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249



R #EAR

20254F 44l S

(=)}

B RIKEE

slm @ JRHKH 2
~ A oK
Dogl
2
= 3} X
Z |f® m
T 2f ®
2 | mf
St m e

e
ot A AAAA,
0 5 10 15 20
p(CI)/(mg- L)

6

5 C
Lol
5
< ®
Z. u Em
T 2} e
z .
St me ©

e
0lAA A As Ay

300 400 500 600 700 800
p(HCO;)/(mg-L™)

SL
Dol

g
;3_. (]
z B
Z 2y

°‘1! ®

()
(3 A A AL, A A

0 5 10 15 20 25 30 35
p(SOT)/(mg-L™)

5 E
o4l
£
< 3 (] ]
Z. I. [}
o 2 ®
z ° o
S 10
®
oL A ap A . .
0 10 20 30 40 50

p(CO,)/(mg-L™)

B3 EAKIAS TR T R 7K o NH-N 5R R A 220 53 AR D ]

Fig. 3 Relationship between NHy-N and different chemical component in groundwater of different profiles during monsoon season

B, S B LB f e A T R R Tk R 4
SAF T AR /KR NHe-N B EZ R 1
AL f R v, A LA AT RATE PR A8 kA
KA PRI N TCHL A, R, FEREE A
BUBL i, 277 —E BT M CO,, 5 OH 454
A E—2 A HCOs BV, HCO; Fl NHy-N 2 _E it
(e SR 7/ I S R S )3 S IS R TR 79 R A RS £bi2
T 7 7R R K e R 4 o R 2R J A A, 45 R SR
TE ST R B A LR T FLd, HCOs Y IR T2 i
B, TS F1RIEMIET . PRI, 45 AR R K
T HCOs Hil CO, oL ik B T BT8R 5 i e B 119
B LIt . A, ARZHFSE R BRI J5 K 7K
b T8 A LT A RIS IR ST L, A R T NH-N 11
%%[39—41]0
22 KOLEHEGTHTKARHNBENRE

T[T —Hb T 7K 5 ET M e K R T K AR 1 58
e TRAE AT 528 B R K P A e R 2
WL, il i — 5 R B R Ak fa 15 ™. AR
F 5% Fhizad B2 B 5 KT R K Z I E 2
ZRZK SRR B 1 28 BAE S . S oK oK A
i R AKIKAE A, b e K i A8 BT A T K
2, MR K A R HE ZE Rk

LG 1 KRB B O, AR K S5 KIL
IRAE AR AL R AR, SR T VT AL 19 3 sl s /K

250

IKAL AR A H I e B . M2 T, WkoK
PR A R SR B2 T LKA i B sl (B 4) . R
THE R K S K ZB B, KR 5
KEAEZ AR, B KA SR KL EZ A
IRE R, L A S K KA 2E R D,
PR G R B 4%, T B b — B 85 K 2K
Pl SR A B AR R TR

IROEWE SN2, W9 X R K H NH-N B 5T
S R R A A R, LR o MR R T K G 341
1.27 mg/L) FAk /K 9] CF344E 1.58 mg/L) 1Y 22 401
(E15). Ak, # Rk HCO; ™, CO, LS Ca, Mg (1)
Jri v A TC 2 5 (B 6) . WFFERM, Ca, Mg
Jo et Tk 8 AR T 4 7 b e K —Hb T KR BLVE F i
B A i O o 3 R X i R UK NHL-N ¥R B 52 . %
1o 5 B B A M SRR NH,-N 3B 8 5% Ak 1) 6
BLRIT! . AHFGEH Ca, Mg A5 vk G 5 A8 1k
(Kb, KA Bl 25T, i W B 2ok A% P RE X NH,-N
BN 255N 7 NHe-N 28t —3L, 78
AFEI CG16 LUK CG18 Hi /K H, Fe, Mn 1E K48 AL
WFEHUBOTER, vk 2 2B/ E 6) . 5i5h,
COD 1 A fii 8 /K Hp A ML) o i R B v (IR i 55 B 4
B Z—, AT S W AR K TR K AL 80 240 T A BLT
Frimik B ARk . 7EF KB S5 Ak K 1, 7K /K Hh COD
J e AR T B AR (R 1) o BF9E R I ML



£, R HETH-TARR E R T ARP R EWNR SRR LR EE

22.8
£
= 22.5¢
%
59 7 L2:-CGI6
23
E
=22t
%
c.CG18
21
28
E 26 .\-/H_-\._//._.+.
E
% 24}
e.SG3
22
26
g 251 W
4\:_{
% 24}
g UHWIKA, (3780
23 1 1 1 1 1 1 1 1 1 1 1
A2 A A% A% A% oY% Ok a2 ok o) b N
A N R S T T T P P
INSNZNSINSIN2NSINSNEINGINSINEINS
W H )

