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Fig. 1 Distribution of observation wells for groundwater in Quzhou water— salt monitoring area
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Table 1 Distribution of sam ples for main chemical components in groundwater in Quzhou
Themain cations
T he main anions Ca2* Mgz" Nat Total samples
HCO;3 3 4 4 11
(ol 28 17 14 59
S0% 15 5 19 39
46 26 37 109
1 , cr )
2 -
54. 1% SO% 35.8% HCOs3 ,
10. 1% Ca™* : 42.2% Na'
Mg, 33.9%  23.9%
BT HCO;
Cl- SO4 , Ccr
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>55% < 55% , (
) 10 , 2
2 :
HCOs : rHCO3/ r( Cl+ SO4) 0.60, rNa/ r (Ca+ Mg)
0. 62
Cl : rS04/rCl 1, rHCO3/ r(Cl+ SO4) 0. 60,
Cl- HCO3 0. 40~ 0. 60, Cl- SO4— HCO3 0. 33~ 0.40, 0.33 rNa/
r(Cat+ Mg) 0.52, Na HCOs3 , Cl- SO4- 1 Cl-
HCO3 , 0.44 0.40 Cl- S04 ( )
, 33%
SO4 : rS04/ rCl 1, rHCOs3/ r ( Cl+ SO4)
0. 60, S04— HCO3 0. 40~ 0. 60, SO4— Cl- HCO; 0.33~ 0.40,
0.33 rNa/r(Ca+ Mg) 0.61, SO4— CI  SO4- HCO3 ,
0. 66 S04 SO4- Cl ,
26. 6% , Cl- SOs  SOg4
- Cl
2 ( )
Table 2 Types of groundwater in Quzhou water— salt monitoring area
rHCO,/ r(Cl+ SO,) rS0 rCl rNa/ r(Ca+ Mg)
Tpes Average Range Average Range Average Range
HCO, HCO5(1)"
(11)  HCO3- CI(7)
HCOM- Cl S04(2) 1.10 > 0.60 0.74 < 1.14 0.62 0.23~ 1. 14
HCO3- SO4- CI( 1)
Cl Cl(11) 0.19 <0.33 0.36  0.24~ 0.46  0.56 0.16~1.27
(59) Cl- S04(36)
I(11) 0. 08 <0.33 0.48  0.41~ 0.54  0.44 0. 28~ 0. 88
11(25) 0.16 <0.33 0.75  0.50~ 1.00  0.57 0.32~1.35
Cl- S0,—~ HCO44) 0.39 0.33~ 0.40 0.78  0.50~ 1.00 0.57 0.33~ 0. 74
Cl- HCOs(8) 0.49  0.40~ 0.60 0.45 0.25-~0.80  0.40 0. 30~ 0. 75
S04 S04(8) 0.15 <0.33 13.70 > 2.00 0.49 0. 19~ 0. 88
(39) S04- CI(21) 0.16 <0.33 1.34  1.00~ 2.00  0.66 0.31~ 1.45
SO~ Cl- HCO3) 0.38  0.33~ 0.40 1.16  1.00~ 2.00  0.47 0.19~ 0. 74
S0,- HCO4(7) 0.47 0. 40~ 0. 60 1.76  1.20~ 2.30 0.66 0.37~ 1.04
1)
2.1.2 2,

