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Heterotrophic combiningsulfur-based autotrophic process reduction of high concentration perchlorate using ananaerobic
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Abstract: A novel heterotrophic combining sulfur-based autotrophic ABR reactor was constructed to treatthe high concentration of
perchlorate (Cl1O, ") wastewater.The CIO, removal, the sulfate (SO42’) production, the biomass and EPS changes under different C104
concentrationswereexplored. The results showed that the C1O, removalefficiency reached to 99.60% at HRT of 12h and the influent
ClO, concentration of 300mg/L, the effluent SO4* concentration was approximately stabilized at 150mg/L.The influent pH was
approximately 7.8~8.0. With ClO, concentration increasing, the effluent pH of the heterotrophic unit was increased to 8.0~8.3, while
the effluent pH of the autotrophic unit was decreased to 6.6~6.9.Therefore, the combined heterotrophic and sulfur-based autotrophic
process can achieve an acid-base balance.Moreover, the more EPScontent wasproduced by microorganism when influent perchlorate
concentration increased gradually in the process.And the contentof EPS in the first compartment of the heterotrophic unit was
maximum, which reachedto 102.46mg/(g-vss). The secretion of EPS can not only form a protective layer to resist external pressure,
but also play a role in the reserve of carbon sources and energy.

Key words: combined heterotrophic and sulfur-based autotrophic process; perchlorate; extracellularpolymeric substances; anaerobic
baffled reactor

AT LA R A B X[ MR K St R
AHBH L T 5 U A (C1Og )T Bt br L T 3
HUT R ¥ KRBT ) Y DR Clo, BEVXTK
HEN AR, T U0 A AA PR R BT T AR R e, AT 16 B
NARHE HERH.ClO, E HARK R rh AT REAE. 58
R M T e i A P S5 L, LI AR B VR
JBE53 B9 AR B T AR A i),
J oy BVE RN T As ik FUE B B Clo, 14T
THR R S IAT R B 5 — Dy T Ak S A
T AR A R S 2R OV AT 4
AEAE B R %5 AL N ] T35 7K ) 1) 32 R
N AL, AR A ReR . ARG TS
CIO, Jo T A B A0 A R o, A3 5 VR 1 H T Jit

ClO, BATRT SIH AT Bz — ),

FR A3 40l S 95 00 | F 10 S g 0k
CLA HUAE A o A, ClOy 1E A v 15244 i
ClOy 3 J5UR S8 1.5 I L AT SR 2. i
A, S IR VR B R R R JEUCR A VT
FEROMIEE AN UL Clo, mRUE IR, E L
PBEIN I T I, B 7K S 3 B RS G A WL R A
S, ClO, A EIA a8 R T,

H FRV5 0 LLICHUAE R v 44, Cl1o, 1E A
Ut HER: 2018-04-18
EETH: FRK ARBERES R BIINH (51678387,51708389); K 117 4%
B2 B 4 % Bh R S0 H (17JCZDIC39300); K 8 17 2B RHF %) 55 H
(2017KJ056)

* SUTAER, Hd%, jlanbguo@163.com




4154 S

7 A S 38 %%

TR ClOy Bk S8 71512020 i H
(B A Hyy Feo SY & i B B A ks
]2 TR AR AR SER AL O B FRVE ik
() HL A TR A B B IR VE A PR AR AN T 2
BEIRRIR A A ARAZ TV — AN BRI b R, D i
T BLATANE I, DA S B I i T 47, £ B A% 2R P9 7k
FEIEEYE O L% TS SRR S KR SO,
T 25 5 3 1t 7K = i 0L IR ik, 2 908 T
AR BE ClO4 JRK.

AR AR5 02200 T K e R K
MR ARKE TEAHARMRRBEEm AR TS
TE—N RN A I S SR B ClOg [T HIR R IE
bR SR OB IR T ST, LA DU LA
O 5 5B AR R R nT LA 7878 H 97 BT i AE 1R
5, DR AN 75 Mk B PR B0 @) el T S 9= B I
FIN, AT IRGE 1 77 Bt 7K B R 0 94 52 R A 114 1) 8 B)
AR IR T2 K COD ANidbr ity ) J 36 1 2L _E
FIT3R AR ) 328 8L 1) S Rt B 97 AR 3T iR
MNA(ABR) R G0, H AL B ik FE ClOy /K, IFAEA
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Fig.1 Schematic of the experiment apparatus
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A58 P F AR i M v i SR 18 R T s T B
JKARBR ™ Z T i IO 24h HOVS U HAETIN
H1~#8 K3 P, H P #S~#8 K5 2 FRIHEE— @ LL vl it
T RIORSE . 3 7K R TN AP 25 i R CLOy R /K, H
H ok K Be i, 3 9 2R 2 O :NHLCL, 0.15g/L;
K,HPO4*3H,0, 0.10g/L; KH,PO4H,O, 0.06g/L;
NaClOy, 0.14~0.42g/L; CH;COONa, 0.08~0.50mg/L;
R 0 & W W ImL/L. B R O RO WA K
J3:MnSO4+H,0, 0.50mg/L; FeSO4+7H,0, 0.10mg/L;
CuS04*5H,0, 0.01mg/L; Na,MoO42H,0, 0.01mg/L;
Na,WO,*2H,0, 0.01lmg/L; NiCl,*6H,0, 0.02mg/L;
EDTA, 0.50mg/L.
1.3 1BAT5%AF

