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Abstract: Natural high iodine groundwater is widely distributed in China. In order to find out the similarities and differences of
mechanism of iodine occurrence in groundwater, the Datong basin and the North China Plain (NCP) were selected as

representative areas in this study.Groundwater sampling and the analysis of hydrochemistry and iodine species were performed to
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understand the groundwater environment and hydrochemical evolution. The results showed that total iodine concentration in
groundwater from Datong basin was 2.86—1 286 pg/L, and that in NCP was 2.40—1 106 pg/L. Approximately 50.0% and
49.5% of groundwater iodine from Datong basin and North China Plain exceed the national standard of 100 pg/1.(GB19380-2016),
respectively. At the Datong basin, the groundwater environment was characterized by organic matter-rich, alkaline, weak reducing
and Na-HCO; type water, which was formed by Quaternary fluvial and lacustrine deposits. Under this environment, the sediment
iodine was prone to be released into groundwater in the form of iodide and further enrich in the discharge area along the
groundwater flow direction. At the NCP, the six transgressions in the Quaternary leads to the alluvial-lacustrine and marine loose
sediments rich in Na, Cl and I. At the coastal area, the alkaline and weak reducing conditions in combination with low hydraulic
gradient were favorable for iodine release from aquifer matrix to groundwater. The main species of iodine in groundwater was also

iodide. The differences between two areas was that high iodine groundwater at Datong basin was mainly influenced by enriched

organic matter in groundwater system, while that at NCP was mainly controlled by iodine-rich marine sediments.

Key words: iodine; Datong basin; North China Plain; groundwater; controlling factors;environmental geology.
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gi, 2010). Fifi & £ £5 0 i i S0 , LB = () B E AR
P 3 U B3, 1995 4F & 2011 4F HF JR A 6 I 4 [H
LR = 95 9 I W 4 45 R R B, 8~10 2 JL 3 H AR
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Fig.1 Location of the study area and sampling sites
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Fig.2 Hydrogeological cross-section along the A-A”’ line of Datong basin (a) and B-B’ line of NCP (b)
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3.1 KL FARAFE
3.1 KE&EH K 2T KR A KAk 2= 4
ALEE 1, RE 5 pH R 6.90~9.73, L R 7K 5 ik 2= 55
BPE, B F oM Na', & &8 10.57~2 208 mg/
L, HWE Mg flCa™ s FEIE A HCO, , & i
1 181.3~1 842 mg/L, Kk J&: SO, F Cl . K b2
M F B AU Na-HCO,  Na-Cl LA & Ca-HCO,, H
t, Ca-HCO, BUKE B 73 4 T 45 #h i1 %% , Na-C1 2 /K
AT RT R R, T K ER L Na-HCO, B K
& MR K EE S TDS # ik 373.2~8 533 mg/L, 1R
L F 7K TDS 43 2% (Robinove ez al., 1958) , % 7K
(TDS<C1 000 mg/L) . f & /K (TDS: 1 000~3 000
mg/L)  F 4 E K (TDS: 3 000~10 000 mg/1L) Y
FE 151 43 510 R 40.79% . 32.89% . 26.32% . K 7] 7 Hi Hy
K Cl/BrE /R H I Bl R 171.3~3 725, 48 4k 3 il 4%
K.oHTEMANEZ WAL Y, T Kb E
TAHYL, KFER TOC i @ik %) 92.14 mg/L.

KA 25 o b R K Eh i Bl A —189.0~224.0
mV , T K H Fe » & & 4 <0.01~3.47 mg/L , H
i Fet & & o <<0.01~0.45 mg/L, & 4> ¥ &
Fe”" /Fe 4 lL1H N 1.00, K [6) 75 b T /K 52 i if J&R
W

