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Feasibility of Sulfur-based Autotrophic Denitrification of Photovoltaic

Wastewater Containing High Fluorine

MA Hang'?, ZHU Qiang'”, ZHU Liang'?, LI Xiang'?*, HUANG Yong'?, WEI Fan-kai'?, YANG Peng-
bing'

(1. School of Environment Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2. Institute
of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: Effect of different influent F~ concentrations on nitrogen removal efficiency of sulfur-based autotrophic denitrification was
researched at room temperature (20-25°C ) using domesticated biofilm reactor to explore the feasibility of sulfur-based autotrophic
denitrification of photovoltaic wastewater containing high fluorine. The results indicated that when the influent F~ concentration was in
the range of 0-700 mg-L~", the nitrogen removal efficiency promoted with rising influent F ™ concentration. The maximum TN removal
rate of 1.0 kg+(m’-d) ~' was attained with the influent F~ concentration was 700 mg+L~'. When the influent F~ concentration
increased to 700- 900 mg-L™", the removal rate of TN reached a stable level at 0.81-0.87 kg-(m’-d) ™' after short-term
domestication. When the influent F~ concentration was above 900 mg-L ™", the removal efficiency of reactor lowered with rising
influent F~ concentration. The minimum TN removal rate was 0. 4-0. 5 kg+ (m®-d) ~'. Photovoltaic wastewater was used as the influent
of the reactor. After 50 d operation, the reactor gained steady denitrification efficiency. With the influent NO; -N concentration of 390-
420 mg-L™", F~ concentration of 800 mg-L ™", and HRT of 8. 8 h, the maximum TN removal rate of 1. 1 kg+(m’-d) ~' was attained.
The effluent TN concentration was 15-25 mg+L ™", which met the standard of sewage discharge. Costs of treating photovoltaic
wastewater by disposing conventional denitrification and sulfur-based autotrophic denitrification were 2. 468 Yuan+t™' and 2.072 8
Yuan-t™', respectively. Compared with conventional denitrification, the sulfur-based autotrophic denitrification could save more costs.
Key words : sulfur-based autotrophic denitrification; photovoltaic wastewater containing high fluorine; element sulfur; nitrogen removal

efficiency ; effect of fluoride
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Fig. 1 Schematic diagram of the denitrification reactor
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R i R WA S B 18 5 S A AR I S
SR FH RO (CRiA2 0. 8 mm ) /N HL A Feq)
FER e R DRAAUBURL TS 8, B ) 3% BBl Ak S g 2% 0
B s TN LB R R 075 ~ 0.84
kg (m®-d) =", TN ZBEHRN 70% ~75%.
1.3 stk oK

TR HT K AR K. TR K 3 A AL
(mg-L™"): 1080 KNO,, 220 ~ 3100 NaF, 27
KH, PO, , 20 MgCl,-6H,0, L J1 mL-L ™' ff{fE L&
5000 EDTA, 5000 MnCl, -H,0,3 000 FeSO, -7H,0,
50 CoCl, - 6H,0, 40 NiCl, - 6H,0, 20 H,BO,, 20
(NH,),Mo0,, 10 CuSO,,3 ZnSO,. [A] /A4 500
mg-L ™" NaHCO, $& ML FITCHLBRIE. G AR 5 7K H
3 K P B R R 2B 7 Al , 22 i 2R
VRIEK K Bidaring 1 iR,

F1 FREKEZEKEER

Table 1~ Main quality indexes of cleaning wastewater

NO; -N/mg-L ™! NO; -N/mg-1.~! F~/mg-L~! TOC/mg-1.7! pH
442, 80 £37.02 0 781.9 +54. 64 0 1.95 +0. 42
1.4 ¥k FR A koK, K FOMEE A 800 mg-L7' A2 A,

F~ X 3% S AL B3 0 f8 G2 E K N0, -N Y
WeRE 150 mg- L1, K S5 B BRI 456 76 3. 3 h. Kk
K F~ B 100 mg-L™" B AR TE, 4k 32 THET LA
SV U RE JD AR AR, B AT 7K NOS =N
NO, -N, F~H1 SO~ W AR AL #RFTANIA] F - i B b
T [ 35 A A 57 25 Mo U8B 1) B B s i

AR B AR 3% RO AR A - LLOGAR K AE Ry

NO; -N¥ & 400 mg-L ™' 247, i H/KNO; -N |
NO, -N| F~H1 SO;~ ¥ FEARfb , WAL B [ 77 S A Ak
F g wlit BALRE , PRIT A 7% Bl 1 Ak 2 e % %0
PRI T 7.
1.5 Strii H Korik

BN #RtE K | K 2 U8 R B - 1 (#
2 1C-900) M 5ENO, -N, NO, -N, F~ 1 S0}~ #kJF,



3096 ¥

i

B % 37 %

SKH pH 3 (pHS-3E) M 1 Hi 7K pH H.