£
& 245t
¥
240 Lb-CG17
25

&
&l 24t
%
d.sG2

23
26
E
&oast
¥
54 L£:8GS
32
£
& 24t
%
h RKITKRAE (B2l )
1 6 1 1 1 1 1 1 1 1 1 1 1 1
O% A A% AN A% o) ok 3 0% 0% o0 O
Wi H

K4 KRG (RIBK (a~c) AR (d~f) ) LIKHFIKKAL (g, h) ZB4[E

Fig. 4 Change of the groundwater level (confined groundwater (a-c) and phreatic water (d-f)) and surface water level (g, h)

6

a INH,-N
ST —INO;
INO;
o 4r
2 s
E°
<l
1F
0 [ | =
KT BT AT A BT A BT KB
CG16 CG17 CG18

6

b
5k

s

pp/(mg-L7")
oW

—_
T

N B i R
SG2 SG3 SG5

El5  FRIARR KR EK (2) UK (b) A7 NH.-N. NOs PUK NO, B ik B As L&

Fig. 5 Change of the concentration of NH4-N, NO; , NO; in confined groundwater (a) and phreatic water (b) during monsoon season

and non-monsoon season

A NHg-N 5 I B8 Fe AR a5 207, R ik
ZET AR AR TR K J A B2 5% g /s
FIRIEE T AR KA S A R K K A
AN, RIS K ZE N E R R RR,
ez 5K B R . MHIELZ T, &K EH CG17
H T 7K T BEAZ KAk BhsE i, A 7K Fe, Mn Jit v
ERFERSTHKME 6) . AR RS AFMA
AT A G . MK AR ) FEAAAEIE AN NHy-
N, A5 & B, DA T sk A A A= vl L
Fe( Il )VERHLF3244, DL NH,-N 7E R b, %t
FEnl A g K Fe( DY, MR, FAMHAZR F
BAFAEIE NN NOy , 27K A7 i shin A /A 41

T, FERSALE M E R T, nDKE NHA-N 48k s 25
A,

AH HEAR K, KA % Bl 454 7K ' NH4-N 11
R AR KA R K 22 S i . R
TE7K 1 NH,-N 4 i B AR XA, (HHA 7K 3] CF
IH 1.25 mg/L)NH,-N Bk 8 B 3% & T FA OF
PI{H 0.032 mg/L) (& 5) . MRIEAKALPE SE O, Hizk
WL =2 N RV E VR, oK AO7 @ T koK A7, b3k
IRATRME LT 7K o WK TS s R /KR, 5 b
FOKFFAEM B mIE . MEF K, 7K coD
Jo e VA R 0 R A, I A — 2D R b 3K b
KA B FE AT R 2 AN IEAT AL R ALK, Bt

251



R #EAR

20254F 44l S

=N
S
~
Y

— ~ A oKk
z T A -8k
= 40 M o0 30 F [ KR K
2 L £ TR Ik
5 20 F ( §15Eﬁ
- )
0 HJ H WA el = 0 LIk Fﬂ M
180 45
7 n | ~ 0
o 1200 1 & 30 E
£ i )
S 60 1 §15
< X
0 0
30 3 _
T I 4
o 20} w 2F
£ g
S X
0 W m 0 L[]
900 30
o 0 ]
2 600 - M @28
S 300 ’ 310
S 0
SEEEEE T EEEE
2222000 22 %3500
o O O o O O
Wk HRIEIK WK HRIEIK
B 6 A KIAFNRS AR T oK DA K v K dh AR Rk SR 20 43 i 7
qs

Fig. 6 Change of different chemical component in confined
groundwater and phreatic water during monsoon season

and non-monsoon season

F 1 FKEFFKEREKUREKH COD RERE
Table I Change of the concentration of COD in confined
groundwater and phreatic water during monsoon
season and non-monsoon season pp/(mg-L™")

&K Bk

SRR

CG16 CG17 CG18 SG2 SG3 SG5
HhiK 222 3.04 0.98 5.18 5.92 3.29
Eoki 2.35 2.80 1.13 3.76 3.13 1.76

