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Tab.1 Chemical characteristics of shallow groundwater in Datong Basin of Shanxi
s
S - ﬁjﬁ/,l *&/J\ﬁj if&j:ﬁ,/l iﬂ?jkﬁigﬁj\ﬁ it/ %
(mg-L7%) (mg-L7") (mg-L7%) EH BofiH  AWEH O BAEE

fitp 101 0.013 80 0.000 2 0.2950 86.20 6.90 3.93 2.97
2 101 1.085 00 0.160 0 3.9100 58.40 24.80 10. 86 5.94
it 101 0.070 60 0.002 0 2.300 0 82.22 15.80 1.98 0.00
fir 101 0.000 26 0.000 2 0.002 1 100. 00 0.00 0.00 0.00
TDS 100 1 182.700 00 349.000 0 7 391.000 0 64.00 21.00 15.00 0.00
SRR 101 398.400 00 104. 000 O 1 742.000 0 70.30 19.80 9.90 0.00
pH {H 100 7.870 00 7.000 0 8.880 0 95.00 5.00 0.00 0.00
THBR £ 101 9.530 00 0.0300 92.550 0 86. 14 6.93 6.93 0.00
T AYER L 101 0.049 00 0.001 0 1.1850 99.01 0.99 0.00 0.00
A 100 0.087 00 0.0310 0.620 0 99.00 1.00 0.00 0.00

. <0.002 #0.002 it
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Tab.2 Chemical characteristics of middle and deep groundwater in Datong Basin of Shanxi
; 32 A
feE 4o R R e ﬂjﬁ/_l *&/J\ﬁ_/l ff&j;ﬁ_/] fg?jk Jﬁ bty ,};g‘,g b/ % .
(mg - L77) (mg - L™1) (mg - L") T BOEH OAEE BAEE
fifp 40 0.041 00 0.000 2 0.3100 67.5 12.5 16.04 3.96
F 40 0.850 00 0.200 0 4.450 0 80.0 17.5 2.50 0.00
it 40 0.024 00 0.002 0 0.150 0 92.5 7.5 0.00 0.00
i 40 0.000 22 0.000 2 0.000 5 100.0 0.0 0.00 0.00
TDS 40 871.200 00 367.000 0 5 813.000 0 87.5 7.5 5.00 0.00
S 40 291.400 00 100. 000 0 1 435.000 0 95.0 0.0 5.00 0.00
pH {4 40 7.930 00 7.000 0 8.6300 97.5 2.5 0.00 0.00
fiFfR AR 40 4.410 00 0.090 0 30.470 0 97.5 0.0 2.50 0.00
WAGER SR 40 0.047 80 0.000 6 0.653 5 100.0 0.0 0.00 0.00
A 40 0.201 60 0.077 5 1.860 0 87.5 10.0 2.50 0.00
TE: <0.002 4% 0.002 i},
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2.2.1 # S B9 — A 2 = AT Fff ;0. 05 ~ 0.2 mg/LiY
RIFIGEHEZ LB K B S B IE A N A& E XA TP % B — il 2L 1L B

0.013 8 mg/L, A4 0.295 mg/L; K F0.2 mg/L
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Fig.1 Distribution of arsenic content within shallow groundwater in Datong Basin
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Fig.2 Distribution of arsenic content within middle and deep groundwater in Datong Basin
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Fig.3 Distribution of fluorine content within shallow groundwater in Datong Basin
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Fig.4 Distribution of fluorine content within middle and deep groundwater in Datong Basin
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Fig.5 Distribution of iodine content within shallow groundwater in Datong Basin
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Fig. 6 Relationship between total concentration of

arsenic and pH in groundwater
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Fig.7 Relationship between total concentration of arsenic and sulfate content ( left)

and nitrate content( right)in groundwater



- 64 - oR Moo M & 2017 4§
M8 FTLUE H, KIF] 25 s i S oK gk, RS IR,
035 035
" s ®E R e c&E HRE
7 025F 7 02sf
0 . a0 °
&g " g :
;:"T 0.15 F g 0.15F
K 1> E *
oosk ° . 0.05F n"
ég“;_ S S Y I L ! 1 MM‘.,Q—I—I—“_I
2 2 4 6 8 10 12 = 0.2 0.4 0.6 0.8 1.0
p(Fe)/(mg-L™) p(Mn)/(mg-L")
B8 MTAKEMRESHESE(L)NEIE(H)WXRE
Fig.8 Relationship between total concentration of arsenic and iron content ( left)
and manganese content ( right) in groundwater
2.3.2 & Cal, J5 A1 s 425 il 3tb 7T 7K v 9 & it 22 AR Y

