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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] Due to the limitation of terrain conditions, the ecological environment of plateau valley cities is fragile, and the strong
human activities have had a severe impact on groundwater. Iron and manganese ions have become the main contribution index of
super—class III groundwater in shallow groundwater in Xining, a typical plateau valley city, which seriously threatens the local
ecological environment security .and the health of residents. The distribution characteristics and influencing factors of iron and
manganese in shallow groundwater in plateau valley cities are deeply explored in order to provide technical support for the
prevention and control measures of groundwater pollution and the alleviation of water quality safety problems in this area.
[Methods] Based on the test results of hydrochemical composition of 144 groups of shallow groundwater samples in Xining city,
combined with the geology, landform, land use type, hydrogeological investigation data and the influence of human activities, this
paper studies the distribution characteristics and influencing factors of Fe and Mn in shallow groundwater in Xining city. [Results]
The over—standard rates of Fe and Mn in shallow groundwater in the study area are 20.98% and 9.79%. Compared with 2012, the
contribution rate of Fe and Mn ions to Class Il groundwater increased by 2 and 3, respectively. The excess rate of Fe and Mn in
shallow groundwater of construction land is 1.4 times and 3.47 times higher than that of other land use types, respectively. There are
36 hydrochemical types of shallow groundwater in the study area, and 21 hydrochemical types of groundwater in construction land.
Groundwater with high Fe and Mn is mainly enriched in HCO,—Ca-Mg type water and HCO,-SO,—Ca type water. The migration and
enrichment of Fe and Mn ions in groundwater are mainly controlled by oxidation—reduction environment, and have no obvious
correlation with acid—base conditions, except for the properties of overburden, ground pollution, groundwater runoff conditions.
[Conclusions] The increase of Fe and Mn content in groundwater in the study area is mainly caused by the primary sedimentary
environment, while the increase of Fe and Mn content in shallow groundwater in local construction land is caused by the primary
sedimentary environment and human activities. Therefore, it is necessary to monitor the Fe and Mn content in groundwater in
construction land for a long time and formulate corresponding management measures to prevent the increase of Fe and Mn content in

shallow groundwater in the future.

Key words: groundwater; human activity; distribution characteristics of Fe and Mn; influence factors; hydrogeological survey
engineering; Xining City; Qinghai Province

Highlights: (1) Based on the test results of hydrochemical components of shallow groundwater samples, combined with geological,
geomorphic, hydrogeological conditions, land use types and human activities, the distribution, source and influencing factors of
shallow high—iron and high—manganese groundwater were studied. (2) To explore the impact of high iron and manganese
groundwater on ecological environment in typical valley cities of Qinghai—Tibet Plateau, and put forward relevant management
suggestions.
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BLRIER, NZRTE B A 0 B8k L R B HEORT R
SR T UL k| BB T R, J2 R K
RO Y FE ORI (SRR M A5, 2018; B R AL 4,
2020) . A HI5 Y, W R A HLER (Zhai et al.,
2021a) F1% (McMahon et al., 2019), £ S EH T /K
HH R RN T R B T o AR AR B R R i
A2 5 BUK, S T K 5 R L 2 T AR A
AR, P Bz S K2 AE S Y B . T
IK B AMEHE S DL BT 7K ) S A e i B 5 4 A
F R (Ma et al., 2020) .

e B T K AR A b A A Tz, iR TR
(McMabhon et al., 2019; Degnan et al., 2020) . BXH =
XK (Dippong et al., 2019) . EJJ& (Vega et al., 2020) Fl
HrE (Jia et al., 2014; Wu et al., 2020) . =856 )Z
Hi T K20 A AR I BRI (5K, 2014), FEH A
AR, AR BRI R o AR R T AR . I
B TR e A R 7, S8 A Gl 1 R AR 4R (AR IS5 45,
2008; Carretero and Kruse, 2015); i ot E 4 =S
Hrp e EE, SRR T WA 4 AR O (Singh et al.,
2010; Farina et al., 2013) ., EEKFRE R/ H E K
{Secondary Drinking Water Standards: Guidance for
Nuisance Chemicals ) 14k . 508551y — 105 44, M
& A ERAE 20510 9 0.3 mg/L Al 0.05 mg/L; KR
SR AV AR AL FRAE 2351 )2 0.2 mg/L 1 0.05 mg/L;
A A BOK PR B E A 0.4 mg/L, SR T
WEFE K UK TPk Y 2 i 0.1 mg/L 23520 JL
fab, BAARRI R ) ats . LA TS A R 5
EAEIR 25 (Ying et al., 2017) . " EHL T 7K b
T RILE SR BRAE A 0.1 mg/L, PRt K o s 2k
FE G 2 R Fe>0.3 mg/L fil Mn>0.1 mg/L.

