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Spatial distribution and influencing factors of nitrate content in groundwater of alluvial—pluvial fan of Hutuo
River

LIU Yan', QIAO Xiao—cui', JIANG Qiu—feng', CHANG Sheng', ZHU Yuan-yuan'?, WANG Shan—jun', ZHENG Bing—hui"”

(1.State Key Laboratory of Environmental Criteria and Risk Assessment, State Environmental Protection Key Laboratory of Drinking Water
Source Protection, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2.Department of Environmental Engineer—
ing, School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China )

Abstract:In order to identify the contamination profiles and spatial distribution of nitrate in the North China Plain, 115 groundwater sam—
ples,collected from Hutuo River pluvial fan in Shijiazhuang City, Hebei Province, were analyzed according to the parameters listed in the
Quality Standard for Ground Water( GB 14848—1993 ). Results indicated that the water quality was generally poor. The 64.35% of total
samples only met the Class V standards. Nitrate and hardness were the main failed indicators. The sampling sites with poor water quality
were mainly located in the two groundwater units in the northwest area. The nitrate concentrations ranged from 0.24 to 440 mg- L™, with the
maximum and the average concentrations being 22 and 3 times higher than the Class Il standard value, respectively. The nitrate concentra—
tions spatially decreased from the north—west to the south—east and from shallow to deep stratum of the research area. Hydrogeological con—
ditions had an important effect on the distribution of nitrate in groundwater. In addition, the type and distribution of pollution sources also
had great contributions. Correlation analysis between chloridion and nitrate, and between total hardness and nitrate indicated that nitrate in
the two units of the north—west area came from the discharges of domestic wastewater and livestock and poultry breeding wastewater from the
point sources, while nitrate in the other two units located in the south—east area was mainly resulted from the agricultural non—point sources.
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G1-Fissure and pore water unit in the valley between Gangnan Reservoir and Huangbizhuang Reservoir; G2—Pore water unit in the top alluvial-pluvial fan

of Hutuo River; G3—Shallow pore water unit in the middle alluvial-pluvial fan of Hutuo River; G4—Deep pore water unit

in the middle alluvial-pluvial fan of Hutuo River. The same below
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Figure 1 Location map for groundwater sampling sites in alluvial-pluvial fan of Hutuo River
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Table 1 Distribution of sampling sites in different

groundwater units

H R KT Fdh i RAIRIE
Groundwater unit Sample size//| Well depth/m
ol 22 4-70
62 46 10~150
63 36 45-120
G4 1" 170~400

TE:G1 N R WK R 2 [T A R ALK B0 5 G2 DT it A1
o A TR FLBK BT 5 G3 it vl o RS o P i 2 LUK B e 5
G4 i nf B B i 2 LUK BT, IR,

Note: G1-Fissure and pore water unit in the valley between Gangnan
Reservoir and Huangbizhuang Reservoir; G2—-Pore water unit in the top al—
luvial-pluvial fan of Hutuo River; G3—Shallow pore water unit in the middle
alluvial—pluvial fan of Hutuo River; G4—Deep pore water unit in the middle

alluvial-pluvial fan of Hutuo River.The same below.
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Table 2 Values of nitrogen and total hardness in groundwater and drinking water standards(mg- L")

EIHLESH

GB/T 14848—93

F847 Index GB 5749—2006

2% IES [I[ES \ES V%
fil§a £k Nitrate( L4 N 1) <20 <5.0 <20 <30 >30 10, 7K P BRI B A 20
AR ER Nitrite( A N 1) <0.001 <0.01 <0.02 <0.1 >0.1 1
44 Ammonia nitrogen( A N i) <0.02 <0.02 <0.2 <05 >0.5 0.5
SR Total hardness( 1L CaCO; 1) <150 <300 <450 <550 >550 450

Fror#ir . ehh, i@ TBM SPSS Statistics F/FX #5455
SIS BRAR AR A A T 30T o

2 HR5HE

R 3 REIATHFAKBIFMER
Table 3 Classification of water quality in different

groundwater units

HR KT FEA4L Number of points
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B 43 ) 7z R K B OT S 5 90.9%
93.48%; PR bR B HH B FL B /K BT I K T XK
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(R 4)Z5 3R W 9T IX VR 2 b T /K B 7K I R 13,1~
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I R 742 mg - L7 BIFSE DR T KK IR
12.7~17.7 °C, F¥{H N 15.17 °C; DO i [l 1.38~8.03
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IRAAR B AK)Z  EC AR R AR R T 7K 75 Ye Fe B2 i 48
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Table 4 Basic chemical properties of groundwater in researched area

20 228K, 4350 b 24 R 7K BT B s A 80
63.64%7F11 36.36% . 1X F B T K AKN IR , 3275 Yef
FE R /N

FH2EH Well type i H Ttem T/C pH DO/mg-L" EC/107 S.m™  Eh/mV JMiiJ&F Total hardness/mg-1"!
HJZH: Shallow well I Minimum value 13.1 6.13 0.03 367.0 -87.0 168.1
F e fH Maximum value 18.2 8.47 13.76 3 100.0 253.0 1 339.0
Hifi; 5 Median 153 7.42 497 770.6 149.0 460.4
SEHIE Mean 154 7.42 4.80 955.2 138.8 462.3
Frifii2% Standard deviation 0.96 0.33 2.33 394.07 76.29 189.72
WIZH Deep well FARAE Minimum value 12.7 7.47 1.38 308.0 -36.4 115.1
fiz = Maximum value 17.7 8.32 8.03 1 020.0 241.0 307.3
Hif3; 5 Median 155 7.68 453 673.0 195.0 214.2
SEHIE Mean 15.17 7.76 3.99 630.54 1543 212.2

FRfEZE Standard deviation 1.30 0.24 1.99 201.04 86.08 46.74
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Figure 3 Concentrations of nitrate in different groundwater units
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Figure 2 Spatial distribution characteristics of nitrate in researched area
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Table 5 Correlation coefficients between nitrate and chemical properties in different groundwater units

iR 7K B0 Groundwater unit Gl G2 G3 G4

EC 0.938:* 0.476%+ 0.578% 0.673*

Ca* 0.910%* 0.715%+ 0.717% 0.446

Mg 0.638%* 0.712%% 0.548% -0.06
FHES ¥ 431 Cation in total 0.890%* 0.655%% 0.6727 0.816%*
ABT Cr 0.905%* 0.576%* 0.4527 0.755%*
[9 85 T 531 Anion in total 0.8917%% 0.6927% 0.688** 0.756%*
ST T Total hardness 0.906%* 0.746%* 0.695% 0.323
e R TDS 0.903%%* 0.698%* 0.719% 0.826%*

T AE 0.01 K- (O _F B2 ARG 5 * 7E0.05 K-GO 1 2 A5

Note: **significant correlation at 0.01 level(double side ) ; #significant correlation at 0.05 level (double side ).

EC . Ca® Cl™ B i Fn i i ik o [ A i (5 i R A
)V B 114 R 56 228043 31 0,938 ,0.910.,0.905 ,0.906
0.903, A 40T, 5 G3 Al G4 ML, G2 #4885
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