T 7K BE A T W Ol 2.86~1 286 pg/L,
[ {E 4 105.6 pg/1,50.00 % AT ACEE Sl T 3%
FE] R FH 7K 0 s 1 BR A2 L 100 pg /L. A 23 i 2% 2 4
S RIS N A < R 5 N N SR o
F b TP T WE N 1.28~1 157 pg/
L, 1l K 50.89 pg/L, 10, ¥ Bk <<0.01~999.3
pg/L, BN 5.72 pg/L FE S LS & 5 E 2B
BT XRRWME 3, @i T K FZ A Fm Na' +
KX, Na ™+ KO B sy, o el vy

e 3 0] b8 K TR 43 3 R K RE 3 R RE IR I
FOKIE R R 325 (DK CREEIRE <50 m) 5
(2) TR A K CRAEEE FE =50 m H N oK 57K KK 1Y
B A 7K ) 5 (3) 7K 7K R FE T B =50 m X & 7K &
JK). K pH 2 6.90~8.54, L F B FHE 7y Na™ , &
oM 10.57~2 208 mg/L, FEHE F A HCO, , &
oA 248.0~1 842 mg/L, L Na-HCO, # /K Jy &, /b
B3 i A Na-Cl J Ca-HCO, Ik , TDS & & K
373.2~8 533 mg/L, ¥J{ Ky 2 834 mg/L, 2 fk. i [
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Table 1 Chemical composition of groundwater samples from study area
- K 7] 23 (n=82) L0 (n=96)

f/ME R ME Hh ] {E ¥ {H fe/ME PN r ) B ¥l

TDS (mg/L) 373.2 8533.0 1337.0 2 383.0 370.9 7 590.0 1 060.0 1240.0
TOC (mg/L) <0.01 92.14 5.45 2.65 0.13 37.90 0.86 2.23
Eh (mV) —189.0 224.0 112.0 83.06 —228.50 139.60 34.40 9.79
pH 6.90 9.73 7.82 7.91 6.46 8.79 8.00 7.89
K" (mg/L) 0.49 79.37 2.70 4.55 0.13 8.12 1.05 1.40
Na*(mg/L) 10.57 2 208.00 259.20 506.70 8.57 1 953.00 282.80 344.30
Ca*"(mg/L) 3.86 442.80 38.34 56.77 <<0.01 393.90 17.85 42.47
Mg*"(mg/L) 13.26 498.90 42.10 92.35 0.83 522.40 14.75 34.35

HCOgy(mg/L) 181.3 1842.0 519.8 615.1 142.7 916.8 366.0 387.5
Cl(mg/L) 8.57 3214.00 155.90 509.40 9.16 1 874.00 151.10 251.80
Brpg/L) 22.48 3611.00 423.00 801.00 16.46 4 035.00 381.20 609.60
SO,#(mg/L) 3.63 2395.00 196.40 523.10 <<0.01 2 159.00 84.45 178.50
Cl/Br(FE /R 1t) 171.30 3725.00 1042.00 1230.00 147.00 5637.00 937.00 1143.00
Fe y(mg/L) <<0.01 3.47 0.06 0.18 <<0.01 3.46 0.09 0.30
Fe*(mg/L) <<0.01 0.45 0.05 0.08 <<0.01 0.56 0.01 0.02
Tu(pg/L) 2.86 1286.00 105.60 230.40 2.40 1106.00 93.82 198.10
I(pg/L) 1.28 1157.00 50.89 168.30 <20.01 854.00 63.40 164.70
105 (pg/L) <20.01 999.30 5.720 46.08 <20.01 292.80 0.66 20.38

K ,Eh i fl 8 —140~214 mV, 1, & &4 11.20~
1187 pg/L,¥3{H N 215.6 pg/L. IR &K pH N 7.51~
8.55, FEFHE T I Na , 7 1~ 14.45~1 438 mg/
L, BZHEF A HCO, , &&= N 276.5~1 009 mg/
L,k Na-HCO, Bk 8 £, TDS & itk 477.4~7 106
mg/L, # {6} 1 796 mg/L, Eh i [l iy —81~224
mV, 1. & &N 4.43~876.8 pg/L, ¥I{H Jy 259.6 pg/
L. /K JE K pH 4 7.68~9.73, & % [ 2 1 [7 #E
Na™, & & 8 14.43~567.5 mg/L, T E P & T KX
HCO, , &4 4 181.3~918.3 mg/L, A Na-HCO, %
KA FE,TDS & & K 425.2~1 957 mg/L, ¥ {H K
978.1 mg/L,Eh i Fl & —189~204 mV, 1, & & &
2.86~1 286 png/L,¥{A K 250.4 pg/L.