T 9 e SV DA L BR 0 5 =7, S R R A 2
B URIX (Xu et al,, 2009) . PG FHIEE AR
JE, REBEBOA . &V HSUER G, BT IS
MR 3277 DR Tl e bt , 29 6 e I N F i %2, A
AT IRIAE 2 (SR, 2015) . B A
25 50% [ F 35% (94555 T /E D T 11 (Pan et
al., 2021) o B Tl BRASE A T A6 A B A AN
R, T /KPR R PG 7 T n] 4R R 0 T & 4% 4 A
AT EER AR (A8 g TR A E R Ge i R i 1 08
AP, 2018), SR 52 A K PRI ZR S0, 12 DXl T 7K 8
FIARIRRSE 0975 e R ZEMPREE, 2013) 0 2012 4F

TE “ PG Hb X = BT T /KI5 B i A PRy 5 H
R RN A 2 e P 3 T R 2 T KK B A
BLFE bR, X =M T K DTk R HE 44 4 Sk E
5 F5S 9(XIFHHSE, 20169), Mi%E H 7E 2019—2020
AR T R KR i 3K SCHE B A 1 H Ak PR
HE TR TIERZER T KB EINZEHTKE
FETTERIE bR, DTRRREHES 0 BN E 3 FIEE 6, DTk
RHEEZ A BT 2 2401 3 44, Wik N ES RS
% MR R IE W AT . ASCEBET T RN
ST X, X H PR J2 T A FR AR A Y A A RRAE
S R R A TIRA ST, I R X4 3 R kTS
YL 55 V4 F5 it S 5% i AL oK K T 22 4 ) R I R
X

2 WEFEIXAR

2.1 kR4

PO 77 T R T R R R B K 3T (Gao et al.,
2019), HiFHAAHR 100°54'~101°55'E, 36°13'~37°25'N,
TR 7679 knn®, 130T 78 e S AR AR (181 1), S KRN
B, PR 4%, vHdb s AR B AR, MK 2200~3000
m. WFFEX AT 43R 1 DX (A 45 g L Fe g DX AT 255
JRIX, e — A~ LR 5 T A Ik T . A2 b IE b
HhJZ AR A AR R G244, % X R K AT R 4
PAHICE IS FLIUK | RS A 2B FL IR | R R R
FRAUBUAW K FA ZEBUK AR 12K 5 Fhi2 AL,
PAHICE ZSALBR K T2 43 A5 T L i Rk D S Tl 45
SEJRIX, F DU DU R R A 2 K R (& 2),
A TR F2 2 5 55 IR o0 A IR K T I S OH S
FOTIERERN T . T 2B s RO R BRO0 A1 J2 h, JE Al —
A AN L AR I 0 HE AR X5 N7 A 7K SCHb R BRI,
WA K SKA B B VIR TR R 1R A
BRFLBR K B TRP R HER, HIER. B
T R A K R R, K 2 D T A
TURFP A . b, TR . Je K, FEERA
T RSB A AR TV T R R [ K A Bk
iR £k A R A TR K B R AR, A TR L
ey FEBL, EKE A EEE A E A AR TR
IREF B B A MK FEWAET -
Bz XA SR T A Je AR s A RS R A S
AL L B FIG 15 LB, RN SR KM 25 R
K5 VR )2 32 50 A 78 VG 7= 11 (A P 38 K2 AL, 5k
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O =20 A >lLs