TEVEK F¥eEE R 0, 800, 1400 mg-L ™"}, 43
B R 4% v BGE 295 U8, 7F 471 35 X 7 i s
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2.1 OR[E] F R EERTRR B % SO A AURRE Y B B
Al

A B AT Al KRB A BB BrBe 10
~116 d) , B W WHIEK F- ¥ E R 100 mg-L™",
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JEARAL AN & 2 Fras. LB B K NO, -N | NO, -N#
FEATH A 15 mg- L 125 mg-L™' 5 RTIAF Y
FEACAH R, 1560 B2 0y s O I B RE R 3252 ). XY F -

—&— JEKNO; N —O0— H7kNOy N
—@— HKNOy-N s 7K E™
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Fig. 2 Effect of different influent F ~ concentrations on the nitrogen removal efficiency of the reactor



8 hTAE ;B F IR RO A A B & OB K AT AT 1 3097

kg (m’+d) ' HE— L ULBAAE LR B, BT T
NO, -N[fAINO, -NfIHAk.

MK F oA E T & 900 mg-L7' i, H K
NO, -NF 0 mg-L ™" #£F+ % 4 ~7 mg-L~" ,NO; -N¥ &
T+ E 60 ~80 mg-L~", TN ZBREE TN 0.45 ~
0.6 kg (m’-d) ~". FIREZ L #% AR P AS 3 R
900 mg-L ™" FHREE AN O AL AR A2 2 T
FHCTN KBRECRA K FRE. 9k2220 900 mg L~
B F- BB T2 88 d, HiIZKNO, -NAEH 0 mg-1.7",
NO; -NFEAK ZE 40 mg-L™", TN £ H# R FIF% 0.8
kge (m’+d) " ATRESE T F 0B 45 35 e i 94k
YERL, A PR b A Wade B I T e 1 K.

b5 B 7K F- W BEFT 000 mg- L' $2 T+ 2
1400 mg-L~", 7K NO; -NTEA K i a] YA BEFEAIT,
HHIZKNO, -NW TR 2 70 ~90 mg-L~" TN ZF&
HREAR TS 0.4 ~0.5 kge (m®+d) ™", BEHA I}
F ™ E I T NO; -NFNO, -NAY L. YK F-
WRESRTEZE 900 ~ 1400 mg- L~ I, %A% 1 35 S i Ak
S 7 e M R R RE 7 A W R A BRI VE . HLBE % R
B (R R, A RECR

R T HRGEIL B B 4 0O S 5 AT BB 2
(118 ~128 d) Kk /K F- R MR E 0 mg L™, 4

120 d J5 i /K NO, -NAT3 4R R 0, i 7K NO; -N Hy 85
mg-L_lﬁ%{Eﬁg 50 mg'L_1 ,HAEZFEWILK, K
NO; -NZ# FFEZE 30 mg-L~" TN ERERETIZ
0.6~0.8 kg+(m’-d) ~'. Ik F~ ¥ BEXT BT H 57 2
A A1 ) A2 T 338 1.

R gafTid R e R T mg- LT
NO; -N£:7%4E 7. 18 mg-L™" SO~ AR5 rh 4254 1k
1 mg-L™" BINO; -N= 4 T 6.84 ~ 7.68 mg-L~'
SO; ™, AHXTER2E7E 10% LA, 156 BH B8 A 5 00t A
FH A [ 35 S A T 58 Y.

2.2 SEM( = W) B

FEBEK FHBE N 0, 800 A1 400 mg-L~"A, 43
SRR 25 h EGE 5 U, Ah RIS AR HL B BT
SYRTEE AN 3 TR, SOV A% N E B DLERIR B
MK P ESS N 0 mg°L_1 1 800 mg-L_1
BF, OB s AR S T B2 5. ik Pk
41400 mg-L~" B, BRSO #4904 RE BH
R AR 3 () Al 15 AT AR R ERok
L UL IHR G A P 3 P AL 2 B, R H 3R
HILT LS. B Y #EK F- i1 400 mg- L~
TRER 0 mg- L7 B, SN A A4 I TR e R AE TN
.

(a) 0 mg-L7!

(b) 800 mg-L™'

() 1 400 mg-L™!

3 0,800 %1400 mg-L 'k F~iRET SEM B
Fig. 3 SEM images under influent F = concentrations of 0, 800 and 1 400 mg-L~!

2.3 BiAFRAEL N A TN EpRE RS HEK F-
AP

Bl HEK F W BE R T, ROV AR I TN 2 Bkt
FEISTE, BRE, HERGES. WK 4 fr
TN RET SR 3 AR EBE. T RIS BE . 24K Bk
FELE O ~700 mg-L "B, TN ZfREREEE F- AR
FHMIHE R, AT RE T 0 B A 3 A2 2F 18R B 7 S A
PR EEF T H 2SR F iR R 700 mg- L7
B, TR IR TN 5BR#% 1.0 kg (m’+d) *'. TR
FE M B Y HE K EETE 700 ~900 mg-L ™'}, 2555 1
Ytk SR a TN 2 BR M52 7E 0.81 ~ 0.87

kg- (m’+d) 7', T80 B BE: 2 E 7K F- K F 900
mg- L7'B B F O B A, TN 2 o 3 58 34
TRE MK FORERTFEL000 mg- L7, BUAT
TN 25 B o 2 5% 4 L B # % 0.75 ~ 0.84
kge (m’-d) “AH Y. MiEK FTOUR E R TE A1 400
mg-L7', TN KBl B EME 0.4 ~ 0.5
kge (m*+d) =" AW TN ZBRERIG—F.

TE F WK 800 mg- L~ I, Sz 7 4% A i UL
REAR MR BT B, BTN S A A= P BB I e X F -
TR SZ PR, i i K 280 R KRR 28, 2 F-
eI 000 mg- LAY, RO AR TN 25 0 R A%
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