9541 B 5 W) KB
Vol. 41 No.5

woR

Water Resources Protection

2025 49 H
Sep. 2025

DOI; 10. 3880/j. issn. 1004 - 6933. 2025. 05. 032

I T 5 B

v

RUBTNIK - K RER R TR AL

535 M) A 2% P e AU

FEE A%

F TR R

CEREL BRI, W

(1. BB RF AR TR, B 2000925 2. b ARG IR RS R A5 b, B 200040)

BE ARATFEISERRNAN KT REAAANREZHISEALY R ETREBHENESEER

M, A F B 3k KR BAER T BF AT &, T 2022—2023 5%
LM AR R T T AL AR S R & =95 %, KA
FRERFIREREN D aRERZREERNS, EREW . HA
spHAR B JE 8§ & BAE R AL 75 M & A HUBR Fo KA 2 34 = RURE R e

Pearson 48 X% P 4547 4

R 2T

éF [fa /i}]&}}:] Iﬁi’&»_FZK*%mJ % KA

s RAA R K # KA TR P =

2,3 B R 5 5 A -0.28,-0.08.0.246.0. 111.0. 039 .-0. 118 .—0. 07 ; AF 5T R # K- TF
m%%¢&kkmz%;ﬂ%%m%¢ﬂmﬁ%&m%%ww%ﬂﬁQ&%~5B%ﬁ4w%

16.79% ; = RIKR B T IR F sl e 3R 4
EEW. R AWK TAIEER,; TR
FESES . X524 XHERARERD A

i*ki Rl
MEHS 1004 - 6933(2025)05 - 0296 - 12

ﬂﬁ%";% 4 SRR

T AS AL R R T AR B

Influencing factors of nitrogen migration and transformation and health risks in lake-groundwater system of a

typical dry-wet alternating lake//WANG Xihua',

LIU Zejun',

WANG Hanmei®, JIA Shunging', MAO Boyang', LUO

Chengming' , DAI Yan'( 1. College of Civil Engineering, Tongji University , Shanghai 200092, China; 2. Shanghai Institute

of Geological Survey, Shanghai 200040, China)

Abstract: To explore the influencing factors of nitrogen migration and transformation in lake-groundwater system of dry-wet

alternating lakes and its potential ecological health risks, taking the Poyang Lake, the largest freshwater lake in China, as

the research object, this study collected samples of Poyang Lake water and surrounding groundwater from 2022 to 2023 to

explore the influencing degree of environmental factors on nitrogen concentrations and the health risks of three nitrogen

species. The research methods employed included Pearson correlation analysis, structural equation modeling ( SEM) ,

Monte Carlo random simulation, parameter sensitivity analysis, and isotope tracing method. The results showed that; nitrate

nitrogen was the dominant component of the three nitrogen species in both lake water and groundwater in the study area;

environmental factors such as pH value, temperature, electrical conductivity (EC) , oxidation-reduction potential (ORP) ,

dissolved oxygen ( DO ),

total organic carbon ( TOC),

and water level difference had significant impacts on the

concentrations of the three nitrogen species, with respective impact effects on total nitrogen ( TN) of —0. 28, —0. 08,
0.246, 0.111, 0.039, -0. 118, and -0.07; in the lake water-groundwater system of the study area, the proportions of
adults and children whose the health risks of the three nitrogen species reached an unaceptable level were 0.04% ~5.23%

and 0.42% ~ 16. 79% , respectively; the concentrations of the three nitrogen species and exposure frequency exhibited high

parameter sensitivity to the results of health risk assessment.

Key words: nitrogen; lake water-groundwater interaction;