2a ( 2 ). 10
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Fig.2 Distribution maps of hydrochemical types of groundwater (a) types, (b) 3 main types
2.2
3
3
Tahe 3 M meralization, ionic strength and sodium adsorption ratio of each type of groundw ater
Types of groundwater
Item HCO3 Cl  CkSO&~1 Cl-SO41II C1-SO~HY CkHH S04 SO4+Cl SO,~CHH SO4H
M gl !
A 1.27  1.95 7.51 3.27 2.30 1.54 3.86 3.57 1.77 1.37
S 0.54 0.48 4.03 1.51 0.29 0.49 1.22 1.75 1.23 0.21
LI(x 107 2 mol L™ 1)
A 2.35 4.25 15. 54 6. 60 4. 46 2.63 7.19 6. 85 3.38 3.16
S 0.98 1.28 7.97 3.01 0.51 0.38 2.07 3.29 2.13 1. 06
, SA R (mmol2L" V?2)
A 2.82  3.26 5.982 4.37 3.78 2.29  2.22  5.05% 2.95 3.21
S 1.33  1.81 3.73 1. 60 1. 05 0.80 2.14 2.29 2.33 0.99
1) H HCOs; 2) SAR> 10; A - Average, S - Standard deviation, M - mineralization:
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3, HCOs; SO,” HCO3 CI” HCO3
LM 1.27~ 1.54g "' T 0.0235~ 0.0316mol L™ ; S04 CI' HCO; Cl CI
SO, HCOs M 1.77~2.30g L7 ', 1  0.0338~ 0.0446mol L™ '; Cl” S04~
I .M 7.51g "', 1 0.155 4mol L™ '; 3.27~
3.8 L', 1 00660~ 0.0719mol L™
(M) . . 17g L
. 2T 4)
rHCO3/ r(Cl+ SOy) ,
rHCO3/ r(Cl+ SO4) = 0.6361M~ "'% n=109, r=0.7919 (8)
SAR 3. 8mmol" 2L~ 2, 2 SAR 10mmol"?
L' CI SO+ I 1 S04 Cl  SAR . 4.37~
5.98mmol L™ "7, SAR 2.22~ 3.78mmol’L™ "?
(S 4
4
Table4 T he saturation index of each type of groundw ater
Types of groundwater
HCO3 Cl CLSO&~1 CESOxII CHSO~H CELH SOy SO4+Cl SO4~C-H SO4+H
C 0.504 0.432 0.912 0. 657 0.647 0.607 0.704 0. 638 0. 601 0.436
Ar 0.357 0.282 0. 764 0. 509 0.500 0.460 0.557 0. 491 0.453 0.288

D 1.065 1.029 1.922 1.382 1.618 1.318 1.356 1. 348 1. 066 0.933
G - 1.453-1.074 -0.178 -0.593 - 0.971- 1.214- 0.202 -0.468 - 0.867 - 1.033

An - 1.690- 1.311 -0.413 - 0.810 - 1.207- 1.486- 0.438 -0.704 - 1.104 - 1.270

: C— Calcite; Ar— Aragonite; D— Dolomiie; G— Gypsum; An— Anhydrie

) .51 ,
R Cl- SO4— 1 S04 SI ,Cl- S04 S04- Cl
ST ,
, HCOs Cl
Cl- SO4- 1 SI ,
2.3
2.3.1 ,
% 5 (<10°°
molL.™ 1)

a.Ca : Ca®" CaCOY CaHCO% CaSO§ CaOH'  CaHSOj
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Table 5 The chemical com ponents and species of various types of groundwater

