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Distribution characteristics and influencing factors of RIS in Quaternary sediments in the middle and lower reaches of
Chaobai alluvial-proluvial fan, in Beijing. CHEN Ji-ji'? JING Hong-wei'?, SHEN Xiu-¢'2, GUO Jing'?, YANG Qing’, XI Yue'?,
XU Su-shi'?, GUO Hua-ming*, GAO Zhi-peng*, TAO Lei'*" (1.Beijing Municipal Ecological and Environment Monitoring Center,
Beijing 100048, China; 2.State Environmental Protection Key Laboratory of All Materials Flux in Rivers, Beijing 100871, China;
3.Beijing Geological Environment Monitoring Institute, Beijing 100195, China; 4.School of Water Resources and Environment,
China University of Geosciences (Beijing), Beijing 100083, China). China Environmental Science, 2025,45(5): 2735~2744
Abstract: Based on core sampling, sequential extraction procedure in the laboratory, correlation analysis between sediments and
groundwater, and mineral saturation index (SI) of groundwater, this paper explored the distribution, form and influencing factors of
RIS in Quaternary sediments in the middle and lower reaches of Chaobai alluvial-proluvial fan, in Beijing. Results showed that the
content of RIS in the study area followed a descending order of: Pyrite-S (CRS) > essential sulfur (ES) > acid volatile sulfide (AVS),
among which CRS accounting for 80.1%, ES and AVS accounting for 13.4% and 5.56% respectively. 67% of samples had CRS/AVS
value higher than 3. The RIS content in sediments in the upper reaches was lower than that in the lower reaches, and RIS contents in
the four aquifers from shallow to deep were 84.3, 37.4, 39.1 and 10.5mg/kg respectively, showing an overall decreasing trend. The
results of RDA and correlation analysis indicated that the TOC content, CRS/AVS value and water content in sediments were crucial
factors affecting the content and form of RIS in the study area. Specifically, the content of RIS was also affected by the groundwater
pH value, iron/sulfur ratio and hydrogeological conditions, and the form of RIS was affected by the CODyy, and ORP of groundwater.
The SI value of FeS in groundwater fluctuated around 0, and the SI value of FeS,>0. In summary, RIS in the sediments of the study
area is basically unaffected by human disturbance, and the activity and bioavailability of sulfide are low. The sediments may affect
the concentrations of sulfate, sulfide, iron and arsenic in groundwater mainly through AVS precipitation/dissolution and ES
disproportionation reaction.
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Table I Summary of mineral phases and their proportion in five boreholes(%)
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Table 2 Content of relevant indicators in sediments from different boreholes
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Fig.3 Vertical changes of sediment water content, TOC and RIS in different borehole profiles
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Table 3 Content of relevant indicators in sediments in profile
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3.4 YIRW. HUR KA OCFRAR I SCHE AT JELES. filFl TOC [FIYR, 2k [FIVR (& 4). 0 A48 &
N T 20 M TR W v 25 21 23 SR U, TR BT HLUTEUII TOC 5 &1 F7K CODy, A1 ORP 1H,
¥ RIS. AVS. CRS. ES. HHREZA. & %A SR W X R DT AR A A B R

BBk A 9 TRFRARAE b e AR B R TR AR
FERFE . F/K&E. TOC, LA R /KK . pH i
ORP . CODw, % 7 TifaAntE 55 Ht, BT 48
FRIEATAREA S5, 20 BT UURR P v 5 21 20 AU LLRCGER
A BT RIS 5 4L IR mad Bl (] 4).

RDA 7 #145 R BoR ARV RS FLEAN R 5 7K 2 A
i A W IR R S R DU AVS. CRS [A]

(P<0.05).

FHORAE A Hr 45 R BoR, iR RIS & & 5 Ui
Y TOC 5 & (r=0.555,P<0.05) . UL A4 fifp 25 &
(r=0.570,P<0.05) {2 3% 1 AH ¢, 5 HURE V% 5 W2 3% 1A
K(r=-0.555,P<0.05)); T4 ES 7 & 5P TOC
T (r=0.920,P<0.01). fifi 75 5 (r=0.949,P<0.01) i
IEAHSC TR AVS & & 5 HT 7K CODwy(=0.573,



2740 o

KoM R %

45 %%

P<0.05) % % IEAHSG VTR CRS & S5HF7/K pH
{H (r=-0.508,P<0.05) {3 17 AH 5¢, 5 #1 F 7K CODw,
(r=0.518,P<0.05) % % IEAH G DI & K5 CRS
B B3 IEAH K (=0.677,P<0.01),55 ES /i bt 3% 1t
A K (r=-0.584,P<0.05), 55 AVS 7 L 67 Al 5K (=
-0.469,P>0.05).