risks; the Poyang Lake
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Fig.1 Overview of the study area and sampling sites
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Fig.2 Statistics on nitrogen mass concentration and meteorological elements in the study area
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Table 2 Statistics of groundwater level and physicochemical parameters of water quality in the study area
EC/ B/ (mg/L) 8"0-  8°N- 8%0-
eSS H T/C Hg/m Eh/mV
i pHAE o™ us/em) m Do NI, NO;  NO; TN TOC H,0/% NO3/%0 NO3/%o
f/ME 4.95 10. 50 13.20 104.00 -74.00 0.14 <DL <DL 0.10 0.62 2.60 -8.50 -5.04 -8.95
K 7.85 27.60  56.60 1050.00 417.00 19.60 7.03 3.03 43.28 17.56  26.10 -3.90 36.67 35.31
FHE 6.56  20.83  37.66 305.40 194.38 7.13  0.43  0.20 12.28 527 855 -6.13 11.11 5.34
brifEZE 0.74 3.19 12.02  178.41 122.07 3.91 1.04 0.59 10. 08 4.12 5.28 0.83 7.25 7.89
x3 BMEMMAKCIREKRENSHESIT
Table 3 Statistics of lake water level and physicochemical parameters of water quality in the Poyang Lake
) EC/ JUE VR E/ (mg/L) 8'0-  8°N- 8%0-
ESil H 7°C  Hg/m Eh/mV
HHpH R 7 (ps/em) " DO NH;  NO; NO; TN TOC H,0/%0 NO3/%c NO3/%o
f/ME  6.05 11.20 8.10 65.00 -85.00 2.49 <DL <DL 0.09 0.17 2.37 -7.41 -16.75 -12.65
RRME 9.28 39.50 59.00 549.00 355.00 16.28 6.25 0.70 12. 49 5.28 29.03 3.06 24.02 38. 16
FHME 7.35 25.84 33.91 179.13 201.92 9.69 0.61 0.13 3.13 1.85 10. 05 -4.02 6.21 1.32
bRifEZ  0.67 5.66 12.93 84.11 90.56 3.17 0.92 0.15 2.82 1.03 7.29 2.04 7.70 8.40

0.09~12.49 mg/L, F-H{E H 3. 13 mg/L, NO;-N Jii
HVRIEAE 2023 4F 4 H AR R, AE 2022 4F 10 H
12023 4% 8 H MIAHRHRA, X rl e SAFIEIX 4 H 4k
MV IS BT RIS . IR A AR A T B S 8k
FALH A NO;-N BibkaE =3 Rk o, Rt T K48
TRAEA WA, T4 5 T K B NOS-N A9 i
JE ) QNH;-N AR 5E X JCHL A Y T B A7
R Z—  HFRRWREETE 3 N REENHY N 2 B R %
FEB (K 2) , NH; Bk B 7e T /K P AR R oy
<DL~7.03 mg/L(DL b & F ik E R, F#1E
4 0.43 mg/L; # 7K} <DL ~ 6. 25 mg/L, ¥ ¥ {H K
0.61 mg/L, SANRE, HIK T NH; Bk E & T
7K, BNO,-N it it e B #A HLAR 1638 FEL /DN,
g i)W N R N =31 7

T2 F 3BT LIE I, 0FoE X B L S50,
OpH A, pH HALIE IR 4.95~9. 28, # T 7k 3%
A2l R PR PR 0 K ) 2 55 v R . @K A
WFFEIX IR KK K 22 8 F i KoK A7, R 7KK Az
SERE S 37. 66 m, WK KA E R 33. 91 m, 3R
HOBH M JE 10 b T K AEFEAN R K e B, BEC,
HR K EC AEBGH K I &1 , 7 241H hy 305. 4 ps/em,
WIACE MR 179. 13 ps/em, BEWAAREE T-HIK , #F
KRR 3 T R VS i L A (TDS) Fr ot R
@Eh, H1FFMIZK Eh {822 5 AR K, FHE 55
} 194,38 201. 92 mV , H KA rh ¥4 3070 K bk
S Eh (ECA T, 28 BH 0 B8R AT A 1 K AR AL T 55 38
JFH B, © DO, Hi K DO i ik B ) {H
(7.13m g/L) B F17K (9. 69 mg/L) , @©TOC, il
7K TOC Ttk B2 A AL Ll 2. 37 ~29. 03 mg/L, b
TKMH 2. 6~26. 1 mg/L, MK THL R 7K
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Fig.3 Correlation between environmental factors and nitrogen mass concentration in groundwater and lake water

A R T YA 52 R, TS NOS Joihb vk 8 | S5k
T pH fH5 NO; Bramif iE — & Z [ iy A AH DG .

b. #7K, NO; 5 NH; Fiitik 485 NO; i
WEE S W IEAR G OC R, U B K ) = U T R ik
JEE AR Al 5 R — 25, 0 H: AT B Sk 5 T AR B0 B 4 5
ABIAEEE R (8 3(b)) . 5HE N KFFAEZEAL, )
JKEER ) DO TR IES TOC R HAH LK R, X
JEH T DO A BT 4 Sl K o 1) AL R B & R T
TOC AF R i I P J57 , 241 5 7K A i 1] 38 Jigt A 55
pH H5 NH; ik 2K R, SHFK
AHEG, WI7K pH 8 5T &7, 540 1] T 55 s 1, 722 Ak 3
M 6.05~9.28, Wei Z* #F5¢IN N, DNRA 1 FH7E
pH {29 7. 3 BHEBIERAAE, & T8 Tz E A
FIT DNRA 1EH, BUASFI T NH, 2B B, i i /K o
pH {5 NH; Bt ik 3 2 A G OC R vl R4S 9
TREEARAE T 55 881, (B 2 B8R FE AR pH {E P RE =
T DNRA 1R BIHAL pH 8, 306 7 NH] A4,

