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Abstract. The Jialu River, a secondary tributary of the 1 Introduction
Huaihe River, has been severely contaminated from major
contaminant sources, such as a number of untreated or lightlyhe Jialu River (JR), the secondary tributary of the Huaihe
treated sewage waste in some cities. Groundwater along thRiver, is severely contaminated by a variety of contaminant
river is not an isolated component of the hydrologic system,sources such as a large number of trade waste and the un-
but is instead connected with the surface water. This studyreated or lightly treated sewage waste in some cities (Zhang
aims to investigate temporal and spatial variations in watefet al., 2009). These wastes have resulted in elevated concen-
chemistry affected by humans and to characterize the relatrations of chemical oxygen demand (COD) and ammonia
tionships between surface water (e.g. reservoirs, lakes anfitrogen (NH-N) in water within the Zhengzhou region (Lu
rivers) and groundwater near the river in the shallow Qua-et al., 2008) and the lower reaches in the Zhoukou region
ternary aquifer. Concentration of Clin north Zhengzhou (zZhao et al., 2005; Xie et al., 2008). Zhang et al. (2009) re-
City increased prominently due to the discharge of a largeported that concentrations of alkylphenols in surface water
amount of domestic water. Nitrate and potassium show maxiwere more enriched in the lower reaches compared with the
mum concentrations in groundwater in Fugou County. Theseypper stream, with the maximum enrichment taking place in
high levels can be attributed to the use of a large quantitythe lower reaches of the Zhengzhou urban zone. Zhang et
of fertilizer over this region. Most surface water appeared toal. (2011) showed elevated concentrations of nonylphenol,
be continuously recharged from the surrounding groundwaoctylphenol, and bisphenol A in the JR bed sediment. Some
ter (regional wells) based on comparison surface water withof the elevated concentrations were high enough to result in
groundwater levels, stable-isotopes and major ion signaturegotential aquatic and human-health problems.
However, the groundwater of a transitional well (location  The Jialu River basin (JRB) has been a part of large-scale
SY3) seemed to be recharged by river water via bank infiltra-rrigation in the Huang-Huai-Hai Plain for over half a cen-
tion in September 2010. Fractional contributions of river wa-tury. Increasing use of fertilizers in their irrigated farms is
ter to the groundwater were calculated based on isotopic anfikely to affect these aquifers, which support millions of peo-
chemical data using a mass-balance approach. Results shgyle. In the wide area of JRB, the rural and urban community
that the groundwater was approximately composed of 60-depends completely on groundwater. Therefore, the study of
70 % river water. These findings should be useful for a betthe mechanism of groundwater recharge is vital for its sus-
ter understanding of hydrogeological processes at the rivertainable use. Groundwater and surface water are not iso-
aquifer interface and ultimately benefit water management inated components of the hydrologic system, but instead in-
the future. teract with each other across a variety of physiographic and
climatic landscapes (Winter et al., 1998; Woessner, 2000;
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Fig. 1. Study area and relevant sampling locations.

Winter, 2001; Sophocleous, 2002). Thus, there is a noteworeomparison groundwater levels with river water levels using
thy concern that the trace elements in the water and sedimemtrimarily existing data to better understand the interaction.
of JR could contaminate the JRB aquifer. Temporal varia-

tions in groundwater chemistry in response to changes in

river chemistry and stream flow are also of great concern2 Study area

A better understanding of the interactions between the two

water bodies is a key for effective management of water re-1 '€ JRB covers an area of of 2750kmanging in latitude

sources over this region. However, the published studies di¢éWeen 333747" and 345350"N and in longitude be-
not seem to have adequately addressed these issues. tween 1186'17" and 114387"E (Fig. 1). As a secondary
This paper detailed a groundwater—surface water interact/ioutary of the Huaihe River, the JR is 220km long, orig-
tion study on the Jialu River. Specific objectives of this study!natlng from Shenshmyu of Xinmiin in Henan PI’OV.InC(?. In
were to (1) investigate temporal and spatial variations in wa.its source region, the river flows northeaster into Xinmi and
ter chemistry in surface water and groundwater affected byZn€ngzhou. From Zhengzhou, the river has two abrupt turns,
humans; and (2) characterize relationships between surfade®- flowing first east and then southeast through Weishi, Fu-
water and groundwater along the JR. This study was con90U: and Xihua counties, and lastly joining in the Yinghe
ducted on two general scales: (1) a detailed study of thd¥Ver at Zhoukou. The main Jialu River channel is con-
JR and the surrounding JRB aquifer up to 1190 m from thelributed by several tributaries. The main tributaries include
river according to two field campaigns in July and Septem-the Suoxu River, Dongfengqu and Shuangiji River. ,
ber 2010, respectively; and (2) a reconnaissance study of the The climate throughout the study area is with warm, moist

entire JRB aquifer to provide a hydrogeologic framework angSUmmers and cool, dry winters. The average annual tem-
perature in Zhengzhou is 14£&, and the maximum is ob-

served in July with extreme value of 43 and minimum
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160 1 Table 1. The information of groundwater wells.
140 -
g0 Name Approximate  Depth
§ 100 - distance  of well
£ 80 | from river
:‘;; 60 | m m
= w0 35 570 50
207 SY3 30 28
U SY4 230 20
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec SY6 170 38
Honh SY7 380 25
Fig. 2. Monthly precipitation in Zhengzhou. SY10 590 16
J20 310 14
SY14 1190 9
in February of—17.9°C between 1951 and 2010. The mean SY16 70 9
annual precipitation in Zhengzhou is 641 mm per year from Wil 200 6.2
w2 300 44.4

