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HIA 122 X0 HUR 2 2 40 A IX A 3 A7 ) 3T
RIT JRAR T .
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Fig. 1 Geomorphic map of the North Henan Plain
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PR AR (TDS ) 45 93745 F5 % 1 Hana HI98194 1l &
(GB/T 5750.4—2006) ,NH; - N ¥ J& % £ 43t
JEEETH(DR2800) BN 7 78 R AE 2 KR FH R Bk
HH RIIIG A 12 I i SRS (HZ-HJ-SZ~0130) .

W EEMHE 7 (F ., Cl S0 . NO;) H
DX-120 A& FE@is & (GB/T 5750. 5—2006) ;
FEPHE F (K" \Na" Ca® Mg™) 1 IRIS Interpid Il
XSP #YHL R A 55 B 11K & 561X (ICP-OES)
M 5E (GB/T 5750. 6—2006) .

# 1 BACPEERIZH T AOK(R2E R AE

fift (As) B 5 I 5E R AFS830 E Ak & A XL
R 28 066 B i (HI 694—2014, £t BE N
0.3ug/L,MlE TR 1. 2pg/L) .

&I IL$5 b5 (/KL pH  HL- 5 (Eh TDS Al
NH;, -N) FLE6 B A A58 300 H 4l A 4700, A
FEbR i A SR B IR KA SR K B IR W rhucs 58
B, DA B IR T 23°C 1R B 50% , 76 T KB
WA, RN 5% 0 0 52 4 5 AT B 4 361, e A
HEFMIIRZE/NT 5%,
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Table 1  Summary of hydrogeochemical parameters of groundwater in the North Henan Plain
KA b FrabPE R EEiR/IME R K BT AT A (%)
(mg/L) (mg/L) (mg/L) [~ v \

KLVA AR AR (TDS) 1099. 05 9374.00 326.00 65.06 27.41 7.53
Eﬁﬂ&fﬂ%(soi’) 199. 86 4431. 00 5.82 81.33 6.93 11.75
WA T (Fe?) 1.82 13.95 0.01 18.37 49. 40 32.23
NH; (LA N 3t) 0.19 2.70 0.01 90. 96 7.23 1.81
NO; (VA N1it) 0. 689 17.570 0.010 100. 00 0.00 0.00
As 0.0101 0. 1900 0. 0001 75. 60 21.09 3.31
F 0.88 4.94 0.13 74.40 17. 47 8.13
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Fig.2 Horizontal distribution map of arsenic and fluoride concentrations in groundwater of the North Henan Plain
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Fig.3 Piper diagrams of shallow groundwater of the North Henan Plain
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Ca’ Mg™ . CI” SO .HCO; . TDS NH; .pH.Eh As,
F)E AP FE#r, AL SPSS20. 0 8 {447 £ hi o
P, R A Kaiser FRUEAL IE A8 s i 640, R F 2%
fap {2/ He— A8 J AE X W = K A A fer, S T
BEG  R eP R £ i DO : ER N S faa  T 7o
3AER T, H By 2 kA3 T 70.43% , B
B 3SR 2,

Fl f# BT B 5 2 /) 42. 23%, H + TDS
(0.987) Mg (0.924) Na*(0.886) .Cl (0.877) .
S0 (0.873) .Ca*(0.732) \HCO;(0.553) f£ F1 |
HA® R IES M, U F1 S5H T KRR ER X,
FEAZ B ZE KW AEVE RS2 Rt F1ARER THLT
IKBIZE R e

F2 BT BT Z 1 14, 19%, Hoh HCO;
(0.527) \F(0.743) .pH (0. 640) 7£ F2 [ HAH &
M IE 2R, T Ca® (=0. 524) BAG %5 i 1 3800,
WA G W) (& 0 ) B IR h 5 ) IO A/ DT UE 45
il R K R Ca® M F™ AR B, pH U3 338 5% i
W %) W2 5 i WA A 7 A TR b e ST 2R VR B, DALk
F2 & T 0 WA e/ R S