R 17 8 e 3K 2 200 A AR A b R R AL S
TR UK B R B A 3 A O BIFR#T
Ko BEA LT KALR TR, Bk v 0 58S T e R
KRR HE A K Z T K G R
BIEaH @5 LR BA K. XA
(6T A B AR X, o2 7 - SR i Al X, 322
1 F IR TER UL S0 S iy IR B 85 553 , 1% 3 v
HKEPETR S AR . @R AL ZE R AT R
7 e i S 2 A i A A P AR 8, 2 e s T KB
R — A BB R AR B R e G A T
FERR T K, SR JE R R T o e i IX s 3448
T KR A, 12 30T 3 3 B H M T K2R TR 4 i
LT R, TDS {HZ KT 1 000 mg/Lo MR
K RRE RS pH A2 B ERYIEASC (& 9) | F it
K pH (EHZH 7.5 ~8.5,

4.0 e
Y .
S3.0F s HERE * *
o5
g tot, e
i 2.0F " ] 0
< R
4 L 0‘“ on ¢
1.0+ ¢ L3 W ,‘ §‘i’ : s
. A i%‘:"om.‘ ‘E. .
o, *% :Il KA . .
0 1 1 1 1 1
6.5 7.0 7.5 8.0 8.5 9.0
pH
9 WTKRRES pHERXE

Fig.9 Relationship between fluorine

concentration and pH in groundwater

PUER, Bl R 7K AT B B2 A 39, 38 1 ¥k
JE SRR I A L AR SR R (J&]10) 6

5
- . B
4 oo o
P s HEE
e .
5803— * *
= | €,
i 2fam *
= IS N .
*
1_0 »B‘m“: ¢ o . .
- «90 P 7 °
*
0 * te * ¢ 1 I M 1
0 100 200 300 400

p(Ca*)/(mg-L™)
E10 #TARKRESHEEFRENXR
Fig. 10 Relationship between fluorine concentration

and calcium ion content in groundwater
s R T K K A2 28 B 2 0 HCO, ~ Na
RUK, v EE R HCO, a] A2 46 W 3 3 e fk v
AR 1) .
501

40 . .

3.0F * *

p(F)/(mg-L™)

2.0

1.0F

1000 1500
p (HCO))/(mg L")

E11 #TAKEKESERBREREFRENXR

Fig. 11 Relationship between fluorine concentration

2000

and bicarbonate ion content in groundwater



1

SR, ORIE At T K SR B A R S AR AT R X ) - 65 -

2.3.3 g

HRAf A T RURRAE B e 1L 38 3l DL KA 15 32 B
V18 28 SRR A 1 A8 A, R [R) A 0 355 D 22 L ok 43Ry
WATATE BT AT 4t A e 0T T A T
AN AT M S R BB, A T &t
TR+ a2, AR RS TR A
A%

A [7] 7 4t 38 2 A3 A (181 5) vl DU, 3
S5RZH W06 (E 3) MRAEL, A E ' X S
SR AR 3 B X AR — B8, 40 A T K [ 4 3 v
P BRI b B M L o 2 X MR KR B
G, B E e SR SRS R, A
BILTE 75 30 22, W B A A% BB 0 3 i, 7 3A JR IR BE
ST BE R A AL S i AR AT LR L R TR A
(A 3t T2 i 500 4% 14 RN b T KR B ) B sE T T
R EENE,

b HR S S B 11 2% VR A A 3 B R
et s SN R 22—, KR ZHE T T 5
KR A, V8 7K 78 A A A5 ik 5 AU ) 5
BT DABRIRAES i FREE . i R 85 A R 86 1 T 2Lk
AT R T K R TR T
BT, RHIEH RGN T 5 m B E Hat K
WUES T A
2.3.4 #E

