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Abstract [ Objective | Introduce the commissioning and operation process of a fluoride wastewater treatment project in a
photovoltaic industrial park, and focus on the commissioning situation of reducing the fluoride ion mass concentration in the wastewater
from 8 mg/L to 1.5 mg/L. [ Methods] In view of the water quality characteristics of the wastewater discharged in the photovoltaic
industrial park, the commissioning is carried out in two steps: biochemical commissioning and physical and chemical commissioning.
After the biochemical commissioning, the physical and chemical debugging is further carried out for COD, and fluoride ions that cannot
be removed through the biochemical process. The key point of the commissioning process is to remove the fluoride ions in the
wastewater by physical and chemical means, and to obtain better fluoride ion removal effect and lower removal cost by regulating the
dosage and adjusting the dosage point. [ Results] After the completion of the biochemical commissioning, the initial use in the
biochemical pool front coagulation sedimentation tank step except fluorine treatment measures, found the need to add large dosage,
agent add the amount of sludge is too large, and large amount of sludge cannot fully precipitation and overflow to the subsequent
biochemical process section, sludge fluoride ion in the biochemical section will decomposition and back to the wastewater, which affect
the effect of fluoride system, make fluoride ion in the subsequent treatment facilities. For this reason, the measure of adding agents

step by step is adopted, and the agent injection is divided into two points: the front end coagulation sedimentation tank and the
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biochemical efficient sedimentation tank, and the fluoride sludge of the high efficiency sedimentation tank is returned to the front end to

further play the role of fluoride removal, which effectively reduces the dosage of fluoride removal and stabilizes the fluoride ion index of

the effluent water. [ Conclusion |

Keywords photovoltaic
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Tab. 1 Design Influent and Effluent Quality
5iH o (i COD,/ BOD,/ %EE/ E"EL(TN )/ B I%‘HZISE SS)/ ,E‘BE(T?)/ ’;ﬁﬁﬁa’f/
(mg-L™") (mg-L7") (mg-L7") (mg-L7") (mg-L7") (mg-L7") (mg-L7")
HEIK K 5 6~9 300 100 35 50 200 6 8
KoK 5 6~9 30 6 1.5 15 10 0.3 1.5

1.3 SEERKEFMAKBIER
T HBABE LIS, LK EA 2.1 )7
m’/d, SEbn b ok K 10 B X rR B AR Aol BT HE
T, HAR B AR ZR Nk 2 s
&2 Frrebd DOGIR A K HESObR
Tab.2 Wastewater Discharge Standard of Photovoltaic
Enterprises in the Park

£ HufH e HfE
pH {4 6~9 TP/(mg-L™") 2
COD,/(mg-L™") 150 SS/(mg-L™") 140
A/ (mg-L7) 30 BT/ (mg- L") 8
TN/ (mg-L™") 40

(ELE S X kK A I , 52 PR K SR AR GETH IR 3
FioR

MK G B, 225 W s A RS, It d
abxt EFOLIRA A DI A, 1R ] eIk A

F 3 EBRIEAGKET(LL 2023 4 8 A A MESH)
Tab.3  Actual Influent Quality (Based on Monthly
Mean Value in August 2023)

£z HfH e HfH

pH {H 6~9 TN/ (mg-L™") 7
COD,/(mg-L™") 45 TP/(mg-L™") 0.4
BOD/(mg-L™") 5 SS/(mg-L™") 8
RA/(mg-L") 3 T/ (mg-L") 7.3
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Frr BOD; TN (SS TP bR L4234 /) i K F5 b

— 129 —



JEERR, BESCH , T Rgh, 4.

DGAR Tl el X35 U A A 2T 29 15 4

Vol. 44, No. 1,2025

BUR 0 COD, R A E T I8 = T AT HE
WS, T AR WA A B HERL
2.2 IZiRAXEK

()AJ]" COD,, \HE A IRIRC 1 B2l ik hn %
K ASURBESE A Tk bR, 778 i 2B LRk, iF— 20 B
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Tab.4 Effluent Indices of Biochemical Commissioning