FEHL R KA, T 5 Eh #4356 80 H 1E A 26
Z,pH H5 Eh B E M AAM LK FE (KE 3) ., Boros
PV R, W K H S 5 E LR R N, Eh
H5 H BT A G, M pH B2 HY BT ik
BER T8, L 3 A E A G E G R, BB
HrRE B A T Eh 5 T 2558400 5 N 1) 9 5
Fit W Z M A G R EEIE LT, T FH, Eh
B3R iR R A AL R R T T 5 Eh 223
EARSCHYJRA B
3.2.2 AT SEM ¢4 % A& 5 #7

AR EME M 3L RE | SEM #5045 S it
— IR T 45 FREE X = R R 8 e I R
&, SEM T8 245 8 8 78, CFI 24 0. 981, GFI W

0.957,SRMR & 0. 026 ,X* & 10. 601, df iy 7 X*/df
N 1.514,p 0. 142  FRWIBRIUS HOR B (9 4,
BIrp ik DR RN IR R Rn B EM p<
0.1, F£m® p<0.05,™ F£R p<0.001, HAfth p>
0.1), HHEER T NO; NH; NO, i B (5%
M ML 5 Pearson FHOCHE AT LI EE IR . HAK
M5, FEHBH WK - N KRG, NO; EE 23
Ah pH H p(TOC) T ()i 3 6 e 520, Hopm 1L 2
N (AR R KD 209 -0. 108, -0. 389 .- 0. 176 Al
-0. 138; 4% ,Eh 5 EC Xt p(NO;) FEHH 8 & 1 1E
ARSI AR R0 0. 171.,0. 352, p(NH]) I
FHZF Ah p(TOC) T WY IE [ R0 |, B 45 2 800
519 0. 101.,0. 086.0. 404, 5 NO; AH % ; [l i} 32 %]
pH{H 5 Eh i & 3 771 ) 52 0, 2% 72 3 5050 il
-0.335 F1-0. 199, {HAS 1 B W2, & P58 7 X

E4 ETFSEMitENHARRERERFNRERE
¥ BE B 2 N 3

Fig.4 Impact effects of various environmental factors

on nitrogen mass concentration in the study area
based on SEM
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Fig.5 Cumulative freguency distribution of nitrogen-related non-carcinogenic health risks in groundwater and lake water
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Table 4 Parameter sensitivity of health risks of

groundwater in the study area

2022 4F 10 H 2023 4E 4 A 2023 428 A

=

A JLE RN JLE A JLFE

p(NO3) 61.90 61.55 90.53 89.64 75.19 74.58
p(NO3) 27.06 27.78 0. 66 0.52 9.89 10. 06
p(NH;) 4.72 4.78 1.83 2.05 0.14 0. 06

F 3.51 2.99 3.72 3.69 7.37 7.82
1 1.43 1.37 1.58 2.40 3.97 3.99
B 1.36 1.45 1. 65 1.70 3.42 3.47

R5 EFRMMKERRGS SR
Table 5 Parameter sensitivity of health risks of lake

water in the Poyang Lake

2022 410 H 2023 4F 4 H 2023 4E 8 A

x WA JLE ORA JLE A JLFE

p(NO3) 52.10 51.17 39.93 37.54 36.13 35.91
p(NO3) 23.39 23.25 48.36 47.63 35.91 35.35
p(NH;) 17.42  17.65 1.29 1.42  13.31 13.22

F 3.91 4.14 7.19 7.19 7.46 7.72
I 1.97 1.89 3.26 3.06 4.06 4.68
B 1.20 1.84 2.96 3.14 3.06 3.07

AR, p(NO3) 5 p (NO; ) 7EH R 7K i) S Uik

TR I I v T K, 10 B b T K = A R XU X R
R AR AL N BURK (3R 4) o 7E 3 D RFERT I,
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X 4 H A G ShAmAe BT, HEE it AT £ U Y
NO;-N Btk 1 R /K, NO3 ot e JB T s 4 =gk
A T M TR K =R R KU Y R B e P R
2023 4 8 AL i s 2>, 2022 4F 10 H E )i T
JE T R RA BRI, RO 2R T R
K NOS s VR FE TR, X = A R XU 1 5
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concentration in groundwater and lake water of the study area
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