AR ZE R 0T LLF K R A AN 18 2 1R 2
KRR TR E R KRS ER R & A AR X H
it 30 mg/L B AE H X AL, RIZH KSR L
(BL NP AiE B XA S B R 1.3% , Pig 2
KBS ERERANTE BT XU /D, R S SCHR B RE R
X AT 22 il AUIE , 258 12.5% ~45% A
TR IR Y T K. N TR (JRFE B
B i BiF ) AR HLIE S & R A, A+
5 e A L FOE A, — B W Am ) Fn A P
W — BB AR WD AR T i A A8 B Y R
h A K B A S KIE ;s T —EB 5 W bk + g
RTINS S A K2
TR R e A R 7K . PR, BB it P o s o
A B O 2O B BOR [R) A R oK i B
Py FERE,

TRIZHL T /KIS FR AR AT , B 5 ABE X ARl i Y
A AN, A ] BE 5 K HE I T B e T Y
TR K I T I3 7 W K IR AT YA Ko

2.3.5 TDS

KA A ZH T K TDS (K F 2 000 mg/LL
HKIAT 3 A, 403 TR T R BAR R R 0
S 7 R Be— RN 0 — . PR R M K
TDS AT 2 000 meg/L [ X 35, F A7 4 v oy F
KM, T RS2 AN o 4 35 2 oo
Jo T K LI e, TDS [ R 154 /K3 ]
HVEHEAR IR &, A R 3 T K3 v 2
X, 8 TR (— /N T 5 m) , 2 R e fF
FHBFN A7 7E AR AL %, WK R4 I 1 S
{ii 398 (R ANV AT /K 7 AR H R TDS
AR
2.3.6 R2mRE

KT A VR T K B SR KT 650 mey/IL Y
XI5 FA A R BT L, TV 2K
A LK AT IR B BRI 4 A K 380, 3
JPE A 2 A Dl Tl FIE 3 5 K A
T, SO T KRR TR s @] fE S R oK i
TR 3 R T K 3 1 ks I 7 i K Ao
BB e, WK TR S5 49 1 B T T R
SRR T KA %

SRR R K SO AR e o R
o 5 R L M T BRI VA U A T L 460097 % I
25 TS O B P50 ok 0 SR 3t F /K AT (o
TR e B X 3R 4 U -, £ K K £
M A I WAL A SRR FREE 5 T HE B 9 B 4L
HEAM T E AR TS5 AL , pH (IR, DA T 5 7 1
VR AN, R 45 B ph AL A& A28 IR B 45, -3
HF ACRE R i UL 1 55— B T B T 86 4
pH (L% B, B8 13 T 725 4549/ 80 34 B8 5 18 36 /K o
[ pH {8, A 73— WL

3 T ARRERXK

3.1 MTRKRESXEN

Pt R R R ER A AR ER (TDS | SR
A8 AL I & R ATRHE, R GIS 23 [|] 73 A
IHRE, ¥ BN 25 SO0, AT R[] 2 1 4 J2= T 7K A
R JE IR K B XA
3.2 WMTKRESK

TRJZ 3T K o DRI (18 12) R, K TR
T AR AN 38 E XA TR [R] B IR A P KT
ZNE RS B I EREE N



- 66 - S RN ES I D T T I 2017 4

HIE
o s \ )
WEom . Ll A “
R e d amem L Emew /
n  TEe N\ ewma . RS CORTAT e
T s\ X mk,
PO " ST N
( 5 ( o v LN P . / 5
sra s N - - ¢ ~
- . o - . W <
—_— AR L 'K, , Xy BE RS
\ JITWE (" == Eﬂﬂ(ﬂa
A S A 0. —/a‘% <
W f 4\ ‘“ :
; ;4 [ .
0 20 km e S - . o
[ ; ) ERE

[]asuK [ gEx [0 Aeux [l R REARRAXA% [7] MR [ ] RAEAME

E 12 XE&MEEMTKEREXX

Fig.12 Quality division of shallow groundwater in Datong Basin

SHR G, B AR A G USRI 1738 km?, A B R AR 21% . 3EH
PG b, L O 164 km®, b A R R DN A D R i L R g B 1 R E
2% o AIEEXALT A P IR AGE T IS L, R KRN R I A L, AR Z 4 123 km?,
VA A A VYRR B SR Bty , 2@ bR e h i S A SRR 59% .

