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Abstract: This dataset contains information about the locations and sampling layers of 200
groundwater samples taken in the Guanzhong Basin in 2015 as well as test results of 33
inorganic geochemical components. According to a comprehensive water quality evaluation,
the samples above, if classified by water quality level, include 10 blank samples, 2 class—II
samples, 57 class—III samples, 56 class—IV samples, and 75 class—V samples. If classified by
water quality type, they include 111 fresh water samples, 71 brackish water samples, and 8
saline water samples. Samples were taken in compliance with procedures. Test results were
obtained in qualified laboratory tests, so the obtained data was of a reliable quality. From the
margin to the center of the Guanzhong Basin, the hydrochemical types of groundwater change
from HCO;—Ca to HCOs;—Ca-Mg-Na and then to SO4-Cl—Na, presenting a distinct horizontal
zoning character pattern. According to the water quality evaluation, the groundwater quality is
poor in Guanzhong Basin at this time, with 68.9% of the groundwater unfit for drinking. Class
Il and III water is mainly distributed in some areas to the south, west, and north of the
Guanzhong Basin. Class IV water is mainly distributed around the Weihe River, and in
Gaoling County, Jingyang County, and Qian County. Class V water is mainly distributed
throughout the counties of Dali, Pucheng, Fuping, Sanyuan and Liquan, Yanliang District and
surrounding areas of Xianyang City. This dataset will provide a geochemical indicator
reference for studying the cyclical evolution of groundwater in the Guanzhong Basin.
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An Inorganic Index Dataset of Groundwater in the Guanzhong Basin

GEOLOGY IN CHINA (2015)

1 Introduction

The origin and classification of groundwater is a basic theoretical subject of
hydrogeology; and the hydrogeochemical study plays a driving role in addressing this issue
(Shen ZL, 1983). Hydrochemistry is an advanced means to describe the relationship between
hydrological cycles and groundwater supply (Du HL et al., 2008). Analyzing the
hydrochemistry of groundwater reveals the composition and origin of groundwater and is a
significant approach to studying groundwater cycles and evolution (Ye SY et al., 2002; Yang
YC et al, 2008); this approach has been widely applied at home and abroad. The
hydrogeochemistry of groundwater is controlled by, and provides information for, groundwater
cyclical evolution. With an inorganic index dataset, a groundwater chemical field can be
plotted to cross-validate the flow field, temperature field, and the age of the groundwater, etc.,
and these fields are used to study the cycles of the groundwater system, such as supply source,
runoff path, and discharge mode of groundwater. Inorganic index datasets of multiple stages
can show the chemical evolution direction of groundwater, determine the characteristics and
rules of environmental changes in the environmental evolution of groundwater, and function as
an important reference for the study of hydrological cycle evolution (Teng YG, 2010). In
addition, the chemical composition and inorganic indices of groundwater are important content
and direct parameters, respectively, for the evaluation of groundwater quality. Among the
indicators, such inorganic toxicological indicators as fluoride ions, ammonia ions, nitrate ions,
nitrite ions, and heavy metal, must be in compliance with strict standards for evaluating
drinking water.

This survey is supported by the National Public Welfare Project “ Investigation and
Evaluation of Groundwater Contamination of the Ordos Basin”. The project area includes the
Ordos Basin and the Guanzhong Basin, of which “ Investigation and Evaluation of
Groundwater Contamination of the Guanzhong Basin” is a subproject; the project aims at
investigating the groundwater quality of the Ordos Basin and the Guanzhong Basin and
studying the hydrological contamination. The project team strictly controlled the processes for
taking, delivering and testing samples. Groundwater and some surface water samples were
tested for inorganic indices and microorganic indicators. For this paper, the inorganic test
results were processed that were allowed for open release, and the relatively complete test
datasets of groundwater samples were released, which can provide data support for studying
the groundwater cyclical evolution of the Guanzhong Basin. Table 1 lists the metadata of the

inorganic index dataset of groundwater in the Guanzhong Basin.

Table 1 Metadata Table of Database (Dataset)

Items Description
Database (dataset) name An Inorganic Index Dataset of Groundwater in the Guanzhong Basin
(2015)
Database (dataset) authors Li Chengzhu, Key Laboratory for Groundwater and Ecology in Arid and

Semi—Arid Areas, China Geological Survey; Xi'an Center, China
Geological Survey;

Ma Hongyun, Key Laboratory for Groundwater and Ecology in Arid and
Semi—Arid “Areas, China Geological Survey; Xi'an Center, China
Geological Survey

Wu Yaoguo, Northwestern Polytechnical University

32 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(2)



An Inorganic Index Dataset of Groundwater in the Guanzhong Basin GROSCIENTIFCDATA & DISCOVERY()

