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Abstract: Perchlorate (ClO,) is a new persistent pollutant with small molecular weight, rapid diffusion, and
high stability. It is widely found in the environment, especially in the areas where fireworks are produced and

set off intensively. Perchlorate impacts the normal function of thyroid gland; its environmental pollution attracted
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wide attention and has become a research hotspot in the field of environmental science in recent years. Column
experiments using river sand from polluted site as the experiment material were conducted to study on the mecha-
nism and influencing factors of the attenuation of perchlorate stimulated by sulfur. The effects of groundwater,
iron oxides, and nitrate (NO5) were investigated in this study. The results show that sulfur is able to stimulate
ClO; attenuation, which mainly depends on microbial degradation, and it is limited by the lack of essential
inorganic salts and other nutrients for microorganisms. Iron oxides have a buffering effect on the decrease of pH,
but have a limited stimulating effect on the ClO, attenuation in the column. Groundwater significantly enhanced
sulfur-stimulated ClO, attenuation and microbial acid production. The degradation of nitrate (NO3Z) in
groundwater is preferred to that of ClO; ; when NO3 concentration is less than about 10 mg/L, CIO; begins to be
reducted significantly. Sulfur has the potential as the PRB reaction medium for in-situ remediation of pollutants

such as ClIO; and NOj. This study provides a theoretical basis and data support for the practical application of

environmental remediation.
Keywords: perchlorate; sulfur;

nitrate

1 SR AL (ClO; ) J& —Fh B XS R AR TS 49, &
BRI K KSR B T A T, 55
] 4 DRLR R AE 117 BB 0 €10, 2494 100 ~ 1 000
T [ B 00 AR A 7 R iz N i SRR A S Ak
N, A7 AR AL T AL )32 40 A T 4 [ 45 L,
ClO, & —F /N T i . LB E T, HA WS ET
KL HMEM RS AR MR R AR FE BRI IR
T BRI Ty 8, — BT LR R
K B A1), A5 2% 350Nk C1O; B A (1 DU 7 i 25 4, J2: 3L
NGy 5 HAb Y 5 K Az RN Y SRR €7

1997 4 BF 58 N 51 45 35 [ A 4 Je S8 N 5 58 & 3R
ClO; . L4F KA 243 K B9 [ 52 3] C1O, V5 e i 7K IR
Hu A3 A ik 44 ASHE 20, v [ R AR R i s D 2 iR R
K, KRS 3 CIO, M 3 5 vy, G H S K VL I 3R
K ClO 15 e W i TR e H A B EE S5
R BE AR Ay R T A 7 s TR A
IR A D) B iy 7K e 3 A A e Wk B (65.8 ~ 170.0 pg/L)
1) ClO; , [A] A & BRAL 5T 035 43 K ) K A 7K
HCIO Kt o EVILY % B, 7236 B 7 A3 5 X R 4R
B 14 FK ) MK EE Y o, ClO; Y BAG HR hy 54.8%;
R KB E 15 A 279 A Clo; % R
K 3R 98.6%. e TR AR By 2 23 il BN 1 B kLR
R R RE , I R 2 el A I 21 4 R R IR L R
B A5 >, A, CLO; Y FRL fap AT A S T A
B, 23 400 AT B A W A, I A B R AR 1 G
Tifie, R 52 XTI LA & LI h 28 & 8 5% Gk 7™
H2, 2005 AFESEEBERE A A T ClO, &K 1S % 7|

stimulated attenuation; microbial degradation; groundwater;

iron oxides;

R 0.7 pg/kg P. HIR[E OC T CIO, 15 L B 5 e 22
A A ug, H R L 4 R BH B CLO, 78 7K G e 5 s 1
P I % C10, V75 G 118 1 WU VG 52 7 45 7 B 1 3 18 O3

H I, CIO, iy Ab BREE AR 32 AT W Bk | fh2 /i fb
SR R B B VL B A vk AR W A8 Dk
P ABGTE M . BB -3 Ha AR IR X C1O;, 14 1 B
RE 1A PR, O 5 B 305 4 e I BT 68 0 35, (EJ2& 255
A A BT, I BUAS | A R ZRE G TR IR R
T Ak AR 2 JE B AR RS bR B R A BT
e AT B BOR BARBUCR B, (B R %
U N e AR, HHRER 5 1% ClO, 1)y 7y 22 5 24
B, TR ALE S ARSI ® 2 AR I B R A
B AR, S T REAME CLO, 5 e B &, Ik
TE 5 G 3 W )t A 48 52 v o LW S g A P
5 3% T I il C1O, 5 2450 A1 7S Jin e U5 RN 5% 43, iX 23 1
TS FE e 3R T i 4 1 RK A« R TS e AR
1YL, BT LLE N Ah s B AT R AL T A A 3R
CIO, A JE B ST, IFIEBA T S° AT LAAE A C1O, i 5 1R
() HL - EEARR 30 (B H R R T S 7E S PR 3 e v
RO 5 T B 98 AR B D, B IS K A BT
SN THIE 5 A A P s A AT 9T, HOIR 5510 T
AT 5 A KR AR R BAR, B
H AR PR EE B LSRR A, FE S BR i i BT — 2 R
FR