A RERT NHe-N W EE. 550, S EIEAL
MR E WS RN . 1E & E
T, WS AT RETE G SEph oA S A, Bk A
B U VR B i 2 IR, e A, FEAG KN Fe,
Mn VR B I 2 R T K . A LR K, Ak
101 2K R R K AT 45 TR KA SR EUR, % R
FEAFI T2 A0 ) 8 SR R R,
TN 55k By 5 R VR BE Fe, Min 7] BB 5 b T K B A 5~
T H B AR P bR Al ol FR AR O, IR AUk i 8 b i e
252

(K A AT EH R 7K R Fe( D) I SR, BFFT I,
b 2R 7K —Hb T 7K 28 B3k A AR AR D A5 A Y U8 B LA
KeANIEA BILET ) AR (8 ke S b A A A R G
B, HIRZH N KA LR 2 T /KB 5 R A= it
FEUS 2728 e A A — G2 o R A P T el AN )
R 2 [ B AR A T 2=
23 MIT/KPRAEENERNEZRERNEER
Rl LR AL 38 235 3R il s = 7K b T 7K Hoxd
NH-N & 42 52 1 P B 4 w8 (%) e A 2 2 1 43 30l S i
B C0,(44.68%) . Fe(40.69%) . HCO;3 (34.18%) ., CI”
(31.84%) . Mn(18.20%) (& 7).

COo, o
Fe 3 o
HCO; | o

Cl- r o

Mn r o

Ca o
Mg F o
pH o
NO; o
SO t o

As 3 (e}

S + o

COD ro

6 1.0 2.0 3.0 4.0
FRAE T 2 /%
K7 BERLARARAE A 20 P70 NH,-N AR E 2
Fig. 7 Characteristic importance of each influencing factor to

ammonium by the random forest model

TeHLER(CO,, HCOs ) 8 s 1 EE B VAR /R & o vk
J¥ NH4-N 0] Re 1Bl 2 & 20 HLI 5 Ry JCHLRR 119
A, B E R A VL Ll f2, HCO; Al NHs-N /& |
iR E B YT, CO, 5 HCOs Z [H] ] A H
B, BEAh, MR KR CI 5 NH,-N B & St B
BEBR. CUREIREN SIS~ E A TE S5
M AR RS, FE ARG SR R AMNEA P AR
R4 A RT3 0 0 R A S R A, AT —
AR PE NHy-N A9 & 2R, Fe, Mn XF T NHy-N & 4
0 o, U] AT A BRI AE A R L & A HLBRER
B R M A Fe, Mn 138 VA il B2, i A B[R] B
FITF NHy-N A9 £, edh, PRk A 255
(R A, W] 38 2 5 A ARG PR AE OG0 A ) Bk Ak,
p it FRLE A R NHy-N B Rk E P, Ekad e
UL Fe, Mn, NH,-N 2500 5 48, il sk — 45
il (As) 55 H 4 AT R 1 b1

HRAfE b 7K A7 5 KA B s O (& 4), B
SRR M H 22 K 07 I 25 5 T R OK, PR % K )2
RS, SNEYIR AR S AR &K E



Tk

SAE . KT PR T RRELFRT R T R EGNEHF LRI A £

(B D)o k5 37K DOC Ji i e 2 R AN 0%
(R D)o HI, &K H NH,-N S8 1 5 4R 32 J5
st kAL AP o AR R s i R S(=11)
TR 7R T KON BRI SR (B 8) . R
Mo AR Fe( D) e e AR, As R HO
TR K2 AT Yy A SR fi vl e 2 12

7

p(As)/(ug-L™)
6 o <10
~ o [10,20)
O ire) 0 [20, 30)
2 4l [¢) 0 [30,50]
= o
= e O>50
=3
g of.
QU
1
. Q,
;o CPPe®O® & o
0 1 2 3 4 5

p(NH,-N)/(mg-L™")

HE As I REL, Zad B AR B Fe(TH RIS S(-1T)
Z5GTE AL RS, Tl Fe( 1T ) it Wk i
TR A, PR S S(—TD) R HRIE T,
Hb R 7K NH,-N B 5 8 R B AR X A i o %45 2R
] T IV 2 b T 7K NHL-N A A B A — 2,
RV v B S(— 11 ) ml kA KR ) NH,-NUL,

6
@ 7R JEIK E T 1

sl o @ K JF /K i 2
~ © K TH
2 o4f
o0
£l oo
“ |9 o

°
27 oy
S [® Tee
°
otgm o .0

0 40 80 120 160 200
P(S(=11))/(ng L)

