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ABSTRACT

Hexavalent chromium (Cr®) is highly toxic and mobile in groundwater, and abundant in regions of
high industrialization. To assess the status and migration influences of Cr®" in groundwater, its dis-
tribution and influencing factors in a regional groundwater system of Sanmenxia Basin, north-central
China, were investigated by monitoring changes in concentration along with hydrochemical char-
acteristics in both shallow and deep aquifers. Groundwater samples were collected from 86 sites
including 42 shallow wells (depth <100 m) and 44 deep wells (depth > 100 m) in several aquifer zones.
Fifty-six samples (23 shallow and 33 deep wells) contained Cr®concentrations ranging from 0.004 to
0.192 mg/L, with many of the high chromium concentration points in the deep wells. There was a
positive trend between groundwater depths with chromium concentration. The formation of high con-
centration of hexavalent chromium in deep well water is significantly affected by the hydrochemical
characteristics (pH, Eh, etc.) and chemical composition of groundwater (coexistence of inorganic and
organic substances). The accumulation of chromium has been favored by the alkaline environment in
this study area, where a relatively high concentration of chromium (>0.05 mg/L) is associated with a
relatively high pH value (>7.7). Moreover, F-, CI, K, Na*, HCO,, CO? SO*, Fe*, and TDS had posi-
tive trends with Cr®, while Ca*, Mg*, NO,” and total hardness had negative trends with Cr®. In addi-
tion, COD, dichloromethane, trichloromethane, and 1,2-dichlorobenzene detected in the groundwater
negatively correlated with Cr® under current study conditions. These findings are crucial for hexava-
lent chromium accumulation and migration assessment in groundwater exploitation in this region.
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1. Introduction

Groundwater is an essential resource and extensively
used in the water supplies of municipal, domestic, and
industrial activities [1,2]. Sanmenxia Basin is the main grain
base, industrial, and mining enterprise region of the Henan
Province, Central China. Due to the increasing pollution of

* Corresponding author.

the surface water, groundwater has become the main source
of drinking water for local residents, and groundwater qual-
ity has a vital impact on the residents’ daily life of this region
[3-6]. Therefore, the study of regional groundwater quality is
of particular importance.

The composition of regional groundwater is directly
determined by its forming hydrogeological mediums. Loose
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Quaternary deposits are widespread in this region, although
Cambrian system and Tertiary stratum have been found south
of the WenTang village. According to the hydraulic character-
istics and physical geological properties, groundwater in the
study area is classified as either, carbonate rock fissure karst
water, clastic rock cranny pore water, loess pore fissure water,
or unconsolidated rock pore water [7,8]. The aquifer lithol-
ogy of the carbonate rock fissure karst water mainly contains
Cambrian middle dolomitic limestone, limestone, and brec-
ciated limestone. The fracture development within the lime-
stone causes a crushing area with a bandwidth up to 50 to
70 m thick, hundreds of meters below the surface, creating an
adequate channel for an underground water cycle. Clastic rock
cranny pore water is mainly distributed in the bottom of the
loess tableland area, consisting of a Tertiary sandstone aqui-
fer. It has a poor capacity for storing water. Loess pore fissure
water is distributed in the loess tableland area, and its aquifer
medium is the fissure within the loess, calcareous layers, and
calcareous concretions of the Quaternary system and lower
Pleistocene series. Both are poor in water content and thus
the water depth is usually deep. Loose rocks pore water is the
main type of regional groundwater in the area, distributed in
the valleys, such as the Yellow River and its tributaries. The
aquifer is mainly composed of pebble, coarse sand, and a silty
sand layer caused by Quaternary alluvial, diluvial, and fluvial
environments. This set of media is a multilayer structure and
both the distribution and water content are vast vary across
the layers. Moreover, the groundwater dynamically changes
across the seasons, which results in a water table rise during the
rainy season and decline during the dry season. Groundwater
pollution typically originates from many natural (such as the
rock weathering of chromite) and artificial sources, coupled
with human activities, seasonal, and environmental changes.