SR IEAT R S EONAR 1,48 80 3 N B HRT
¥329 12h,Cl0,4 IR 23 53] i #14R 100me/L 50 £
200, 300mg/L, 7EAEANBY B b 4 5 S 7K v ) 4%
B TIREE HE K pH B COD %5455, 7 17K ClO,
W L PR FREAE 90% LA | 5d 5 H542THE /K Cloy
WEEHENT BB
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Table 1 Operation parameters
i B B
I Il il
1) (d) 1~27 28~51 52~71
HRT(h) 12 12 12
Cl0; (mg/L) 100 200 300
CH;3;COONa(mg/L) 82.40 164.90 247.20
ClOo, FiAi[g/(L-d)] 0.20 0.40 0.60

1.4 3BTk
ClO4 + SO BRI B T4 #4% (Dionex 1100,/
b FUAZ GOREAT I 2 R4 AG20(4%50mm) Al
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Yie ) EPS [l & EPS K] 80°C In#wEE T3 I,
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Fig.2 Perchlorate, sulfate and COD concentration variations

duringoperation of the ABR

LB S 45 AR W] #9701 H IR ABR RELEA



4156 HOE

S S 38 %%

R BI85 rm i T O, 8 7, [R) IS AT B 22l 4 1)
SO 1=, LR N #3184 T RRE
2.2 JEHUK pH % ORP [¥1421k

FIREIR ClOy i FE 2 — AN FEIR 1Y 1 B, B ik
Ji 1mol ClO, ¥t 1mol & F!MLEE 1 7218 i
ClOg J& — = 1 2, 58 JiU 1mol ClOy =
2.66mol E R TP R IREL A IR T AL A0
fff ABR R ClO, i FEH AN T5 B AN
BB . ABR R4 HK pH EALEEPE WK 3 B, &
FEN ST B 3 K pH AELAY T 7.8~8.0 22 1], J )W
WREIBAITE, RRBOMAFRBH KD BN T
8.0~8.3 fll 6.6~6.9 2 [A]. 1k 4k, pH 145 ClO, ZR#%

HAFIEE, Y ABR RGN ClO, 2 5 2 <80%I,

SR B /K pH AE Tl FE B B8 anfE 27~35d
1 52~57d W), 7K pH R LK S T 0.1~0.5 4
BN JUFLRAE 1~5d B, R B /K EERE KK 0.2 A
Q7 A ABR RGN ClOy 1) 25 B % 1] BRI,
T B R R FH ST, T3 RS IR B K
pH B TR0 2 s/ 5T B 24 ABR R G040 ClO,
(1) 2B 26<80% M), H IR B 7K pH {H = T 7.0, HWE
Tlom T AR IBAT HUKH) pH X R WA H 37 SO
FIFH ClOg AR, K OH A4 A 20R 1 A%
H7K pH AE BRI 10 FE 5D

i B 1T

34 BBl 0 BB |
- T
; ] 100

82t
8.0 | ui
).
7.8
1 7.6
T 74
72 R
7.0
6.8 I
6.6 |

4 80

CIOs LR #(%)

{40

420

0 10 20 30 40 50 60 70
AT (d)
K3 ABR RGafTil fdt oK pH #1324
Fig.3 Influent and effluent pH variations duringoperation of
the ABR