1.0 f
R IR Eh TR A
‘cf IS
i)
:
T
HUREIR
i ES
KOI—S% TOC
T
K053
0.8k phfit .
-0.6 x:31.4% 1.0

K4 YUY SR K ARG 1 () RDA 734t
Fig.4 RDA analysis of related factors in sediments and

groundwater

4 e

4.1 RIS ¥Ak b B A28 XU
[ K02 [ 20~25m. KO3 [ 22~23m. 37~38m

A1 97~98m, L Iz KOS ] 10~20m Al 150~160m 4, fff
FX IR AY 84 KM RIS & BRI

B AL W 58 — bR v LL N (<300mg/kg) Y T AR
RIS.AVS 75 83 ik - A 117 gt st ol
K PEMIE AR o B B KA (R 4) 05T X TR

TOC % & ND~32.9g/kg, V- 341H A 1.60g/kg, (K T-1H:
FEORBRSE P 0.75% 10T K TOC k& 5t
4 ND~15.30mg/L,3¥{E k) 3.56mg/L, R IR &k % iU
Flh 0.05~111.00mg/L 34 N 34.69mg/L" 5% 4
FAE TN SR LT R WA TOC s AR T
PUR) b % 8 kA0 0T A 1 R R AR SR T
KA B8 S EAR T AVS A, 3L ]
YERH S B TR T RIS AVS 5 5315 3 i
fIK.K02. K03 F1 KOS5 % FLAN 0 J2 A i =i 1) RIS 75 5
WU AT R 5 R T —F0hiT W 2R 55 DY 40 DA SR 5 2495 31,
P2 T O RIS DU ST AT P AR it
BRI R T AU ORAF RIS 41 AR E TR 1]
TR 2 N RSN s RE N2 b 2 4 m I,
B L AN W) A N 3 | s /T A7 B )
CRS>AVS>ES, §LITTR 1) RIS WILL AVS 24 3,41
ZURFEIX RIS WA TE A5 AR WKW AR, N
CRS>ES>AVS.— Mk A LT 5 i i IR A8
IKIREEH,AVS IR AE S UTR  8° KA B AL Y,
M FE AVS LR gy Y i i
h SRS ERMPLAVS S REE A
128.2~416.9mg/kg" " PLRAK K RIS £ AVS i
oty b Fe s X IR TR FE AR AN 2 N Ry 3B

M.

x4 TREMERIIRY RIS & EX th(mg/ke)
Table 4 Comparison for inorganic sulfur contents in sediments from different studies(mg/kg)

WX IRE IR S8 (m) AVS CRS ES S 30k
Jb s 0.04 169.65~638.5(448.0) 431.3~1078.8(707.5) 69.9~155.5(107.8) [6]
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fE4-1.09,FeS ¥ ST AR AL AT ZAE I v 3, Ay 3 1 Al
RES.AVS S R K A #1/Cl(r=0.455,P=0.077)
IEAHOR,Z 7KK CODw, 115525 51 (P<0.05), 3 HH
T PR b 2% A58 AR A A 1) A AK AT LK (CODn) e
FE (R 2,45 S 25 520 FeS OV AR By, 30 11 5% 0
DU AVS F 8K TR BR TR IR IR i iR
A0 K R A FE [FIRE 2 52 AVS 5 i (1)

JUE RIS RIS 5H R /K Fe. As BH
WA G, CRS S5 H R /K Fe(r=0.046)
As(r=0.367) 34 B 55 1A IEAH OGO R, Ul B K A4 g
e[ Fey As Xt CRS (4 A (30 H AF 5T X
WA (FeS,)SI [HAT 16.29~31.48 2 [1] $1H N
21.02,ES(r=0.342). AVS(r=0.426)$45 CRS Z£551F
KR, H CRS F1 AVS [RIYE(E 4),45 7~ E B4 Bk
ES AEAE R, KR AVS 23 idE— DAL K 38T (CRS)
DUVE X SR TR Mk = (1) CRS/AVS B TR
TN —EL

ES 5 F/KH Fe(r=-0.185). As(r=—0.137)%J
SR 5T 1) SRR D% OC R FR AR IT ST IX 38k 1T B A7 AE BT

BRIEAL RPN D), S™ 5 As JETiE . 5k
7ty Fe SFPUIE RN As, FEUR/KT Fe. As
WAL ES 5 B e R % N G AT
BETT IR ES SIS 4). 58 IEAT
KRR MG IR I T KPR AR SO 5

