550 TR T IR 244R 5 17% 5 61 2023 % 6 A

Eco-Environmental Chinese Journal of Vol. 17, No.6  Jun. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
T XE#H: HX#TR
Ly

mdEmm DOI 10.12030/j.cjee.202302082 R4S X524 SCERARIERES A

HRARK, HBL, K SCHR, 45 B2 PO DS ORLI A LSRR 2 [R5 2 RHAE B HOR IR AR T (0. 3R8% TR E4, 2023, 17(6): 2067-2076. [ZHANG
Letian, TIAN Kai, ZHANG Wengqiang, et al. Carbon and nitrogen isotope characteristics and source analysis of particulate organic matter in

Baiyangdian in summer([J]. Chinese Journal of Environmental Engineering, 2023, 17(6): 2067-2076.]

575 H T TERURE B9 A LR G R) 38 A S ok
AT

RARXDL mat R iRNS B k! AR EDS AR
LA EEEBREASHEMR R T, BB KRFERESLEE, LA 100085; 2. XM ASE K¥HESTH B T2
ZEBE, 2N 7300705 3. AR & B, dEat 100029

OE A E R HLBT R R R AR A WA 22 B RORIR, T 2022 4F 9 AME T I IEE R IR M
HE AR S P SR G ALER (POC) | BiREA LA (PON) . 8°C FIT 8N, i1z F MixSIAR A5 71 5 i 4 A HIL 5 Sk I e 4T
ST HERFW, HEERE M POC Ml PON [ it 43 8055l F3.55%~21.91% 1 0.44%~2.93%, 4= 3E X POC F1 PON %%
TRIK 4 F 8.60%+5.52% FI 1.14%+0.72%, 5% AVE W FE A, POC, PON (k=% Al A E K EF; 8°CHI
8N ) [l 43 591 K —25.27%0~—32.95%0 Fil 3.86%0~7.32%0 , it FH JE B ] T U2 3 s 1F (R4 2, 0T B R a1 JL AN 53
R, BAERTTERREAT . D iR SR A A A IR R, B BURCA LT R R TR IE A Y
(28.60%~37.40%) . B EAEY) (22.40%~34.30%) F/K A MY (30.20%~31.30%) , WIFE B 4 TRk 2 &k 59.90%. T
LREFGY, 4R AR IE X 0 B e R T PN T A S K AE Y B A 2 X K A ) B S R AR AT T B G TR
Jith, AR AR B AR R A HLT A BT, 2 I LT T KRB A AL R A TTER AR PROK B SR AR N
FREHR T . AW LR N HPEE KR P K e 2 IRt e 5 5%

KHREIE  VERE; PR ML Bk AFE R R DLt AR A

WA HLJEE (particulate organic matter,POM) J& 8 7K & JUk: 9 149 A LA 43, FLmT g B Ak iy U
NB PP HE 4 8. Norfloxacin®™ 44 it . POM S /K A4 JUk 49y 11 J 2 28 B 43, XK i G i
TR S AR AR . WO DLW G B 2R awm . IR AL Y A 2 R
gy M THBPZHAE . RIEE A, H W Ko g SR ICRRE Ry R, 500 H 4 53 235 449 e ke I AE 5 AH
XD o i A TURE AT BIL BT 20 53 3 W B U540 i 0 O A O vE N Bkt gkt ek
PR R R TR R R R AT X B SR R rh A [R) 4 o i) [ 57 2R 2H AN [m] (1] 8 0Bl A= 4B 4
Rk [R)  22 52 06 G VR R LR 2 R AR 84k ), 3l o 3 B ) o v A A R 62 3R R R AT R R A — Fh
B, AR IR Ry T N AR R iz N R P RIS 2R X A o R AT W AT TR AR R, R
JE A 2R RS I R A Ry o — b s R VA B 9 AR 2 1200

Bl T S AR 2 0 I ) PR e e, AR ()AL 3R W IR BN W R AR, ARG S AR R T
Ze MBI B BT S fE A AL PP TsoSource £ A PP MixSIR £/ A P STAR 2 A Y Simmir*Y |
Wi HEA: 2023-02-16; A AHA: 2023-03-06
HEEWE: TEBFBEE FEAHE i £ (2018058)
FE—EH: KIRK (1996—) , B, W-LBF5AE, 969332020@qq.com; RRBISIEE: sk 0k (1982—), H, W+, BIHEH,