Types of groundwater

c& S HCO;, cl CkSO-1 d-SO-II -S0~H (-H SO, SO~C SO~-CLH SO, H
Ca%) (mmol L~ l) 2.82 5.61 20. 20 9.11 4.44 4.37 10.90 8. 80 5.11 3.13
Ca* (%) 86.98 87.73 80.78 80.01 81.40 88.03 68.19 74.72 81.95 80.96
CaCOY (%) 0.69 0.34 0.26 0.33 0.62 0.58 0.27 0.32 0.48 0.49
La}f_ (%) 4. 86 2.34 2.09 2.36 4.27 3.93 2.28 2.31 3.31 3.27
8?8302 (%) 7.47 9.59 16. 86 17.29 13.71 7.46 29.26 22.65 14.25 15.28
Mgy (mmol L~ l) 3.01 5.65 23.00 853 7.02 4.38 8.75 8.92 3.41 3.09
Mg2+ (%) 86.62 86.97 78.93 78.55 80.41 87.55 66.01 72.91 80.94 79.94
MgCO%’ (%) 0. 40 0.20 0.16 0. 19 0. 36 0.34 0.16 0.19 0.28 0.28
MgHCO; (%) 4. 84 2.34 2. 11 2.36 4.26 3.92 2.27 2.29 3.29 3.23
MgSOQ (%) 8. 14 10.49 18. 80 18 89 14.96 8.18 31.56 24. 60 15.48 16.55
Nay (mmol L~ 1) 6.73 9. 86 42.06 18.00 12. 80 6.65 19.70 21.00 9.56 7.91
Nat+ (%) 99.27 99.27 98.27 98 55 98.79 99.32 97.21 98. 01 98.89 98.89
NaCO3 (%) 0.01 0. 01 0.01 0.01 0.01 0.01 0.01 0. 01 0.01 0.01
NaHCO§’ (%) 0.32 0.16 0.17 0. 18 0.31 0.26 0.21 0.19 0.24 0.23
NaSOz (%) 0. 40 0.56 1.55 1. 26 0. 88 0.41 2.57 1.79 0. 86 0.87
HC03.~(mm01 L~ l) 8. 86 4.83 6. 81 6.12 9.72 7.58 7.00 6. 26 7.37 6. 46
HCO3 (%) 96.60 94.35 86.92 87.97 94.55 95.27 93.25 93. 39 95.75 96.58
CaHCO% (%) 1.56 2.60 5.78 3.27 1.95 2.24 3.50 3.01 2.40 1.59
MgHCO; (%) 1.61 2.72 6.35 311 3.09 2.27 2.69 2.99 1.54 1.55
NaHCO§’ (%) 0.24 0.33 0.95 0.52 0.41 0.23 0.57 0.61 0. 31 0.28
SO4 (mmol L~ l) 2.02 3.61 19. 30 9.94 5.59 2.28 20.00 14. 10 5.01 4.35
SOE‘ (%) 75.50 67.98 55.39 65. 66 68.38 70.00 66.73 67. 44 72.72 75.72
CaS 09 (%) 11.04 13.74 19. 16 15. 56 10.71 13.53 16.85 14. 34 15.23 10.99
MgSO¢ (%) 12. 11 16.65 22.18 16.42 18.91 15.30 13.89 15. 48 10.50 11.71
NasO; (%) 1.35 1.63 3.26 2.36 2.01 1.17 2.53 2.74 1.56 1.58
Cly (mmol L~ 1) 5.38 20.24 82.44 27. 14 14.45 11.88 11.73 21.75 9.07 5.11

1) C- Components, S— Species; 2) T— Total content.

, Ca (Car) Ca?* . 68.2%~ 87.7%, SOy SO4-
Cl ,< 80%, HCO3 Cl- HCOs Cl ,> 87%; CaSO4,
7. 46% ~ 29. 26%, Ca™* ., S04  SO4-
Cl S03~ , CaSOY , Ca’ : CaH CO% ,
2.09% ~ 4.86%, HCOs3 HCO;3 ; CaCOY ,

< 1%
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b. Mg : Mg** MgCO3Y MgHCO3 MgSOY MgOH* \
Mg \ (Mgr) 66.01% ~ 87.55%, MgSO3 MgHCO}
MgCO3 Ca
c. Na : Na" NaCO3 NaHCOY NaSO; Na*
(Nar)  97.21%~ 99.27% ,  HCO3 Cl Cl- HCO3
. SO4 ; NaSOs , 0.40% ~ 2.57%; NalHCOS ~ NaCO3
< 1%

d. HCO3 HCO3 86.92% ~ 96.60%, HCO;
HCO; ; CaHCO3  MgHCO3 1.56% ~ 5.78%
1. 54%~ 6.35%, Cl- SO,

e. S04 SOi 55.39% ~ 75.72%, Cl- SO4 :

CaSO%  MgSO4, 10. 71% ~ 19.16%  10. 50%~ 22.16%, Cl
SOs— | ; NaSOz 1. 17% ~ 3. 26%
SO% , Na~ ¢,
, 10" *mol L™ , ,
CaHCO3 MgHCO3 CaSO§  MgSOj ,
# 0% =6594ln (x) +0376) 4 & CaHCO; )=0 133Ln (r) +00T29 x
R=0) 6872 R-04326
;; 2o M J’zif::’;‘:::“ S onlb Bcas0! 2 Ll (1) -0 292
L ler T I g ver
g oo | x sor ¥t 'n:izoL:];r) -0 1477 ; o | x mgso? »0 ;8.3; ";35;]22
E
§
£ &0 § ]
§ §
3
€ sof g2 sl
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Fig.3 The concentration C of main species of chemical components versus mineralization M in groundwater
2.3.2 3a
M Na" M , Mg ,
Ca®  SOT M , ,
b, ,CaS04  MgSOi M ,
. CaHCO}  MgHCO? MgHCO!  MgSO3 M
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Fig. 4 Distribution of concentration (mg/ L) of the microelements and mineralization M(gL™!) in groundw ater
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6 (GB/T14848- 93)
Table 6 Standards for groundwater quality (mg L™ ")
Elements
Type BY Cd Co Cr) Cu Fe Mn Mo Ni Zn Pb M