A LUE R TR 25 AN [ R B b K K b 2
FAE L NaHCO, BUK Oy 32 . TDS % & 5 3L
KRG K >R AR 1 A2 A a3, ok 5 IR & K
=R 7 YN R VAV 1= B TN A =W 7B 2 D R A
TR, wd B 2 s 7K B O i D1 S TR R BE b R K

R A e R K
312 fALFRE AEIEEEM P KA E 1, pH

H 6.46~8.79, F bk = HS A L FHE T LA Na™ N
F, &R M 8.57~1 953 mg/L, ik b Ca® 5 Mg ;
BHE 1 3% HCO, 5 Cl, & &40 5k 142.7~

916.8 mg/L 5 9.16~1 874 mg/L, H:¥ H} SO 5
Ly T Ml DX 3 9T b X, K Ak 2= 28 7 By Na-HCO, &
Ca-HCO,Z #i 48 i, LA Na-C1 87K 32, TDS & &>
370.9~7 590 mg/L, {4 3 1 060 mg/L, ¥k /K (TDS
<1 000 mg/L) . f i /K (TDS: 1 000~3 000 mg/
L) FP & K (TDS: 3 000~10 000 mg /L) # k4
I3 M 56.93% .40.15% . 2.92% , H P ik K B R 1%
| A B = el NI ol O T R N L R
K JR] 45 Hb . MR KRR CL/Br BE /R FE 5 Bl ol 147~5
637, " I {E K BIAE 4390 R 937 K 1 143, 5 K [ 4
AHEE, A AL 5L CL/Br BE 2K L b (8] b $49 (5 #5AIK
TOC % 4 0.13~37.90 mg/L, 1~ 0.86 mg/L,
AL JE R K TOCAR T K [ & b~ 7K TOC.

Eh 2§ —228.5~139.6 mV , #fi T /K Fe , & &
5 KA 7 Hb A 2%, 8 <<0.01~3.46 mg/L , Fe*" &
A K ) 7 MW 7, o <<0.01~0.56 mg/L , #& b
- JE H T K A TR B

B AL R R K Tk 2.40~1 106 pg/
L, H {4 93.82 pg/L, H{H 2 198.1 png/L, Jt 5T H
DX PR A i DX R s DX KR {4
WA 40.14 .43.79 12440 pg/L, i JH H X 3B R 7K A
il 5 o (I {E A 465.1 pg/L, H 95.45% /KRB o 7%
FE] A FH K B4 s o BR 2 (100 pg /L, DA LRI Hb X 28 9%
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Fig.3 Piper diagram of groundwater samples from Datong basin (left) and NCP (right)

U b T KL dE 5 BT, 2 V0 N L X T KA
Tl R B B e 1 106 pg /L. A A6 S T i s R 7K 7k
272 3 20 Na-CIEL (] 3) , Ik Na™ \CL 7]
Na ' (Cl DX Ifih T /K il &5 4K <7100 pg/L . 100~
300 pg/L LA K =300 pg/L, S H K4 59Kt
R KAES P T & <<0.01~854.0 pg/L, H{H N
63.40 pg/L,10, ¥ B <0.01~292.8 pg/L, H{EH N
0.66 pg/L, AEJ i F K hUEAS EELT b E.
32 EFHH
321 XE&H# FEEFH T R REE A
16 4~ (F 2) , &3 £ o3 40 B $2 BUAL R 1 3 4> 0 3k
W+, 535 R FyF, Fy, 23 5TERRIE ] 75.9% , g
g B 7 AR R I AR B

F, 5tk R 4 38.1%, H#h TDS Na® | Ca*" |
Mg*" .Cl" \Br .Cl/BrEE /R H L K SO B F 8 faf #8
L HS PRI B N RN 28 & &1 T,
K3 R )k Gy 2 A T K b B B B ik
JE K TDS{H L Ft, Bk F, 0138 78 KR 75 i 2 K
25 13 it B 1 78 R v A A

F, BTk % R 24.8% , 7 35 fr 38 =5 19 /& Br .
.. \HCO, . TOC.pH, 5 F, ¥ & IF #] 5t %
A, 5T1 FHERTFEF, b, 20K F 2 b Tk
il EZ LT B WA, e TR L, T &
it 5 HCO, M TOC & & Z [H] £7 75 1F AH 6 K &,
& B K TR) A M i Ml R K B A2 e R K b
HCO; . TOC & w8 52 m , /[y W+ F,
feRH T oK E T e T B R .

F, 5T ik 2 13.0% , A 48 3¢ &5 19 4 Eh.