Chromium is a common environmental contaminant
not only in industrial wastewater, derived from electroplat-
ing, metal finishing, leather tanning, steel fabrication, and
textile activities, but also can be naturally found in surface
and groundwater originating from its native geological envi-
ronment [9,10]. Chromium is ubiquitous normally with two
stable oxidation states of hexavalent (Cr(VI)) and trivalent
(Cr(IIl)) in natural conditions, and the former is known to
be more toxic and mobile than the latter, although they can
transform from one state to the other under certain condi-
tions [11,12]. Hexavalent chromium (Cr(VI)) in the aquatic
environment is a commonly identified proven carcinogenic
heavy metal pollutant, whereas Cr(IIl) is nontoxic and
considered to be an essential nutrient for living organisms
[13,14]. Cr(VI) is closely related to human health and when
its concentration exceeds 0.05 mg/L in drinking water, it is
detrimental to human health. High chromium and chronic
poisoning occurs because of long term and excessive intake
of chromium [15,16].

Because of the toxicity, mobility, and transformation of
hexavalent chromium, mapping of chromium distribution
in groundwater is particularly important for the evaluation
and prediction of Cr(VI) content in regional groundwater,
which requires, in principle, an extensive knowledge of its
distribution and controlling factors of migration, transfor-
mation, and fate of Cr(VI) ions [17]. Research on the cause
of regional groundwater Cr(VI) abnormalities is relatively
scarce and controversy exists on the controlling factors of

Cr(VI) in regional groundwater. Therefore, this work pres-
ents a case study on the distribution and influencing factors
of chromium in groundwater within the Sanmenxia Basin,
north-central China. Multiple factors, including hydrochemi-
cal conditions, coexistence of groundwater, and human activ-
ities, are shown to be responsible for chromium content in
the study area. The results provide not only technical sup-
port for groundwater exploitation, but also measures to con-
trol excessive chromium in groundwater.

2. Material and methods
2.1. Study area

The Sanmenxia Basin is located in the southeast edge of
the Fenwei graben system and north limb of the Xiaoqinling
anticline eastern sector, with east longitude between 110°21’
and 111°23’ and north latitude between 34°33" and 34°40' in
the west of Henan province, north-central China. The basin
adjoins the Xiaoqinling gold field and Yao Mountain in the
south, the Shaoshan Mountain in the east, the Yellow River
in the north, and the Shaanxi province in the west. It covers
an area of 10,496 km?, 116 km across east-west and 30 km
north-south [18]. There are about 2.2 million people and
many large cities such as Sanmenxia city and Lingbao city
that are located within this region. The Sanmenxia Basin has
a temperate to monsoonal climate, with four clearly distinct
seasons.

2.2. Sample selection and sampling methods

The quality and degree of groundwater pollution directly
represents its environmental quality. To reflect groundwater
quality, 86 samples including regional control points and
key control points were collected based on a comprehensive
consideration of hydrogeological conditions of this region,
which are shown in Fig. 1. Groundwater samples in the study
area were collected from shallow (well depth < 100 m) and
deep (well depth > 100 m) wells. The shallow well was pore
phreatic water, which was detected between 0.3 and 100 m,
mostly from the upper Quaternary loose deposits. Deep well
was pore-confined water, which was detected between 110
and 460 m, mostly from the middle and lower Quaternary
loose deposits.

Depth to groundwater was measured at each well prior
to sampling, using a portable reader. Groundwater samples
were collected after being pumped continuously to remove
stagnant well water. Water pH, electrical conductivity (EC),
oxidation-reduction potential (Eh), dissolved oxygen (DO),
and temperature (T) were measured on site immediately after
sampling using a portable meter. Subsequently, samples were
collected in polyethylene plastic bottles (50-mL) and brought
to the laboratory for analysis of major cations, anions, and
organics. For the cation test, subsample was taken from the
bottle and pre-treated by acidification to pH lower than 2.0
with HCI, whereas there was no pretreatment for the anion
test and the test was performed directly from the bottle. For
the detection of metal contents in the water samples, ultra-
pure HNO, was used to adjust the solution pH to about 1.0
of a subsample, and then sealed in a polyethylene bottle. All
water samples were returned to the laboratory within 2 h,
maintained at 4°C, and tested within 48 h.
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2.3. Sample testing