B0 HifH B0 HufE

pH {8 6~9 TN/ (mg-L™") 4
COD,/(mg-L™") 35 TP/ (mg-L7") 0.3
BODs/(mg-L™") 3 SS/(mg-L7") 8
S/ (mg-L) 0.2 BT/ (mg-L7™") 7.1
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Tab.5 Fluoride lons Removal at Different pH Values

pH fiL HK IR T/ (mge L) WETEGE
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6.22 1.51 77%
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Tab. 6 Comparison of Fluoride Ion Removal Performance of Defluorinating Agents( Dosing Alkali)
panp. HER G/ . R R/ BMER I 30% W/ B KRR ¥/ PAM/
- (mget™y TP (mgel ) AURPHIE (mgL)  RpHME  (mgel)  (mg L)
WPR7 6.5 7.8 1 040 4.23 535 6.5 1. 41 5
DEF1 6.7 7.4 1250 5.05 217 6.5 1.45 5
PAC 6.1 8.1 2 500 4.32 1270 6.5 1.43 5
RT BRHGH KBRS TP RE L (IR
Tab.7 Comparison of Fluoride Ton Removal Performance of Defluorinating Agents( Dosing Acid)
e KRBT/ R SRR S0 HOY e HKRAT AW
a (mgery T (mgel)  AUEPHET  (meel)  RPHEL (mgl) (meel )
GYF3 6.7 7.9 1740 7.12 325 6.5 1. 44 5
PHBI1 6.7 7.9 2 100 6.98 261 6.5 1.39 5
FZE15 6.5 7.5 2 400 6.7 68 6.5 1.48 5

(1) £ Ffr 53 JRUF) AR 43¢ 2 B 2 8 — M 4 /K 5 11
B, R RS AW FT R 8 RS T e
8.4 mg/L FEZ 0.9 mg/L, {f FH W 1R 45 24 5
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FI ISR N A HAE 1 000 mg/L Ph (% S5),
i— 5 K T ¥ oK 50 [ 4 PAC, 3R & S AL 65 Bk
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e AR 19 52 PR, A AU 4 AL O, 2
10% 447 .

(2) PR BRI 6 FH K, DOE 175 e i K, PAM
PO ARRIE K, MRS — M T57K ) PAM 22 8¢5
(Rl G O, B it —MEAE 0.5~ 1.0 mg/L, AT
XoF 45 R R 00 IRER  PAM B — BT AE 3~5
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Tab.8 Comparison of Chemical Costs Per m® of Water
SR BREGRIMAE,  BREFIHE, O IR, B PAM 4 #%/ PAM FI &/ ”@kzﬁiﬂjﬁm/
(7E-t") (gt") (7E-t") (gt (FE-t) (gt™") It
WPR7 2 000 1040 1 500 535 12 500 5 2.95
DEF1 1 500 1250 1 500 217 12 500 5 2.26
PAC 600 2 500 1 500 1270 12 500 5 3.47
GYF3 1 800 1740 500 325 12 500 5 3.36
PHBI1 1 800 2 100 500 261 12 500 5 3.97
FZES 1 300 2 400 500 68 12 500 5 3.22
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PRI R — PR 2, RN IR BEDTTE
HEM B SR, RS RN pH (EFE 6.5 224, &
ot — A H AR E BT, RN T R, (1) 255
P02 A, SRR R =35 1 800 mg/L, K

W B R TS I = A E B 2RI RN i (2) TR R
VIERE AR, & S MBI S | i Je 22 H K
K, B KR PR BT E , Ji /b R a5 e
TREEITE M i 2 AR e, S EUE b is R E
T3, AL M5 P8 2 2 T e 3 5 15 8 000 mg/LL LA
LSV, WA 90% L) L i i i is e i 2 S 5L
Ui R A Me I G, E— 2 TR SR i Y is
ATHRE ; (3) 2551 K, IR pH P 75 WAk 1) 4%
hnE AR R 3E K, T BhEERY PAM 45 in & to 75 A0 b
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Fig. 1 Changing Situation of Fluoride Ton after
Biochemical Treatment
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Tab.9 Fluoride lon Indices and Related Process Parameters
at Various Stages after Comprehensive Regulation and

Control (Daily Mean Value from September 21 to 30)

$ 7 izt HfH
S—i RS F/ (mg-17") 6.8
#EK pH {4 7.5
TR K T/ (mg- L") 4.7
TR EEM BRI/ (mg- L") 470
B FGE pH EH 6.6
PAM/(mg-L™") 3
TRBEM KT T/ (mg- L) 2.5
w TR KIS T (mg- L) 2.4
OB R/ (mg- L") 690
B G pH 1E 6.0
30% Wi/ (mg-1.7") 120
Bm)E pH E 6.5
EAICA I PAM/ (mg-L7") 3
A K IS T/ (mg- L") L3
et K COD, —e— Zijiill K COD —e— il KCOD,,
50 4
7, 40 ‘v\\.
%u 30 )/—e\ve——’e"/a\ﬁ\_e
S w0}
w
10 P———c-.__'__,_—-o——r“'/.——_‘
i)

