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Abstract: Benzalkonium chloride is a quaternary ammonium salt bactericide, which is widely used in food processing medical
environment, medical environment family and family, and especially its application in chemical production has led to the contamination
of the aquatic environment. Traditional biological treatment methods cannot effectively degrade benzalkonium chloride, and advanced
oxidation technology has received widespread attention. The article reviewed the ozone oxidation technology, photocatalytic oxidation
technology, Fenton oxidation technology, persulfate oxidation technology, etc., and elaborated the advantages and disadvantages of the
above technologies and mechanisms, and analyzed their degradation effects and degradation pathways in the light of the progress of the
application of advanced oxidation technology in the treatment of benzalkonium chloride pollutants in recent years. It provides reference
for further research and application of advanced oxidation technology in the treatment of benzalkonium chloride pollutants in the future.
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Fig.1 Chemical structure of benzalkonium chloride
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Fig.2 Direct and indirect reaction procedures of ozone in water treatment
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Table 1 Research and application example of removing BACs from water by ozone oxidation

BACs #+ £ B4 HERAEN(mg/L)  REETE/min 2R E  HedmE/(mgll)  pH/E Befd &%  AHE LK

BACs O; 10 15 32 mg/L NiO-NPs: 20 - >95 [56]
DDBAC 0O,/Cl 38.1 40 0.6 L/min Cl: 112 6.2 92 [57]
BDDA:BDTA 0O3/H,0, 50:25 30 1.28 g/h H,0,: 200 11 90 [58]
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Table 2 Research and application examples of photocatalytic oxidation degradation of BACs

BACs # % e s REImgIL) b RE H Az g pHAE RELBTE/min  FEfEEI%  SLak

DDBAC UV/CI 10 2.6 mW/cm? Cl: 50 mg/L 7 120 81.4 [68]
DDBAC UV/0O, 100 3.53 mw/cm? O3: 0.37g/h 8 20 91 [70]




MK EEBHE Modern Food Science and Technology 2025, Vol.41, No.10

HzOz: 0.9 mL/L
DDBAC MIL-88A/UV/Fenton 40 TIA 5 35 100 [72]
MIL-88A: 0.25 g/L
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Fig.7 Mechanism of Fenton oxidation degradation of BACs
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Table 3 Research example of Fenton oxidation degradation of BACs

BACs # % e A4k R JEI(mg/L) Fe?' & R bk A4 pHIE FUZEE/min BREER% Lk
BACs 5,047 /Fe? 100 [S,04%)/[Fe?']=1:2 - 5 60 91.45 [81]
BACs Fenton- .43 10 Fe?*:1 mmol/L A:15 mA 3 300 99 [82]
BACs Fenton 100 [Fe?*]:[H,0,]=0.011 - 3 180 99.9 [83]

Fenton SEMECARIESLBRN A, AU ZERE[ H0, MIBkEE, IEFTZ pH (ERSHERE ], pH {H R
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Fenton LI A T Fe* &2 DI EENE. 24 pH AT 3 B Fe¥ FFuar P, I s AR i A AL o
PRI, 7 e N3 R v i SN K B TR R4 RF R PRI, 5 SEAE AR R pH BT 19 0] b, SRR pleAs
) T Fenton S ALEARIK 2 N -

SEPRIE KT &A1 HCO; « CI. HPO, 25 /K 3 5% Fenton Z 40 #kI1E T, DRIt 75 Bk — 2B b Bk
W EATR BEREA VLR . BeAh, REEWFAREEPELRE L, 20 1 SRR A 7 A B R i )
W Rk, TR Fenton L RGIMIFRMERUE A E, il P il i, FE0RA5 Xt 2R ST e i o ),
R 3N T — LI AR AR SR AL LB BACs AT 7T SEH

24 BEBAR B W EAMBA

241 FERAR B w1 A BAL A IEALALIE

IERER SR AE/K R ] B B AR I R IR B8 1, fErmiR RAMERGT . ISR B RS PRt
DA A, PR A SR IS P S, BN BRER £ B (Sulfate Radical, SR, SO,%) 1 OH. SO,”
Pk P AR, BEmENIEE A AR, SR A R, MR A B R,
HAEE R AR R B ST 8OHS B AR Seiih. MHLEE LU, BRERSE B L] LUNE ML &4 bk
BT E R ST, SN E R E — AR T, SR IR IR A RN &
Y. N T PP SO, 4 ik BE A I B AL B BRIR 28, BT AAE S B R mh A FH 9 i R (0 A4 77 (R
ik JE B A7 . A BB MR (Peroxodisulfate Radical, PDS) X} IE# & MM AN 2.01 V, THEBHER
(Peroxomonosulfate, PMS) %f IE# & iz A 1.82 V 1, PMS F1 PDS =52 je R B8 WL (17) i (21) 186881,