According to technical specifications for environmental
monitoring of groundwater, a series of testing methods were
applied to identify the chemical contents of groundwater
within the Sanmenxia Basin [19]. Sample pH, EC, Eh, DO,
and T were tested using a multi-parameter water quality
analyzer (Multi 340i, WTW Corporation, Germany) accord-
ing to the national standard methods (GB/T 5750-2006) (pH:
0.01, EC: 0.01 pS/em, Eh: 0.01 mV, DO: 0.01 mg/L, T: 0.01 °C).
Before the test, the instruments were calibrated according to
the standard procedure including temperature and standard
hydrogen electrode (SHE) calibration and compensation.
Major ions of CI, SO,*, and NO,” were measured using ion
chromatography (ICS2100, Dionex, USA). The ions of Na*, K*,
Ca?" and Mg?* were tested with Shimadzu ICPS-7510 stan-
dard inductively coupled plasma atomic emission spectros-
copy at the Ministry of Land and Resources of Groundwater,
Mineral Water, and Environmental Monitoring Center,
Chinese Academy of Geological Sciences. Bicarbonate con-
centration was measured by titration with normal diluted
0.01 N H,SO, immediately after the sample was taken back to
the laboratory. F-content was determined using a Shanghai
Rex PXSJ-226 ion meter electrode for fluoride ion selective
electrode assay (0.001 mg/L). The analysis of Cr(VI) was
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carried out spectrophotometrically at 540 nm in a spectropho-
tometer (Shimadzu 2550, Japan), using diphenylcarbazide as
the complexing agent (detection limit = 0.004 mg/L) [9]. A rea-
sonable charge balance error limit for major ion analysis of
5% was adopted to select the valid values to analyze [20,21].

3. Results and discussion
3.1. Hydrochemical characteristics of groundwater

The chemical species and transformation of hexavalent
chromium in an aqueous environment are closely related to
groundwater hydrogeological conditions [22]. Accordingly,
the chemical characteristics and its distribution principles of
shallow and deep well water were investigated and analyzed,
and the results are listed in Table 1. The pH of groundwater
covers a large range, from an acidic (pH = 6.57) to alkaline
(pH =9.77) environment with a mean pH value of 7.78 in this
area. Moreover, the EC values evidently change across the
region, with a maximum value of 3,190.0 uS/cm and aver-
age of 803.79 uS/cm. The range of the Eh value in the study
region is -894.20t0541.0 mv, and the DO ranges from 5.61 to
9.77 mg/L. Groundwater temperature varied from 12.50°C to
24.0°C, which is a relatively narrow range of temperatures.
The large range of pH values (variable coefficient 11.36%)

Legend
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Fig. 1. Sampling sites in this study at Sanmenxia Basin, north-central China.

Table 1

Basic hydrochemical parameters of the Sanmenxia Basin groundwater

Item Minimum Maximum Mean value Standard deviation Variable coefficient (%)
Temperature(°C) 12.50 24.40 17.69 2.37 7.49
pH 6.57 9.77 7.78 0.69 11.36
DO(mg/L) 5.61 9.77 7.93 0.63 12.61
EC(uS/cm) 264.00 3190.00 803.79 398.26 2.02
Eh(mV) -894.20 541.00 176.19 99.29 1.77
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in the groundwater greatly favors the transformation and
migration of chromium ions, as chromium species are known
to be closely related to the pH of groundwater[23,24].

3.2. Distributions of Cr® in regional groundwater

The chromium concentration of the groundwater sample
was tested, and the detectable chromium sampling points are
shown in Fig. 2(a) and Table 2. There were 44 sample points
which had detectable levels of chromium, ranging from
<0.005 to > 0.1 mg/L, among which included 33 sample points
whose chromium concentration <0.005 mg/L, 2 points <0.01
mg/L, 5 points <0.05 mg/L, 2 points <0.1 mg/L, and 2 points
>0.1 mg/L. About 50% of the samples had detectable levels of
chromium.

Higher chromium concentrations were typically found
along the banks of the Yellow River, with decreasing levels
further from the river banks. This phenomenon is most likely
due to the amount of water storage within the Sanmenxia
Reservoir, as during the time of sampling, the reservoir was
actively storing water and recharging the groundwater in the
area. Chromium pollution sources also tend to exist near the
river, and the pollutants migrate along with the groundwa-
ter flow [5,25], resulting in high concentrations of chromium
along the river banks.

In particular, from Fig. 2(b), it appears that high
chromium concentrations (>0.05 mg/L) were detected in the
deep well water (well depth >100 m), while the concentration
of chromium in shallow well water (well depth <100 m) were
relatively low (<0.05 mg/L). The relationship of groundwater
depth with chromium concentration is shown in Fig. 2(b).
There is a general positive trend between groundwater
depths with chromium concentration (R? = 0.0412). This indi-
cates that the groundwater of this area may perhaps be
affected by the native local aquifer medium or the source of
surface pollution [26-28].

