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XIRPEAE i, KEGEF N AR R T, AAnEiE
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N SR DA BT g I 4 A, Ab BEEE T 43 R 5000
m*d ", 5000 m>d " Al 10000 m>d ', HHEIHA, X
PR 7K 22 F AR AT, L 569 2 55 )
A7 2O AU, LA A 50k R 5 A, R i
Fepk EEAH

1.2 HBEBXRESHH

PO TR AT SRR A A 66 4o SRS R A JE
WAIR 107 4> BhifLJR A FA AL 34 41~ R
FE SR A AR A K SCH B R A | MR K 1) K
JoE B DXCAF B, 0 A e B L R IR s (B3R R
15 KARFR)) bR VAT B IURE A5, I RO £ )
JEOU], e PR AL B SR A (bR T M ) B4 TR, 763
X AL FR B SR AE A 434, FE A E A 1, HURE Koy
BT X BRIBORE 53 BT 7™ A PA T (b T 7K BT b ) (GB/T
14848-2017), 43 M 4845 A “=&" (NH;-N, NO;-N,
NO;-N).

1.3 H#EE

AW 5T K F Microsoft Excel 2013 X 5 YLk &
BRI TR0 AL B, FIH ArcGIS Kz i 285 A B 74
X NH;-N, NO;-N. NO;-N = Fy5 4t ¥y £ 17 25 [a] 1
{H, I Feflow7.0 4 & X 38 th T /K i 37, 45 & it
el A B FE 43 4 M T e S 1) o A AR, O LAt
FERGHEA TSN AT, RS X

2 HR5ITiE

2.1 RIS
T I8 XA Ly 5 T A, DX ) A S 28 b Ay

P BRER
o T5KALIE
o B

f: 1599

1I%: 473

B 1 SMRERFERAKERESFE
Fig. 1 Survey of the study area and layout of

water sampling points

Oy A SR TR AR A, B AL 2 0 K 2 2 R FE
REWKRHACE LD . AVIKA(Esh) FIE MW ZH
(E,q), % HuJZ &l FL B A7 I K 20 5~ 0.12~1.52
L-(s-km) >, 0.10~0.83 L+(s-km) ., 0.09~1.29 L-(s-km) °,
MR AW E RS KA, KN TS BR
VSR, BRI R,
AN W R TR AL(0,8,0) . THE AL (O ,m) | FE
RAEASTINAHCE,)) , WLFAHE,m)HbE . 4.
B AR s, Bk 22, EOKPERRES

FRA 5 5 8 A 448 TR ([&] 2), B3 v 30 R 2R 3 A
PS5BS R I 80T, S S T LT T 3T 3t
ZF, BT KL S A — 8, X RT3
FEREK BRI S ICAE T8 B 07, ¥ 75 49
PEAHL R K BMESR, HIX I N 4 2 E 3, /A IR
SL, w R ER . EOKIR R Z, S BRI 5 YY)
Sy i 395 PR R T L VA B 2B K KR
AR AL R KM

A SR 55 AT CA) 10 37 s B i e A
1A (IR 3a), X sl i 7K 35 22 LA T R 204 Ak
ik, DX a3 s R 1T Ak A A A L ] 2 AR A
SYHOC A FTHEE . V5 i AT IS, B K
WAL RS, IR 07 5 bR KR Bh e — 2 A AR K
SCHb TR A 45 55 Feflow 7K 15 25 45 5 (4] 3b) K
SO IR, HA 45 T WA AR XA — 8 5, %45
SR R 43 M5 e W 23 18] 0 A A8 -

