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Distribution characteristics and origin analysis of iron and
manganese in groundwater in Beijing Plain Area
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Abstract: Groundwater is an important part of Beijing’s water supply, excessive ferric and manganese in
groundwater will limit the development and utilization of water resources. The spatial distribution, geochemical

characteristics, and sources of ferric and manganese in groundwater were analyzed based on X-ray fluorescence
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spectrometry, iron and manganese step extraction method, geological statistical analysis, and GIS spatial feature
analysis. Results show that the iron concentration in groundwater in the study area ranged from 0.02 to 26.7 mg/L,
with an average of 0.76 mg/L, and the manganese concentration ranged from 0.01 to 5.24 mg/L, with an average
of 0.21 mg/L. The distributions of iron and manganese in groundwater were basically consistent, showing a trend
of gradually increasing along the groundwater flow direction (from northwest to southeast) and gradually
decreasing with the increase of sampling depth. The mass ratio of iron in the deposits ranged from 9.25 to
52.18 g/kg, with an average of 19.90 g/kg, while the mass ratio of manganese ranged from 0.12 to 7.26 g/kg, with
an average of 0.50 g/kg. The mass ratios of iron and manganese in the sediments in the whole city did not show a
distribution pattern similar to that in groundwater. However, there were positive correlations between the
proportion of active component iron and the iron in groundwater (R=0.66, P>0.05), and between the content of
active component manganese and the manganese concentration in groundwater (R=0.84, P<0.05). It can be
considered that the enrichments of iron and manganese in groundwater in the study area are related to the active
components of iron and manganese in sediments. They are affected by hydrogeological conditions such as slow
groundwater runoff rate, high clay specific gravity, reduction environment, and pH. Human activities are not the

main factors that cause excessive iron and manganese in groundwater. This study provides valuable guidance for

the local government in improving the management and utilization of groundwater resources.

Keywords: iron; manganese; groundwater; sediment; speciation; Beijing Plain
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Fig.1 Groundwater and sediment sampling sites in the Beijing plain area
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Fig.3 Vertical distributions of iron and manganese in sediments
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A 3 AT, R A 7 O AR A SRS £ (CAT-T
CAI-1T, 7577 % 2% SCiik [20]) 5 A M A5 2507 A8 LE,
R bR A KA T T A B Y BH T A e £
BR L RREB A LR 5 9 A PR B T A (total dissolved
solids, TDS) S 51 Hh T 7Kk gk |l ok 3 34 s ) — 4>
TN E, TDS i, # R K i A B 72 5 i ad
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Table 3 Statistics of hydrochemical parameters and proportional coefficients of equivalent concentrations

p(Fe) ORP TDS

p(HCO3 ) ¢ (Ca™+Mg™)/

Sk CAI- 1 CAI-Tl
Ak /(mg-L™) pH /(mV) /(mg-L™") /(mgL™) ¢ (0.5HCO;+S027)
<03 7.66 66.8 822 387 1.06 -0.79 -0.07
)z
>0.3 7.59 -35.2 960 542 0.89 -1.50 -0.13
- <03 7.70 61.6 721 379 0.96 -1.80 —0.11
B
>0.3 7.75 -36.8 747 452 0.81 -3.80 -0.20
T <03 7.99 30.0 488 285 0.67 —4.54 -0.36
Hi= R
# = >0.3 7.94 —48.1 627 380 0.64 —4.83 -0.35