Fe A} 10, , i Eh X 10, 5 F, 22 IEH K, Fey
5 F 200 5, 2 R K S T A R AR
W JE A BEIE, MR K SRR G, T 1O,
ARG, 156 B M 7K SR Ak 3 R BR 358 5 1 iR K R R R
i DL R MR AR 0 IR AE T A TR AR 1% Tt A7 B AT 1)
T A A A FR B

322 fdeFIE  AEICE R 2 006 R E(E
164~ (58 3), & B4 43 B S JUAS 21 5 A~ A JE
T FF, Fy F, Fs, 23 51 Bk % ik 2
80.6 %6 , [l Ff: RE 4 i b A 32 J A% i .

FioiBk AR 254% , P I, T (Eh.Na' .,
Cl" \Fey LA K Br I F# i i , Br Eh 4N 5 F,
EIEMK,Na . Cl Br ¥ 5 KARE L.
JEF R Pk PR RN T MR, B
KIFE AR B2, Ty T &5 Na' [ Cl ¥ JE
EIEAESC ULUIAEAL R T IIE A% Na  Cl %
il P FOAR R R &

F, 5T Bk % 2 24.9% , B F 2 #7 8 & 2
TDS .Ca®" \Mg® .Cl .Br .SO/ ¥ 5 F, & F
A, W F F AR R MR K 5 U0 Y 2 Al iy K 1k
AR, R B TDS 5 F, 5 0F A 6 % B % N 7 45
AN RN P &R (N

F, 3k %0 12.3% , HCO, 5 TOC W 7 # fif
B LE, Bk R 10.0% , N 3k fr 3 Y 2 CL/
BrE /R 5 pH, Hd pH 5 F, 5 Uk K&, Cl/Br
IRHE F5IE AR ¢, pH A H 4, CL/Br BE /R H
M, % T RN T KB IEAE R s sk R R
8.0% , Al - # fif ¢ i 1Y J2 1O,
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Table 2 Matrix of rotated factor loadings of Datong basin and NCP
K[ 4 b £ 46 I
HF
Fy F, Fy F, F, F; F, F;
TDS 0.937 0.307 0.091 0.420 0.873 0.154 —0.018 0.129
Na' 0.820 0.481 0.142 0.736 0.477 —0.178 —0.203 0.265
Ca?' 0.793 —0.347 —0.214 —0.204 0.709 0.463 0.344 —0.144
Mg?" 0.955 —0.079 —0.044 —0.149 0.829 0.373 0.180 —0.124
Ccl 0.958 0.149 —0.040 0.621 0.610 —0.133 —0.090 0.253
Br- 0.704 0.527 —0.205 0.569 0.605 —0.100 —0.337 0.108
CI/BrEE/R It 0.696 —0.246 0.278 —0.042 —0.051 0.018 0.919 0.091
SO2 0.921 0.139 0.090 0.008 0.926 0.063 0.009 —0.040
HCO,~ 0.180 0.842 0.194 0.100 0.230 0.769 0.126 0.020
TOC 0.037 0.825 0.205 —0.041 0.045 0.858 0.020 —0.052
pH —0.449 0.546 —0.078 0.083 —0.386 —0.420 -0.640 0.114
Iu 0.112 0.850 —0.294 0.891 0.004 —0.014 —0.029 0.166
I 0.055 0.796 —0.415 0.913 —0.002 —0.021 —0.027 —0.038
Eh 0.047 —0.108 0.700 -0.738 —0.020 0.064 —0.070 0.371
Fey 0.074 0.177 -0.814 0.620 —0.015 0.150 —0.048 —0.053
105~ 0.085 0.225 0.615 -0.019 —0.015 —0.051 0.047 0.939
FRAE(H 6.102 3.970 2.080 4.069 3.984 1.973 1.596 1.275
Tk H( %) 38.1 24.8 13.0 25.4 24.9 12.3 10.0 8.0
FIFTTECR (%) 38.1 63.0 75.9 25.4 50.3 62.7 72.6 80.6
e YN o N S e = R T
2 A 2 A P
0 5 10 15 20 25 0 5 10 15 20 25
1 11 T T T T 1 11 I T T T
1 13 }—‘ , L 12 ] 1
Fe, 14 ; Fe, 14 i
HCO, 4 ! Na 6 :
TOC 5 i Cl 9 E,i 1
pH 3 , Br 15 l
Eh 2 : Eh 2 i
o, 22— 1 10, 13 ‘
TDS 1 l pPH 3 I :
Na 8 : Ca’ 7 :
Cl 9 l Mg* 8 L |
B 1 1 s 47— ‘
Br 16 : SO; 16 :
Ca’ 6 : TOC 1 —l—l l
Mg” 7 } : HCO, 5 :
Cl/Br 10 : cUBob— | !

