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Abstract; Iron and manganese are necessary elements for human health, but too much iron or manganese will be harmful to
human’s health. It is well known that groundwater was the main source of rural drinking water in china, and iron and
manganese contents in groundwater have important effect on drinking water quality. Studies of spatial variability of iron and
manganese in groundwater are helpful for the Rural Drinking Water Safety. Mingshan county, between Sichuan Basin and
Western Plateau in Sichuan,China,is a typical low mountain and hill region. In this region,the Rural Drinking Water Safety
was still serious because of dispersed population, inconvenient traffic and information, undeveloped economy, lack of
infrastructure and so on. So that, spatial variability of iron and manganese contents in shallow groundwater in Mingshan
county were studied by methods of traditional statistics and geostatistics.

Using random sampling method, 56 sample points were selected in research area. Iron and manganese contents in
shallow groundwater were analyzed by atomic absorption spectrometry method. The geostatistical characteristics, spatial trend
and azimuth of anisotropic axle of iron and manganese contents were analyzed using the Geostatistical Analyst, ArcGIS 9. 0.
We created contour maps of iron and manganese contents for the study area using Kriging interpolation.

Traditional statistical analysis ( descriptive statistics) showed that the average contents of iron and manganese were

0.27 mg/L and 0. 10 mg/L. The coefficient of variation (CV) of iron and manganese contents were 52.12% and 30.34% .
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The iron content in groundwater was high in general,42. 86% of sample points did not reach the drinking water quality
criterion (less than 0.2 mg/L) prescribed by EU,25% of sample points did not reach the drinking water quality criterion
(less than 0.3 mg/L) prescribed by the Chinese Government and American Government. The highest value of iron content
was 3.34 mg/L,which was exceed the national standard to a large extent. In generally , manganese content in groundwater
was low,94.64% of sample points reached the drinking water quality criterion (less than 0.1 mg/L) prescribed by the
Chinese Government, and 100% of sample points reached the drinking water quality criterion (less than 0. 4 mg/L)
prescribed by WHO.

The geostatistics analysis showed that the trends of iron and manganese contents in groundwater were second order in
the east—west and north—south direction, the structure variability of iron and manganese contents was all larger than the
random variability , the spatial variability was obvious in northeast—southwest. . Spatial distribution characteristics of iron
and manganese contents in shallow groundwater in the research area were similar, it decreased gradually from northeast to
southwest , but increased near the town of Mingshan county. The highest value region mainly existed in the northeastern. The
lowest value region mainly existed in the middle and south. The spatial distribution characteristics of iron and manganese
contents in groundwater were closely related to hypsography, parent materials of soil,soil types and human activities. The
iron and manganese contents in groundwater in regions of glacial till and fluvioglacial sediments of Quaternary System
Pleistocene ( Q,;; ) were significantly higher than in regions of purple rock of Cretaceous Jiaguan formation( K, ) , Cretaceous

Guankou formation (K,,) and Tertiary Mingshan formation (K, ). The iron and manganese contents in groundwater in

—2mn

regions of yellow soil significantly higher than in regions of purple soil.

Key Words: shallow groundwater ;iron ; manganese ;spatial variability ; standard for drinking water quality; Sichuan Basin
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IO, AR BRIENE , AR 3R 15.4°C, Fgm Ul 35. 2°C AR R R 1500 mm, BF5E X AL S 1R #H5 B
B LU R [ B RS (48 L AR ol Ak S AU AR — i P [, b 3 P B e R A, R AL AR i o 3
NP 565 PR MR BR A R FLBK R IR E B DT X 2 T KR AL ) U, LASE DU R L
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A RALRBUK K B8 TR 8 B R K, AR5 E B K BE NPT FE R G TRk Ab EBON R
SRR A BN TR 8 O AR b 45 , HiE 2 IR R IRAMA K AT RN o IR

http ://www. ecologica. cn



2 WIEAR S 00N S R R T KR i A S (AR SRR 799

R D438, 0% & SRAH XTI IS , SRS , A 15 /K /K R R LI R Kk 3, IR R kKB
5 86% .
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1T 7K RAE S B E B IR 5 K SC BB 3 DA R R, SRFR BERLAIRE A 5 i
7E 1:5 J7 HT% P _E AW A0 S SRR A LB, JE AR BORE AR 56 1 EFANRALARIE SCHu B SR )5 , F GPS( Etrex) 52
RIBRBURBE SRR . EEREEWKIEH TR, 2 RIERAE, BREREE N 2 ~ 8 m, JE/KH3E L BUk , REEK
BEO0.6 L FISR 2R MURLAR R , IS BR 2 pH <2 1877, 24K K i 36 8] 28 A , /K RE R 08k R S B IR E R A
&K AR HER B 5 ( GB-T 5750-2006) , 5% JE T W e/ 6 e B s 7
1.3 Bk 5047