(2015)
Continued table 1
Items Description
Data acquisition time 2015
Geographical area Guanzhong Basin at 106°50'~110°50'E and 33°50'~35°50'N
Data format *xls
Data size 8.26 MB
Data service system URL http://dcc.cgs.gov.cn
Funded project National Public Welfare Project entitled “Investigation and Evaluation of
Groundwater Contamination of the Ordos Basin” (12120114056201)
Language Chinese

Database (dataset) composition This dataset contains the test data from 200 groundwater samples,
including the following test indicators: sampling point number, field
sample number, longitude, latitude, geographical location (village),
water point type, sampling layer, sample attribute, groundwater quality
level, water quality type, electrical conductivity (EC), total hardness ,
permanent hardness , temporary hardness , total alkalinity, total
dissolved solids, pH value, ca”, Mg2+, K', Na', CI, SO427, HCO”,
CO,",NO; ,NO, ,NH,, F, PO, , H,SiO;, Cu, Mn, Zn, Hg, Cr*’, As,
Pb, Cd, Al, I, total mineralization, Fe, and sampling date.

2 Data Acquisition and Processing

200 groundwater samples were taken and tested for inorganic indices. Among the
samples, 10 were blank samples and 9 were replicate samples. All samples were taken at major
development layers of local water wells all across the Guanzhong Basin and the majority of the
samples were phreatic water. Fig. 1 shows the distribution of sampling points.

The location information of the sampling points was obtained using handheld GPS
devices and the 1980 Xi’ an coordinate system as a map reference. Geographical location
information, such as the coordinates of latitude and longitude and location names, was
recorded. Samples were tested in both field and laboratory. In field tests, a Lovibond
multi—parameter tester (SD150D) was used to test pH values and electrical conductivity. In
addition, two 500 ml water samples were collected and sealed in polyethylene plastic bottles
and then sent for laboratory tests to labs certified by national certification authorities. Each test
was issued with a test and analysis report. According to the results of comprehensive water
quality evaluations, groundwater samples if classified by water quality level include 10 blank
samples, 2 class—II samples, 57 class—III samples, 56 class—IV samples, and 75 class—V
samples, as shown in Table 2. If classified by water quality type, the groundwater samples
include 111 fresh water samples, 71 brackish water samples, and 8 saline water samples, as

shown in Table 3.

3 Data Sample Description

All inorganic data derived from the groundwater samples were listed in a unified format
in an Excel file. Each sheet in the file provided the data of a sample, covering the following
items as shown in Table 4: sampling point number, field sample number, longitude, latitude,

geographical location (village), water point type, sampling layer, sample attribute, groundwater
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quality level, water quality type, electrical conductivity (EC), total hardness, permanent
hardness, temporary hardness, total alkalinity, total dissolved solids, pH value, Ca%, Mg%, K+,

Na', CI', SO,”, HCO™, CO;*, NO; , NO, , NH,', F, PO, , H,SiOs, Cu, Mn, Zn, Hg, Cr"",
As, Pb, Cd, Al, I, total mineralization, Fe, and sampling date.

Table 2 Quality Evaluation Statistics of Groundwater in the Guanzhong Basin
(excluding blank samples)

I
57

v A%
56 75

Groundwater Quality Level 1T

Number of samples 2

Table 3 Salinity Statistics of Groundwater in the Guanzhong Basin (excluding blank samples)
Fresh Water Brackish Water
111 71 8

Groundwater Quality Type Saline water

Number of samples

Table 4 Test Indicator Samples of the Inorganic Index Dataset of Groundwater of
Guanzhong Basin

Serial number Field name Dimension Real example
1 Sampling point number - 10706496342306900
2 Field sample number - BJO1
3 Longitude DDDMMSS.S 10706496
4 Latitude DDMMSS.S 3427545
Madaokou Village,
Changqing Town,
5 Geographical location - Fengxiang County,
Baoji City,
Shaanxi Province
6 Water point type - Well
7 Sampling layer - Phreatic water
8 Sample attribute - Groundwater
9 EC ps/cm 633
10 total hardness mg/L 239
11 Permanent hardness mg/L 0
12 Temporary hardness mg/L 239
13 Total alkalinity mg/L 316
14 Total dissolved solids mg/L 384
15 pH value mg/L 8.05
16 Ca” mg/L 91.20
17 Mg”’ mg/L 31.40
18 K mg/L 573
19 Na mg/L 61.00
20 Cl mg/L 71.50
21 S0," mg/L 63.50
22 HCO; mg/L 436.00
23 Co;” g/ 0.00
24 NO; mg/L 4.80
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Continued table 4

Serial number Field name Dimension Real example
25 NO, mg/L <0.01
26 NH,’ mg/L 0.04
27 F mg/L 0.49
28 PO, mg/L <0.01
29 H,Si04 mg/L 21.70
30 Cu mg/L 0.003
31 Mn mg/L <0.001
32 Zn mg/L 0.015
33 Hg pg/L <0.000 05
34 o mg/L 0.012
35 As mg/L <0.001
36 Pb mg/L <0.001
37 Cd mg/L <0.001
38 Al mg/L 0.004
39 I mg/L <0.05
40 Total mineralization mg/L 510
41 Fe mg/L 0.066
43 Sampling date YYYY-MM-DD 2015-7-22