wqzhang@rcees.ac.cn


mailto:969332020@qq.com
mailto:wqzhang@rcees.ac.cn

2068 ok L B ¥ W EEAVE S

MixSIAR #1725 - D1 iH-H7 45 %) (Bayesian mixing models) 2 3T 4 24 47 H i) — Ff 56 T i & <748 F 0l i
HrE 2R IR A RIAY AR T LA A, JHOE S F T [ R0 Bl ATL 80N VR Ry DR AE K i BETR A LE
1 B AT 2 P ]Sk A S R ] e BE 52 4 K (Markov Chain Monte Carlo, MCMC) J7 ¥ fifg Y J %6 43 i 7]
R, DT AR R R TR R R 43 BT A o A R AT A P, MIixSIAR & DL i A5 8 e H AR B 4R
f IR LA > — | H#& & T MOORE 7 2008 4F 4 H} 1) MixSIR £ % £l Parnell 78 2010 4 $2 1 1)
SIAR BRI, S AN T 2 P, AR, RZ2EE O is ik, 2 R 28 R4
AR ER B B A K P KRR T B A [ PN K R TEAT T R R R TR A R AR AR
A 5T A BT R IR AR AT o SR, X SR oY 248 i F UL TP AT ML B B R, XSOk AT HIL 5T
FI IR T iR 30 o

I B G Oy R AR B AL KA, P 9 R ERPR A A TER L. Hp, JFW . A
WHIR 2 SO 3 Z W E AR AT K, VE K Bl T3 32 AN [R) A JE TT 3 52 1 8 sh AR B, BE Hh I 5 A8
G, KRR B DR UE N A OK K 8 EITFk, P RER B SR M T R R A B R G,
WNKAEMPEE, P HAE . SRR H DR X Lk Y 7E 1 gl F b AR
AU BT TR, SR C. N, P AFE TR MoK BB ALPY 52 A JE I 3 i A F N IR
T YRR R, NUREE BLB R A B 2R FOR A 2%, Sy KB €. N, P EFRY
Ji, A E K AR 25 o DR, BB UE P RURL A ML AR IR, X UE XK IR R
K, AH B ETHR I M A, 18 D) T B b JUR A B S I U8 T R A

SRy W 1T U8 URL A AL BT ik 8 R 67 3R AR TR MORIE , DA TR VE R PR ORL ) R AR 4, SRR
2 A R AR 45 5 MixSIAR DU i A8 A0, ilad 8, 8N Ml C/N # 5 JURL A #IL 5 R I 3 il
A3 T PURL A HUAR . ERIE E AARAE, T IR Ak e P UKL AL A [ R IR A T Rk R
FUICHY DT R 22 5, A5 A BT P AR (E E TR A0 A R 1 T D R A PSR R TRARAE, DA A
HEVE KA 5K AETIRHE AP RS 5
1 #Rl5E*%
1.1 AR XEHER

FIPETE A T b 48 i 28 8 X B Y (FR 48 115°39'~116°11", db45 38°48'~38°57"), &Mk Hb X K Y
(9 PN Bl TN M, TV T IR R IR R . A UE X 3 99 AN R A R TEIA RN 1 SR K/INA IR AL
AR, JKIRETHAE 366.4 km® NI, A Bk RS . KRS 40 MEP Y, JEX
JE W KRG A, AR T C, BAKRZENTLE 69 H (70%), - F¥IFEK RN 582 mmP7,
A T H AT, HF e A PR U A4 oK o B AR S K SO R A TG BR S L AR B Y TR s R
ANV VE T TE DX ) e e e e f o B DI R e I, R R BRI
12 HmRESHH

RRETAET 2022 4F 8 HiEAT, RAESME R EVEX, HORE FHEKFES 154, SRAES 4340
B BT e BE SRR 2.5 LA HLBE IS R K 2% (WB-PM-2.5 L, &7, dE) R4E FEK6L T
4 SR N, Az (8] BT A1 52 56 3 5 3 ) Whatman GF/F 3% 38 21 4 98 I (450 °C, #4623 h) ghf7id
U, R , KA B IR IR T 50 °C EASA R T, IR B TR TR FEEY,

IKFEIRFE (T). pH. AAbid i B 47 (ORP) R A 7K 5 73 #7 {¥ (Professional Plus, YSI, USA) 441,
AR AE (DO) i FH A 4 =X 1 i 8000 52 {X (HQ30d, HACH, USA) ISE . /K Z5d 0.45 wm 8 fR 1 7K
FEF T A LA (DON) | A Pl (DOC) . NH,'-N. NO, -N ¥ pyiil &, H, &tk
A HLA (DON) Jii 7 v i 5% JH 2203, Bl p (DON) = p (TDN) — p (NH,"-N) —p (NO,-N) , p (NO,-N)
K, AL ZmE AT 43R a (Chla) G2 5 ik Sk PR TR 4 BGRB8,



%6 HRARKA B3 e BORL A BB R (0 3R IR S HR IR b 2069

BV ORI A HLIT (POM) vk Ji 4 G 52 N
RBP4 0.45 pm BEBLHT 5 3 by A
1450 °C B 1 h 5 I 7 TR 2% P9 7 0 R 900N| | g et