8 E/KIAARIFE ML /K NH-N 5 As, Fe (1), S (=11 ) Fumu iR

Fig. 8 Relationship among NH4-N and As, Fe(Il), S(—II) mass concentration in groundwater of different profiles during monsoon

season

ANFETF AR, KK 3 K KA 25 55 557N
(Bl 4), FEBHARTREERT, #hRK -4 T K50
B 22 AR IS NHe-N 1Y & S 2 o 5 24
A5, T REAZ N A BN T AU B G A W He
BRAL2E SRR A 25 A T, FoKI K A
ARG 5 I IV A A5 R NHU-N R (81 5,8) . — T
1A %35 % ] BEAE AN Ak DB R AR A SR A S i et 7
VERIF, WA LA S NHL-N v i B 2 A,
T3 —J7 1, NG ShANEY) B A S IR NH,-N
P K Fe ) ok B 1 e 46 n 4 DR A4k S Ak ik
R KR8 8) o I BRI T T, NHy-N
Bl Fe(T) 481k, S5 RS Fe(T) 21, 1t
Ah, PR Fe( D) Bk BE3E <, MRk As it
WS 1 1 2 B IR AUk e SR A R P R L
PG I SRV A 1T REAE St R K AR T 1t %
HEEMEHE 8) . M2 T, Fe( Il ) Fia ik & fe i
(bR 7K As BT R BE IR (18T 8) . AFFE R B,
24 S/Fe HLAEFAGAT (& 8), Az Wi R A= 4, N
BRA ., BHEREAE, KGR As FRIR I =5
EHG,SI]O

25 b, ZETEOK Bl ) A Y A Ak nT i R
A7 55 7K )2 R b BR A 2% 45 44 T 520 NH,-N 9 5 4R i
B, Hizad #5224 5 BAG I OG0 A Py sk £k 2
W FRLEA VAR, I AT R R HA AL 42 73 (As. Fe,
Mn %5) R AL R

34 ik

(1) F= AT I —Hb T 7K A B A H /K HY NH-N
Jo VR W R T K o R R K NH-N 1 5 42
5 AR b 5 R R 2% T A ML bl i 2 B O,
TR NI Bl A SE A A R

()ROSR, T AR EE s i R & 1
FH, WK AEAS K 3015 1 6K 038 A FAAR 2, NH-N
[ H v B T R OK M, B AR
K2 HE Fe, Mn LUK NH,-N #87R K Hp Al &
A IR AE A A A A, T (B 352 NH,-N & 4

(3)NH4-N 1 & 4 52 55 UG P AH G 1 A 4 Bk
feF il BRLE A AR, Hoh Rk e S AL SRR )
A A3 520 NH,-N 155 4, 3 AT ] Bsf 5 i Al Ak
222043 (As., Fe, Mn %5) (iE R AL 2

IR AEE F A S0P R,

The authors declare that no competing interests exist.

8% 3k

[1] HAVRIL T, TOTH A, MOLSON J W, et al. Impacts of predicted
climate change on groundwater flow systems: Can wetlands disap-
pear due to recharge reduction?[J]. Journal of Hydrology, 2018,
563: 1169-1180.

[2] REZANEZHAD F, COUTURE R M, KOVAC R, et al. Water ta-
ble fluctuations and soil biogeochemistry: An experimental ap-

proach using an automated soil column system[J]. Journal of Hy-

253


https://doi.org/10.1016/j.jhydrol.2017.09.020
https://doi.org/10.1016/j.jhydrol.2013.11.036
https://doi.org/10.1016/j.jhydrol.2013.11.036

Wi AR

20254F 44l S

[3]

(4]

(5]

(6]

(7]

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

drology, 2014, 509: 245-256.

KT, A2, DR MK R KA EAE R NH.-N I B/
FERAT A B H N IR ARSI (1], HBERAL2%, 2024, 49(10):
3761-3772.

ZHANG A G, LIANG Y, MA R. Adsorption/desorption behavior
of NH4-N under surface water-groundwater interaction and its im-
pact on N migration and transformation[J]. Earth Science, 2024,
49(10): 3761-3772. (in Chinese with English abstract)

YANG W H, WEBER K A, SILVER W L. Nitrogen loss from
soil through anaerobic ammonium oxidation coupled to iron reduc-
tion[J]. Nature Geoscience, 2012, 5(8): 538-541.

XIONG Y J, DU Y, DENG Y M, et al. Feammox in alluvial-lacus-
trine aquifer system: Nitrogen/iron isotopic and biogeochemical
evidences[J]. Water Research, 2022, 222: 118867.
RAKHIMBEKOVA S, O'CARROLL D M, OLDFIELD L E, et al.
Spatiotemporal controls on septic system derived nutrients in a
nearshore aquifer and their discharge to a large lake[J]. Science of
the Total Environment, 2021, 752: 141262.