P4 ORI 2 M () R AR B S (DS S a0 A IR

Fig.4 Parameters clustering analysis of Datong basin (left) and NCP (right)

33 BELSW

331 KEZH h RS HRCRECE4) 0] 5,
M EBE B <10 B , RSO BT R G R h
3K, H 12141 Fey . TOC.HCO; M pH; % 2
2 .Eh.10, ;% 32%.TDS.Na' .Cl .SO,> .Br .
a” \Mg® L Cl/BrBE R L5 128 vp K [A] 45 b T
KI5 T &R, JE R BE A/, A i KA 2
M H R K S B OBUR S 5 TOC \HCO, 7E A

— e 51 A R BUR S
F.OE 2P 10, 5 ERE B, W10, SR
K E AR JE LA AT S A 328 S R K 3 B B
B UL TDS, il F KK b2 f R 2 5 K]
W T ai R — 2.

332 HAFERE BEEREDIMRE(E L), 4K
] BE B <<15 0, AlH 16 AR 326,55 12K 1.
Iy .Fey .Clm .Br .Na ;% 22%.Eh.10, .pH;% 3
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2. Ca® Mg . TDS.SO/2 . TOC.HCO, .Cl/Br
FERW . Hp s —RpXREERNNED 5
T, RFLITEFH T KPR T 5 1 AH R B &,
g5 R G0 Rt b B B8 R AR —
VEE — 2R 5 A b IR R K B Y
RO I OK T E PR TR &
TOC . TDS, J Bt T K K4k 27 1 72

I3
ED'
ES

4 Hie

4.1 HTKRSGHIEIRS

RIF 2 3 B IR G Tz k& KN
LS 2 0 1A O RR W, AR DT AR e T B
W T 2R WAk 2 A L 0 B K AR A AR N e 4R
B, A T T2 O T Y ok R e, Y K A A ) Bl
ZFETT, B K A A ) B T R VD 22 I TR
T A WU A LT R A (R JY 4R, 2012). T
Yy B AR b DL RS O 32 e ) L, g
UUR ) X5 DL & A HIL ST (9 RG £ U0 B Ry 32 0 A
K JE DU vh S R A A v ¥ 55 (2017) B 5T
¢ B K [) 40 Ml 0 AR v B B Ol 0~1.78 pg/g,
24 A 0.29 pg/g.CL/Br BE R Hb AT LA e H b
AKX R B R A P B SRR R KX R R
UEAE BRI CL/Br BE R LU AR, b 7K 625 4
T ug AR H g, L CL/Br BE /R b/ (Cartwright
et al., 2006) . 7E7KF-J5 [a] b, 435 b 111 i s X bR
KRN X, R K LA UEAE FH O 3 3 K CL/Br &
IR SR, Hiemis 2 3726 (&1 5) , 5 Z1 1
e A P A AR bR BIOAS BT E A TR K 5T Bl K
WO W AE B, B L XA K (T, <2100
pg/L) 2 4 H s HE T X, MR KO R AR
55, b 7K Cl/Br B /R b 85 1l | X I HL % 303
Bl 45 /)N, 78 J% Wk 4 A 3 5, ) T 4t R oKk ol
HE M DR, PRt 2 b b0 B B O R R GA
1286 pg/L. 16 3 [ b, C1/Br FE /R H BE % B R
TR T B AR, 3R IR 2 MR K AR JE M T K DR
P B s 20, e 2 K BT Bk i A2 e me g L TR
I R K TDS & i Bl R A 3R R AR, & Bk
J2 MR 7K 78 vk 4 AR T A

A b S b 5 g SR A 28 g 22 kit TR
VU DX A Vg RO T RS 2 58 3 U R TR, U K
st DA R A ST R AR S L IXC, AR K B R Ak Y R
T, T M DML TR K S K R G2 B KR G R A
W 2T Na™ (CL, XM T I.Br ¥ ®

4000
(o]
o o
3000—oo
£ Cé% ° oo
% @ o
2000k% &€
R
O
(o]
(@]