(0.5~1 h) FRE, HL 500 mL -7 /K ug, Wik
Je B U8 S PR B 3R P P AE 450 C k1 h e
BB 7E T2 N R I EZ R (0.5~1 h) FREE,
U8 FEET S T 25 bR LA O U K RE AR B ok

38°55'0"N

POM ¥k . ki A Pk (POC) . Pk A HLA 38°50°0'N |
(PON) H Jt & 43 #t {L (Vario MACRO cube,
Elementar) Ml %2 , AL A AL Ak . & [F 7 R 1] N
13 15 =1 g A . IBASON b 4 ol 4
(@"C. 8"N) M A {7 2 J5t % % ((Thermo Fisher i
Scientific Inc, USA) il L V3T, .
13 HIEAIRE S s L
1.3.1 #ERALEAITH \\soAgQ“%\so5@0"?{\5055'0"‘3\\600'0“6\\605'0@

I A 5 T R R o A 0.5 g s s sk S R 5 v scloud.cn
mol/L HCl1 fiRAb DL £ EHLk iR, BH LS FAPETERS A A [ Arcgis 0.6 L BIEfE 7 File Geodatabase
RS (N7 e T NERE R/ Tt K N AR R 151 % ] B 1 BFREFHMEIRERSHREE
VWS K T RE 5 i A TE CIBR BE . RIS I% £ % Fig. 1 _Distribution diagram of SPM sampling point for

suspended particulate matter in Baiyangdian

TCHUBR B RE G BEAT R VR T8 . 4ad ik b 28
Jei W RE i AE T R 2 B AR AR PR B A AT b K B A 1 R S S 56 % o8 R 43 BT A (Vario MACRO
cube, Elementar) #1[R] 1 & i i {¥ (Thermo Fisher Scientific Inc, USA) Ik Il & A HLAK . & 1Y & & M
FE R ZA N, HEAXIAK 1) Q).
67 C(%0) = TR sagmpie = Rytandara)/Rytandgara] X 1000, R =" C/"*C; (D
6N (%0) = [(Ryumple = Ryandara)/Reandara] X 1000, R =" N/"“N; 2
s Rype ARFIAE S FALZR A 5 Rygnga APRUES LURESL RO 2 UM 5 C/C FTPN/MN 43 590 %
N F E BRAr e Vienna PDB 5 KA EARHE, 40718 25 8 <20.2%0. FFEah 9 C/N BB AT Fh 0 52 iy 45
AT HURR & it 5 0k AL & i EAs 8,

WA A B RE R R, PR BURA ALk . ZORIE S LUR LA JORA Al 3 2
TR EAY) (—23%0~30%0) < TIEAHLR (—26%0~21%0) . K EALY) (—30%0~—16%0) . VA FI#E
B (—42%0 ~24%0) FF O OB A AL AR IR A A R R A (-10%0~15%0) .« A ML
(0%0~5%¢) . A K15 7K (11%0~24%0) « N1E BHNE (—3%0~3%0) « IKAEFY) (—10%0~20%0) . T 1iF
T (—15%0~20%0) . Bl A=A (3%0~T%0) S5,

132 Metif R & R A
MixSIAR DU SR A AR A8 FORAG TR R R R A 9 STk (AL, mT LR = 3) 1 (4) -
X =Y plS i+ Ci+e 3)
S i N, @), Ci Ny, 13, &5 N(O, 02) 4)
AP X, MR AR, (=1, 2, 3, ..., N; j=1, 2, 3, ..., J); S, WK PRI
RjG=1, 2, 3, .., K, E&DM, WEp, , WwEE o’ p WIS, RBRAR C, bR
b IR R AR T, A A, WRHEZET BRSO €, MIRARDRZE, R A L4 ] BRI A



2070 ok L B ¥ W EEAVE S

wAAER, HIER 0, bz N o,

MixSIAR #5553 DL kLA LT 45 3556 G 9 81°C . 8N 1E M A S HOR T 4 s LR Si sk R, %
J77E RiEF (The R Programming Language, AR 4.1.3) 5514 T, RStudio (2022) 145 I 1517 5¢
AT
133 HAHBEAEE 5

JE R BE ) GE 1 Ak BRIE ] Excel (2010); SCEE P A R 472 1 Origin 9.0 58 185 SRR 89 47
A5 BAT A B 2 6 Fi ArcMap(10.2) 58 /85 53 lk >R (19 %2 243 H1 i 44 R studio (4.1:3) . RStudio (2022)
JAGS (4.3.0) I 5E .