VRN, KSR, FHARK, . AT IR IR M R AR B R S B 3
AL B R R 9], HUSTRHE A, 2022, 41(1): 300-308.
LENG Z C, DU Y, TAO Y Q, et al. Coexistence and controlling
factors of ammonium and phosphorus in groundwater along the
middle reaches of the Yangtze River[J]. Bulletin of Geological
Science and Technology, 2022, 41(1): 300-308. (in Chinese with
English abstract)

YU L, ROZEMEIJER J C, BROERS H P, et al. Drivers of nitro-
gen and phosphorus dynamics in a groundwater-fed urban catch-
ment revealed by high-frequency monitoring[J]. Hydrology and
Earth System Sciences, 2021, 25(1): 69-87.

DU Y, DENG Y M, LIU Z H, et al. Novel insights into dissolved
organic matter processing pathways in a coastal confined aquifer
system with the highest known concentration of geogenic ammoni-
um[J]. Environmental Science & Technology, 2021, 55(21): 14676-
14688.

JELLALI S, DTAMANTOPOULOS E, KALLALI H, et al. Dynam-
ic sorption of ammonium by sandy soil in fixed bed columns: Eval-
uation of equilibrium and non-equilibrium transport processes[J].
Journal of Environmental Management, 2010, 91(4): 897-905.
JIANG Q H, JIN G Q, TANG H W, et al. Ammonium (NH;")
transport processes in the riverbank under varying hydrologic con-
ditions[J]. Science of the Total Environment, 2022, 826: 154097.
YAN A L, GUO X Y, HU D H, et al. Reactive transport of NHy" in
the hyporheic zone from the ground water to the surface water[J].
Water, 2022, 14(8): 1237.

RUTTING T, BOECKX P, MULLER C, et al. Assessment of the
importance of dissimilatory nitrate reduction to ammonium for the
terrestrial nitrogen cycle[J]. Biogeosciences, 2011, 8(7): 1779-
1791.

KRAFT B, TEGETMEYER H E, SHARMA R, et al. The environ-
mental controls that govern the end product of bacterial nitrate res-
piration[J]. Science, 2014, 345: 676-679.

kS8, TLDCT JF KR /KRB SO e BT R e AL
B [D]. 20 AR B (R0, 2017.

DU Y. Surface water-groundwater interaction and its effect on am-

monium transport and fate in Jianghan Plain, central China[D].

254

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Wuhan: China University of Geosciences (Wuhan), 2017. (in
Chinese with English abstract)

LUTZ S R, TRAUTH N, MUSOLFF A, et al. How important is
denitrification in riparian zones? combining end-member mixing
and isotope modeling to quantify nitrate removal from riparian
groundwater[J]. Water Resources Research, 2020, 56(1):
€2019WR025528.

ZHU G B, WANG S Y, WANG W D, et al. Hotspots of anaerobic
ammonium oxidation at land-freshwater interfaces[J]. Nature
Geoscience, 2013, 6(2): 103-107.

ZHAO Y Q, XIA' Y Q, KANA T M, et al. Seasonal variation and
controlling factors of anaerobic ammonium oxidation in freshwater
river sediments in the Taihu Lake region of China[J]. Chemosphere,
2013,93(9):2124-2131.

FRAEH, WA, . H R K BRI BT R A LA A RIS
BUARFREHS [3]. /K SCH R T AL, 2022, 49(3): 153-163.

GUO H M, GAO Z P, XIU W. Research status and trend of coup-
ling between nitrogen cycle and arsenic migration and transforma-
tion in groundwater systems[J]. Hydrogeology & Engineering
Geology, 2022, 49(3): 153-163. (in Chinese with English abstract)
BUSS S R, HERBERT A W, MORGAN P, et al. A review of am-
monium attenuation in soil and groundwater[J]. Quarterly Journal
of Engineering Geology and Hydrogeology, 2004, 37(4): 347-359.
GUAN Q S, CAO W Z, WANG M, et al. Nitrogen loss through an-
aerobic ammonium oxidation coupled with iron reduction in a man-
grove wetland[J]. European Journal of Soil Science, 2018, 69(4):
732-741.

MOSLEY O E, GIOS E, CLOSE M, et al. Nitrogen cycling and
microbial cooperation in the terrestrial subsurface[J]. The ISME
Journal, 2022, 16(11): 2561-2573.

RIS, H SCRE, BkE, A5, 1R AR TS LR MR TR M RO
A3 A S AT REAR B R DR [0, Hb SR 4, 2023, 42(1):
369-377.

