comprehensive oxygen consumption experiments on water bodies, and correlational statistical analysis to
research the diurnal variation patterns of dissolved oxygen (DO) concentration at the Nanliuzhuang national
control section within the Fu River's influence zone, the water oxygen demand over different underlying surface
types, and their influencing factors during summer. The results showed that the DO concentration at the
Nanliuzhuang section exhibited a seasonal pattern of higher levels in spring and autumn and lower levels in
summer, with the concentration dropping to around 1.5 mg-L™" in summer of 2022 despite overall improvements
in water quality over the years. The daily fluctuation range of DO concentration varied between 0.5~5.7 mg-L™",
with an average of 2.3 mg-L™', showing a trend of summer > spring > autumn. The water oxygen demand in the
Fu River's influence zone ranged from 0.024 0 to 0.049 9 mg-(L-h)™', with the water bodies showing a pattern of
canal ~ lake surface > ditch in terms of different underlying surface water types. The water oxygen demand
generally exhibited a trend of bottom layer > surface layer and middle layer across different depths. The ratio of
sediment oxygen demand to water oxygen demand in the comprehensive oxygen consumption rates of water
bodies was 1.55, indicating that both water and sediment oxygen demand significant reasons for the low DO
concentration. The annual variation trend of DO concentration at the Nanliuzhuang section showed a significant
negative correlation with chlorophyll a (Chla) content (p < 0.01), turbidity (» < 0.01), and COD,,, concentration
(» < 0.01), and the water oxygen demand was significantly positively correlated with chlorophyll a (Chla)
content (p < 0.01), DOC concentration (p < 0.05), and COD,,, concentration (p < 0.05). Reducing the turbidity
of river inflows, suppressing the explosive growth of phytoplankton in the river inflow influence area during
summer, and periodically conducting ecological dredging to reduce the high oxygen consumption background
caused by sediment and pore water pollutant diffusion were fundamental to ensuring the stable achievement of
Class III water quality standards in Baiyangdian Lake.

Keywords Baiyangdian Lake; inflow river impact zone of Baiyangdian Lake; dissolved oxygen; water
comprehensive oxygen consumption; influencing factors
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