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J& SRR G F KT 50 em ZE 47 TREURE | (37 R
It B KR, WITCTE K R ) 5 1% 3%
SERIT | — BARIE B KA LA 50 em 2247, e o
W1 K SEACHE R 5 S BUK RS K AR
FRHEATHUORE T FH SR AR 2,50 14 1100 58 b ()
TR AR A A 1 AR 45 ) RN RR 1 1L 1 68 Y8 R
(MRS EER ), EERGEFEE W EARZE I e
XF R TR AL BEAT SR B SRR EER AP Rk

b YT ] A VR T A P B U A v
LR, PATPRES B GB/T 8538—95, 4 kR &
MR A2 T SR LA R A I A ) RS D 3 e 3 Ry
JE - WS | R WA v | AR R D S R
M5 ML HE 4% pH DO Eh 45 2R H1 75 [ 1 1 i £ 2)
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3.1 SHEHE

TRUL = 1 Hby DX 23 A7 0 b T ZKORE R 3 A
ARKEHE) 8.32 mg/L Z M8, “FHIEEN 0.34 mg/L,
XFHE Y E 2006 AR AT AR 0 AR T AR K A bR @l
7,352 A T OKAE AR Ik 174 A, HEER RN
49.4% , TEIZ X 9 A Hiu % i 3 ] 0 A7 76 T 7K S B b
PG (1), RZ X T KER TS Y 8o, 3L
oh B LTI R R K B S Gl R T R AR AR R
By B 43 5135 66.2% 1 0.67 mg/L, A 9 A~ X 1 )
R E (3R 1) R HEAR AN BRVL = P 3 X 45
TR T KGR TS AR BEANT . MRS ARZESTLT >
> M > 28 P> BN S BRI >TRYIN(R 1), ARIE&
R KBRS 8 i o, b Ll R KRR B
A, I8 0.67 mg/L, 1158 BT R ACER 1Y 24 &
AL, R 0.07 mg/L, 1 TR K4 - 35 9
AH2E— B S, FRIIERYT = U b X M R K 4R
[ 53 A A AN Y 5 256 BT = A W DX b T it
IR SCHB A ERE, BRYT = A N b X M R 7K e i
R E AR BE LR ) M R AR AR SE P LR
AR EEH PG A A B L R AR Tl AR X & R Y
PR IX A K K R GERHEMEX AR AL ES
ARG e Ll b8 LA R PRI 45 Fr g DX A 7K &
SEy A X R B AR AT, A DU LA
BRI KAEAL T3 T K RGEMAMA X (B 1), BIERIT
AR U b DX R K R S Y 4 A 5 I X Tk
FERREE LU R I iR A2 HES AR DIAE G

F1 WIZAMEXETKHESE

Table 1 Manganese contents of groundwater within the Zhujiang River delta

Hh X B S () R (e HARE (%) B fH(mg/L) 5t /ME (mg/L) P (mg/L)°
It 101 34 33.7 7.9 ND? 0.29
il iy 71 47 66.2 8.32 ND 0.67
Al 37 18 48.6 3.41 0.003 0.39
HON T 68 22 32.4 228 ND 0.19
ol 20 7 35.0 1.96 0.006 0.38
VEDIT 16 2 12.5 0.73 ND 0.09
Rl 10 33 30.0 0.24 0.003 0.08
YL 20 8 40.0 1.82 0.005 0.27
EHNI] 9 3 333 0.33 0.005 0.07
=10 352 174 49.4 8.32 ND 0.34

H @5 E 2006 44 W KT K AR, IR F 0.1 mg/L A #AR ; @“ND” &R K4 BN /N F 0.001 mg/L;

@S PR ARAG 1 ok b B
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MR KR IZ S H AR il i, AR A A TS G i
25 BRTIR | BRVE = A o X R K 4R & = AR
AT HE S e L B O b SRR R S B A, NS G
SR RV, = A1 Y JR 5 b DX b T 7K & B 1 0 AT
3.2.2 BALIE R IR