SEALIE S LA (ORP) IR AR AL 55 [ I 4544 28 Y 1)
S T B DI KL ABR RGEANTH]
1% ORP REWS A1) S AN [ ks & IR Bl A A= 11
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S B 1 0 T 14 0, 45 S48 #% = ORP {HiE #i T+
e 22 B KA (—164m V) AERT B 1T AS0E 11, BU I s v
BATRE,Cl0y LR FAELE 97.5% /47, 0RP A2 4L,
RS 31d BONALAE I S#1 K5 =11 ORP LLZR
31d (% 144mV,iX 2 i TR e B, O N 2 1 e
WA HH 1 A% v SR B A H 2 5 R 3L JRU R
IR R 548 K ORP LSS 31d I 117mV,
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Fig.4 TheORP changes of each chamber in ABR system
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FIE B IRBL#S Fro)mBUR RN E i T 2t
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Fig.5 TheSS, VSS and VSS/SS changes of each chamber in ABR
affi25d b.A49d ¢ 69d

AN 2 SR YI(EPS )T 40 7090 (K K23 10 o,
LR TRV R A HURMIRIRI AL 40 v fi A
Ko 7R S R, OF B BURLY S Ye S BRI
FIAT A 55 D) R I 2R 12200, KT b 3 3o 00 2 AN ) T 990 B
A6 E EPS 410 Mo &8, 2% 5L R B s e

A KOIR B S B 7 B B OB T ) HE AR . 2
T AEA B Bt BPS(3 R V5 U8 EPS:36.29mg/
(g-vss),PN:16.13mg/(g-vss),PS:18.76mg/(g-vss),PN/P
S:0.86) =k T A2k Fifi A5 5 = IR 1S I 9 /b 3K 2 T
5 % = 1 18 o, mT ity e sk A I SR K LT &2
A(ClO4 )k, T8 EPS & BB Cloy
WRE BN, /M %=1 EPS M HA S SEHE B
PAm keSS pIE=EER IR iR TR LN ER IRk
FEW I 70 A2 A0 B R 7845, ANt o] i s A= ) o
WAEE 22 {1 22 2 EPS, A8 EPS 1 £ Bl & 1 in27. 53
AhFFEBE EPS R LA 4 B I A TR i ok T
HIRBLICHARH &%= AR WD T ik B R K
(P40 3, 5 % B A BEAR T B R L R O B LT
I B 2 5 R I 201,

EPS 1) 32 B o 4 a1 R 2, b s
AT KL, T 20 B U2 S K Pk 23 IR e, R A
2 B 14 LU AE (PN/PS) 8 157 IR, 41 B4 2 T (1 83 7K 2 8
515 B0 A5 RIF 9% % W /K P PR 89 T A FAAT 40 B
SEIT (WAL ) Ph B8, 3 5 40 2 18] R AH AR 0,0
11135 2 20 P 5 4 PR B 52, o 3k A A0 i 141 7 1 L ABR
REH PN/PS (AR AR R B, Bl A 18 AT I ] (1 31
TR S AER AR BPS & 28 i, 817
A5 69d I, EE#1 K4 E PN/PS 890 25 KA 1.32,1
I VSS B0 i) PR, A 90 B A iy . PNY/PS KA
R AR g g B30,

#£ 2 ABR RLGENMEE EPS. PN. PS & PN/PS RYZE{k
Table 2 Variations of the EPS, PN, PS and PN/PS on each chamber of ABR

5 25d 5 49d %5 69d
=4 EPS PN EPS PN EPS PN
PN/PS PN/PS PN/PS
mg/(g-vss) mg/(g-vss) mg/(g-vss)
#1 47.47 23.45 20.73 1.13 71.96 37.68 30.64 1.23 102.46 55.75 42.12 1.32
#2 45.84 23.13 20.96 0.96 68.48 35.04 29.99 1.17 86.14 4523 38.75 1.17
#3 42.9 16.40 19.99 0.82 65.13 30.64 31.09 0.99 73.46 37.54 31.12 1.20
#4 40.24 16.20 18.32 0.94 61.17 29.13 29.29 0.99 71.23 39.16 30.52 1.28
#5 41.72 18.30 17.86 1.02 62.63 29.24 26.00 1.12 64.02 32.46 28.17 1.52
#6 39.74 17.46 16.96 1.03 55.44 28.11 26.81 1.05 63.15 34.53 27.46 1.26
#7 38.85 17.47 17.01 1.03 52.81 26.42 23.83 1.11 63.51 31.24 29.43 1.06
#8 38.24 16.42 16.33 1.01 49.77 25.39 23.32 1.09 62.42 31.15 27.42 1.14
3 #ig AR E = SO 1= 2k, B KR e e
150mg/L LY.
31 RHRFEMFER B LEAE ABR RE NS 3.2 FFEWMAIGE HFRILIR ClO, LT BAIMYE

300mg/L ClO, HJ 2 Bk, HL 25 BR 4 TK 99.60%, 7] It

ek 3tk pH {EFRELE 7.8~8.0, 7 FE B HH KA T
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