(9-24  00-25 09-26 0927  09-28 0929  09-30
1 45

3 ZydEALRiLE CoD,, H
Fig.3 Comparison of COD,, after Biochemical
and Physicochemical Treatment
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FI7N o
2.6 BITHAZE
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25500 A 2.1 Jo/m’, Hod 2 R BR R 5%
IUAS RS K B 38AH DG 2430 2 o 1. 8 JT, A dE BR

R 10 R istyndt /KoK BHER (2023 4F 10 H A ()
Tab. 10 Influent and Effluent Quality Indices after
Stable Operation ( Monthly Mean Value in October 2023)

K BTG bR KK KK
pH {H 6~9 6.5~8
COD.,/(mg-L™") 43 11
BOD;/(mg-L™") 7 3
A/ (mg- L") 6.7 0.3
TN/ (mg-L™") 12 4
TP/ (mg-L™") 0.65 0.01
SS/(mg-L™") 13 4
E T/ (mg L") 6.8 1.3

R BIFAAR (2023 4F 12 A¥MH)
Tab. 11 Operating Costs ( Monthly Mean Value in
November 2023)

HA H B/ (TEem ™) i H

LRI 3.77 100%
255 2.1 56%
iR 0.43 1%
5l 0.5 13%
AH 0.33 9%
(esil 0.21 6%
HAty 0.2 5%

R B BH BT PAM 45, HA G55 YR K 2571
e U5 S A R R BN T B A 25 I

HLRE MK FEFR 2 0. 61 kW -h, 254 HLE
LNy 0.7 J6/(kW - h), #% 5 WK HL 9% 29 2
0.43 JC,

157 (80% F /K3 P52 30 v/d, T
KL R Ih 3 v, V5 JRis i kb & 2%k 380 J0/t, %
K5 i AL & 2R 0.5 7T,

NI ARTHR T 24 A, AN A Z1H 20
TG, WK A R 0. 33 JT,

3 4ig

(1) Y6k Toll el B 7K H B & 4 TN TP 4548 A
AL A A BRAR E iR bR, {2 COD, U TS5 485
75— YA BEA BEIA ] IV 2K R bR

(2) U TR AL AR A0 BT R AR, L 1 R
255 1y 9 O TR OB 00 L — 20 A% I B3 0500 , Wl 2 ik
(LR (23 PR f 2k R R i S8 1% it foe VR fF 25 I 52
it HH K RS AR, DT o 245 B AR SR 2 1

(3) 3L 7E 22 G5 i i ) TR 6 U0 I Tt R i i 1Y) v

— 133 —



JEERR, BESCH , T Rgh, 4.

DGAR Tl el X35 U A A 2T 29 15 4

Vol. 44, No. 1,2025

RULHEM A BNER R, I BRI5 e I B R 4t
Hifs , AL K G IR AR, T A AR AR 24

(4) A T2, TR T RE A AR g 15 2

Wb VKA TR (1.5 mg/L) | TFRFULfE COD,, 4
A bR 147

S 3k

SN, B, PHGIOTE B Al BRI T AR A 7 Th S SR K
BT [J]. sPESKHK, 2019, 35(21) : 109-112.

JINY Q, ZENG X. Treatment of fluoride wastewater in liquid
crystal panel production by two-stage precipitation method [J].
China Water & Wastewater, 2019, 35(21): 109-112.
REFS, AL, A&, . SR T EAKREAM T 205
% [J]. HoKER, 2020, 39(5) : 140-146.

YU Q F, ZHEN X H, ZOU L, et al. Solutions of advanced

treatment process for industrial fluoride wastewater [ J]. Water

Purification Technology, 2020, 39(5) . 140-146.

TN, RS, Wb, HKAR R R R A R LA R K
AEISEE [J]. hE SRR, 2022, 38(10) ; 83-89.
WANG X B, ZENG J] W, TANG Z. Practice of high fluorine
industrial wastewater treatment under the requirement of high
effluent standard [J]. China Water & Wastewater, 2022, 38
(10) : 83-89.

R, BN, B, . SERBORBEOERAT L AE K
TS [J]. ToalbkAbEE, 2020, 40(5) : 118-121.

FENG L X, MOU J, WEI Z, et al. A project example on
integrated technology for production wastewater treatment of
photovoltaic industry [ J]. Industrial Water Treatment, 2020, 40
(5): 118-121.

Jo e . RO R X 5 OB K TR BE AL BROT SR A4 [T]. 1
ZRALT, 2021, 50(20) ; 274-278.

GU C C. Optimization of fluorine-containing wastewater treatment
[J]. Shandong Chemical Industry, 2021, 50(20) ; 274-278.