2 #ER518
2.1 EEKERBUIFE

K DOC 55 B A J A48 45 43 A R 1iE R1 BFELEBKEREBUMR
W1, FEAKEE (T) 4 26.20~31.60 °C, Table 1 Physical-chemical properties of surface water in

Baiyangdian Lake

{4 (28.4041.91) C, RASFA T KRKEST .
8 ; . . SO S(mgLh) 0 (mgl") (ugl)  (mgLl? )
(4.87£0.91) , 2TEX WSS 2 BB, B i il .

976 P62 BE A . DON J BEYE 5 DOC Pl 473 036 36.35 460 2720
s . L. . P2 492 033 48.44 11.80  27.40
U J}*E 53 A AF Ol AH A 3 ) E(l).16~0.47 mgL”, 4 A oie 050 o s
. {E jj (‘0'3&0'10) mg'I,; » b IR (L2 thfjﬁl fr P4 3.52 033 10.96 600 2650
1?3 R Chlaﬁﬁimrgﬁ%ﬁ%%ﬁﬁ’ Ps 452 033 9.31 680  29.00
H QQ?IN.Z?ES ng L™, ﬂJ]{E H (2‘8.35i17.48) o6 e o e v 2600
pugL™, HwEE 29:05 ug'L tﬂfm%ﬁi’%ﬂ(iﬁﬁ . 64 oad s o0 2540
ALk POM Bt #5253 43 5 Chla BN AL, P8 5.7 047 26.79 300 29.10
K 931~69.05 pgrL”, B AR i/ (5:55£2.90) P9 5.53 038 31.84 780 2530
R R L P10 572 0.46 69.05 970 29.50
22 BRBHEE RS & RERS M FHE P11 535 038 18.51 560 2830
22.1 BUBA AR POCPON & 4 £ P12 4.63 0.47 24.77 640 3050

E{iﬁ%ﬁ*ﬁﬁmﬁﬁﬁﬁﬁﬁ%ﬁgélﬂ éj\ P13 4.67 0.47 53.79 4.90 31.60

2 =) y A
ﬁﬁ@hj{ﬁ# (r&—] 2) © éYfE’IX POC Ej‘j P14 4.83 0.37 31.13 2.20 31.00
35.46~219.14 g'kg ', ¥I{EH 4'86.02 g-kg !, Hih
& EE BT PSS fi i, s A T UE X AL

P15 5.54 0.42 9.84 2.80 30.70

14.0 12

0 A W
e WM\WM/% |7\‘|7\/|7| I 7 e b

0 0.0
=10
&
9 20
N &
=30

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 PI12 P13 P14 PI5
Jgia
2 BEFRBMAHIEC. 8Ny C/N R =8 4 i 4F1E
Fig. 2 Spatial distribution characteristics of §°C. 8N, C/N from particle organic matter of Baiyangdian Lake
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Fig. 3 Particulate organic matter spatial distribution of '*C , 5'°N in Baiyangdian Lake
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Fig. 4 Relationship between & *C,5"°N and C/N Baiyangdian of particulate organic matter in Baiyangdian Lake
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Abstract In order to clarify the spatial distribution difference and source of carbon and nitrogen isotope of
particulate organic matter in Baiyangdian, particulate organic.carbon (POC), particulate organic nitrogen (PON),
8"C and 8"°N in suspended particulate matter samples of Baiyangdian in summer were measured in September
2022, and the source of particulate organic matter was analyzed by MixSIAR model. The results showed that the
concentrations of POC and PON in Baiyang Lake were 3.55% to 21.91% and 0.44% to 2.93%, respectively. The
overall levels of POC and PON in the whole lake area were 8.60% =+ 5.52% and 1.14% + 0.72%, affected by the
rivers flowing into the lake, the overall spatial distribution of POC and PON was quite different. The range of
8"C and 8N were -25.27%0¢ to <32.95%0 and 3.86 %o to 7.32%o, respectively. The §"°C and §'"°N showed a
gradually positive trend from south to'north, indicating that the contribution of exogenous sources increased
from south to north, and the contribution of endogenous sources decreased. The results of Bayesian mixed model
calculation showed that suspended particulate organic matter was mainly derived from phytoplankton ( 28.60 %
to 37.40 % ), terrestrial plants ( 22.40 % to 34.30 % ) and aquatic plants ( 30.20 % to 31.30 % ), and the
endogenous contribution rate was as high as 59.90 %. Based on the above research, it was proposed that the
contribution of endogenous sources to organic matter could be effectively reduced by harvesting emergent plants
such as reeds in the lake and appropriate engineering measures for salvaging submerged plants and algae
residues at an-appropriate time, thus cutting off the contribution of organic matter to organic carbon and nitrogen
in the water environment and ensuring the compliance and stable improvement of water quality.The results of
this study can provide a theoretical reference for water quality protection and restoration of Baiyangdian Lake.

Keywords Baiyangdian Lake; particulate organic matter; stable isotope of carbon and nitrogen; Bayesian

model
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