BRI R W G2 G0 . ¥ MG SPSS 12. 0 243647, ] ArcGIS 9. 0 k{447 2F
T T AR LA K 454 38 Kriging FE 781 T k8 TR S RS HEL R
2 ZERAHEITE
2.1 HEHGHAHT

MG REN, IR K RE T KPS EA T 0. 11 ~0.34 mg/L, SFH{E 4 0. 27 mg/L, kK
B, R X AR LR 0 P . 1E 56 ANKAEH, 2 B R B A 1 AR I K K R AR HE ( <0.2 me/L) BIAE S 5
57. 1% ;35313 B A S B A= 15 R K K BRARUE ( <0. 3 mg/L) BIARES 4 75.00% ) s 25 AFR E A A /NI Fp X
HEK R K 7K BRI FRBRE 0. 5 mg/L1*) [89.29% HRE s AF-A B R ARMH R KK R ESR ,10. 71% ke
R KA BT, H AR BT E AR AR T XA &, T kS B Rk 3. 34 my/L, K
] A 9 K K HEARRRE (0. 1 mg/L) 75 33.4 f%5 (% 1,%2) . IRRKEREH T AHESENT 0.05~0.23
mg/L, EH{E Y 0. 10 mg/L, BAAKFBAR, 16 56 A7KREH, 2 B 0k 3 A0 25 [ A 3% 4k I K K R R ( <0. 05
mg/L) BIAE A 10.71% , IA 53 A4 35 ORI K K RARUE ( <0. 1 mg/L) FIRE A (5 94.64% ™ A HyRE A 38
IR B T A A GO 9 AR 0 AR R K K BRARHE ( < 0.4 mg/L) FIgR A A /N 48 rh A K R o R Ak 7k
FRASHRBRIE (0.3 mg/L) . NESREOEE , FRXKEREL T K HEa BN ERREBIAT 30% , HFEHF
R T XS P A A R B SR R 0 SR | TS [ B 39 R R R R 3 K IOk i S B
EEBKINZR . 84 SBRMEARBERS R ESR B T s St , W =% Kt
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Table 1 Statistical characteristic of iron and manganese contents in groundwater

TiH FERE(n) f/MH Min HRE Max {8 Mean AL 5 R E CV SRR 353 P BE

Item Sampling No. (mg/L) (mg/L) (mg/L) (%) Distribution type  Kurtosis ~ Skewness
% Fe 56 0.11 3.34 0.27 52.12 FHEEAD 6.63 2.42
4 Mn 56 0.05 0.23 0.10 30.34 XBOER 4.89 0.54

(DLognormal distribution

®2 WTRPRRKEEEERRITER

Table 2 Statistical results of different Range of iron and manganese contents in groundwater

B R R sl i B L e
Range of Fe content Sampling No. Percentage Range of Mn content Sampling No. Percentage
(mg/L) (n) (%) (mg/L) (n) (%)
0.10 ~0.20 32 57.14 0.00 ~0.05 6 10.71
0.20 ~0.30 10 17.86 0.05 ~0.10 47 83.93
0.30 ~0.50 8 14.29 0.10~0.23 3 5.36
0.50 ~3.34 6 10.71
431 Total 56 100. 00 431 Total 56 100. 00
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Fig.1 Trend analysis of iron
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Fig.2 Trend analysis of manganese