22 ‘=@ FTEHNTHIFME
2 (NHa-N) | il 5 20 (NO; -N) Fl T i 75 %



276 T

% 2025 4F

®  FUKEKIA o IR
e MiFWAD o £570
e RO @ JEAKkbE

WTTIRE W BREURY A0 S

C AIEHH
= Y5k

...... %{ﬁ%]ﬁ

aifRIR R X

BRARER A JARBR R e IX
PRI IX
Pt X

B2 RRAXHEEE
Fig. 2 Hydrogeological survey of the study area
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Fig. 3 Groundwater flow field in the study area
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A PR INOS N, 57 DX LI (15 5 X,
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T3 DN A, 5 QORI B LA BEA Y | J5K
ik AR 238 G RS o RG] 3 b, vk X I
T AR A g T R AL PN, T e W Bl K R D5 1R 8T R
(Kl 4a). DXBARACO, BARMER AR, AT /I 7
oA %, LRI, K L AR RE T AR 22 AL
LK EHESF AR5 B A B B3Rk, T3
FENH;-N e BERE R, (B 7R IV AR bR A

®1 (MTAESIRAE) (GB/T 14848-2017 ) # NHi-N.NO2 -N.NO; -N 4 %K 4E4%
Table I  Classification indicators for NH4 -N, NO2 -N and NO;3 -N in the Standard for Groundwater Quality (GB/T 14848-2017)
75 ffp/mgL" 1% 1% % V% \ES
1 NHi -N <0.02 <0.10 <0.50 <1.50 >1.50
2 NO2-N <0.01 <0.10 <1.00 <4.80 >4.80
3 NO;-N <2.0 <5.0 <20.0 <30.0 >30.0

e 126, 2RS4 sk, T2 3= 20 1 T8 A AR T AR AOK IR B AN TR IV 238 A AR AR 43 Tl K, 3 G A0 #RS AT VR AR IR AR K V

FRENE TR KRR, HA oK AT AR 3 A2

#2 NHi-N.NO:>-N.NO;-N $EtRiil it

Table 2 Statistics of indicator testing

for NHi -N, NO2 -N and NO;-N

e NHi-N_ NO2-N  NO;-N Eﬂiﬁ gl e NHi-N_ NO2-N NO;-N EX#IE Wk e
/mg: L /mgL"' /mgL’ ey /m /mg-L”"  /mgL"' /mgL’" Rl /m

1 0 0300  22.00 EFR 900.0 23 0 0.002  18.00 LI 951.1
2 0.05 0.160  15.00 HLH: 891.0 24 0.04 0.016  28.00 LI 877.5
3 0 0.300 8.00 Bt 867.7 25 0.02 0.012 7.24 TRER 1054.0
4 0 0.040  25.00 HLH: 870.0 26 0 0.018  22.00 LI 942.2
5 0.02 0.002 7.03 TR 795.8 27 0.04 0.008  46.00 LI 906.0
6 0.02 0.036  15.28 TRER 664.7 28 0 0.014 8.00 TR 910.0
7 0.02 0.070  40.00 Bt 845.0 29 0 0 22.00 LI 919.0
8 8.00 0.002 1.18  HURWIHHER  650.0 30 0 0.010 8.00 TRER 900.7
9 8.00 0.004  20.00 Bt 875.7 31 0.52 0.030  11.51 TRER 1015.0
10 0 0.004  24.00 HLH: 818.5 32 0.04 0.004  30.00 LI 891.2
11 0.04 0.056  44.00 Bt 763.1 33 0 0.002 4.00 TRER 857.4
12 0 0.002 8.00 TRER 654.4 34 0.02 0.008 3.73 TR 868.0
13 0.08 0.008 0 B 794.7 35 0 0 96.00 Bt 874.3
14 0 0.200  22.00 HLH: 762.0 36 0 0 10.00 TR 888.0
15 0 0.500  25.00 Bt 849.0 37 0.02 0.006  10.15 TRER 818.0
16 0 0.002  16.00 TRER 799.0 38 0 0 5.00 HFH 848.0
17 0 0.006 5.00 Bt 850.0 39 0.02 0.002 2245 MIFHEHI 7566
18 0.08 0.002 223 HLH: 847.0 40 0 0.002 6.00  HERYTHIN 875.0
19 0 0.200  10.00 Bt 851.8 41 0 0.024 4.00 TRER 1152.0
20 0.04 0.002  28.00 HLH: 863.5 42 0.02 0.002 9.01 TR 1075.0
21 0 0.008  16.00 Bt 895.7 43 0.02 0.008 5.90 TRER 949.0
22 0 0.160 0.16 B 919.2
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Fig. 5 Zoning of risk control areas
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Research on the spatial distribution and risk control of 'three forms of nitrogen' in