F3 it 1 07 289 14. 019% , Horb NH (0. 762)
F1 As(0.728) HA B A IEZ AT, Eh(-0. 692) HAT
BT, F3 75— @B E LR T8 75
T As Fil NH; MR LR, L F3 A3 TR K
AL JFEIREE

22 RAEEARbRI I T

Table 2  Factor loadings of hydrogeochemical parameters

) N # A (A
TR bR
F1 F2 F3
TDS 0.987% 0.073 -0.078
Mg 0.924% -0.043 -0. 059
Na* 0.886% 0.295 -0.106
o 0.877% -0.117 -0.114
S03 0.873% 0. 049 -0.044
Ca> 0.732% -0.524% 0.010
HCO; 0.553% 0.527% 0.002
F 0.214 0.743% -0.230
pH -0. 161 0.640% 0. 054
NH} -0.043 -0.153 0.762%
As -0.068 -0.143 0.728%
Eh 0.053 -0.185 -0.692°

TE: BRTES A BEOHE 38 78 378 1 X 3% 3 IH - 1 A 24 X B R T
0.5, J X B A &

i TFHFFEIX As FIlF 2s [a) A8 SRR i, DL E 3
AP REAS B T 3% X R 7K B9 IR T b R
— 1100 —
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R ($2 2) ,F Fil As ZEH T FL
AT 0,214 F1-0. 068 Y ZETT , Ui B 28 Kk W 4 fE
FHXT B ACT SR w45 HL A R RV T, i % e 42
IR AN K

Gibbs 138 & FH R I Wi th 3 7K () 19 SR T8 AL R g
FORUR LA B A T KA o8 AR B T
ZRAY, M Sa nTLLE M, BACFRRZ T
IKAIARTE Gibbs B 7, v S8 T 7K A X e fif
MR KB SER AT A, BB X M T UK 32 28 & Wk 4
YRR A KAGAE R SR [R5 ma , v 78 0% W 4 4R
FHX R R K K, 78 R o ffihl Rk &4
SRR EE Ak BE TR, AT p (Na™ ) /[ (Na®) +
p(Ca )] FE™ A sh hBILF R FkES
p(Na")/[p(Na") +p(Ca®™ ) | LI, T As ¥
Hp(Na*)/[p(Na*) +p(Ca™) ] JC o F ALK R
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p(Ca™) JHABTE 0. 2~ 1. 0 L FI 214G 20 4, As 1K)
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FERMRARNE AN 18 T Hofh Ak SCHbERfb 22 2
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Fig.5 Effect of evaporation concentration on arsenic and fluoride enrichment
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Distribution and Origin of High Arsenic and Fluoride in Groundwater of
the North Henan Plain

WANG Yanyan'*, CAO Wengeng'>" , PAN Deng*, WANG Shuai*, REN Yu', LI Zeyan'"
(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang
050061, China;
2. Key Laboratory of Groundwater Remediation of Hebei Province and China Geological Survey, Shijiazhuang
050061, China;
3. National Observation and Research Station on Groundwater and Land Subsidence in Cangzhou Plain,
Shijiazhuang 050061, China;
4. Institute of Natural Resource Monitoring of Henan Province, Zhengzhou 450016, China)

HIGHLIGHTS

(1) The concentration of arsenic in the North Henan Plain was 0. 0001 -0. 1900mg/L, and the reduction and
dissolution of arsenic—bearing minerals promoted the enrichment of arsenic.

(2) The fluoride concentration in the North Henan Plain was 0. 13-4. 94mg/L., and evaporation concentration was
helpful to the dissolution of fluorine—containing minerals.