1951 to 2010, with large interannual variability from a mini-

mum 381 mm to a maximum 1041 mm. Most of the precipita-

tion falls in the form of rain during the 4-month period from

June to September, i.e. the flood season of the river basir? Methods
when precipitation accounts for more than 65 % of annual .
precipitation (Fig. 2). The mean annual potential evaporations-1 ~Data collection
is 1910 mmyr! (from 1955 to 2001) at Zhengzhou station
which far exceeds rainfall for the area. Potential evaporati
is lowest from December to January (64—72 mm mohth
and highest from May to June (245-275 mm monithdata

c’> The historical precipitation, shallow groundwater and sur-
Yace water level data were collected from Annual Hydro-
logical Report of the People’s Republic of China. In this
from China Meteorological Data Sharing Service System,swdy’ th(_e precipitation and surface_ water levels \Were mea-
sured daily from Zhongmou and Xinzheng gauging station

http://cdc.cma.gov.cp/ . . in the Jialu River basin. The groundwater levels correspond-
The geology of the study area is relatively complex .

(Fig. 3). The study area pertains to one of the transitionalmg to the surface water were measured at two monitoring
g 3). y pertair . “wells (Fig. 1) over the period 1972-1973. The two monitor-
areas between the mountains in the west and the plains in . .
) ing wells were located at Zhongmou site (W1) and Xinzheng
the east. The upper reaches of the JRB are dominated by Pa- : : :
: : . . . Site (W2), 300 and 200 m distances from the river gauging
leoproterozoic quartzite and schist and Cambrian sedimen-, .. .
. ! tation, respectively (Table 1). The manual measurement fre-
tary rocks (i.e. sandstone, limestone, shale, and mudstonez. L
; uency was six times per month.
The lower reaches are composed mainly of Holocene allu-
vium, aeolian deposit and Pleistocene lacustrine-alluviumg 5> \yater sampling
alluvium-diluvium, and slope-diluvium sediments (clay, silt
sand, fine sand, sand and gravel; data from National Geologfwo major sampling campaigns were carried out along the
ical Archives of China, websitéattp://www.ngac.ch ~JR and surrounding JRB aquifer up to 1.5 km from the river
Regional shallow groundwater levels have been compiledn July and September 2010, respectively. The first campaign
by Yang (2012; based on measurements made in Decenwas during the flood event. Water samples were taken in
ber 1973; Fig. 4). The groundwater levels indicate thatupstream of Zhengzhou before it rained. The rest samples
groundwater movement has been primarily oriented southwere collected after it rained. The rainfall amount was up to
west to northeast in the upstream part and northwest to southt02 mm in 24 h. The JR rose quickly from a low flow stages
east in the center of the basin (Fig. 4). The highest hydrauliqo a high stage. The river water SY9 and SY20 had been
head in the shallow aquifer is in the NW area (122ma.s.l.),sampled when flood peak did not reach the locations (Ta-
while the lowest (42ma.s.|.) is in the most southeastern parple 2). However, river water (location J10, SY12, and SY15)
of the study area (Fig. 4). The static water level ranges behad been sampled when flood peak passed. Besides, two rain
tween 98mb.g.s. (below ground surface) in the northwesiwater samples (Table 3) were collected at Zhoukou (loca-
to about 4m in the s_outhe_ast parts. The__lnfgrred flow linestion SY29) and Xinzheng (location SY41) in the first cam-
roughly parallel the Jialu River or Shuangji River. paign after the flood event (22—23 July 2010). The second
campaign was conducted from 8 to 10 September 2010. A
121.6 mm rainfall was observed between 5 and 7 Septem-
ber 2010, i.e. the second campaign was carried out after

flooding event.
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Table 2. Major ions and stable isotope concentrations in surface water in July and September 2010.