L R AT o

BT A A PR L B T D K B R R R R ik
RiE

BR L GREE ] b B B oA ML T B R 2 A ALY
T PR . MR ACRIEAFN R A . H R K
i VR FE 9 HCO; 5 Ui AR W h A BIL ) Jot 14 B i A A
S R 1) T B T AT B HCO, Ve B 45 7R TR 2 b T 7K
A B B e AR B AT BL R AR T B (3R 3),
PEFATE 1] =F B2 R T 5k i Bl 2 B AR, B0 =TT
TR | B AR A P 0 i Ry i A A B L A R R T B
K. pH RS W T /K, B EZEARER R,
33 1) R 2 T 1 0 i) pHL 23 A B A R K TR gk | R
Vi B, B R K Bk L BRI EEAKOE o [RIEE, BE =
PU )22 i R 7K H ORP A i 35 B AR (P<0.01), ML) TR AL 35
P I 30 TR R A B A S 2 L 3 4 S5 19 2B LB T A
FI A, FTRE 2 T 80R 2 1T 7K v i i 25 Rtk — 25 1k
&% . Ak, c(Ca¥+Mg*)/ c(0.5HCO;+S0; ) kb f5i] &
A 1 1 TR T AR, 36 7 b R K Akl B PR R R
b ORETR 2 Eh T A W VE 20 AR R Rk R A
Vv i BB, MR K ANA R IE Ty i, Jb T
L IX A 2 2 R K T KO AR I A 22, AR
JKHE WK T A B ANA O, W2 R K M 4,
TERARARAET LA ) 22 3 #h 25 Ry =002, R K s
A WAL i AN ORI Y 25 S A ] e R B BUR TR
AR R R B2 R B EA
43 Al F A

I JFE IR (IR ORP) A3 R F UL rh 8k | SE Ak P
PRV foAp TR, v b AR P A A A R L B vk KO
(% 3)®), 4T #i F 7K ORP {H A/ T—241.0 ~ 878.0 mV
ZIa), B{E R 19.4 mV, A H R K8k | e B 5 — Bk
) 3 MM XTI SC X ORP 3448 4 i, 43 il Ry —22.6 Fll
~17.0 mV, FHIE ST 45 R IR BoR, 27 R IX T
7K ORP Fl4k e J& (R=—0.25, P<0.01) . % ¢ ¥ (R=—0.22,
P<0.01) 2 i F FAH

DL — S K2 ), 21 4T R 7K ORP 45
2 MR e 3 23 A TRT AT 1 (151 4), 7R 7K ORP R F1 8k 4
JEE 10 23 () A8 Ak B B i — EObE o LT M X ORP
1 BRI B R AR BAIG; F JU X R R i R KB A
AR LA B T BT, b K B R

0 10 20 30 km
S ——

p (Fe)/ (mgL') ©0<0.1©[0.1~0.2) ®[0.2~0.3) ® [0.3~2.0]
orP/mv W <0 [J[0, 100) {100, 200) [[200, 300)[] =300

B4 TREXE—ZKEMTK ORP SHREXRESDT
Fig. 4 Distributions of ORP and iron concentration in
groundwater in the first aquifer in the plain area

4.4 FRELE

— BNy, 4 PR IE W R 4% 1R K I, Fe®
Fe’*, Mn™, Mn* #0828 45 BEINA 5y ok AR K e
AL BT 45 2R W, 2 b T oK pH ARk 3 (R=
~0.12, P<0.05) . % ¥ & (R=-0.19, P<0.05)¥J £ i1 Al 3¢

) b, AT LT K pH O ¥ ] VR AR IR 2 T
B3R 3), TBk T 32 v B A SRR TR in e
TRERMBLRMAT . BALEKFI7 1 b, Bk R A —
B85 JE£ ) 38 M DX RIS DX pH 248 43 531 7.90 1 7.88,
AR T AT R K pH ¥ME (7.76) . LA — &K )2
BB, B — 2D 2] iR K pH SF(EZ IR (18] 5) A)
SR, AR DX Y 3 38 P AR L /N9 Bl X pHL {5 Bk
Y B AT — B, RWIDETE XA pH (X 8k L 50 1Y s
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Fig. 5 Distributions of pH and iron concentration in
groundwater in the first aquifer in the plain area

AR, (HE L A R
4.5 N his YRR B

ST R Kk R R A=A HCO MR | #E
AR IEAOC(P<0.01) . HARA A NH, E2 5k
IR AT O, A MURK LE 38 i A 355 v 43 fide ™ A= T B e A
TRMAEY . NI S A NH 15 3L, [RRE 2 ik
HCAE i F K A WL & . ORP. pH 25 R4 41, #27
UK FP AR SRR EE KPR, JR AR T K TPNH]
NO; . SO . CI55 B F ¥ BE K- T i o