(3) The desorption of arsenate/arsenite/fluoride on the mineral surfaces caused by pH increase was favorable for

the coexistence of arsenic and fluoride in this region.
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Coexistence of arsenic and fluoride in groundwater
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o Groundwater in | North Henan Plain
=
2 0.743
2
3 0.5
E
= 0
2 -0.143
o
g
I
B~
-1.0
10 5 ; -0.5 ”\-?
Fl(ey. 0.5 . onmed
(cvapol‘ation . 0.5 Lo 1.0y envirot,
nccntration) F30e
The dissolution’of fluorine-containing minerals Reductive dissolution of arsenic-bearing minerals
High-fluoride groundwater High-arsenic groundwater
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the Yellow River Mountain and Yellow River flood fan
ABSTRACT

BACKGROUND: The North Henan Plain is located in the middle and lower reaches of the Yellow River, and
both high arsenic and fluoride groundwater exist. However, the coexistence mechanism of arsenic and fluoride in
this sporadic distribution area is unclear.

OBJECTIVES: To investigate the spatial distribution characteristics and formation mechanism of arsenic and
fluoride in shallow groundwater in the North Henan Plain.

METHODS ; 332 groups of shallow groundwater samples were collected and analyzed in the North Henan Plain.
Atomic fluorescence spectrometry was used to determine arsenic content, and ion chromatography and inductively
coupled plasma emission spectroscopy were used to determine the content of fluoride and other cation—anions.
Based on the spatial distribution of arsenic and fluoride, combined with hydrochemical diagrams and factor
analysis, three main factors affecting the evolution of groundwater in this area were extracted, and the formation
mechanism of high arsenic and high fluoride groundwater in this area was discussed.

RESULTS: The concentrations of arsenic and fluoride in groundwater were 0. 0001 —0. 1900mg/L. and 0. 13 -
4.94mg/1., respectively. The high—arsenic groundwater was mainly distributed in the vertical depth of 15-80m in
the front alluvial —diluvial depression of Taithang Mountain and the Yellow River flood fan. The high —fluoride
groundwater was mainly distributed in the vertical depth of 7—100m in the modern channel influence zone of the
Yellow River. Evaporation and concentration, mineral dissolution/desorption, and redox environment were the
main factors controlling the evolution of groundwater in this area. Fluoride had loads of 0.214 and 0. 743 in factor

F1 (evaporation and concentration) and F2 (‘mineral dissolution/desorption) , respectively. High concentration of
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F appeared in groundwater with low concentration of Ca® , and the concentration of F was positively correlated with
p(Na")/[p(Na")+p(Ca™)]. The strong evaporation and concentration in the modern channel influence zone of
the Yellow River contributed to the dissolution of fluorine —containing minerals, and the irrigation of the Yellow
River water increased the concentration of Na* in groundwater, which further enhanced the dissolution. Arsenic had
a load of 0. 728 in factor F3 (redox environment). Arsenic was positively correlated with Fe** and NH!, and
negatively correlated with NO; and SO;. The lower Eh corresponds to the higher arsenic concentration. The
reductive environment in the front alluvial—diluvial depression of Taihang Mountain and the Yellow River flood fan
was favorable for the reductive dissolution of arsenic containing iron oxides/hydroxides, resulting in the formation of
the high—arsenic groundwater. The desorption of arsenate/arsenite/fluoride in the form of anions on the mineral
surface caused by the increase of pH value was favorable for the coexistence of arsenic and fluoride in groundwater.
However, the correlation between arsenic and fluoride in groundwater in this area was not significant. The high
concentration of calcium ions in the high arsenic region was not conducive to the enrichment of fluoride. In
contrast, the weak reducing conditions in the high fluoride region were not conducive to the dissolution of arsenic—
containing iron oxides/hydroxides.

CONCLUSIONS ; The results clarify the coexistence mechanism of arsenic and fluoride in the North Henan Plain,

and enrich the theoretical system of co—contamination of groundwater with high arsenic and fluoride.

KEY WORDS: North Henan Plain; high arsenic; high fluoride; atomic fluorescence spectrometry; ion

chromatography ; inductively coupled plasma—atomic emission spectrometry; formation mechanism
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