Characterizing interactions between surface water and groundwater

Name Date EC T pH DO ORP HGO Cl NOs3 SO, Ca K Mg Na sD §180
puscnrl  °c mg 1 mv mglt mgl? mgrrl! mglr! mgrr! mgll mgll mgl—1 %o %o
J3 18 Jul 2010 600 28.6 .0 34 - 144.9 40,5 BDL 1716 56.2 6.5 28.3 31.6 —38.1 —4.02
J8 18 Jul 2010 541 286 8.3 4.9 - 109.6 35.2 BDL 159.3 49.1 7.4 24.6 27.2 —355 -3.34
J7 18 Jul 2010 951 281 85 6.3 - 2015 1385 12.7 1345 495 8.8 29.6 10454.3 —-6.64
J9 18 Jul 2010 1535 285 7.6 1.6 - 3818 191.2 9.8 241.2 86.6 16.4 29.3 19462.5 -—-8.47
J10 19 Jul 2010 967 255 75 1.3 - 265.1 1342 8.1 111.0 72.2 11.8 22.2 9273.8 —-9.68
SY9 19 Jul 2010 1637 265 7.7 .0 - 320.0 106.5 374 93.3 81.1 11.0 27.2 10462.8 —8.58
SY12 20 Jul 2010 1023 26.1 7.6 1.5 - 3535 113.1 175 95.1 77.1 11.3 27.7 9963.1 —-8.54
SY15 20 Jul 2010 1025 273 7.5 1.2 - 331.2 114.7 235 926 76.9 10.7 28.0 10562.4 —-8.29
SY20 20 Jul 2010 1063 29.1 7.5 1.5 - 3126 122.3 18.6 111.0 73.1 11.2 29.3 11161.6 —-8.36
J3 8 Sep 2010 490 242 75 35 29.0 127.3 16.0 BDL 132.7 413 5.2 20.9 24.2 —54.1 —-6.47
J8 8 Sep 2010 511 245 8.0 6.0 142.5 126.5 15,9 BDL 150.3 454 6.9 21.5 245 —45.3 —-4.96
m J7 8 Sep 2010 429 225 74 3.0 -105.9 156.3 334 23 479 449 8.5 8.1 22.5-91.3 -12.37
m J9 8 Sep 2010 965 229 7.3 1.6 45.3 241.9 73.6 2.3 191.0 622 10.6 16.0 2288.1 -11.24
o J10 9 Sep 2010 720 229 75 2.7 173.0 227.0 66.2 7.0 97.3 63.1 10.0 17.6 2895 -11.61
m SY9 9 Sep 2010 604 230 7.4 2.6 165.2 227.0 327 3.3 86.0 63.2 9.9 15.9 2386.5 -11.93
V|. SY12 10 Sep 2010 525 225 7.4 4.1 167.4 186.1 20.6 BDL 845 56.6 8.3 14.7 22,5 —-85.9 -—-12.58
- SY15 10 Sep 2010 532 228 7.4 4.0 180.2 208.4 31.2 10.0 71.1 54.3 8.3 15.1 288.5 -—-12.07
SY20 10 Sep 2010 565 232 7.5 3.7 137.4 183.8 58.3 BDL 76.3 50.9 8.2 15.6 23.2 -829 -11.52
* BDL: below detection limit
S
S
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Table 3. Major ions and stable isotope concentrations in rain water in July 2010.

Name Date EC T pH HC® Cl NO3 SOy Ca K Mg Na sD 8180
puScemrl  °C mgFl mgll mgl? mgl? mgr? mglt mglt mgi? %o %o

SY29 22 Jul 2010 40.3 28.3 - 18.6 1.6 0 11.5 7.3 4.4 0.8 1.6 —88.1 -12.07

SY41 23 Jul 2010 26.3 - 8.60 24.7 7.7 0 5.3 10.6 1.3 1.8 0.5-112.2 -15.57

113°30'E 114°0'E 114°30'E

34°30'N
34°30'N

34°0'N
v
34°0'N

Legend

® County Geology Pleistocene alluvium-diluvium
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—— River I Holocene aeolian deposit Pleistocene slope-diluvium
Il Reservior [l Holocene alluvium Sandstone-Conglomerate

Il Limestone W Sandstone-Limestone

Mudstone-Sandstone-Shale Schist 0 10 houkoy

—ir
T T T
113°30'E 114°0'E 114°30'E

Fig. 3. Major geological formation of the study area (data sount://www.ngac.ch

Surface water samples were collected at nine location8.3 Water analysis
(Fig. 1). The groundwater samples were taken from 9 do-
mestic wells in the Quaternary aquifer (Table 4). The depthsTemperature, pH value and electrical conductivity of each
of the wells ranged between 9 m (location SY14 and SY16 insample were measured in situ using an EC/pH meter (WM-
Fig. 1) in Fugou and Xihua counties, and 50 m (location J5 in22EP, Toadkk, Japan). Oxygen concentration and redox po-
Fig. 1) in Xingyang, the northwestern part of the investigatedtential were also determined using a Hach HQ30d Single-
area where the surface elevation is approximately 156 m witHnput Multi-Parameter Digital Meter. The field water qual-
reference to the sea level. ity parameters were monitored until these values were
Surface water samples were typically collected at bridgesstabilized.
in the reaches at a depth of about 30 cm using a weighted The water quality was measured at the Center for Phys-
p0|yethy|ene water collector. The existing Vi||age_supp|y ical and Chemical Analysis of Institute of Geographic Sci-
wells were selected for sampling groundwater. The 100 miences and Natural Resources Research, Chinese Academy of
polyethylene bottles used to store the unfiltered stream samSciences (IGSNRR, CAS). All samples were analyzed for
ples were pre-rinsed with sample water three times beforénajor ion composition, including &, Mg®*, Nat, K*,
the final water sample was acquired. All samples were seale§C;, NO3, and CI". Major cations were determined using
with adhesive tape so as to prevent evaporation. The globan inductively coupled plasma optical emission spectrometer

positioning system (GPS) was used to locate the sampling!/CP-OES), while major anions were determined using ion
locations. chromatography (LC-10A, Shimadzu, Japan). HC@as

measured by the diluted vitriol-methylic titration method us-
ing 0.0112 M BSOy.

www.hydrol-earth-syst-sci.net/16/4265/2012/ Hydrol. Earth Syst. Sci., 16, 426877, 2012
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Table 4. Major ions and stable isotope concentrations in groundwater in July and September 2010.