(EBF157W)

[59]

[60]

[61]

[62]

[64]

[65]

[66]

[67]

FINLEY R L, COLLIGNON P, LARSSON D G J, et al. The
scourge of antibiotic resistance: The important role of the
environment [ J]. Clinical Infectious Diseases, 2013, 57(5):
704-710.
PERRY J A,
"mobilome" ;
clinic [J]. Frontiers in Microbiology, 2013, 4. 138. DOI. 10.
3389/fmich. 2013. 00138.

ANTIPOV D, KOROBEYNIKOV A, MCLEAN J S, et al
Hybridspades ;: An algorithm for hybrid assembly of short and long
reads [ J]. Bioinformatics, 2016, 32(7); 1009-1015.
BERTRAND D, SHAW J, KALATHIYAPPAN M, et al. Hybrid

metagenomic

WRIGHT G D. The antibiotic

Searching for the link between environment and

resistance

assembly enables high-resolution analysis of

resistance  determinants and mobile elements in  human
microbiomes [ J]. Nature Biotechnology, 2019, 37(8): 937-
944.

KOLMOGOROV M, BICKHART D M, BEHSAZ B, et al
MetaFlye: Scalable long-read metagenome assembly using repeat
graphs [ J]. Nature Methods, 2020, 17(11): 1103-1110.
VASER R, SIKIC M. Time- and memory-efficient genome
assembly with Raven [J]. Nature Computational Science, 2021,
1(5): 332-336.

MOSS E L, MAGHINI D G, BHATT A S.
bacterial genomes from microbiomes using nanopore sequencing
[J]. Nature Biotechnology, 2020, 38(6) : 701-709.
KAFETZOPOULOU L E, EFTHYMIADIS K, LEWANDOWSKI

K, et al. Assessment of metagenomic nanopore and illumina

Complete, closed

sequencing for recovering whole genome sequences of
chikungunya and dengue viruses directly from clinical samples
[J]. Eurosurveillance, 2018, 23(50) . 18-30.

CHE Y, XU X Q, YANG Y, et al. High-resolution genomic
surveillance elucidates a multilayered hierarchical transfer of
resistance between WWTP and human/animal-associated bacteria

[J]. Microbiome, 2022, 10; 16. DOI; 10. 1186/s40168-021~

— 134 —

[68]

[69]

[70]

[71]

[73]

[74]

[75]

01192-w.
WICK R R, JUDD L M, GORRIE C L, et al.

Resolving bacterial genome assemblies from short and long

Unicycler:

sequencing reads [J]. Plos Computational Biology, 2017, 13
(6) : €1005595. DOI: 10. 1371/journal. pebi. 1005595.

QIAN X, GUNTURU S, SUN W, et al. Long-read sequencing
revealed cooccurrence, host range, and potential mobility of
antibiotic resistome in cow feces [ J]. Proceedings of the National
Academy of Sciences of the United States of America, 2021, 118
(25) : €2024464118. DOI: 10. 1073/ pnas. 2024464118.
PETER S, BOSIO M, GROSS C, et al. Tracking of antibiotic
resistance transfer and rapid plasmid evolution in a hospital
setting by nanopore sequencing [ J]. Msphere, 2020, 5(4):
€00525-20. DOI: 10. 1128/mSphere. 00525-20.

LIU L., WANG Y L, CHE Y, et al. High-quality bacterial
genomes of a partial-nitritation/anammox system by an iterative
hybrid assembly method [ J]. Microbiome, 2020, 8. 155. DOI;
10. 1186/540168-020-00937-3.

DANG C, WU Z, ZHANG M, et al. Microorganisms as bio-
filters to mitigate greenhouse gas emissions from high-altitude
permafrost revealed by nanopore-based metagenomics [J].
Imeta, 2022, 1(2): e24. DOI; 10. 1002/imt2. 24.

BIALASEK M, MILOBEDZKA A. Revealing antimicrobial
resistance in stormwater with MinION [ J]. Chemosphere, 2020,
258 127392. DOI. 10. 1016/]. chemosphere. 2020. 127392.
WU Z, CHE Y, DANG C, et al. Nanopore-based long-read
metagenomics uncover the resistome intrusion by antibiotic
resistant bacteria from treated wastewater in receiving water body
[J]. Water Research, 2022, 226. 119282. DOI. 10. 1016/j.
watres. 2022. 119282.

YANG Y, CHE Y, LIU L, et al. Rapid absolute quantification
of pathogens and ARGs by nanopore sequencing [ J]. Science of
the Total Environment, 2022, 809 152190. DOI. 10. 1016/]j.
scitotenv. 2021. 152190.