B Fe<0.3, Mn<0.1
IR
Surface water Fe>0.3 =
m Fe>0.3, Mn>0.1\*7 W
2. LTS G U5

Potential pollution source

A LAl
Industrial and mining enterprise
o A5 G
Agricultural pollution source
(Rey ¢
Sewage treatment plant
3. A R
Land use type
B e i 4t B ot
Land for construction Forest land
I s (SR E S
Cultivated land Grassland Bare land
4. JAls
Others
W X 5 0 S (Y T
Boundary between mountain hill, Profile line

valley and plain

1 PSR 5 Gl S R /KRR i (o

Fig.1 Potential pollution sources and groundwater sampling sites in the study area
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Fig.2 Hydrogeological cross-section of transect [ — 1’ in the study area
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ZEEREE/NF 5 m,

LU DX 7K 3232 KAEIK 38 AN, AHAR H
X B A PR R ZROK A2, TFVR I A J7 1) 1) T
WA, LAIR PIE i A i 5 T4 XK 2L
P2 WK AB IS X B X #h 25, 55
HMERR 3 i Bl 4552 KABEAK A B AN, DL IR I
KB T A FHHE K A B bR, DN I) oK Ty 3% B —
FEAE 5%0~10%0, Hiu T 7K ¥4 H VT 8 0 K2 TT 25 b iy
Z LR IIE R BORHEM, 20 AJEK T, R
B e A AR AR R, R O = A TR
MR KN Ko AIFST XS EL A AR 2 R e R
KBl SRR (2 TER T4 ), A5 1R B
R 5.9°C, A ZE KA N 1708.4 mm, AEF 34 [ K
R 393.6 mm. KM X B AR FEOK A N4, 4
60% 7 7 H . 8 HF1 9 H (Fan and Fang, 2020) .
2.2 TihFIFARB G AN KIENIFE

Wit o P B R T 2 R K i 5 B A 1Y) S
i, V9T 2GR PRI AC, T A R A R, DA
2008 41 61.02% b FHE 2018 4F 11 72.11% (4= 4
I, 2020) o PG 7SR — > S AL AT A5 BT, AT A
VSR A T SR A, U R AR A R
7K (Olmos-Trujillo et al., 2020) . R & Ay AW, P
T MR R 2R RO R 71%, o
MBI b 5 40V Y 72.79% ) R £ #i5 H Hb
(5 26%) (Lietal., 2021), 3% J#fih, P
i, (BRI IS, SR ER . (F
V48 - Hb R S AR ) (2006—2020 4 ) B A £
PR RN B R b RS B K, FEANRE
M) A= A PR S HTER T, 3 B FF AR R R . IR}
Fehb A HLRIFTEBE, 2010) o 5T Ak M IX 45 55,
ENOHE, SR 2, A TR IX, LAEHT,
FOANERT %5 Tolk ) X, AR 36 ¥5 KR Tl B KK
Heh o PO TN A ) 4 2 B B AR X AL ()
GEL5E, 2019), kT AR X KRBT, 5%
W XM B, RBIX k= 58 5 B HE K R GE, A & 0
2 {4 TG K G A7 A
3 HmEITE
3.1 HmHRESLE

2019 4F 6 A & 2020 4F 7 A 3ok 5 R K
i 27 4, IRJE MR KRS 144 4 (& 1) Horp, d&#i%

FH M FURE I 43 50 R 4R T 30 ZHFN 39 2R 2 H R K
FE i, MR TR 1 43 R AE T 26 411 35 1% )= b
TOKEES, BHSRAE T 14 4R 2 H T KRR . R
FE R M43 T 5 A B 16~20 4H, RFEF IR 4~
56 m, £ TR A M E E, KA 38 R AR
3~45 m, RAEEEAEKNMILL T 1 m A4 . REEFER
HISEWE I 5 min, HEABAETE 2.5 L S R O
b IR ORAE I v [l SRl 2 B R K SRk S
IS W rh ot Y SE IR W AT T . R A
Z: BRI R SR SR /K K 56 5 7 ) (GBJ/T 8538—
2016), /K& . pH {H . Eh, DO ¥k #3715 2]
SRFE A B AT XA TS YR LA 1,
3.2 HIESW

BAE MR R G E M G ik 1B
FHEFRIN I3 ZEE MK F 25, R MapGIS67
BRIk S i 4 A L, FILA Origing.0 22 il 4
R, SHIFSE X 2 bR K A4 i 0 A B fE e A T
WF5E, BT KRR IERS 58 A .

