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Abstract: High concentration of ammonium nitrogen in groundwater is a potential threat to drinking water safety and ecological
environment. Compared with nitrate nitrogen, the high concentration of ammonium nitrogen not only has a variety of man—made
sources, but also the natural sedimentary environment is the main cause of high ammonium groundwater. The rapid urbanization of
the Pearl River Delta was taken as a case study to investigate the environmental characteristics and driving factors of high
ammonium groundwater by means of mathematical statistics and principal component analysis methods. The results show that the
concentration of ammonium in the groundwater in the study area is as high as— 180 mg/L. Among 1539 groups of groundwater
samples, 69 groups of high—ammonium groundwater with ammonium ion concentration greater than 10 mg/L, 23 groups of high—
ammonium fertilizer water yield ammonium ion concentration greater than 30 mg/L. Compared with the historical hydrochemical
data from 2005 to 2008, the proportion of high— ammonium groundwater sample sites in the pore aquifers of newly— added
construction land from 2009 to 2018 is 6.5% , which is 1.25 times that of ten years ago. The high ammonium groundwater is
distributed in the silty and silty aquifer developed in the low lying basement and depression at the bottom of Quaternary in the delta
plain area. The sediments rich in organic matter and total organic carbon, such as silt layer, are the "ammonium producing layer" in
the Pearl River Delta region, and the mineralization of organic nitrogen is the main driving force of the high ammonium
groundwater in the urbanized pore aquifer in the delta plain region. The leakage and infiltration of domestic sewage from
urbanization expansion and ammonium-— rich industrial wastewater are the important sources of ammonium— nitrogen in high
ammonium—rich groundwater in the urban—rural junction. The reduction environment rich in organic matter is the main cause of the
high ammonium groundwater in the delta plain. Lixiviation, cation exchange adsorption and sea— land interaction are the main

hydrogeochemical processes of the evolution of high—ammonium groundwater water quality in the Pearl River Delta.

Key words: High— ammonium groundwater; geochemical characteristics; driving factors; urbanization; hydrogeological survey
engineering; Pearl River Delta
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[ ] EB&H  Hilly area

[ A FJR - Valley plain
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Bl 53 Seaarea

[®7 #b /KI5 Groundwater sampling points
Hb R 7K i ] Groundwater flow direction
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Fig.1 Survey of the study area and distribution of groundwater sampling points
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Fig.2 Hydrogeological profile of the study area

1—-Sand; 2—Sandy gravel; 3—Sandy clay; 4—Clay sand; 5—Silt; 6—Clay; 7—Sandstone; 8—Glutenite; 9—Sandy mudstone; 10—Shale; 11—Marl;

12—Limestone; 13—Dolomite; 14—Gneiss; 15—Migmatite; 16—Granite; 17—Basalt; 18—Pyroclastic rock; 19—Water level
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Groundwater sampling pointsin 2005-2008

3 AT P st i AN TR SR B A K - B T Kk s ) A

Fig.3 Spatial distribution of high ammonia groundwater in different historical periods and different urbanization levels
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Table 1 Chemical composition of groundwater in various areas with different urbanization levels in the study area

IrIX i (=109 B (=374 2009—2018 4E 1 2 3 F M (n=681) 2008 4 i T B it L FH b (n=374)
gjj PRAEME B/ME R M ij‘j [N R ONERELLE f;j WME RME B AR RE% WME R 91 ifj
NH," 0.64 ND 8 031 387 ND 64 0.8 547 ND 180 245 470 ND 70 206 344
NO, 88.6 0.01 110.1 16.4 126 ND 1702 232 105 ND 2761 303 114 ND 2904 36.7 95
NO, 329 ND 529 022 370 ND  11.64 021 449 ND  31.65 091 343 ND 2391 1.55 210
COD — 024 131 165 103 024 295 214 132 024 160  2.69 283 024 29.05 2.76 132
TDS 1000 11.8 1003.9 140.4 94 158 19536 257.9 407 16.6  12481.6 420.4 213 20.7 22893 654.2 310
TH 450 04 3166 549 100 1.9 1946 93.1 129 0.2 5053.0 1762 171 1.1 4871.6 215.7 177
pH — 451 798 624 12 428 82 644 11 389 1147 657 13 43 1076 6.7 10
Eh  — -160 362 165 61 254 184 167 89 218 740 110 115 287 1208 99 139
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AFTE s n TR (41)
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(Huang et al.,2018) ., — M5 X & T 7K pH
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Eh 5 COD [ H i — 55 Bl 3 R PR 55 48 1 s e b
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Cl-Na HCO; - Cl-Na 7k Jy 3.,
3.2 Szt K E S
32.1 ST RER

HR KR Na™ KB 2R IR TR REK
RERRER A XAk B 75 & R Vs A (2 B LA, 20175 9
JE 4 ,2018; BB 45 ,2020) . M4 R EL(yNa*/
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I yNa/yCl A S5 K AL . BRYT = A Vi b
DX B R e e i < ALK RIS e v e 7K AR i o yNa ™/
yCU HAE T 0.86 (K1 6) , FBH i Bl I /K Iy o2 I
T BKANRIE . #8538 K yNa* /yCl e fE R
T 1R 6), i IA m 4 T K st & v, 8 R %
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Fig.4 Eh—pH plots of water samples in the study area
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Table 2 Principal component analysis of the major ions

. BN %y
EELaD
PCl1 PC2 PC3 PC4
Na* 0.978* 0.010 -0.063 0.130
TDS 0.974* 0.182 -0.072 0.069
cr 0.965* 0.223 -0.071 0.042
Mg 0.961* 0.194 -0.097 0.061
SR 0.879* 0.436 -0.110 -0.110
SO 0.878*  —0.184  —0.016 -0.310
K 0.797%  —0.044 0.192 0.489
Ca™ 0.686* 0.630 -0.110 -0.271
TFe 0.091 0.954*  —0.067 -0.191
Mn** 0.158  0.948*  —0.031 —0.187
COD 0.104  0.910% 0.014 0.081
NH,' 0.092  0.787%  —0.072 0.410*
NO; -0.058  —0.031  0.758% -0.214
NO, -0.041  —0.047  0.725% 0.211
Eh —0.128  —0.148  0.681% -0.356
pH -0.058  —0.148  —0.561* 0.531%*
HCO,™ 0.037  -0.041  —0.223 0.895%*
LERAR(EN 6.487 4.049 2.024 1.993
FETRE /%  38.160  23.818 11.906 11.726
2Pk R/%  38.160  61.978 73.884 85.610

T * 0 4% E I T2 BRI AR s TFe 28 Bk Eh 2R
AL ST o

etal., 2010) , ZEEPH—FE A RGBT, A4
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2o B = F M (PC3) [ BTHk 4k 11.906% , ORP
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IKEERRER BT , AR TS A RAE . 55 00 K
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BRI, ZHF IS JF RS R T, 45
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NH. F1 HCO, FF 5 H. 5 1F A ¢ 3¢ & ( Jiao et al.,
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