ZHUP G, GAN Y Q, LAI Y Y, et al. Spatial distribution and con-
trolling factors of sediment nitrogen forms in the mangrove wet-
land at Dongzhai Port, Hainan Province[J]. Bulletin of Geological
Science and Technology, 2023, 42(1): 369-377. (in Chinese with
English abstract)

DU Y, DENG Y M, LI Y P, et al. Paleo-geomorphology determ-
ines spatial variability of geogenic ammonium concentration in
quaternary aquifers[J]. Environmental Science & Technology, 2023,
57(14): 5726-5738.

SHEN S, LUO K W, MA T, et al. Nitrogen burial characteristics of
Quaternary sediments and its controls on high ammonium ground-
water in the Central Yangtze River Basin[J]. Science of the Total
Environment, 2022, 842: 156659.

SHEN S, MA T, DU Y, et al. Contrastive mechanisms of ground-
water ammonium enrichment in different hydrogeologic settings[J].
Science of the Total Environment, 2023, 875: 162542.

0TS0 RREUIHE Db T oK R I 1 Sh AL AL [D].
e H M TR A (0, 2023.

LUO K W. Dynamic change mechanism of NH4 " source-sink in the
groundwater of Tianezhou wetland area[D]. Wuhan: China Uni-
versity of Geosciences (Wuhan), 2023. (in Chinese with English

abstract)


https://doi.org/10.1016/j.jhydrol.2013.11.036
https://doi.org/10.1038/ngeo1530
https://doi.org/10.1016/j.watres.2022.118867
https://doi.org/10.1016/j.scitotenv.2020.141262
https://doi.org/10.1016/j.scitotenv.2020.141262
https://doi.org/10.5194/hess-25-69-2021
https://doi.org/10.5194/hess-25-69-2021
https://doi.org/10.1016/j.jenvman.2009.11.006
https://doi.org/10.1016/j.scitotenv.2022.154097
https://doi.org/10.3390/w14081237
https://doi.org/10.5194/bg-8-1779-2011
https://doi.org/10.1126/science.1254070
https://doi.org/10.1029/2019WR025528
https://doi.org/10.1038/ngeo1683
https://doi.org/10.1038/ngeo1683
https://doi.org/10.1016/j.chemosphere.2013.07.063
https://doi.org/10.1144/1470-9236/04-005
https://doi.org/10.1144/1470-9236/04-005
https://doi.org/10.1111/ejss.12552
https://doi.org/10.1038/s41396-022-01300-0
https://doi.org/10.1038/s41396-022-01300-0
https://doi.org/10.1016/j.scitotenv.2022.156659
https://doi.org/10.1016/j.scitotenv.2022.156659
https://doi.org/10.1016/j.scitotenv.2023.162542

I

A% K PHETH- T RIELFRTRP R EGN TS F LRI A £

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

RENED). ML AL rh I BT I T K R e h IR B e S A FR iR
SR PRI [D]. 5 M GRIL), 2023.
XIONG Y J. Identification and controlling factors of feammox in
groundwater system of typical alluvial-lacustrine plain [D]. Wuhan:
China University of Geosciences (Wuhan), 2023. (in Chinese with
English abstract)

e N RIEFIE [ AR IAR. 3 K BT Ar AT 7 58 47 FR 4 UF
5 SRR I T 3 T A2 7 DZ/T0064.47-2021(S). b 5t: h E 4R
HEH AL, 2021.

Ministry of Natural Resources of the People's Republic of China.
Part 47 of the analytical methods for groundwater quality-titration
method for determination of free carbon dioxide: DZ/T0064.47-
2021[S]. Beijing: Standards Press of China, 2021. (in Chinese)
rhie N RN ] 1) 50 o M B R S AGr i B R, v ] A
RS B2y, LR K bRk GB/T14848-2017[S]. At 5t: FH [
Frife i ik, 2017

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, National Standardiz-
ation Administration. Standard for groundwater quality: GB/
T14848-2017[S]. Beijing: Standards Press of China, 2017. (in
Chinese)

MCARTHUR J M, SIKDAR P K, HOQUE M A, et al. Waste-wa-
ter impacts on groundwater: Cl/Br ratios and implications for arsen-
ic pollution of groundwater in the Bengal Basin and Red River
Basin, Vietnam[J]. Science of the Total Environment, 2012, 437:
390-402.

SRRE, I, SRR, 2 R I &K =R Sk
fiE [7). BREERL, 2015, 36(9): 3203-3211.