Mo X fif 5L, TDS #,Aﬁﬁﬂﬁliigj\]u FEHL T K BRI (] 13) i, K IH
JEFRAHIRER , AR ZI 1 228 k', (5 435 b 4 1] FEHORRANTE B XL T At o AR B 5 A 2 1L B

[ 18% i&iiﬁﬁlii%ﬁ?ﬁpﬂ[iﬂ@%lﬂi, SRy, R AR LT i, ALY 115 km?,

)8
Om@m AW
N i ﬁ*/) 4
BEOR e . N o
REEFE L ) .
i ‘ e ERem o ENeA /
®E - THE \ e \ L
O WM e ° S\ kA \/j s klﬁlﬁ-
shsle — ,,T\\Eﬂﬁﬂﬂ K J‘/\/‘/\/’\ (\/ -‘\ . . BEE . )
w . > . . . \,,,\ﬂﬁ;ﬂ@ii\ .(\‘\
HES )
° . B /R
it m{m
0 20 km ¥ °
I \ FRE

[EaK [0 wEax [ faxx [l R R A KAL 7] Atk [-] RAEAAE

E13 XEZMHREMHTRKREX K]
Fig. 13 Quality division of middle and deep groundwater in Datong Basin



1

L SN E % R N R

VB3 A U PR i B i X - 67 -

5 A R TR 2% o ANIE B KA T A P N
T8 LA L BA R B — 7 R B IR OGS R R
JRFBHLIX., EBRARAL S A B R AR SR (TDS %%,
TARZ) A 274 km®, 5 254 A FR Y 4% o &R
IX 37 T AT EL X A 41 BB 3L 350 M £ 1 s e B
WA E B2 —H, HALZ R 924 km? | (5 73
BRIFRIY 13% o3& B A T A HRHB /3 X, i A
29795 652 km® , (5 75 B AU 81%

4 &k

(1) K] et 74 e 2 DX = A 1 B (1l B )
P17 5 3t Jo] e i TR = R KA S
AR B A AR, 5 7 AT A AR DR PR 5 o e ) e A 9
BT 3 BT AR R TR A Y i B K A DR RRALE
XU R oK pH (BB, SR s mf R
JK B IR AR R AR 5 AR, AR A B R
ARFNAH AR 78 B 7R AL Tk 3R B, Ui 3 J53A
BEA AT TR A i E A s R R K B
R,

(2) K[ 7 b 2 FK 322 53 A7 7E A AR AL
0, SR S 1 1) R 2= R B LA R OK &
ST PR B R A . OB i B
PR JE 0 DX PR i R 3 T 7K, 7R T g fel 2 1
P R TR K R P AR s R
XA T e (I X, 5 R UL A 3¢, IR AT #h B
P S PRI Pk U R R s B A 28 A e A
VE I 2 e i T KO U R R

(3) W5 50 R BA AR YE, 24T 1B
H MBI B o Bt i S IR E R
T R e R TR AR Y A M B P R MR K
U 2 1) e AR IX 2 B T 4R A8 /K 3l
R TR T R AU e g A I 2 il e
EMHNRZ—.

(4) RN KA E B XA TR [ By 3y
(RN IR STENVRE DN ¥ By NIV e NI
JEEE N = PR S, 2 2 AR 4 0 A B
A RE PEPESR AR s AN IS B DAL T 2 P AR R AN S
B A L K F 3 A P R 1 Sy e i, AR
Ao i X O g T, TDS 25, Jey i s X 6

Rl P2 FOA R AR 5 AR AN B XA I L IX 20 o
SR 20% o R )Z 3R KRR AN E X AL T
o rp R B A O 2 LN BTy, 2 2 bR 414y
SRR s AN TE R DA T A R B AR AN S X AR L L
BRI L —af P B O R i SR i X, 2
HERAL AR IR IR R (TDS 255 M AN TS B X A
ANGE DX 2 A S TR A 6%

S 230k

(1] SRR AR/, Tk ki, 5. 1L /S 2t T K05 Y i 4 77
BriR]. KI5 : (L7945 BT £ B ,2015.

(2] 2%, F=8 5008, 5. I8 R a R AE S IRADK i
G4 R B TR A 5 [0 ] o I 90 R 2 2% 3K, 2016 (3)
180 — 182.

(3] AR, ok, koK i, 45, K IR 42 %™ 5 Bk b X i
KB S AR 2 R R YRS [ R T RS 1L 08 45 57 e
fz,2015.

(4] EJAH, AR B2, 5. R IR F b st 7K o e i e HC g
FEBFZE[T]. #E LR ,2010,37(3) ;771 - 780.

(5] i A, XA LA B K R 2 T KA BT e
AL T[] E b B A ,2015,2(8) 225 - 30.