3.3. Potential factors affecting Cr® accumulation in groundwater
3.3.1. Eh and pH

Hexavalent chromium exists in the environment
primarily as chromic acid (H,CrO,) and its salts, such as
hydrogenchromate ion (HCrO,) and chromate ion (CrO?*),

depending on the pH and Eh of the groundwater environ-
ment. H,CrO, predominates at pHsless than about 1.0, HCrO -
at pHs between 1.0 and 6.0, and CrO,* at pHs above about
6.0 [29,30]. The dichromate ion (Cr,O,*) is a dimer of HCrO,,
less a water molecule, which forms when the concentration of
chromium exceeds approximately 1 g/L [31].

The connection of Eh and pH values with Cr® concen-
tration is shown in Fig. 3. Groundwater Eh when Cr(VI) is
detectable ranges from 100 to 300 mv, and Eh values are
mostly concentrated around approximately 200 mv. High
Cr(VI) concentrations (>0.05 mg/L) are accompanied by rel-
atively low Eh values (<200 mv). As shown in Fig. 3(b), the
pH range of groundwater with detected Cr(VI) is from 7.2
to 8.2 with a median value of 7.7. Moreover, a relatively high
concentration of chromium (>0.05 mg/L) is associated with a
relatively high pH value (>7.7) in the present study. The accu-
mulation of chromium appears to be connected with low Eh
and high pH conditions of groundwater; although, the chem-
ical species of chromium are affected by pH and Eh condi-
tions [31,32], which affects the mobility and transformation
of chromium in groundwater.

3.3.2. Chemical composition of groundwater in the Sanmenxia
Basin

Water-rock interaction of groundwater and its surround-
ing media occurs during groundwater flow, causing the
chemical composition of groundwater to continually change
with time and distance [33,34]. Therefore, through the water
chemistry data, we can obtain store environment, runoff,
substance exchange, and other important information of Cr®"
in the groundwater, which can reveal the characteristics of
mobility and transformation of Cr®". In order to better ana-
lyze these aspects, the hydrochemical characteristics of both
shallow (depth <100 m) and deep (depth >100 m) well water
were investigated.

Table 2
The detectable chromium of sample points

Cr(VI) concentration <0.005 <0.01 <0.05 <0.1 >0.1
(mg/L)
Number of wells 33 2 5 2 2
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Fig. 2. Distribution of Cr® (a) and relationship between well depths with Cr®" concentration (b) in the Sanmenxia Basin.
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As seen from Table 3, the water chemical characteristics
are vastly different for the shallow and deep wells. The anion
concentrations of CI;, SO,*, and NO," in the shallow well
water are slightly higher than that in deep well water, while
HCO," in shallow well water is lower than deep groundwater.
As for cations, the average contents of Mg?, K*, and Ca® in
shallow well water are higher than that of deep well water.
The proportion of Na" and Ca* is the largest in shallow well
water while Na* proportion is the largest in deep well water.
Although the specific ion concentrations vary between the
two groundwater systems, the average of TDS in the shallow
well water and deep well water are relatively similar, which
is consistent with the distribution of EC values.

Overall, the hydrochemical composition of groundwater
in the Sanmenxia Basin mainly includes the anions of HCO,~
>S50, > CI" > NO; and the cations of Na* > Mg* > Ca* >
K* with an average TDS value of 433.90 mg/L. The variable
coefficients of ions in the shallow groundwater is higher than
that of deep well water, of which the greatest change is the
K*ion, and indicating that hydrology chemical properties of
the shallow well water has a greater variability than that of
the deep groundwater. This in turn indicates that the shallow
well water is more easily influenced by external factors, such
as aquifer medium, landform, hydrology, and meteorology
conditions, and human activity, while deep groundwater is
less influenced by these external factors [33,35,36].

Y. Li et al. / Desalination and Water Treatment 150 (2019) 114-123

In the investigation area, the aquifer medium is mainly
composed of Quaternary and Neogene sediments, and thus
the groundwater type is dominated by loose rocks pore
water. According to Schukalev hydrochemical classifica-
tion method, the pattern structures of the Sanmenxia Basin
groundwater can be divided into 36 types, of which Na-Mg-
HCO, type groundwater is the most vastly distributed across
the basin, followed by Mg-Na-Ca-HCO,, Na-Mg-Ca-HCO,,
Ca-Mg-HCO,-SO,, etc. However, although there are so many
different groundwater chemical types, Ca-Mg-HCO,-SO,
groundwater is mostly distributed within the shallow wells
while Na-Mg-HCO, type in typically in the deep well water
system. The reason for this particular phenomenon may be
that shallow well water has been affected by other factors, such
as human activities. The differences of species and concentra-
tion of anions as well as cations in groundwater have a diverse
binding capacity with Cr®" which has significant impact on the
mobility and accumulation of Cr®" in groundwater.