5 ORI ZEH 50T S 5 Cl/BrEER IR
Fig.5 Todine concentration vs. Cl/Br molar ratio of ground-

water samples from Datong basin and NCP

(7K 5% #f ., 2000). i M T 98 B 110~410 m %5 fL
(CZ16) DL h AL 528 0.03~2.54 pg/g, Hr [A]
B4 0.25 pg/g(Xue et al., 2019). A b B 1L A b
X R GG 0 3 AR A 6 3R 0 A BE A B
AP 3 L 28 & HE A Ll H DX T K S A
P F 100 pg/L, 78 piper =k P EE AT 1 .
I X CE3), 7k 2z 26 =2 Na-HCO, 5 Ca-
HCO,h &, Cl/Br B R ik sh 8K, e 7T 3k 3 201
(I 5), 2 BT LAl b XM K B8 A FH SR 20 22 02 it
Hi X, AT A K T 3 — A T 0.3% (3K 5%
i, 2000) , A, G 3 B DL A B KR A
HEMEAE ] o 3 (B 28 AR FIAAFAE T 2 1R K
AR SO TR I M DR AR AR B A I LIV S K
FEA K, JE T IRZH T K RE T K EEAE
PRIV B[R] K0 A 3 3 ) oy A SR A R A4, HLR
K27 KIS (Xing et al., 2013). H#1F 7K &l
i Ll AT A N W T e T ik 1106 pg/L,
piper =£EF F W (K 3),1,>>100 pg/L A F /K F
BAER T IV X, KA 22 2L Na-CL Ry 32, ]
Cl/Br & /K b i 2 ¢ 1l A Xk 22, o 147.0~
2 547, Y& B 1wt 4 (2018) I 45 ) 13 ¥ K 1) C1/Br B
IR A 1280, #h v i K M O 51.1 pg/L(Li et
al., 2017) , Vi WAV I iy X b R K R B 2 A T o 3h i
fiff 3o R DA SO A TR A R AR M T D Sl I 22 R AR
7K & B 045 U b X TR Hh Na  CLLBr & &~
W L [ B T K Y S B R T U X AR

BT BT A R (3R 2) RIARI T R T oK T
KT 5 Na . ClL.Br[W £ ¥ F i H 5 F, 2 IE A
K, BEEESM(AOERPI,. 1T 5 Na.Cl,
Br B S8 W FEAE — 25 v, U0 W] 48 b 7 J5 U Vg b
X AR R K e B Y R AR R A R 2



R A ARG T TR K T S A R T K A 2 A R A Y S )

if‘%/J\’IEl ‘)EE’mKIE_/}'(IHKIM(ug-L") D O
u] < A <100 %
o O A 100300 = H
- oo A w O
. R
en
g 50 D
8 o
=
AEDAO
P D O
0t 4 E@ }T%ﬁé@ Eqa @8 (e)
0 500 1000
HCO, (mg-L")

317
200 5 5
(o} [e) a
(o)
100 oo ©
(o]
(o]
(o)
50 & > )
-100
o o
(o)
-200
. o o . (b)
500 1000
I (ng'L™h
100
KR, %41, (el oo
<100 ’ Qg
o O  100~300
_ O O =300 o0
E o)
550— o
Q Y0}
O .
o

K6 KR #5420 R R K pH (a) (Eh(b) T (o) & &5 1, & &k R KB (D KFE Z S5 4I0F R T K S-S TOC &
HCO; &K R (e) KR 4 =23 F /KBRS TOC X HCO, &K R

Fig.6

The relationship between iodine and pH(a), Eh(b), T (c) of groundwater from Datong basin and NCP; (d) variation of TOC

with HCO, with different iodine concentration;(e) relationships of total iodine with TOC and HCO, contents in three

kinds of groundwater samples in Datong basin

S, 76 D B VE 0 38 I SR BT R, DU AR b e AR Y
Te] iy T K rb R T, A A T T M XK TR 3 K v
S at TR TR U AR T KO AR TR A VR T B i
T i X Na-C1 % i R K .
42 MTKEZBIRHERIER

I W 58 XA AR 27 143 53 B L K TR) 2 i K
pH 24 6.90~9.73, 4 Jt °F J5 # '~ /K pH y 6.46~
8.79(F 1), =35 ¥y fw ot v , H & #tdth 7 7K pH T
i 1m) T 8.00 (&l 6a) , K [A] 7 b P 5 73 #r 45 2R (3%
2) B R FAKEME pHYENF F,HhHS KT
F, S OE A OC, KA 45 S 8 R i 45 2R (K 4)