WUHY, FU S F, CAI X Q, et al. Spatial variation of ammonia-N,
nitrate-N and nitrite-N in groundwater of Dongshan Island[J]. En-
vironmental Science, 2015, 36(9): 3203-3211. (in Chinese with
English abstract)

ISR, KESE, TR, A TRBE T S P M X R = AR K T B
BRI B AR AL 7). MR AT, 2020, 39(6): 165-174.
HUANG Y W, DU Y, XU Y, et al. Source and enrichment mech-
anism of ammonium in shallow confined aquifer in the west of
Dongting Plain[J]. Bulletin of Geological Science and Technology,
2020, 39(6): 165-174. (in Chinese with English abstract)

YU, EhJE, £LS5E, S TLDCE R =M R /K AU 2 (] 3 A
fiE [J]. BRI 5HR, 2018, 41(2): 47-56.

SHEN S, MA T, DU Y, et al. The spatial distribution characteristic
and genesis of nitrogen of shallow groundwater in the east of
Jianghan Plain[J]. Environmental Science & Technology, 2018,
41(2): 47-56. (in Chinese with English abstract)

DU Y, MA T, DENG Y M, et al. Sources and fate of high levels of
ammonium in surface water and shallow groundwater of the
Jianghan Plain, central China[J]. Environmental Science (Pro-
cesses & Impacts), 2017, 19(2): 161-172.

MENG L, ZUO R, BRUSSEAU M L, et al. Groundwater pollution
containing ammonium, iron and manganese in a riverbank filtra-
tion system: Effects of dynamic geochemical conditions and micro-
bial responses[J]. Hydrological Processes, 2020, 34(22): 4175-
4189.

CLINE L C, HUGGINS J A, HOBBIE S E, et al. Organic nitrogen

addition suppresses fungal richness and alters community composi-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

tion in temperate forest soils[J]. Soil Biology and Biochemistry,
2018, 125: 222-230.
HUANG Y W, DU Y, MA T, et al. Dissolved organic matter char-
acterization in high and low ammonium groundwater of Dongting
Plain, central China[J]. Ecotoxicology and Environmental Safety,
2021,208: 111779.
DU Y, DENG Y M, MA T, et al. Enrichment of geogenic ammoni-
um in Quaternary alluvial-lacustrine aquifer systems: Evidence
from carbon isotopes and DOM characteristics[J]. Environmental
Science and Technology, 2020, 54(10): 6104-6114.
WANG HL, LI P, LIU X H, et al. An overlooked influence of re-
active oxygen species on ammonia-oxidizing microbial communit-
ies in redox-fluctuating aquifers[J]. Water Research, 2023, 233:
119734.
HAN L L, WANG H L, GE L H, et al. Transition of source/sink
processes and fate of ammonium in groundwater along with redox
gradients[J]. Water Research, 2023, 231: 119600.
LIANG Y, MA R, WANG Y X, et al. Hydrogeological controls on
ammonium enrichment in shallow groundwater in the central
Yangtze River Basin[J]. Science of the Total Environment, 2020,
741: 140350.
X, ZRLLA, AR, A5 F T ISR A AR A d i R K
RERFN S RBITIE [J]. BEIRBRETS TR, 2021, 35(6): 827-833.
LIU B, LI H M, SHI C B, et al. Study on response relationship of
groundwater level based on ecological water level control of
Honghu wetland[J]. Resources Environment & Engineering, 2021,
35(6): 827-833. (in Chinese with English abstract)
LIANG Y, MA R, NGHIEM A, et al. Sources of ammonium en-
riched in groundwater in the central Yangtze River Basin: Anthro-
pogenic or geogenic?[J]. Environmental Pollution, 2022, 306:
119463.
ZHALIY Z, HAN Y F, LU H, et al. Interactions between anthropo-
genic pollutants (biodegradable organic nitrogen and ammonia)
and the primary hydrogeochemical component Mn in groundwater:
Evidence from three polluted sites[J]. Science of the Total Environ-
ment, 2022, 808: 152162.
TREH, FRSE, B, 55 VLDCP R B K2 T L iR i
R RERBERLAR [V]. HUBRRL2F, 2021, 46(2): 652-660.
XU Y X, ZHENG T L, GAO ], et al. Effect of indigenous sulfate
reducing bacteria on arsenic migration in shallow aquifer of
Jianghan Plain[J]. Earth Science, 2021, 46(2): 652-660. (in
Chinese with English abstract)
ZHENG T L, DENG Y M, WANG Y X, et al. Microbial sulfate re-
duction facilitates seasonal variation of arsenic concentration in
groundwater of Jianghan Plain, central China[J]. Science of the
Total Environment, 2020, 735: 139327.
B, BRI, R, 4 DU DR 2 TR RS Gk I
B TR FRAENT [J]. HUBTRHE AR, 2025, 44(1): 262-273.
CAO Y, LI Y F, ZHOU C F, et al. Sources, transport and trans-
formation of nitrogen pollution in shalllow groundwater in Caidian
District, Wuhan, China[J]. Bulletin of Geological Science and
Technology, 2025, 44(1): 262-273. (in Chinese with English
abstract)
SRS, T SCHE, H:5, S5, BHSIM T KM KRS IR i i
LRI EEAERTTE [J]. HUBORHEGE AR, 2025, 44(1): 285-297.