4 ok

4.1 KRR %S 18] 43 TR4F1E

GEA ST IX RIS A 144 ZH 3R ACRE S 3L
6 b5 B HE T o0, BE P SRR (TH) . TDS. Na',
SO,/ . CI', NO;. NO, ., NH,". Fe. Mn, Cu, Zn,
As. Hg. Cr*, F, COD,,,. Al. Se. I', Cd. Pb. B,
Ni 24 T TCHLFE AR XHAF 78 X T /K #E47 7K B bF
M JETH AR bR o T 28K FE bR 1 BTk (O —+5
B A T S 7K A o BRAE A R A 2805 255 5 PR
I 2K B RE S AN BOAY FUAED) , A3 B A /KRR Y
BLOTERTE bR (K] 3) o PFMT R AEARHE (b T 7K BT b
1E) (GB/T14848—2017) Fl { 1 & K I35 o b o )
(GB3838—2002), PEU i A it i g bn e K26
L o XK PR b R R T v B R A T A T A
Geit, A5 1,

FH 2 1 AT, P4 7 o v 2 b K B o e v
T A& E 100.8 mg/L Z 1], F I MEH N 1.52
mg/L, HFREE IR 30 41, BARE K 20.83%, i AfH
AR EBRAE 50.40 % 45 S E IR E A T AK H &2
421 mg/L Z 8], F-2J {8 A 0.08 mg/L, # Fr £E 5
1440, H bR B N 9.72%, & K H 8 Fr 4 B H
2.81 £ o HbRAK B IR FRIK 77.78%, Hh B RN
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I TR AR O K- T A A
Used as main drinking water (I-11I class)
[ 5 2 4 3 5 7T 48 A 4 3 U K (TV) R £
Used as drinking water (IV class) after proper treatment
[ AS 10 A 0 P K, At P K AT AR
3 H H & V)N E
Unsuitable for drinking water, and other water selected (V class)
according to the purpose of use
Fe/(mg/L)  Mn/(mg/L)
e <0.3 a4 <0.1
@ 03~2.0 A 0.1~15
© 20 /\ >1.5
RIS 7K 32 248 b5 0T Bk R
TH
Al
Fe
ol
s
%TDS
% Mn
}.L
- Pb
Na'
B
-
0 10 20 30 40 50 0 10  20km
&l 3 BFFE XK R 0 SRR S AT AR
Fig.3 Groundwater quality and distribution characteristics of Fe and Mn in the study area
* 1 SEREBREHR ST
Table 1 Statistics of iron and manganese concentration data
; o - B/(mg/L) N N
K T TR E17 = —b = A5 5 A% HRFRE %
KriR A BECTTRRE R VRE TR § ‘
y - Fe 100.8 <0.01 6 0.16 319.01 33.33
B (n=30) Mn 4.21 <0.005 0.31 0.01 257.22 26.67
B H(n=39 Fe 4.51 <0.01 0.41 0.07 2322 20.51
(n=39) Mn 0.16 <0.005 0.02 <0.005 186.86 5.13
Fe 2.77 <0.01 0.27 0.12 200.66 23.08
Rk Pt (n=26) Mn 0.27 <0.005 0.02 0.01 230.71 7.69
7 =35 Fe 0.85 <0.01 0.08 0.02 205.91 8.57
(n=35) Mn 0.13 <0.005 0.01 <0.005 294.55 2.86
. Fe 0.5 <0.01 0.07 0.01 210.43 21.43
Hit(n=14) Mn 0.02 <0.005 0 <0.005 104.26 7.14
- Fe 100.8 <0.01 1.52 0.051 609.17 20.83
X (n=144) Mn 421 <0.005 0.08 <0.005 486.93 9.72
K s R Fe 2.04 0.04 0.76 0.68 72.64 77.78
HhAK AL AT Mn 0.22 0.00 0.06 0.04 94.05 18.52

e TG FeAAS B0 0. 7%k tH IR, MnaAAS B0 0. S Ak tH IR EAX (BKIE4E, 201D)

18.52%, Hii T 7K A BT KA AL T Hh R AK i B A
o MR KRR B AR S R ECECKR, Ak
609.17% Fi1 486.93%, ELA 25 [ BRI & | i sh R
B R AIE , 2 BH 32 A 236 30 5% i $8 K ( Zhang et al.,
2012) A FH2E R AT DL 42 I i A 2R ol 5ot b