[ A 2R W pH 5 S AE W] — 28 b, S g ¥ (2017)
ST AT A B, KA A DO B s el b pH Y
A k3 R 7.18~9.60 , e f e M A ML R K 3R BE
et [#] R Xk AL 1% WA B BB 7 e ARG, DA AR T D [ A
BT R Tk

K ) 4 o b 7K Eh o —189.0~224.0 mV , 4
JESF R R /K Eh A —228.5~139.6 mV (£ 1), —#
187 2k O 30 D 1) T K PR AR LT TR K L K TR
F M8 JEME TR (& 6b) |, B b S R I F o B 4
(F2)FM, b T/KBBYE Eh 2 70AH ¢, /I8 5
Hi R 7K FR A AR R R KR A 5 AR L iR
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Hb R K RS R R R OE L G R (A
6¢)  FEf A T 1 =1 2R T, RV ALY A7 B 5 38
PLT S 3, K [A) 4 H 5 A2 A6 B 7 4 B 4 3 (3%
)R L5 WLER—KHFd, HH 86, 2
MBESER (OB B RS T ER—Zh,
Ui A R K IR A TE S 5 Eh A O¢, HLAE (i ik
JE IR BB ) T DL T TR S AR AE

KR 3 T K HCO, /% 2l 181.3~1 842
mg/L, TOC % & 4 <0.01~92.14 mg/L (% 1), &
W5 HCO, & TOC &FEY R IEME LR (K
6d). I A R B K R A s AR e S A
LI, FEE AR R TR B T R 2R R A
BB & W20 % 9 LA HC O, BYIE RAFAE T3 F K,
FH M K HCO, & & B 4 HE SRR
5+ A HLT R & i B A E 4 A C P (Sheppard
and Thibault, 1992) , £ Ut B h A BT 43 % T2 L
HCO, Y& £ v £ B & £5 2078 A PLBT E Y Al iy R
TR, A T K R A B T K A BL R LA K
HCO, &&Ttmimiste , HF i R (F2)RY,
KE T K 1,5 TOC X HCO, [FAfEH T F,
FH=F5HNTFFR2EMXXER, ZHEREIMT
(B4 EW 1, . TOC 5 HCO, [RFEHE —2KH, L
b SR Y U WY K [ 2 b R M R K 2 TOC#5
il AR T ) b, TR A 3 R 2R A Al R K (K IR A
K UL B oK) i S i 5 TOC K HCO, f£
FEIEA E 6 & (K 6e), 24 TOC X HCO, & & & JF
W, R K PR LA e BT WK IR A K K
AR Hs K BT R 6] (B 45 ] s A R KO Y
2R . R dEF R R K B HCO, &&= R
142.7~916.8 mg/L, TOC & & & 0.13~37.90 mg/
L& 1), 5 KR 4 A, 4 d6F 5 b T oK
HCO, & & LA KA HL T & 2 8 AR (& 6d) , & i
R oK TOC & & H K F 7.60 mg/L H Z 4
T 2.50 mg/L Z W, HCO; % & ¥ {% T 650.0 mg/
AL HCO, o F A LM, 5 TOC W8 i
FOM O Ul B AR G R K BB B O S
MR K A AL BT TG K

5 %5

7S 303k B[R] 48 3t 55 AR AU AR D BF S IX,
AT R ) A A R KO B AR S
R (DA 3% 28 1 1 b S5 g S0 4 m] 0, K [
kPR T T TR R, R S A LA T R

J2 R WL R AR B TR A Y M R AR 0 5 AR LT R
H 2 DU 20 5k 28 D5 19 7S OO AR 1 15 b 2 b s AR
LI TV SR 1 5 N | 0 i S 3
(2) MR8 K Ak 2 5 AE 0T 0, — 35 359 o0 O Bl 1 O 38
JEAY H R K ERBE , BAE R K R B LU R B X
Wt A7, {H K [A] 35 i 5 A s R /K DL Na-HC O, B 7K
F, A b JE L R K A Na-CLEL K S 325 (3)
ZEAA BT AT, K] b v MR K T 2
S AR RN o TR [ A =R 2 A W €
T 32 B phy T AH M 2 I
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