255


https://doi.org/10.1016/j.scitotenv.2012.07.068
https://doi.org/10.1002/hyp.13856
https://doi.org/10.1016/j.soilbio.2018.07.008
https://doi.org/10.1016/j.ecoenv.2020.111779
https://doi.org/10.1021/acs.est.0c00131
https://doi.org/10.1021/acs.est.0c00131
https://doi.org/10.1016/j.watres.2023.119734
https://doi.org/10.1016/j.watres.2023.119600
https://doi.org/10.1016/j.scitotenv.2020.140350
https://doi.org/10.1016/j.envpol.2022.119463
https://doi.org/10.1016/j.scitotenv.2021.152162
https://doi.org/10.1016/j.scitotenv.2021.152162
https://doi.org/10.1016/j.scitotenv.2021.152162
https://doi.org/10.1016/j.scitotenv.2020.139327
https://doi.org/10.1016/j.scitotenv.2020.139327

R BRI 20054 a4l S

HAN P, GAN Y Q, DU Y, et al. A methodological study on the obic ammonium oxidation coupled to iron reduction from ecosys-

quantification of lacustrine groundwater discharge and nutrient tem habitats in the Taihu estuary region[J]. Science of the Total En-

fluxes to Honghu Lake[J]. Bulletin of Geological Science and vironment, 2019, 662: 600-606.

Technology, 2025, 44(1): 285-297. (in Chinese with English [51] HUANGF G,JIAS Y, LIUY, et al. Reductive dissolution of ferri-

abstract) hydrite with the release of As(V) in the presence of dissolved
[50] DING B J, CHEN Z H, LI Z K, et al. Nitrogen loss through anaer- S (-ID[J]. Journal of Hazardous Materials, 2015, 286: 291-297.

Summary for “H7THFERE -4 K38 BT T 7K H R AR 28 S0 AR e S il R 2=

Spatial-temporal distribution characteristics and driving factors of nitrogen
in groundwater of river-lake-groundwater interaction zone
along middle reaches of the Yangtze River
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Abstract: [Objective] The complex structure of river-lake-groundwater interaction zone governs the migration and
transformation and the fate of nutrients. Investigating the spatial-temporal distribution characteristic and controlling
factors of nitrogen in groundwater holds significant implications for water quality and ecosystem protection.
[Methods] This study focus on the river-lake-groundwater interaction zone along the middle reaches of the Yangtze
River. Groundwater samples were collected from two confined aquifer profile and one phreatic aquifer profile
during both monsoon season and non-monsoon season. Hydrogeochemical analysis was conducted, and the
controlling factors of nitrogen enrichment were identified using random forest regression. [Results] The results
indicate that the main form of nitrogen in groundwater is ammonium (NH4-N). The content of NH4-N in confined
groundwater during monsoon season (0.37—4.96 mg/L, average 2.07 mg/L) was significantly higher than that in the
pore phreatic water (0-0.096 mg/L, average 0.012 mg/L).Low concentration of CI” / SO,”~ and high concentration of
CO,/ HCOj; indicate that NH4-N enrichment is closely related to the mineralization of nitrogen-bearing organic
matter under natural condition. In contrast, in pore phreatic groundwater during the non-monsoon season, the NH4-N
concentration (average 1.25 mg/L) was significantly higher than during monsoon season(average 0.032 mg/L),
displaying prominent seasonal variation. The concentration of Fe / Mn was also relatively high in this aquifer during
the non-monsoon season. Combined with water-level fluctuation data, the pore phreatic water is significantly
influenced by human activities. Following NH4-N enrichment within the aquifer, feammox can occur. [Conclusion]
This study enhances understanding of the occurrence patterns of nitrogen within river-lake-groundwater interaction
zone and provides a theoretical basis for studying biogeochemical processes associated with the nitrogen cycle.

Key words: river-lake-groundwater interaction zone; water-level fluctuation; groundwater; ammonium;

organic matter mineralization; feammox; middle reaches of the Yangtze River
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