KA S B R (X AHESE, 2023a) o HEE ML
Hp R R UK 43 A 33.33% Fil 26.67%, i A
M b OB R b P R R R KR =
23.08% F1 7.69%. i F /K Fe Fl Mn [&] if 755,
1M Fe AUMREE b Mn &40, R T B0 1SRG

http://geochina.cgs.gov.cn H1E LT, 2024, 51(5)


http://geochina.cgs.gov.cn

1782 il

Hb, Ji 2024 4F

TGRS & i 284k (Jia et al., 2018) . PH T 1T
ERIZHT KL T~ 2K R 3 (& 3), 7K B iR
I, W~V 20T 7K 5 i B R 7K 09 25 6] 43 A ¢
TESEAR—B, FZ AR AT IX, VT2 4%
HOREBEHOR i . BFE X Z5 G P i T 2K
HYRE i ECH 68 41, R 25 -ouh i T 2K 8 bR iy
TR K 44.12% F11 20.59%
4.2 SR T KL FFE

W X ZH T 7K pH AT 6.4~8.8, F-IME A
7.72, HEHEMEK . Eh £ F-180.9~346 mV, “F-H{H
7 176.58 mV, DO /- T 0.20~14.50 mg/L, “F-31{H N
5.67 mg/L, UtEANTFIY X Hb R 7K FE i 2 40 F 48 Ak
WRBS, DBORE S T IR JEIREE . DA Piper — 4K &
(Bl 4) EnJLIE R, H R KBTS LA HCO, A &, FHES
TPk Ca*', Mg 450 1 48 R 5 Hb oK 4 R 4
FHES 7L Ca®*, Mg~ 3, BI B+ LA HCO; . SO,
T, TR IX NV AR D XD T 7K 5 R KK Ak
SRR — B, 8 R HLFRK 5 R K Z (R —
FERANA R o BIFSE X M K k=2 A0 36 Filr,
F ¥ L HCO,—Ca, HCO,—Ca-Mg, HCO,-SO,~Ca }y
3, 4390 REE TR 44.4% . 14.6%. 9.0%, HFPsZ A
251 Bl 52 i 5w Z A A T Bl rh b TR K Al 2E 2 R
223K 21 Fp, FF b b R oK Ab 2428 R 17 F, HiAth 2k
T b R KA A 2R RN AT 6 B (O 7 e 4%

T K
Groundwater
WA X

Valley plain

O
TLEER A
High mountain and hill
K O
Surface water

\VAVAV/
VAVLVAVAN

Fe/(mg/L)
<0.3 >03

2023b), H Piper —ZREI([&] 4) vl 1, =gk 7K 3=
B 4E T HCO;—Ca B17K (20.00%) . HCO,—Ca-Mg
#7K (16.67%) . HCO;-SO,~Ca 7K (10.00%) H7; /&5
M N K EEE T HCO,—Ca-Mg 17K (21.43%)
HCO,-SO,~Ca %7K (21.43%) 1 ki i T /K F2 8
E4E T HCO,—Ca-Mg #17K (30.00%) . HCO,-SO,—Ca
RI7K (20.00%) Y, F 5 M TEVE A AU 25 4L
Bk VAT RTTRR Y h & A KA N T,
R K AR HCO, S TR A ML TRy A
Yy R AE A G, 1A B & 2 B R 6 4 (1 1
fift, INTTRE— A4 HCO, & i (a1 7245, 2016) .

5 W ®
5.1 HTKAEkSERISKIE RIS E &
51.1 L& 2 2R

S )E AU &R 2S5
M N KT S TR S EE . FiRA
WRIREE, )z, EEIR R T H  FER
@R =B Al . VU T A T AR LR S
oA AR TR At 2 b 2 T S SR B TR
BRI ZE iz shAin ARz 8l AERZEN X
BBNFE W, WA $E 52 T REJE DR, TR T
JEJZ Mt m R (SR L, 2011) o B MR 1] 45
(2007) %75 TR BRA RIS AL (R 40 3 A, 74 77 i Ak

Mn/(mg/L)
<0.1 >0.1
o] L]

A A

RETAVAVA
EVAVAVAVA
SNV VAVA

VYA

Y0,

‘0

0
100 90 80 70 60 50 40 30 20 10 O
Ca™'/% Cl'/%

Q 0 im}
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