HR A AT B 5T, Bl B ST 3l 5% o B2 B 0 385
KA ¢(NO; )/ e(Na*) | ¢(SO; )/ ¢(0.5Na") H il 5 %k
FHE P, NO;-N #il TDS ff . NO;-N Flhh T 7K {57 2 F
CUMR 2 B —E M IE A G E R PV, AR B 57 25 2R
SR, 267 AR AR sUAL Y, AR A s EE RS Tk
Bl RO B /A T 15 K il e (18] 6), NOS -N il TDS
{8 (R=0.17, P>0.05) . Cl'ik i (R=0.22, P>0.05) ¥ % 1
WE M IEAISCOC R o IRl B A A A To ML AUk i
ARG, NH;-N ¥ AT 0.01 ~ 17.20 mg/L Z [8], Hi{if
BN 0.22 mg/L; NO;-N ¥ B £/ T 0.002 ~ 28.200 mg/L
Z ], P75k 0.250 mg/L, NOS-N ¥k B 43 50h T B
SRIKAR T R R R A NO; -N Ve B FR ) 2.2 mg/LPY, i
A, BRI AR 2T K AL 2= AL DL HCO,—CasMg U 3|
i GV Y 24.0%, HR O HCO;—CasNa, HCO,—
Na, HCO,—Na+*Mg, HCO,—Ca*Mg+*Na %%, 5§ [L A+ T
1.87% ~ 10.9% Z[8], W] A&3Z | A\ h 520 i) CI R A SOT
IR A H S RN T 8.26%, 15 Yy 5 I AF 45 i
7, b BETIC LR R Sk R TE K HER A, BT
REXT b T 7K 8K . BR VR B 77 AR AR I i X R I E

FEARAEY, P, A AR AT BEXS MR K R oy
SRR R AT, (HRE AR IR BN, NSRS B A
SN TS DX IO T K PR R B R SR RR A 1 R

3.0
® i —TKE
25 o T FKE
o W= UFIKZ
o R
S 20 b
: :
s °
g 1.5 o
:%’ 1.0 ° ° °
T et
0.5 e o
© Al A TR IE K
1 o 1 1
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Fig. 6 Relationship between c¢(NO3 Ye(Na).c(SO2")/e(0.5Na")

in groundwater at excess iron point

5 it

(1) A0 35 7 - D X5 DY 2R Ml 7K o gk v B L
0.02 ~ 26.70 mg/L, ¥J{EH & 0.76 mg/L; %f ¥ & ¥ 4
0.01 ~ 5.24 mg/L, $4{H N 0.21 mg/L., Hi F/KH k. 4
SISV A M KU [ R R A T R L B SR TR
v BE S WA A A . 5 T AR L, R e Y
B E L HE M & TDS TR MY & 7 32 0 4E FH rl gE 2
BT Ui Hh D HD R K bR L R R i v R R L
B, LA LR BRI RE R Z ALY i R
(C1EANS: ) & S E AR E AT

(2) 78 D3 Py DT e Ak i) o i B TRl Oy 9.25 ~
52.18 m/kg, YME A 19.90 g/kg; % 1Y e LI Bl Ry 0.12 ~
7.26 glkg, HIME K 0.50 g/kg, AR % P I 1 A A P ik
S LG . MRAE DT Tk L 4GS e AR AR E, B
T X 38 P TR TP X iR K TS e KU 358/, 4 TT
S0 LR K A AR T G KU

(3)BIF 5 X Sl b T /K 4k L 46 100 & B S5 DR oh
TG Ak B B HA G, [ A2 SRR R LT
IRAR T L v i B b AR K SOl R AR, DL
W R IREE | R R A R 5 ), N 28T Bl N 2 i R
FF 5T X3 T 7K gk | SR VR BE B AR I 2 R &K
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