Abstract

groundwater in an urban area of southwest China

HUANG Yancai', JIN Bo’, ZENG Mudan', XIANG Gang'
(1. No.104 Geological Brigade, Guizhou Bureau of Geology and Mineral Exploration and Development, Duyun,Guizhou 558000, China;

2. No.115 Geological Brigade, Guizhou Bureau of Geology and Mineral Exploration and Development, Qingzhen,Guizhou 551400, China )

Since the implementation of drought-resistant water exploration and well-drilling work, the utilization of

groundwater in the karst areas of Southwest China has been increasing. While groundwater has generated much

attention, the problems of groundwater pollution have also come to light, particularly concerning the "three forms of

nitrogen" pollution in water. The sources of nitrogen pollution are complex, and its pathways are varied. Under the

special hydrogeological conditions of karst areas, surface pollutants are more likely to infiltrate into the ground. Given
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the concealment and mobility of groundwater, pollutants continuously migrate with the groundwater flow. Once
contaminated, the difficulty of restoration and remediation is extremely high.

Taking an urban area in Southwest China as an example, this study conducted hydrogeological surveys and water
sample testing. Based on data such as springs, boreholes, and water quality, this study utilized the method of Inverse
Distance Weighting (IDW) to interpolate and analyze the "three forms of nitrogen" in groundwater. Combined with the
field model of groundwater flow, the spatial distribution of "three forms of nitrogen" was analyzed. Furthermore, the
areas for risk control were delineated through overlay analysis. The results show that there were differences in the
spatial distribution of "three forms of nitrogen" in the study area. Urban boreholes and sewage treatment plants had a
greater impact on NH} -N concentration, while agricultural and residential areas significantly influenced NO; -N levels.
The overall situation regarding NO; -N was favorable, with no significant pollution detected. Additionally, there were
notable differences in the concentrations of the "three forms of nitrogen", with the highest concentration of NO;-N
reaching 96.00 mg-L "', which was much higher than the concentrations of NH;-N (8.00 mg-L™") and NO;-N (0.500
mg-L ). This variation is attributed to the characteristics of karst areas. Under conditions of adequate oxygen content,
NH; -N and NO; -N were converted into NO; -N. With the use of the Class III water index specified in the Standard for
Groundwater Quality (GB/T 14848-2017) as the control boundary, the study area is divided into three zones through
ArcGIS overlay analysis, key control area (Class IV-V), secondary control area (Class III), and general area (Class I-
IT). In key control areas, the focus is on controlling sewage discharge and leakage, as well as nitrogen loss from
agricultural activities. Specific measures include strengthening control of pollution emission in densely populated
residential areas, ensuring the impermeability of residential water wells, sewage pipelines, and wastewater treatment
plants. In agricultural-intensive areas, the implementation of scientific fertilization and rational allocation of fertilizers
should be prioritized to prevent the migration of "three forms of nitrogen" at the source. In secondary control areas, the
emphasis is on preventing further pollution and optimizing water quality indicators. Specific measures include
optimizing the sewage systems in residential areas, further controlling pollution emissions, enhancing regional soil and
water conservation capacities, and improving vegetation absorption efficiency. Additionally, measures such as crop
rotation, optimizing crop irrigation methods, ecological breeding, and reducing random sewage discharge should be
implemented to comprehensively improve the regional ecological space. In general areas, the focus is on maintaining

the current status and preventing pollution.

Key words urban area, groundwater, three forms of nitrogen, spatial distribution, risk control
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