T A2 2B 3 R UL B AR, A A AR R, HE S AR
I3 0 S°, BB OB AR B i oK, B BoRpRRe tE, B
A R B35 TR HEREHE A& & Clo, AT g, A



- 60 - 7K SC L T

I, S BRI B AR AR D LT AR R Al CLO, S Y BE
ARG 6 95 e 5 M ) B R, A 2 ad WAL, R
AR AR I TSR R . O 2% B B st 5 AL C1O, 5 Ik
B AL A2 e R 3R, AR SGRESE 1 n] 78 24 g 13t
PR B B ALY . L7 AR NOS Ll 7K B 5 1%
PRZ B2, S 54k B AR PR35 ClO, S s 3 Bk 4k, hy
CIO, P85 15 e SR 7 18 2 H AL EOR S03%

1 MBR5RFE

1.1 EZERRA R

o AR AN ( NaClO,-H,0) Rk 24l Hofth ik 545 K
Oyl AR Sk SE ISR FNHE B B 0 R T v B A
89 i 4 0] BH o 30 B Yl ek, D PH 2 3R R A AR A
Az M, ) BE AT R e, B A I E) T Clo, o I,
Y68 D00 BT o] 34 £ 9T o 7 D 2 B R AR KT 2 mm 1A
Wk, AR JEAE s b k) o B it ORI B K JH Bk
ML T A FRA AL Bk R SEN 4 ~ 6 mm, 20 KT 99%.

055 BN 2 R DR A 22 4 Ui sl 52 (B BT100-1F) 5 G )
PP AL S ZXC-2, il 3 7 O A6 s 24 AR A
BELZ ) 5 0 P9 Ay [ G s v G 36 0 5 L 7K Ay i ] b
K2z (L) A& T K .
1.2 5t

A A PLBE B AL, AR R 4 em, & 50 cm, ]
T 7 A BORE 11 43 ) B 5 3 56 A IS s 2.5, 7.5, 12.5,
17.5, 25.0, 35.0, 45.0 cm, X B3R 56 A 35 70 A4 81 kg 3 v
Bt BT V0 B, AN E2 AR bR . Sl A I A
P RE A B s )R A il sz I A, AL FH R R RS R RS
ok 7 P 35 55 VT b R AR A AL s AUR, s 7 K JS 1Y
B PR R 1 1 SR SRA . EH. K
6 A G S 0 T 0 1 i 158 2 e JEBEES R (PN 4% 3 mm),
A AL B R T (pore volume, PV) £y 4y 80 cm’. i H i
IR MR A B A o AE A [R] H K AL B AR T B
B, WORE J5 7 Bl 08, WA O S 800, A i 50 MR
UL 1,

gk G G Y3 i Y CLO; 5 YL 1 L, 3858 A K CIO,
Al 2 mg/L, HIKTE 1 ~ 14 PV [ BERE S 0.10 m/d;
ARG M K A S R, YK AE 15 ~ 226 PV BB,
M 0.25 m/d,

[ ]ww

A s

1 R SaRa

Fig.1 Schematic of the column experiment
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Table 1 Detection limits of test items

e cr Nos NO;

Clo; K’ Na’' Ca™ Mg*

K BR/(mg-L™) 0.10 0.25 0.20

0.01 0.02 0.01 0.02 0.02
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Fig. 2 Changes of CIO; in the effluent from different columns
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Fig. 3 Levels of pH, Eh and CIO} in the effluent of
the reaction column
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Fig. 4 Levels of CIO; and CI” in the reaction column
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Table 2 Water quality before and after groundwater entering

Eh p/(mg-L™")
EAs pH Clo; %BR%/%
/mV cr Neojn NO; Clo; K Na' Ca” Mg*
146PV AIK 6.47 170 0.20 0.56 0.08 2.00 ND ND ND ND 265
146PV 7k 5.90 -39 0.32 78.5 0.05 1.27 6.71 ND ND ND '
166PV AZK 7.93 154 58.65 89.75 21.21 1.98 0.32 ND 10.37 6.18 100
166PV i1 7K 3.76 152 58.82 205.61 0.34 ND 13.15 ND 0.40 10.61
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Fig. 6 Concentrations of CIO; and NOj in the reaction column
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