(6] BT WL, AT, 45, U 1 XK SCHb BT B4 45 b o
VA ik —— DAL 50U L X O [T ] o I 5 9 A
2015,2(8) :1 -8.

(7] XBSthm, A 038, SO, 45 S = A b DX R B A A D0AR
B SRS [T]. hE A A ,2015,2(7) 45 -52.

(81  #hisi, et e, S, &5 L P /S K A b T K 9% 8 % L3R
358 15 U A VA [ M. ke s 3t Rk, 2000.

(9]  ¥h&. KRIFE M FKRAKA A GBAFFAELT] . 58 2
5H5%,2008 ,31(2) ;138 — 146.

[10]  FHgse. (LBA 5 Ry B b X B s K 9 T A B g [ T ]
S TR PR, 1997 ,22(4) 1145 - 147.

[11] T, JHakte, skaE , 45 KR &bt T oK dh i i) A8 4%
A0 B SEHLRITEIE [ R R« Ll 76 45 b 5 R 45 [, 2008.

(12] FE#HE RERE, THOTC. (7K [ & it R oK b i &
SER A KRBT [ T] . 7K 3¢ b Bt % b 5T, 2005 (4)
65 -69.

(13] el M, A dkee, 5. KIR Zbap | 96 b 28 b 5 i A2 25
MRS [ T]. M2 R 2% ,2007 ,14(2) 1225 - 235.

[14]  ZE5KH, SRAEWY, EAEH, S5, sy Mok o o 3 iU L By A Al
WS BRI . FFEEART,2001(6) 44 -46.

(151 BN 2R, SR, 55 K I 430 4t 10 Rt T /K 9 40 A 5 A %
TE GRS ] . MR I ik ,2014,33(2) 1154 — 159.

[16]  ZI%, 2R 8. IR At v St T /K K Ak 2 REAE B L Al A
[J]. s BRI 4R ,2012,31(2) : 106 — 111.



- 68 - S RN ES I D T T I 2017 4

Distribution regularity, origin and quality division of high arsenic,
fluorine and iodine contents in groundwater in Datong Basin

HAN Ying, ZHANG Hongmin, ZHANG Yongfeng, ZHANG Xin
( Geological Survey of Shanxi Province, Taiyuan 030006, China)

Abstract; In order to analyze the distribution and origin of arsenic, fluorine and iodine in groundwater in Datong
Basin, groundwater quality zoning was classified. According to the latest series of test data of groundwater pollution
and the previous research of hydrogeology and hydrogeochemistry, the distribution of water chemical characteristic
were compiled, including the contents of arsenic, fluorine and iodine in groundwater of Datong Basin, to reflect the
spatial distribution regularity of high arsenic, fluorine and iodine contents groundwater in Datong Basin directly. The
reasons for the formation of the high arsenic water were discussed through analyzing the relationships between pH,
sulphate, nitrate, iron, manganese contents and arsenic contents. According to the relationships between pH, calci-
um ion, bicarbonate ion and fluorine, the causes of excessive fluorine were analyzed, and the similarity of distribu-
tion and origin of iodine and fluorine area was pointed out. The study results show that the surrounding strata with
high arsenic and fluorine contents are the primary sources of arsenic and fluorine in groundwater. The specific lacus-
trine sedimentary environment provides the primary geological conditions for the enrichment of arsenic and iodine.
The increase of fluorine in the northern part of Datong Basin is related to the moving of fluoride ion from the cohe-
sive soil to the aquifer, because of the drop of underground water level. The high fluoride contents in the central re-
gion is related to the soil salinization. The lacustrine strata in the central region with rich salty clay is the primary
geological factor of iodine enrichment, and the stagnant conditions of groundwater flow in alluvial depression area is
the hydrodynamic factor of iodine enrichment. The intense evaporation and concentration under the dry climate con-
ditions is con important factor for forming high fluorine and iodine contents groundwater. Based on the content distri-
bution of the single component such as arsenic, fluorine, iodine, nitrate, nitrite, TDS, total hardness, ammonia ni-
trogen and so on, the authors carried out the quality division of the shallow and the middle and deep groundwater in
Datong Basin by using the spatial analysis function of GIS. This paper would provide the geological basis for the de-
velopment and utilization of the local groundwater.

Key words: arsenic; fluorine; iodine; distribution regularity; origin analysis; quality division of groundwater
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