For a better analysis of the chemical characteristics and
evolution of groundwater in the Sanmenxia Basin, Piper dia-
gram and hydrochemical facies evolution diagram (HFE-D)
[37-39] were used to visualize the monitoring data, as shown
in Figs. (4) and(5). From Fig. 4, there was no significant dif-
ference in the distribution of the Piper triangular diagrams
between the shallow and deep well water. Ca*" is the major
cation both in deep well water and shallow well water, and
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Fig. 3. Comparisons of (a) Eh and (b) pH values with Cr® concentrations.

Table 3

Hydrochemical characteristics of shallow and deep well water in the Sanmenxia Basin

Item Shallow well (£100m) Deep well (>100m)
Maximum Minimum Mean Standard  Variable Maximum Minimum Mean Standard Variable
(mg/L) (mg/L) value deviation  coefficient (mg/L) (mg/L) value deviation coefficient
(mg/L)  (mg/L) (%) (mg/L)  (mg/L) (%)
Na* 223.00 4.47 50.62 51.10 1.01 202.40 6.32 78.47 50.11 0.64
K* 133.40 0.36 5.78 20.47 3.54 5.38 0.62 1.88 0.90 0.48
Ca* 139.00 19.81 50.06 27.54 0.55 120.00 7.67 34.73 24.32 0.70
Mg?* 135.60 9.84 35.51 23.25 0.65 72.42 7.45 27.31 13.29 0.49
Cl- 294.70 1.07 33.07 51.20 1.55 123.20 2.50 30.97 31.51 1.02
SO» 585.70 3.96 96.07  107.59 1.12 491.60 457 81.28 96.15 1.18
HCO,~ 373.00 125.30 233.41 59.03 0.25 354.60 113.10 238.32 65.36 0.27
NO, 204.50 3.24 32.42 38.87 1.20 89.40 1.08 20.79 18.43 0.89
TDS 1444.00 188.40 443.60 266.72 0.60 1014.00 199.50 424.65 175.96 0.41
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Fig. 4. Piper diagrams showing the characteristics of major water ions in the Sanmenxia Basin groundwater (a) shallow well water

(b) deep well water.

the milligram equivalent of Mg* and Na* + K* are relatively
low. However, Na* + K* are the dominate cations, and the
cations of milligram equivalent of Mg* and Ca* have a ten-
dency to increase. CI- + NO,  show the same features, as they
are affected by human activities in shallow well water. HCO,~
is the main anion in the deep well water and SO42‘ milligram
equivalent are relatively low compared with the shallow well
water. HCO,” and SO42‘ are the main anions of deep well
water while their milligram equivalents are low in deep well
water [37-39]. Furthermore, CI- + NO,” milligram equivalent
proportions also have a tendency to increase when affected
by human activities, such as mining industry and agricul-
tural production. According to the HFE-D (Fig. 5), although
the HCO, and SO,* are the main anions, their preponder-
ance is not obvious. The shallow and deep aquifers in the
Sanmenxia basin have a significant tendency of salinization.

3.3.3. Correlation of coexisting inorganic and organic
substances with Cr®

The chemical compositions of groundwater may have
an appreciable impact on chromium accumulation, mobility,
and transformation [26,34,40]. Correlation analysis can deter-
mine similar or heterogeneity of groundwater hydrochemis-
try parameters as well as their consistency and differences of
source. Thus, the correlations of inorganic and organic ions
that coexist with chromium were analyzed and the results
are shown in Figs. 6 and 7.

Fig. 6 presents the correction of F-, CI;, NO,7, SO*, Na*,
TDS, and total hardness with chromium. Under the condi-
tions of this study, the ions of F-, CI;, K*, Na*, HCO,, CO,>,
SO,*, Fe™, and TDS show a positive trend with Cr®. And
more notably, the positive correlation of Na*, Fe**, CO,*, and
HCO, with Cr is distinct, better than that of F-, CI, K*, and
SO,> with Cr®. This indicates that a high concentration of
Cr¢ is often associated with high concentrations of Na*, Fe*,
CO,*, and HCO,. When Na*, Fe*, CO*, and HCO,  ion are
dominate in groundwater, the mobility, transformation, and
accumulation of Cr®" are affected by the contents of Na*, Fe*,

A
< 100 ¥Na%+K% 55 33 59 Ca%> o]
“100]1 T 59 : 13[100
50
33
50
®
o
<100]4 C8l12 16100,

;00 50 33 50 100‘
@ Shallow Aquifer (Major anion is HCO, ) ll Shallow Aquifer (Major anion is SO,*)

@ Deep Aquifer (Major anionis HCO,) [ Deep Aquifer (Major anion is SO,*)

Fig. 5. Application of HFE-D to the aquifer of Sanmenxia Basin.