4 Data Quality Control and Evaluation

4.1 Sample Collection

Samples were collected and delivered strictly as required by the Specification for
Regional Groundwater Contamination Investigation and Evaluation (DZT0288-2015). The
majority of the sampling points were distributed at the hydrogeological survey points, such as
motor-pumped wells, domestic wells, and water source wells for a centralized supply of water.
Prior to each sampling operation, a sampling plan was in place and detailed to the participating
lab. In the sampling field, sampling log sheets were filled and samples were labeled. Some
samples were also field tested and recorded. Proper protection agents were applied to samples
as required (Wang S, 2004; Zhang CC, 2013; Ma HY et al., 2018; Hou JJ, 2017).

Items for inorganic tests of groundwater hydrochemical compositions are stable and are
only slightly affected by the variation of light, heat, and vibration. Therefore, there are no
special requirements for the sampling and transportation processes, as long as a good seal can
be ensured to prevent contamination and leakage. In sampling operations, all samples must be
representative and real, and able to reflect the quality of groundwater in the entire region (Sun
JC, 2015).

4.2 Data Quality
All water samples were tested by the Experiment and Test Center, Xi'an Center, China
Geological Survey. According to the project requirements, all analytical methods complied

with the Specification of Testing Quality Management for Geological Laboratories (DZ/T
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0130.6-2006) and other related national and industrial standards, and all technical parameters
met or exceeded the requirements of related standards and this project or exceeded
expectations. Detection limits of the analytical methods for testing also met the requirements of
specifications or exceeded expectations.

20% of the samples in each batch were randomly selected for repeated analysis and
compiled into code. The allowable limit of relative deviation in the repeated analysis is as

follows:
Yy=110.Cc-x%28 (1)
where: Y is the allowable limit, X is concentration of each component in mg/l, and C is the
coefficient of each analysis item. The allowable limit of the test outcome bias is lower than 3%.

The Test Center tested the aggregate balance between anions and cations and the stability

of the aggregate soluble solids. The pass rate of the test results met the requirements.

4.3 Overall Quality Evaluation

All water samples for quality analysis were collected in compliance with related
requirements and tested by the Experiment and Test Center, Xi'an Center, China Geological
Survey, with a national testing qualification. The following 33 elements (or items) were
analyzed for the inorganic test: electrical conductivity (EC), total hardness, permanent
2+’ K+’
Na', CI, SO,”, HCO™, CO;*, NO5, NO, , NH,', F, PO, , H,SiOs, Cu, Mn, Zn, Hg, Cr"",

As, Pb, Cd, Al, I, total mineralization, and Fe, and the analytical results were real and reliable

hardness, temporary hardness, total alkalinity, total dissolved solids, pH value, Ca2+, Mg

and met quality requirements.

5 Conclusions

This dataset contains information about the locations and sampling layers of 200
groundwater samples taken in the Guanzhong Basin in 2015 as well as test results of 33
inorganic geochemical indicators. The conclusions are as follows:

(1) In the Guanzhong Basin, the dynamic field of groundwater controls the hydrochemical
field: from the margin to the center of the basin, groundwater flow velocity changes from fast
to slow and the water flow alteration condition changes from strong to weak, while the
hydrochemical evolution changes from lixiviation to evaporation and concentration and
hydrochemical types change from HCO;—Ca to HCO;—Ca-Mg-Na and then to SO, Cl—Na,
presenting a distinct horizontal zoning character pattern. However, human activities make the
formation and evolution of the hydrochemistry more complicated. These factors work together
to affect the hydrogeochemical distribution characteristics and change the rules for phreatic
water in the Guanzhong Basin.

(2) The following major indicators affect the groundwater quality in the Guanzhong
Basin: inorganic regular indicators including Fe, Mn, Mg2+, Na+, Cl, SO427, TH, TDS and
KMnO,; and inorganic toxicological indicators including L F, NO, , NOs , and iodide.

(3) The quality levels of 131 samples are higher than class TII. It means that 68.9% of the

groundwater is unfit for drinking.
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(4) Class V water is mainly distributed in the counties of Dali, Pucheng, Fuping, Sanyuan
and Liquan, Yanliang District and surrounding areas of Xianyang City. Class IV water is
mainly distributed along the Weihe River, and in Gaoling County, Jingyang County and Qian
County. Class II and III water is mainly distributed in some areas to the south, west, and north
of the Guanzhong Basin.

Acknowledgement: We would like to express our sincere thanks to the experts from the
Experiment and Test Center, Xi'an Center, China Geological Survey for their suggestions for

standard sampling and careful reviews of the sample sealing measures.
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