2.3 EEBARIST

HRE ArcGIS 9.0 BRI b G A HEER T A FREE B A58 A2 5 22, RABRIRE RIS T L, B A% 1)
SR B RN B BRI X M R KR A B E R RS R(£3) . SRR, IR R T
KR & B s [E) AR S B A 1) REARAE , o BT R K B AR AR 4 510k 23. 33 km 1 21.76 km, Kl
Fifah 58° AT R MK ARk 23,32 km 117 11 km, KEh 501 K 66°, BIEk GE TR S BER
Jb——VERI i L3 R B s (AR S o X K skt 3 b TR 5 A 4R IR A 0%, B 1) 5 X 3
P4 1) R R R B R ) AR — B, B AR B X sl 34 AR VR VAT, R 80 32 40 5 U R B B 4 VK 4 I
OKTEH (Qu ) , T FEFBEE R ER ES R4 (K,) JEOH(K,) , FE=ZRL IR (K, ,..) HE
A HZ, REMBEREMEZICy/(C, +C) IR FRZS A4 R YR (FILE A5 R RS RS
BRG] , an S LB R , Ul B i BEALER 435 | 7 4 [ A8 S R B A K5 A, 0 el 4 [ B AR S0 40
S 2 () A8 SRR B SRR (B B 1, X BN RE FEAEE MR . NEHHER
FE,Cy/(Cy +C) MHLEF ARG A B2 RIF MR B, tWIE/NT 0. 25, ULHA AR B B SR ZU A9 45 A1 A 56
P 5 UEAE 0.25 ~0. 75, A B AA R 2 A KT 0.75, A B MAXRMERE Y, B TRaE
Co/ (Co + C)ES 7 46.29% Fi1 41. 47% , g v 658 BE 125 TR MR G 1 , 22 B Hh 2 () B AR G 3B 405 i 1 25 ) AR
SHRERK.,
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Table 3 The semivariogram model of iron and manganese content contents and its parameters

57 Range(km) DA .
T I R O T R KU g uger S e/
Items Model Trend effect KAl K . e : C, (Cy+C) Co/(Cy+C) (%)
Long axle Short axle azimuth ()
%% Fe Spherical model 2 [ 2-order 23.33 21.76 58 0.25 0.46 46.29
4% Mn  Spherical model 2 [} 2-order 23.32 17.11 66 0.04 0.07 41.47
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2.4 ZS[E SRR
2.4.1 HIouRE RIS ARHE

PR IR JE 4 T K 8 & B SRR IREBESOR 7040, 2 AR ILm Fa R B BRI S, SEX
( >1.00 mg/L) HBERILKIZFEN £ B £ —iir, 35 LA A0 DR BUZ R 7] TG e b X R A . 7E PE RS 36
)45 L EL SR BRI s Xt B T — MR R A AL, IR R B LA 0.50 ~ 1,00 mg/L X 38y 0 i) DU &) 7 )2 AR )
IS T X RS BA T 0.20 ~0. 30 mg/L, SRS BHAK; KX (0. 11 ~0.20 mg/L) H BAEH 75
X (E3),

W5 X IR JEH T K BT R 28 [ A A Al B 5 K 4R BRI A G sh E R R k. ORI
R 322 R A I AR SRR G vkt ) S KK AR ( Qe ) » HTE U B33 b T XU B A R AR, 388 o 3t
KE, pH BIK, R38R E PR HORIEA B T /Ko AT B T K KB R B A i . S 3585
T AZHE VLI , 76 B A0 1 )2 P AT R B SR M B, THZE KR 38 FE R R AR S F B B AR &
KA (Ky) JEOA(K,,) B=RABIB(K, L) FEOE HFBEURAKEEE L MPEEa L, 26+
RN L5, DB AL 3, A2 RUAGES , 13 pH 305, DR BRI RS R A HE TR K, BRI T3t R K o
BRE EAHXT AR . X508 40 A DX BRI EE DU 3R BB G vkt 4 S vioK DURR M 3 A X SRR S AT e 32T , &5
REVIPIFEL T X B K& BN B ER (B 4) , EPTHMSIEAR R IE T (T R) 2758
KT (b26.15) =2.626, P=0.013) , QFHERAEHTEERE , WF5E X PIFP 2 L IERAI—5 0 + TN
FHM TP KGEBAAEVNBEER S TRE, B IEpHRBERTEA L MAMKIERER TEA
T EE ORGSR WRBES TEAL(ERS) . HRONEREW T KESESLBEARRERE
IEAHRRR(R=0.42" ,n =35) ; TIEAKES 13 pH BEMBEHAHRXKR(R=-0.76"", n=35) ;3T K
BRERESH T K pH 2B EFRMAHXKR(R= -0.38", n=35), QFEVIRIARMIA LU B35 AT b DX 4t T 7K Bk &5
B, X AT RS Tk IR BRI K HR E N E S E R B K. & ILEIRG AR T R R,
BREER(2.23+1.22) mg/L(n=14) B BER TR TFKEEE (tus =5.78, P=0.002) K& &
AR R TS 7K B Tt At B 7K AE — 8 A2 B S B EL 3 B v gt F 7K TR AL