Characterizing interactions between surface water and groundwater

www.hydrol-earth-syst-sci.net/16/4265/2012/

Name Date EC T pH DO ORP HGO Cl NO3 SOy Ca K Mg Na &D 5180
puScml  °C mgl1 mv mgll mgl™l mgll mglrl mgll! mgll! mgrl mgll % %o
J5 18 Jul 2010 646 175 7.1 3.2 - 3358 38.7 127 18.7 93.1 0.8 22.2 1850.3 —-8.15
SY3 18 Jul 2010 1534 172 7.3 0.4 - 4171 2645 94 150.9 147.5 4.6 25.3 152577.8 —7.54
SY4 18 Jul 2010 1274 202 7.0 1.5 — 487.8 131.3 13.2 154.7 139.6 1.9 29.1 1638.2 —7.63
SY6 19 Jul 2010 1370 177 7.1 1.8 — 5444 118.0 BDL 77.9 106.7 2.4 38.1 120.9 -61.3 —8.42
SY7 19 Jul 2010 1018 173 7.5 3.7 —  439.1 1158 6.1 14.3 835 1.3 54.8 596.0 —-8.76
SY10 19Jul 2010 1063 175 7.2 0.9 - 367.6 107.0 BDL 97.5 138.6 1.5 30.0 50.9 -51.5 —6.72
J20 20 Jul 2010 2050 18.0 7.2 2.6 -  661.0 2185 49.7 255.9 116.9 515 68.5 19%6.4 —-7.54
SY14 20 Jul 2010 2130 16.8 6.8 1.1 - 4277 363.4 1226 117.0 224.9 0.2 77.9 %24 —-8.39
SY16 20 Jul 2010 1956 175 6.9 2.6 — 569.3 186.2 39.4 144.7 156.8 0.3 78.8 12668.0 -8.15
J5 8 Sep 2010 608 232 7.2 7.1 236.0 327.5 282 6.4 19.9 83.9 0.6 20.9 1759.8 —8.29
- SY3 8 Sep 2010 1317 183 7.2 2.3 193.6 502.3 150.2 17.0 105.7 114.3 4.7 18.6 16233 -10.12
T SY6 9 Sep 2010 1275 182 7.2 21 —-119.9 5135 113.7 BDL 91.1 112.4 2.1 335 110.3 —61.2 —8.08
@ SY7 9 Sep 2010 980 21.3 7.3 4.3 138.4 476.3 90.1 BDL 157 79.1 1.3 51.6 56.6 —63.2 —8.38
mu SY10 9 Sep 2010 1070 179 7.2 2.5 165.6  409.3 98.9 BDL 113.7 133.9 1.4 29.3 55.6 —51.8 —6.52
vqua J20 10 Sep 2010 2280 178 7.0 1.6 154.1 632.6 251.2 58.6 285.7 154.3 50.8 74.4 193609 -8.04
3 SY14 10 Sep 2010 1913 17.2 6.9 1.7 158.8 4205 3383 721 155.4 228.7 0.4 70.1 6822 —-8.77
SY16 10 Sep 2010 2040 174 6.9 3.0 161.3 561.9 218.7 33.3 2345 211.0 0.3 80.8 13337 —8.47
* BDL: below detection limit
2
g
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Fig. 4. Shallow groundwater levels in the Jialu River basin based on original source (Yang, 2012). The groundwater level contours (ma.s.l.)
are presented at uneven intervals. Arrows indicated the general groundwater flow.

The normalized inorganic charge balance, NICB, defined4 Results
as (TZ"-TZ7)ITZ*, represents the deviation extent between o
the total cations and total anions (Edmond et al., 1995; Hut#.1 Water level variations

et al., 1998). It was indicated by Huh et al. (1998) that the ) ) o )
measured major ions (&8, Mg?t, Nat, K, S§4‘, NOj, When the altitude of the river stage is higher than altitudes

of groundwater levels in the nearby area, water flows from

of these water samples showed a charge imbalance with tcge rivgr to the aqqifer (@ Ios?ng reach). Conversely, when
positive charge excess, or some inversely with a negativé e altitude of the river stage is lower, water flows from the

charge surplus. The positive charge excess could be relate%qulfer to the river (a gaining reach). .
to the fact that no analysis of I%ONas made and the nega- At Zhongmou site, the level of the groundwater was higher

tive charge surplus could be attributable to the lack of{NH than thfit of the rver for most O.f the study period, including
) . 4 the period of the major flood (Fig. 5a). For example, the wa-
measurements. However, the chemical analysis results werg

adopted when the charge-balance error was withi® % in ter tabclie was, r?n avgragfjle 1('16 m higher thr?n the rn;er andupto
the study. 3.6 m during the major flood. However, the groundwater was

Water isotopes D and 5%0) were determined at nearly close to the river at the beginning of the flood sea-