3 <2.0 <0.01 <0.05 <0.05 0.1 <0.1 <0.05

< <0.3 1.0 <0.05 <1000
4 <4.0 <0.01 <1.0 <0.1 <L5 K15 <10 <05 <o0.1

<
<50 <01 <2000
5

5 - >0.01 >1.0 >0.1 >1.5 >15 >10 >05 >01 >50 >0.1 > 2000
1) . Bohn HL  1¥; 2)Cr 6
)
Cd Cr Fe Cd: 5 (>0.0lmg L™ ")
s , ,
, Cr:5 , s
3 , Cd Fe: 45 ,
( M) , 5 , 4 3 (<1gL™h
7
Table 7 Correlation matrix of micro— elements in groundwater
M B cd Co Cr Cu Fe Mn Mo Ni Zn Pb

M 1

B 0347 1

CGd 06422 0.3170 1

Co 08038 0.3920 0.6 4 1

Cr 0884 0.2337 0.6571 0.8622 1

Cu 09001 0.4056 0.6981 0.9008 0.9%01 1

Fe 09012 0.2884 0.6709 0.8880 0.925 0.9782 1

Mn 03157 0.2212 0.1976 0.2372 0.3475 0.3411 0.3560 1

Mo 0.7733 0.3394 0.6158 0.7810 0.7920 0.8268 0.8037 0.2499 1

Ni 03476 0.2071 0.2341 0.3104 0.3738 0.3864 0.3865 07063 0.3032 1

Zn - 0.0598- 0.018 2- 0.079 0- 0.080 2- 0.0779- 0.0833—-0.0882 0.0790 - 0.0340 0.040 5 1
Pb 0584 0.3656 0.4767 0.6414 0.6489 0.7186 06613 02217 0.7190 0.2307 - 0.084 1 1

:n= 109, 0.05 001 r 0.195 0.254
2.4.2 a.
( 4 , 7 , ZIn
M Co Cr Cu Fe M 0.80 ; Cd Mo
Pb 0.58~ 0.77;B Mn Ni 0.32~ 0. 35 b. :
7 , :(1)Cd Co Cr Cu Fe Mo
Pb, , , :(2) B Mn Nij,

) Ml'l Nl ” ’
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CHEMICAL CHARACTERISTICS OF GROUNDWATER IN
SALT- AFFECTED SOIL AREA IN QUZHOU, HEBEI

Li Yun— zhu Lu Jin- wen
(College " Resources and Environment, China Agricultural Uniersity, Bejjing 100094

Wu Jin— sui

(College of Basic Sciences and Technology, China Agriculiurad University, Bejing 100094
Summary

Hydrochemical types and main chemical characteristics of the shallow groundwater in
salt— affected soil area in Quzhou, Hebei were described and summ arized in this paper. The
data showed that the principal hydrochemical types of the groundwater were C1SO4 and SO4
— CL The principal cation was Ca™ , and the next was Na" . The results also indicated that
the mneralization and ionic strength of the groundwater in that area were high, especially
for Cl—= SO4and SO4— Cltypes. The mean mineralization of the groundwater was 3. 11g L™
with the highest reaching 17gL™". The SAR was low, so there was no sodium hazard with
the groundwater. T he SI data showed that gypsum and anhydrite were in an unsaturated
state, but calcite, aragonite and dolomite were in a super— saturated state in the groundwa-
ter. Except the main spices (such as Ca™* s MgZJr , Na', SOi etc), therelative concentra-
tions of complexes or complex ions, CaHCO3 , MgHCO3} , CaSO$and MgSO4, were high.
Among 11 microelements, the concentrations of Cr, Cd, and Fe in the saline groundw ater
were affecting factors of the groundwater quality, and deserved attention. The concentra
tions of all the microelements under consideration (except Zn) were highly related with the
mineralization (M) of groundw ater.

Key words Salt — affected soil area, Groundwater, Hydrochemical types, Hydre-

chemical characteristics, Spices of chemical components, Microelements