BRI = fi b X Hb N K AL & B ok R
T T D DXRIT b, 3P T A 9 5 et R A R T I 5 T
Fr b DI 3 & B AR 38 (1 1), XA 5 3% X
(7 D Db T G P o N ZRIE B R T g IX

R2 WIZARNEXAIHRKEHESE

Table 2 Manganese contents of surface water in part of the Zhujiang River delta

TR HhHRA Mn (mg/L) P41 (mg/L)
1 LT R X BB AR 0.20
2 LT R X BRI LK 0.15
3 LT A X R AL L 7K Ak 50 KRG 7K 3.04
4 A0 LT R X 0 e A S 1 1) 0.17 0,58
5 LT R X O B 0.43
6 WLl B IX KR 0.23
7 At LT P X R L T A 0.35
8 LT =R ORI B LL K 0. 04
9 AT HERH X BRI B R AT 0.35
10 ARSETT PR SO A 0.16
11 I N AR A B AS 0.22 0.25
12 HRSETT B PURE L PIAS 0.24
13 ARSENT AT AR 5 iz e 1A 0.30

x3 HULBXANEEPEKENESE"

Table 3 Manganese contents of surface water and groundwater along two

sections in Foshan area

T T (mg/L) H 1(mg/L) H 2(mg/L)  H3mgL) H 4mg/L)
1 0.15 3.68 1.59 3.19 1.88
2 0.20 0.66 0.97 8.32 0.02

O 101 5 IR 4 SIS WA EE B 430 37m 47m .65m .86m , i1 i
21 SR 4 SIS AEE SN 4 m 18 m .22 m . 105 m.
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A B GHAT A B AR R VMG, o,
FE R X, RO 32 3k B0 Ak 20 LA v AR
FHT RS R W4 B, EE: T A XA
TARRGRI AN X, H AR S5 R 55 A A L 2L 5
AACIREE S B RECH R 1)4E BT L s A 1Y
Mn*TERAFTE , S5 T ROV 11 &0 A 0 T
ARMETE A ML A T S Ji DX b A1 3 Ak U
WM, T eI XIS T KRG
TR DX SHET DX S A D A B — T Ak 3k
ISR IR BDIRAS | A% X i 4 7 32 22
DL M2 T8 AR TE MRS 2 i AR K e ax e df 1
O 2 A A 5 (0 B A8 2 A5 3 T — 2 1 IE S ——
TR X A T K R R A T
KB MRAE AR DO B BARAL, EHE/NT 2 mg/
L, H b B A7 Eh AR 2 T ul/h T X
S KRR 1 52 56 2 R S5 SR # o COD (KT 3mg/L
BRI AR AR ARR (R 4) , BRVT =AU X R
K AL A IR Eh 5 VR B i 6 I B0 R i

X K PR B 0 X A A DR 7 S R
AR R (£ 5), A, ZXH TR cOD M
X 2R E N IEMHICCR (R 5),fE—
SE R B b Al (R UE B T % X R K ) R AR S R
BYEEESM LR KT H coOD 5 Eh 7R
BT IE A OGO &R, A A BR B AR AR TR & K
COD, Mk JFE I EEET R E = COD),
323 LEEEBR

A 58 )2 A HLTRI R B 0 22 /0 s g [ O
R KB R & O B S E AV A
Gyt 55 E TR G AR E M, RS ) 3
il 1) T B P T B A R U A FH 2 AR K T A DG B
FRORVIM T KPS SRS H FESE PSS
U A IE AR G OC R BRVL = A U1 It DX
KA Y B 55 2 M T O P B DX A v Ak A
ZEARK, P JE DR A Ak i 8 5 R AR T2
S3 A EOR T EOORG B A R B ALY B Ad i ER
B AT AR A U PR Bl R A A A TR SRR