IGSNRR, CAS using off axis integrated-cavity output laser son. At the ?(lnzheng site t_he level of Fhe groundwater was
) .5-7.2m higher than the river level (Fig. 5b).

spectroscopy (Model DLT-100; LosGatos Research Inc.) anc? Overall, the river in this area is probably a “gaining” river

the method described in Lis et al. (2008). All samples were ' b y a-gaining

. . for the most of the time. By comparing it to the water level in
normalized to internal laboratory water standards that Were, . Jialu River. it is apparent that the water level responded

previously calibrated relative to the Vienna Standard Meanb an almost 0.7 m rise to rainfall that was more than 50 mm
Ocean Water (VSMOW, 0%0). Results were expressed as y i

parts per thousand deviations from the VSMOW with ana-"l;1t Ian}ﬁtr: gtin;]our;;:]efaiurggg g](e|2%0:nsssssg:{ia?gr§;egﬁ(e:?]??fe
lytical precisions oft 1 %o (5D) and=+ 0.15 %o §180). y g Y €Xp P

the water table rise. In a word, it is probable that little if any
of the Jialu River discharges directly into the regional flow.

Cl~, HCQO;) are generally in the charge balance. A few

www.hydrol-earth-syst-sci.net/16/4265/2012/ Hydrol. Earth Syst. Sci., 16, 426877, 2012
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Signatures of all of these groundwater samples except the
sample SY3 remained the same during the flooding event and
after the flooding event (Table 4), which indicates that the
aquifer seems to be large enough to mask the seasonal iso-
topic variation caused by rainfall. Sample SY3 was depleted
in lighter isotopes after the flooding event, possibly indicat-
ing that the riverbank-aquifer water may originate from a

I mixing of original groundwater and river water with more
17 depleted isotope values.

3

2

8

Altituds{m.a.s.l)
Pracipltation (mm say™)

m,h..llh.ll Al |ILI|I|\
197211 19TAHTHI 19T

100

4.3 Main geochemical parameters

Electrical conductivity (EC) (Table 2) measured in surface
water varied from 541 to 1637 uScrhin July and 429—
965 uS cm? in September 2010. The former EC reflected
the pollutant migration process in the river channel. The high
level of EC in location J9 and SY9 was primarily due to
L L1} . 0 samples collected before rain and during the flood peak pe-
i riod. The levels of EC in location J10, SY12 and SY15 were
lower than that in location SY9, which is because the flood

Fig. 5. Comparison of groundwater level with surface water level at peak carrying a large amount of pollutant passed. The latter
Zhongmou(a) and Xinzheng(b). Daily precipitation is plotted in  EC values were significantly lower during post-rain condi-
the right y-axis. Locations are in shown in Fig. 1. tions, which is likely due to a considerable amount of dilu-
tion of ion concentration resulting from heavy precipitation
during this period. EC values in groundwater varied from
608 to 2280 uScmt, with the highest values observed in
Stable isotopic compositions in water can be considered@foundwater from Fugou (sample J20). The water temper-
conservative and hardly affected by water-rock reactiongturé measured in surface water varied from 25.5<28.1
under normal temperatures (McCarthy et al., 1992; GatJuly and 22.5-24:5in September 2010, which were much
1996). Therefore, isotopic variations may occur within the Nigher than the temperature measured in groundwater in both
catchment as a consequence of concentration variations iFRMP2IGNS (16.8 to 21" Most of the surface water showed
the input such as rainfall and surface water (Kendall angPH values between 7.0 and 8.0, whereas groundwater pH var-
McDonnell, 1998). ied betwee_n 6.83 and 7.52 Wlth no obvious variation during

The sD ands180 values of the surface and groundwater the campaigns. DO concentrations of thg surface water and
samples collected in July and September 2010 were plotdroundwater ranged from 1.2 10 6.3 mg with an averaged
ted in Fig. 6 with the local meteoric water line (LMwL; concentration of 3.04 mgF and 0.36-7.09 mgt, respec-

precipitation in Zhengzhou; WMO/IAEA, 2010) giving ac- tivgl)_/._Most pa'r'g of thi_s study area was found to be under
curate information on the input signal. These samples ar@Xidizing conditions with Eh values ranging from119 to
well distributed along the LMWL, illustrating that surface 236 mV.

and groundwater from the shallow Quaternary aquifer most The Total Dissolved Solids (TDS) represents the total min-
probably originate from present-day precipitation. eralization (inorganic content) of water and was well corre-

The 5180 values varied from-12.58 %o to—3.34%.. and lated with EC ®?=0.86), which also reflects the dissolved
the 8D values changed from-91.33 %o to—35.48 %o i,n JrR contentin water. TDS values varied between 303.9 (surface

water (Table 2). Moreover, heavier isotopes were enrichedVaterJ3) and 1385.3 _mg% (sample location J20, groundwa-
in river water in the upper reaches, which resulted mostlyter in Fugou). The higher mineralization in a natural envi-
from evaporation form reservoirs where these samples wer&®nment of groundwater generally occurs in water evaporite
collected (Fig. 6). formations (Petelet-Giraud et al., 2007). The local geologi-

The two tributaries of Suoxu River and Dongfengqu flow cal environment is Pleistocene lacustrine-alluvium and con-

into the JR in north and east Zhengzhou, respectively, and thE#inS no evaporate; therefore, it is impossible that the layers
resulting water sampled downstream (J10) should reflect th&tudied are influenced by the deep saline groundwater (Han
mixture of the two channels. et al., 2002; Gao, 2008). The source of the high dissolved

The surface water samples obtained in the second sarﬂgn content can, therefore, be related to direct or indirect an-

pling campaign present a wide range of stable isotopic Sig_thropogenic activities that have occurred in cities or counties

natures. Isotopic composition of river water was mostly neg-2/0nd the river over the last few decades.
ative. It could be due to precipitation with lighter isotopes.