085 1 UK B TR BLR
Glacial till and glaciofluvial
sediment
0.65 - O FeA8 Ry
Q Purple rock parent
VVVVV ? material
...... =
2 045 \
F oot A
[ 10.11~020 ﬂ \
77 0.20~0.30 0.25 | \ T
7 o
] 0.30~0.50 \
0.50~1.00
. B2 1.00~2.00 0.05 N m =
F M
0 6 12 km Il 2.00-3.34 e n
[ S
B4 R K T K8k
E 3 HF KRS RESMERE Fig.4 Iron and manganese contents in groundwater in different parent
Fig.3 Contour map of iron content (mg/L) material

2.4.2 4T RZ B ARHE
WF5E X2 H T /K4 & B BRI B i ARHE R A 5P R — 3, BEER B ARSI KREE, X
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B i TR TR I R P B AR A A DL RS A
BEMAE AR, T KK A B R
FRIEMARXRKR(R=0.57", n=56), fEEREKX
(0.18 ~0.23 mg/L) HBAEARILIHF I & B & —
L I LAZ XA 0 S BROAR [6] 74 7 2 AR, 245 1L &
YRR 3t DX S I T 5 A AP R PG R R T K B T
REEST0.08 ~0.10 mg/L; 4 & B ARG X 4K (0. 05
~0.08 mg/L) HBLLE A RIHR A £ IR — i (18]
5) o PR B XS R I i 57 T A 20 L2 9 AR T 1K
FAZKIK AR HE (0. 4 mg/L) o

[ 0.05~0.08

BFFE X R T 7K o5 B 2 A 25 9 43 1 B How-010
FE R R NS EREE X, O% Z o150
A, 76 D R A KA A K U B I 4 :

16 DI, H R 7K PR A LG , T 4 6 5 B R 4 7 X )6
S5, A K B R B ([ 4) , 2 4L S A A
WA (TR B) , 2 R BE AT (foer = I3 TR AR (mer L)

Fig. 5 Contour map of manganese content ( mg/L)

2.206, P=0.034) , Q:HERHIHTEEREW, SRA

Mg EREER TEOLHM T K M RERERREEZ KT (FR4) . MRXDITEREN, W KEEE
SHEAMEEBFEMRXKR(R=0.34" ,n=35); LIAMME S 1% pH ERFRMKKR (R =
-0.59" ,n =35) ;i TR F B ST K pH BRMARKR, HERREBEKF(R=-0.23,=35), @
ARG AR AT SRR &R0 5129 (0.26 £0.13) mg/L(n=13) , BE R THIFE K K & &
(26,18 =3.206, P =0.017) 5 & BARX B 75K BIREEA M T KZE—E R B SBE A B R T K
HITE Ao

R4 TRTHELBMT K. GEE

Table 4 Iron and manganese contents in groundwater in different soil

38 Soil #1F 7K Groundwater
LK e WK AAE Balt AR M
Type of soil No. pH Available Fe  Available Mn pH Fe content contents
(mg/kg) (mg/kg) (mg/L) (mg/L)
416+ Purple soil 20 7.4x1.1 22.31+8.42  6.50+1.42 7.1£0.12 0.32+0.10 0.09 +£0.02
HHE Yellow soil 15 5.7+0.8 80.33 +£23.44 21.21+7.52 6.8+0.9 0.82+1.08 0.12 £0.04
F {H F value 11.89** 7.23*" 6.01" 1.75 6.84* 2.25
3 4&it

(1) BREEERE, IR KB T K P B S BT 0. 11 ~3.34 mg/L, {75 0. 27 mg/L, BAKF4
1 ,42. 86 % FIAE AR IR Z MK A 15 PO 7K K BARHE ( < 0.2 mg/L) ,25% FRE RUR I B3R B 7 56 ) AR 35 1O
TKIKBRRHE( <0.3 me/L) s KIRARICERIISF ] B % & SR AR ™ B, b i KB 3. 34 me/L, T A= 1
TR K B , X5 12 DX F BN 38 A= 3 PR ACOK SR B I AL 3] . B 5T X =3 T K P4 & B4 T 0. 05 ~
0.23 mg/L, F-3J{E 9 0. 10 mg/L, S AAIK B, 94. 64% [ k15 B 3 B AR 16 Tk K K AR #E ( < 0. 1
mg/L) , A HORE R R B T 57 T A H UL #A) A 3 TR K K B HE( < 0.4 mg/L) o

(2) FroE X2 3 T K A8k il & BAE AR VS J7 1) AR 6 77 1) 2 2 B — B #3400 , el 23 (8] B A 58843 5
A AR VRSB R REREAR 2, R EX HRERILTF W S B S —F, K
{6 X H BUE PRSI & IR — , $ 2 B MARIL 1 P BB , 44 L B S B BT
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