R4 WIZAMNERBAMTRHESE

Table 4 Manganese contents of groundwater in part of the Zhujiang River delta

Hb IR Himg/L)  DO(mg/L) Eh(mV) COD(mg/L)
At LT AR X A LTS 0.78 0.59 -12 11.21
A LTI R DX R LS B AR AR 0.19 135 -1 5.44
LT R X BB AR 1.22 115 3 7.84
LT R X LT LBLR 7 AR A 0.54 1.53 0 4.91
Al LT U X R KA 0.31 1.20 5 14.61
LT IX L b ) 1 0.63 0.72 -18 6.76
ARSEW AL BN 0.12 0.96 1 3.77
A LT AR X LBtk I A 0.36 0.71 -5 11.21

RS WTKMATNEANSESEIENKFR

Table 5 Relationship between content of some inorganic components

and lead content of groundwater

Tii FEP -3 (80 (7] 75 it R AT R A
HCO5~ 0.379725244 v =102.81x + 134.8 348
COoD 0.437714344 y=1.8572x + 1.9362 347
DS 0.435778144 ¥ = 300.1x + 366.37 352
Eh -0. 15750144 y = -15.05x + 46.43 335
pH 0. 15479644 v = 0.2536x + 6.035 331

TE BUET7REN y R84 TEHLLL 7 1035 o RN B 5 0T RLAT 080 5 A
FABZH 30 A — 2 & R ; A A FOR K 0.01 ()
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T REAR i X ek 5 R P AT ML R A IR AR
N 7R AR KB HLS Fil CO,, I & fH 5 35 2 i
Mn* 838 JF A Mn?t 38 3 K8 AR H 3 AR K e
FREUN N ¢/ (1

MnO,+ 2H,S = MnS + 2H,O + S

MnS + 2CO, + 2H,0O = Mn(HCO;),+H.S

Mn(HCO3), = Mn*+ 2HCO;

T F B8 DX A i 3205 v A DU M e A e, HL A 55 SR AT AT
S-S BRI LA T A AR A R A IR
TRME & A R N, AR E A s W5 DX Hl R 7K R
FESHHCO, TEEMEBEMIEMLLR (£
5), SRAJIHLUER] T B S R O TS X L
KA B 1 A A S e AR

3.2.4 W F KR A

H R 7K R AR O A5 A R i Ml R KR T R AR
HEMEENRZ — MG T R KRR A
Bar K EITR R A SR MR =2 )z W
B o e R, BRVL = A NP Tt DR b A0 Ak vy 3
IKAR A5 1 B B 2% 1 P B X, AR L 1 T T DX % il 4
AR A 1 v A+ B AR e T B X (81 1)
3.2.5 B K ENR

Fr K IE A T B A PR ) b T K Y G RS R
£ A FKIZ A TR WK = 50 b A A5 40 URE A
W5 7K 2 B R K AR A A 2% BT R AHXT 45 5
EIZAERE, RZ, B KIZN TR A 2 o
W R SE AR & % & K2 1 H R K R 30 2%
T B IC R AR Sy ik, A SCHIE ST ROl
KR i B K )2 A R R O TR
JIT LA 7K 2 A 2 5% DX H T 7K 7 250 A i 52
M [ 22—,

3.2.6 ¥ F K&y B IE MR E AR (TDS)

R 7K TDS X BRYT = A 9 3 X 3R 7K 54
TR —E R RER] o TDS s, R WK
VWA S 2 B BHES | # HR K e e B 1
2 EAVIBRZS by 8 5 B A AR AR S K
J2 04 B 5~ W SR 500 R Al ke 1E MR K e 2 g
R KRBT T 2 RB AR U FE R Ak
AU R DX b K 52 R0 R e TR
FEMEAE T, A FieE i A EH S HE T
W2 56 590 5 4 2 X B T O 1 < ER AL 1 AR
Y A R B AT X N K PR S A AR S TDS £
TER R F I IEAHSCE R (R 5) A JHiE ] 1 Fk