&
s

Alitudalm.a.s.)

8
Pracipitation (mm day™)

4.2 Stable isotopic composition in waters
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Fig. 6. Relationships betweetD ands 180 in water collected from JRB in Julla) and Septembgb) 2010.

Results of chemical analyzes of groundwater and surface \
water samples are shown in the Pipz)er diagram (Fig. 7). In Legend o/ \Q'
the upper stream water (J3 and J8),,S@nd C&t are the 0 Groundwater / N
predominant ions, with concentrations ranging from 132 to & River Water %

172mgt?! and from 49.08 to 56.17 mgt (Table 2), re-
spectively. Chloride is the second anion after HCOver

the lower reaches of reservoirs, with the highest concentra-
tion being measured in north Zhenghzou during the flood-
ing event (191 mgtt, July 2010). There are many possible
sources of Cf, which may be related to untreated or inade-
quately treated sewage and industrial activities. Sodium is the
dominant cation of the river water during the flooding event,
varying from 92 to 194 mgi!, whereas, CH is the dom-
inant cation except for north Zhenghzou after the flooding
event, varying from 41 to 63 mgt. It showed most vari-
ations in Ct and N& content due to anthropogenic influ- /
ences during the flooding event compared to after the flood- =
ing event.

The chemical composition of groundwater at SY3 varied
from Ca-Na-CI-HCQ rich in July to Na-Ca-HC@rich in
September 2010. In contrast, the chemical composition of
water from other wells did not change significantly during
the study period, but the concentrations of major ions var-anthropogenic inputs are indicated in groundwater of loca-
ied ConSiderably from well to well. For example, gl’ound- tion SY14 and J20 (Fugou County) where h|gh %\]@n-
water from the area near the Chulou Reservoir i$'Ca tents excess the World Health Organization Standard (WHO,
and HCQ dominant and is characterized as a Ca-Mg-2008) and Chinese limitation value (10 mgIcalculated as
HCO;3 water type, whereas groundwater in the lower reachesy) for drinking water (Ministry of Environmental Protection,
Zhengzhou (SY14) is G& and CI- dominant and is char-  the People’s Republic of China, 2002).
acterized as a Ca-Mg-Cl-HG@ater type. In the ground-  The PHREEQC was used to compute the saturation in-
water of location J20, the concentration of Kvas as high  gices (SI). The saturation indices with respect to calcite
as 51.49mgt, which is 32 times higher than the aver- of surface water are between0.19 and 0.66, whereas
ages of the other groundwater samples. Furthermore, clegbr groundwater they range from 0.08 to 0.46 (Table 5).

v Laka River “/ al

Fig. 7. Piper diagram of major ion chemistry for groundwater, river
water and lake water in the study area.
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Table 5. Water saturation indices (SI) with respect to calcite in July 250
and September. The PHREEQC was used to compute the saturatio
indices. North of Zhenghou o CL(2010-7)

200 —=— Na (2010-7)
—e—CL (2010-9)
—+— Na (2010-9)

Sl/calcite  July 2010 September 2010

Surface water 150 o Xiliu Lak

Zhoukou

Major ion concentration (mg/L)

. Fugou
Weishi

J3 0.47 ~0.19 \ S
J8 0.66 0.34 100 - o
J7 1.03 —-0.15 na
Jo 0.64 —0.06 % T .
310 0.37 0.15 1 \f\JrfﬁA
SY9 0.65 0.12 - —+ "
SY12 0.61 —0.05 o Jiangang Reservior
SY15 0.43 0.01 250 ‘ 250 I 1;.0 ' 1&0 ' 5'0 I (Il
SY20 0.46 —0.01 Distance from river mouth (km)

Groundwater Fig. 8. Major ion concentration/distance from river mouth profiles
J5 0.08 0.22 for chloride and sodium in the main stream of the JR.
SY3 0.46 0.32
SY4 0.25
2¥$ 8'21 g'ig out of proportion to the rain. This would make it clear that
SY10 0.28 0'31 the source of S§T results from the oxidation of uncovered
320 037 0.29 pyrite in headwater areas of the Suoxu River and JR, con-
sSY14 0.13 0.21 sidering mining in the upstream mountain area (Pang, 1994).
SY16 0.24 0.28 Because the reservoir retains river water, the concentration

of SO;~ is accumulated. Similarly, the average of the con-
centrations of Ct and Na were 4 and 1 mgil, respec-