CO,*, and HCO," through formation binding state chromium
compounds, and thus a high Cr® environment is formed
accordingly [39].

However, Ca*, Mg*, and NO," ions and total hardness
show a negative trend with Cr®, and the negative trend of
Ca? and total hardness with Cr®" is more significance than
that of Mg* and NO,” with Cr®. The existence of Ca*, Mg*,
and NO," ions tend to form an environment conducive to low
chromium contents, indicating that these coexisting ions will
inhibit the mobility of Cr® in groundwater. Generally, differ-
ent species of ions have different effects on Cr®, and even the
same valence ions can have different effects.

Groundwater is a complex environmental system, and
the behaviors of Cr® and its interactions with other pollut-
ants may be influenced by various factors [35,41]. In addi-
tion to inorganic substances, organic matter may also have
influence on the occurrence of Cr® [27,42,43]. Therefore,
organic matter detected in groundwater, mainly the volatile
organic compounds (VOCs), halogenated hydrocarbons and
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Fig. 6. Correlation of typical inorganic ions (F-, CI, K*, Na*, Ca*, Mg*, Fe*", HCO,, CO,>, SO,*, NO,"), TDS and hardness with Cr®" in
the Sanmenxia Basin groundwater.

chlorobenzene, such as methylene chloride, chloroform, and
1, 2-dichlorobenzene, were also analyzed, and the results of
the correlation between Cr® and chemical oxygen demand
(COD), dichloromethane, trichloromethane, 1,2-dichloroben-
zene are shown in Fig. 7.

COD, dichloromethane, trichloromethane, 1,2-dichlo-
robenzene negatively correlate with Cr® under the current
study conditions. This shows that high concentrations of
organics are usually associated with a low level of Cr®, and
such organics have an inhibiting effect on the mobility of = ment. Therefore, groundwater chemical type is an important

Cr®. Moreover, in the investigation conditions, inhibitions  factor that influences chromium content in the groundwater
are distinctly different in the presence of dichloromethane, in certain areas.

trichloromethane, and 1,2-dichlorobenzene. This phenome-
non implies that the mobility, transformation, and accumu-
lation of Cr®" are greatly influenced by the nature of organics,
not solely the presence of organics, which is closely connected
to the structures and properties of each organic species.
From the earlier analysis, coexisting inorganic and
organic substances in groundwater can have a significant
effect on the mobility, transformation, and accumulation of
Cr®, which formed a high or low Cr® groundwater environ-
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Fig. 7. Correlation between COD, dichloromethane, trichloromethane, 1,2-dichlorobenzene with Cr® in the Sanmenxia Basin

groundwater.

4. Conclusions

Groundwater samples were collected from 86 sites,
including 42 shallow well samples (well depth < 100 m)
and 44 deep well samples (well depth > 100 m) in ground-
water typical zones of the Sanmenxia Basin. The results
show that 56 samples (23 shallow and 33 deep well sam-
ples) contained hexavalent chromium, with concentrations
ranging from 0.004 to 0.192 mg/L. The high chromium con-
centrations were typically in the deep well water, showing
a positive correlation between chromium concentration
and increased depth. The formation of high concentration
of hexavalent chromium in deep well water is significantly
affected by the hydrochemical characteristics (pH, Eh etc.)
and chemical composition of the groundwater (coexist-
ing inorganic and organic substances). The accumulation
of chromium has been favored by the alkaline environ-
ment in this study area. Moreover, F-, CI, K*, Na*, HCO,,
CO.>, SO,*, Fe*, and TDS showed positive trends with
Cr%, while Ca*, Mg*, NO, and total hardness had nega-
tive trends with Cr®. In addition, COD, dichloromethane,
trichloromethane, and 1,2-dichlorobenzene detected in
groundwater negatively correlated with Cr® under current

study conditions. These findings are crucial for assessment
of hexavalent chromium accumulation and migration in
groundwater, and are beneficial to groundwater usage in
this region.
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