HERE A 2
3.2.7 BR A

Hb T ZKORI 58 00 R B A% A X R T R AR W
EREFEZENEN, —MIEOLT 1R K04 B b
& pH HM M > HHEAE RS pH
A3G G L O BEE pH (AR, b AT
FI ARG VRS 248 /N | 25 T i B AE - 93 v i 5w
HEAHL R K A G I S5 GT 3R 98 b DX b R K
T AR A R Y] MEE pH E AT R K
i O B A IR /D A AR B = A T
AU DL B ERUE = AR N A B R T 3R A R R
B RIS 45 SR BBV = A D 14 Mn TR R BR
(LN T I A = T £ | 1 S £ 7 B
e BRVL =AU - 00 pH BRI 2L, 7300 A6
JEEAR R K Mo & 85 HRR WA R E
Y, 41 ,Mn (OH), ¥ B K,=[2%c (OH)]’Xc
(M), WL J2 U, 76 A8 % 8 A B 45 & S0 B 5
JEEHN R AT, IFTE 25°CH— AR ifE KRR
(Ksp A22) Bt b B pH EARIE 1, Mn? KT
RIS A 2 R R 1S DR 102 %509 AR5 DX HE R /K B3R &
WM pH HATEN R IEACER (K 5), 1
B pH A 2R M 57 X b N KAG A A A B &R

4 #5

(1) BRI = A7 1 DX b 7K B %8 75 2 7E AR K
) 8.32 mg/L Z 0], F¥ & E R 0.34 mg/L, B R
K 49.4%, TEIZIX 9 A Mg i BB A7 76 b T 7K 46
PRI | $% AR /N R % XA T 1 b T K
BTG YRR . RIS R SESTL > ili> ) > 2
P> 2N > BR V> VRN i X Ml K AR A o R G 4 A
EZ X Tk b AR B LA K Irab iy #h 2 HEZ& 1R 25 1)
HH

(2) 5 WA BR VT = A0 N b X M 7K B 55 1200 A Y
N F2AH AR R EE R A& MR K i B
fifg A | B W R E R MR K AR AR DA B K )2
A RAE ) Z X KW & 55 TDS .COD VA K&
HCO; #BEM B E M IEA KR, M5 Eh 22
FITRA LR,

(3) Tk B2 7K AN 5 BHE A N Ry i G AN il
BRYT. = A YN J5y 3 s X R /KA & B0 A, i IX
H R 7K 5 5 40 AT AT RS i) HL R ST b 26 K 7
(4 G T 32 R ST M 2 K 2 o A A R
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Origin and distribution characteristics of manganese in groundwater of the
Zhujiang River Delta

LIANG Guo-ling, SUN Ji—chao', HUANG Guan—xing', JING Ji—hong',
LIU Jing—tao', CHEN Xi', ZHANG Yu—xi', DU Hai—yan’

(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, Hebei, China;
2. Guangdong Institute of Geological Survey, Guangzhou 510080, Guangdong, China)

Abstract: In order to detect the origin and content of manganese in groundwater of the Zhujiang River Delta,
the authors sampled and analyzed 352 groundwater samples and 13 surface water samples. The results show that
manganese content varies from the undetected level to 8.32 mg/L in groundwater of the Zhujiang River Delta,
with the average manganese content being 0.34 mg/L and the standard —exceeding rate being 49.4% . The
manganese content of groundwater that exceeds the standard exists in nine cities of the Zhujiang River Delta.
There exists an obvious positive correlation between the manganese content and TDS, COD, and HCOj; of
groundwater as well as a notable negative correlation between the manganese content and Eh of groundwater in
this delta area. The distribution of manganese in groundwater is closely related to the extent of industrialization
and recharge, runoff and discharge conditions of this area. Redox environment, pH condition, total dissolved
solids in groundwater, property of the cover, groundwater flow conditions, and aquifer media are major factors
responsible for the distribution of manganese in groundwater of the Zhujiang River Delta.

Key words: Zhujiang River Delta; groundwater; manganese content; distribution characteristics; origin
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