The surface water showed an oversaturation with respediVely, which were also less than that of the water in the

to calcite (SI=0.3%1.03; Table 5) during the flood- MVer- The concentration-river distance profiles (Fig. 8) for

ing event, while some of the water was undersaturatedn€ two indicator ions (Cl and Na') show the pronounced

(SI=—0.19~ —0.01: Table 5) after the flooding event. The effects of urbanization on the major ion chemistry of the

. . 5 . . . 1 :

Sl values with respect to calcite indicate that the groundwaterR- Concentration of Clis below 30mgT+ in the upper

is slightly saturated with respect to this solid phase. reaches of Zhengzhou, and then increases by a factor of 4.4
in the urban region of north Zhengzhou. It becomes rapidly
diluted over the lower reaches of the city in July. The rea-

5 Discussion son is that Zhengzhou is a big city with a population of
4.3x 10° people, whereas the lower reaches of counties are
5.1 Anthropogenic sources and impacts on surface relatively small with a population of 0.5-0:810° people
water and groundwater (Henan Provincial Bureau of Statistics, 2011). The untreated

sewage waste (average 37 tdaypetween 2007 and 2009)

Human activity is one of the most important factors affect- in Zhengzhou was eventually discharged into the Jialu River.
ing hydrology and water quality. Water chemistry of rivers Chloride and sodium are major electrolytes in human urine
can reflect changes in watersheds, making rivers good indi(Kirchmann and Pettersson, 1995) and are therefore concen-
cators of land use (Meybeck and Helmer, 1989). Chemicalrated primarily in waste water. The higherChnd Na" in
alteration associated with human activity is related to the dethe river could be coming from sewage wastes. Trendsin Cl
velopment of cities and intensification of agriculture, espe-and Na after a flooding event are the same as those during
cially the discharge of untreated sewage waste. Thereforehe flooding event. However, the concentration after a flood-
human activities driven by economic development, popula-ing event is lower than that during the flooding event due to
tion growth, and urbanization jointly result in alterations of the precipitation.
river water quality. Among the dissolved solutes, NOand K show maxi-

The average concentration of sulfate was 8mgih the mum concentrations in groundwater in Fugou County. These
rain water, which was far less than that of the water inhigh nitrate levels can be attributed to agricultural prac-
the upper stream. Although the isotope data that were usetices in this region, especially artificial and manure fertil-
showed that the lake water was extremely enriched comization (Zhang et al., 1996; Liu et al., 2005; Ma et al.,
pared to the other water bodies, the increasing of sulfate wa2009) and animals feeding. Fugou County is one of the top
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10 counties growing vegetable in China. In 2009, Fugou hadsources, including groundwater from the regional system,
361000 rural employees, a total sown area of 144 730 ha, andnd river water. The river water and rainwater sources were
120099 large animals (Henan Provincial Bureau of Statisticccombined in one as river water because river floods in
and Henan Survey Office of NBS, 2010). To increase cropSeptember 2010 were mainly from the precipitation.

yield and income, farmers are currently decreasing the use Although one sample of observation seems to be less than
of organic fertilizer in favor of inorganic fertilizers with pro- satisfactory in detecting groundwater recharge in flooding
portions of nitrogen, phosphorous, and potassium throughoug¢vents, it can provide information on the fraction of river
agricultural regions of Fugou. This approach has led to losse$o groundwater recharge for a specific period of time. When
of fertilizer into groundwater. Potassium concentration (J20)these water sources are considered as end members to the
largely exceeds the mean potassium concentrations in drinkgroundwater at SY3, it is possible to estimate mixing pro-
ing water, e.g. 2.5 mgl in the UK (Powell et al., 1987) and portions between the waters using a mass-balance approach
up to 8mgt?! in Canada (Health Canada, 2008). Those re-(Christophersen and Hooper, 1992; Clark and Fritz, 1997;
sults are probably caused by the use of a large amount okendall and Mcdonnell, 1998).

fertilizer. Assuming that groundwater at SY3 in September 2010
was a result of mixing original groundwater (GW) and river
5.2 Interactions between surface water and water (RW), the following equation can be used to assess the
groundwater fractional contributions of river water to the groundwater:
By synthesizing various types of field data obtained in this » _ Cs — Cow % 100%

study, it is possible to provide a picture of the surface water Crw — Cow

and groundwater interactions within the basin. Groundwa- . 18 1 )

ter wells were generally categorized into two groups basedVnereCsis the CI, 6D or 62°0 (mg I= or %) of the mixed
on dissolved-solids concentrations and stable isotope valued/ater sample (Ilgcatmn. SY3 in September 2010y is

(1) regional wells, in areas where groundwater did not in-the CI, 8D or §7°0 of river water (IOcatI(zg J9 in Septem-
clude water recently recharged from the river (all locationsPer 2010); andCew is the CI', 6D or 57O of original
except the SY3 in the basin); and (2) transitional wells, in ar-9roundwater in July 2010 that is not influenced by river

eas where groundwater was possibly a composite of recharg&charge. Location SY3 in July 2010 was chosen as the orig-
from the river and water from regional systems during river IN@l groundwater end-member because it has not recharged

high flow periods; and was only water from regional systemsPY the river. - _ .