7,8 O™ FRI4 0 va) LA SR S0 R o 3 J50 o1 5 2B 1
Az K, AT A R K R A TR R A TR K
B2 5 T ES A R, gy 3 R K
HBRAL AT SO, W B[R] IR T .
3S + 6NaOH — 2Na,S + Na,SO; + 3H,0 (1)

4.3 YU 3 Ak Je) S g e IR 2%
4.3.1 RIS & &AM R MIHEmE 5 HAL R
REAH G, P ERFAE X, KOl &h4L. i EEBpU&
JKJZ RIS FEBARGE 2 FI3E 3)MRIIIRY). HUF
K A SR FR AR IR B 7K 1 B A DG HE 0 42 i i 5 X
1 RIS 5 501 (R & E 2 (DUt Y+ ToC
R BTSSR 80 WX 8 RIS S 3TR
Pyrh TOC & & IEAH G IR TOC ANH]T- K01 i fL
FEE VU /K Z DR T B IR &6 1 08 J U AR ) 1
JSCAAE 0 = 220K S ) A WL AR, TOC % 2 FRAIK
IR Oy MHIRER . HR Bk SRR ERZEMIE
Jor 25 Bt 5 R 3 1 o, 12 b DO IR FAAIR, TOC 31 FE
TR AR AL . AR . BRI SE 0IE R X
B e 3 S A 3 A 3 1 RIS & bt 2 B
fiX.(2)CRS/AVS HUAH. — M\ Wi HL(E<3 I, AVS A
AE Bl = R0 M 3 A O B 8 1R 3 Bk (CRS) 15 21 It
10192627 A A A LG KOT AL T g b3y
FIKJZE CRS/AVS<5.00, A F-HF 57 X 45 H At B £L/
FIKJZ) CRS/AVS {H(FK 2 FIFR 3), B A BT
AVS ARG DX 3 A s — R A o B
SEAM CRS A2 RaZdabr T et S 808 —.

TIKIZAEMT PR TOC & R KE/AR
P45 RIS i B A 28 2 S 11 e 2 L IR (3)
DU 5 KR BRI B 7K R — M B o 45/ [ RIS
TR 2RISR 3). 10 M A 4 RIR BoR, S5 A A L
FHEL, KO BhFLPTAE X 3 K R Z2 (] 1a).(4)H
K1) pH H /6 LL A FFTIX 355 pH B AT CRS 7 =
BEAFAR, UL E RIS fff B4 FL/ 5 7K 2Bk 23
H R K pHAE e e R B 52 TR] BRE, RIS 5 et A G 11 25
PR/ LEARAR (R 5 R 6) AR AR IR/ LE R ¥4
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A SR I L AVSTL(5) K SCHI T 41 il AL
HA KOT B AL HARERT S A B R S T
R R IR SR, W AR KO1 £ifL RIS 7
i AEC ) T2 S5 DR ) I R 9 A T AR b R RIS
AT As EE 55 Fe i 72,
T 266 2 P B R v T A A 2 R
X {5 1 6 1 L Tk RIS B4R AE T R4 42,
AR, 5 AL LA HELKOT A ALAE T X
BFII7K 3 1 S AR TUiR b RIS & 4EY,

*5 ARERHFHMTKPEXEFRELS
Table 5 Concentrations of relevant ion in groundwater from

different boreholes

B B/RIR CODwy

T b pH{i ORP(mV) 0 N Fe(mg/L) (gl
K01 8.00 -96.5 1.73 0.002 0.07 1.13
K02 754 6095  66.38 2.02 0.26 2.35
K03 7.91 -69.75  83.33 3.65 1.56 15
K04 755 -173.55  70.67 0.13 4.83 2.7
K05 8.20 197.13  35.80 0.01 0.71 0.75

%6 @M TKPHEIEFRELS
Table 6 Vertical changes of related ion concentrations in

groundwater

ORP B/ B Fe CODyy
(mV) W Rtk (mg/l) (mg/L)
B—EKE 767 626 102.72 1.28 1.62 2.28
BoAKE 793 052 3871 0.49 1.48 1.5
B=HKE 778 0 3063 1.66 2.28 0.34 0.87
FIUEKE 818 8823 3.85 0.004 0.12 1.27

B pH 18

K H 2 oo Mk RA S A it — 20 e m ORI
TOC. CRS/AVS HIFE/K#HXS RIS &K FESE,
48 B o, AT A R B 25 (F=33.82,P<0.001). T3tk
P ) {3 (VIF<1.10).TOC(B=8.57,P<0.001) #l CRS/
AVS(B=2.75,P<0.001)34J g% W 2% 1 W 7Ll RIS %
L, B KCRANEIN RIS 5 5(B=2.03,P=0.121),iX &
A EILARE RIS S8 5430%M78 % = AR
HUTOC [BIVH 28 800 K, 52 R JE e 5, CRS/A VS IR
Z IR N TR K Z ) RIS i AT
A (y=2.345Inx+4.879,R=0.559), 1] fit /& S E /> M 45

FrKRASHETI RIS 75 A0 32 B K],
4.3.2 RISIRAFIEA /3 Aiks ey S ILFE R 2% i
Yy RIS AHAL A7 B AR B IL T R A2 A R LI UL
FUT S PR B R MU % At R KO & FLAN S DU

KIZZALY B ES A AVS (5 LRI L,
— 5 TH AN AL K2 KR A AR H CRS/
AVS<5, 5 KEE ES. AVS 5 H 5 BT 8 ke o6 56
Z, WK CRS/AVS LUAE A B S AR R
ZATIEEN,AVS By eAr kv Ta =4 ES, i dE CRS.
P L IR R Fe(IID) 9/ 3= 250 i i 2B
i SR (X 2)RIBR A A 2a S (X 3)PL K01 AL
RS KZURh TOC S EMIRGEE 2 fE
3),Fe(I1D) [ 5 A= 0k J5 3 452 1T e =2 B4, 32 22 %
LA S5 P i BLYTR A h ES M AVS (L
[F) Bt v R B 2.

CH,O + 4FeOOH + 8H" — CO, + 4Fe*" + TH,0(2)
2FeOOH + 3H,S + 4H" — 2FeS + S° + 4H,0 (3)
KO5 ShiALAIEE =K E 2R L5 S BAL ES (S L

T L% UL B4 FL/5 /K2 CRS/AVS>S, ik
— B AVS DR AL CRS HEATIE A7
[ IF BT 5 DX el T 7K o CODwi AT AVS 535 1A 5%,
VIR AVS KRR R — MRS 78 2 A AL
Jetr B UL A P8 K2 AR K CODw, ¥R (£ 5
I 6)AFIT AVS [FITE AR 2.3 501 ORP {1
KM RIS IS EERZE 7Y 5=
KJZ ORP {HATHWEKERME—. —HKEZ
(% 6),K05 &ifLytFY) TOC &K 2). HFK
ORP {E (% 5)3 3 T~ Ho A 547, 58 =1 1) TOC A i
IREEHRAIL T 78 2 B HL 7 MR K S ) ORP B K
H RIS AU T —E M A B4R, FEURY
IR BR3A J5U ) HoS SEAWT i) 14 AL b R TR AN 25
(¥) S(ES). e oh, 5 Hofd 4 FLH L KOS & £L FeS 1 SI
AR, A T-7.52~-0.70 2 [0, 57~ %S4 FeS 4b T
WIS, 5 TR IR ) AVS 5 f—FLKO05 %
FUARF A 1 b2 PR 855 1T B85 W 2y (e 1 — PN T 2R AR
BO)~ I3 S0 R 7K GE SR 3 R E F R i b T 7K B U
S O AN AL T BH SR 7 2 N X -k S
— G- UV R IX TR KT SR LU R R K R
b7 S KT A e 2~3m/atl,

5 it
51 RIS %A & & HEEMK5 50 CRS>ES>

AVSIRIEH RIS . AVS &8 & E e i)
CRS/AVS 1, W X IR TR A A Z Ny
ezl g m RIS 22 LIRS E # CRS AE7E, IR
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TRALYETE . A R,

5.2 WX AVS & #52 FeS JUUE/ B R 145,
WS 4D L 2 B 5 A 4 R 1) 2 7K A A ML (CODwin)
WS, o5 B3 5 I 5 K CRS 2k
H B AU FEARTC I SLES S5, nT
RETH L Ak S N 5 i R K PR TR R R AL i
JKF DU BT AVS WTTE/ AR, LU ES ik
RN R K SO« LY. Fe. As IIKJE
K-

5.3  VEH UK L B X PO RIS 5
IR T NI B8 0 R RIS 7 B PR AR 3 i AR
TOC %t CRS/AVS {HAIE 7K I 5 M FL X 35
RIS i TRAF B 25 1) E 2R 35 i 4 A I 32 bR 7K
pH 1E R/ L, LA K 7K S5 4% A (5 0, ) o [l s
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