during river low flow periods (location SY3). The resultlng_ fractional contlrétlon perce_ntages are 60,
The regional wells ranged from 70 to 1190m from the 61 @nd 70% using Cl, 5D and§0, respectively. Mixing

river and had water with a constant stable isotopic signaturé@lculations suggest that the groundwater at SY3 in Septem-

(5D, §180) throughout the hydrological cycle, which did not ber 2010 was composed of apprOX|mater.60—70% river wa-

reflect seasonal variations although the river water isotopd€!, depending on the tracer employed. This result shows that

varied greatly due to precipitation. This illustrates that the MOre than half of water contamination of river water can be

groundwater never or rarely received recharge from surfacdto the groundwater if the river water is severely polluted.

water. Besides, from a conventional hydrogeological survey

and comparison surface water with groundwater levels at twcz3 Conclusions

sites it is evident that the groundwater feeds the river, perhaps

as a result of infiltration from the rain. . The Jialu River basin is being faced with environmental pres-
The transitional well of SY3, 30 m from the river, seemed gyres mainly coming from anthropogenic influences. Hence,
to be closely connected to the nearest river water as thg s important to systemically monitor the Jialu River and
groundwater had similar trends of stable isotope signaturegoyndwater to provide detailed isotopic and hydrochemical
and.chlorlde content with the river. The salient features ofjntormation for a greater understanding of these impacts on
the isotope and hydrochemistry of groundwater at SY3 arepe river and groundwater and how to effectively manage of
afsfollows. Before the flood event (July 2010), #12 and  {he pasin in the future. The study comprised of EC, tempera-
§7°0 of water were—-57.80 %o and—7.54 %o, respectll\éely. ture, pH, DO, Eh, the isotopes and the major dissolved inor-
After the flood event (September 2010), #i8 and5™O  gapjc jons along the Jialu River in July and September 2010.
was found to be depleted. In the same way, the @n- |, aqdition, existing geological data, precipitation data and

tent in September 2010, was also diluted. That is becausg,rface and groundwater level data were included in the anal-
the recharge by river water via bank infiltration in Septem- ysis. Major findings are as follows.

ber 2010, could be characterized by lower @hd relatively

depletedsD ands180 signatures. 1. The concentration of Clin north Zhengzhou City sig-
The composition of groundwater at SY3 in Septem- nificantly increased in river samples during two cam-

ber 2010 can be described by a mixture of two possible paigns conducted due to discharge of a large amount
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of untreated or slightly treated waste water. Nitrate andHenan Provincial Bureau of Statistics, Henan Survey Office of
potassium show maximum concentrations in groundwa- NBS: 2010 Henan Statistical Yearbook, China Statistics Press,
ter in Fugou County. These high levels can be attributed Beijing, 2010.

to agricultural practices across this region, especially arHenan Provincial Bureau of Statistics: The 6th national popula-
tificial and manure fertilization and animals feeding tion census bulletin and Henan Provincial Bureau of Statistics,

Zhengzhou, 2011.
é—|uh, Y., Tsoi, M., Zaitsev, A., and Edmond, J. M.: The fluvial geo-

. . chemistry of the rivers of Eastern Siberia: |. tributaries of the
continuously recharged from the surrounding ground Lena River draining the sedimentary platform of the Siberian

water (locations J5, SY6, SY7, SY10, J20, SY14 and 5100 Geochim. Cosmochim. Acta, 62, 16571676, 1998.

SY16) throughout the year. In addition, the river was kengall, C. and McDonnell, J. J.: Isotope Tracers in Catchment Hy-

recharged by groundwater at location SY3in July 2010.  gyology, Elsevier, Amsterdam, 1998.

The contaminated aquifers discharging to river can re-Kirchmann, H. and Pettersson, S.: Human urine — chemical compo-

sult in a long-term contamination of surface water. sition and fertilizer use efficiency, Nutr. Cycl. Agroecosys., 40,
149-154, 1995.

3. The transitional well of SY3 seemed to be rechargedLis, G., Wassenaar, L. |., and Hendry, M. J.: High-precision Laser
by river water via bank infiltration in September 2010.  spectroscopy D/H antf0/160 measurements of microliter nat-
Fractional contributions of the river water to the ground-  ural water samples, Anal. Chem., 80, 287-293,2008.
water were calculated based on isotopic and chemicalt: A.. Ming, J., and Ankumah, R. O.: Nitrate contamination in
data using a mass-balance approach. The groundwater private wells in rural Alabama, United States, Sci. Total Environ.,
(SY3in September 2010) was approximately composeq_ 346, 112-120, 200.5' . .
of 60—70 % river water. This finding demonstrates that u, D., Huang, W., Li, X., and Li, J. Correlation of Zhengzhou

. o . City economic development and Jialu River Zhongmouchengiao

the.rlver vyater contqmlnatlon can be into the groundwa- o tion water quality, Henan Sci., 26, 1117-1120, 2008.

ter if the river water is severely polluted. Ma, J., Ding, Z., Wei, G., Zhao, H., and Huang, T.: Sources of water
pollution and evolution of water quality in the Wuwei basin of
Shiyang River, Northwest China, J. Environ. Manage., 90, 1168—
1177, 2009.
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