S,00” > 2S0; e (1

HSO, — SO, ¢+OH e (18)
S,07 +e” — 2SO0, ¢ +SO7 (19
HSO, +e- —> SO, e +OH"~ (20)

S,0f +(energy input) - 2S0O; ¢ (21D

2.4.2 FLEAR B bR BALIEA

Lee 20U Bt UVIPS 1.2 kK DDBAC, it Fiid i, SRt i 4 @ E b= L il h A th
Ho(S0z) PO gEE k], A3t 30 min L AHTET (WG 0.89 mg/L) AR AL 98%. i
ot F R K SRESIESE T ARAE AL IR A (B OH F1 SO ) 20 1 BACs IR FE . I8 v A5V AH - A3 19k
JFit (High-Performance Liquid Chromatography-Tandem Mass Spectrometry, HPLC-MS/MS) 7E 1E it i it B 5§
25 W B AR S X6 B A R T AR B AT 0 AT, SR B RIS AR A P 8e AT, IBLIR AR AT B AL 3G 2R U 1 2 Bl e it
B RIRE KFEL. B E ST

Zhang 2535 9 K I Fe/Mn SEALIE 5L B R4 T 2 52 /E DDBAC Ff#th B S EEH . 45 %W, 76 pH
fE~ 7 i, 80 min %} DDBAC i[5 ATiA 99.4%. i GC-MS Kl Fl25 iz ok HLg PG 15, #2414 BACs
(11 B A A% 1 B AL A 25 AL I ORI T34 J N S5 2, G P 8a T o J8 ol e B AR H 2T AR Y (FT-IR
Spectrometer, FTIR) AL FIRT S EREE], XRIBEAFI AT FEF =L T KEMFHIE, CN E#R
WOUEH 2k o UESE T FR AR BRER R B SR A B AR A SRR R R PR AR R, PR R 2k B R A B O
YEF, i 8c Fiow.

Xue 255t T FeMn-CA300 )& 5 &I ol BRFR 257k 20T Bk h BACs HIBEMRALRE. 1 8d FTs,
T AL SRR HELL 0T BACS BERRICR %2, R Z AR A R A T Rt T HIEEE 5 KR
B T 304 S5 A AR R AN RIS 55 (K7 4 . 7E FeMn-CA300/PMS [ Sifk £, BACS P& iR b 45 1
FeMn-CA300 b FIFE Al PMS WK FETM 5. LT, 60 min N BACs [FEf##1k 99%LL |, 45RE
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Fig.8 Mechanism of oxidative degradation of BACs by sulfate radical

72: aFe/Mn £/bik R4 fit DDBAC #&42; b.AiBA i AL AT/ BACs iR42; cAmAEGE FTIR Hik; dX HE4T5HH
% eUVIPS TZ /% DDBAC #&42; f.Fe’/PS AL /R 4 f# BACS &2,

R AR ) H A o) R — 2 e BN R v AR KB IR $h B 1, AERIPKAEAEY), BRIRER & Tl w
BeAzHIAE 500 mg/L LU FEO. R4 PDS Bk PMS Z:i5 4t i b, 4% SRS TR, NT R
R B, AR VA RIS BIR EE M R A B S A E AT (I AR D 45, BLAE| A
SARRICR, MM PDS O BAUK R BT ER B 7 & B, 5 PDS MItL, PMS 76K 2 $fs i T 3 25 5 b
WA, (LA PMS EG AR Ak AR w0 A 7 e A PR AS T b 56 2 T PR KR, 7 B v A I A1
PRIk, BT RBL T Aok G0 A T TR B sk e 2R 10 . O T AR ER £h i A AR AR A ML
VIR RA T IZ B AT S, REITRICEUAR . @R ORI, R 4 S48 7R B A%
fift 2k BACs [HIAH GBI 5T

< 4 IERBRELF L FERR BACs HORF ZT R L4
Table 4 Research and application examples of oxidative degradation of BACs by persulfate

BACs #t % RS A4 IR AR T A H et g pH {4 S E_H R LK
=/(mmol/L) /min 1%

DDBAC PMS-FeMn-CA300 10 mg/L PMS: 15 FeMn-CA300: 0.4g 7 80 99.4 [94]

DDBAC PMS-[E-Mn-Fe NC] 10 mg/L PMS: 7 E-Mn-Fe NC: 0.3 g/L 7 60 99 [93]

DDBAC PS/UV 0.89 mg/L PS: 0.93 UV: 1.45 mw/cm? 7 30 >908 [89]

BACs Fe/PS 0.02 mmol/L PS: 2.0 Fe’: 5.0 mmol/L 7 60 91.7 [95]

3 HiESRE

KRR GHLER T IR (R el Fenton SELFIBRERR [ B 102) TR AOPS
FIPERENLEL . PR R PRBRA, DA DUREARIEAL I BACs 77 HFTEUF W F2E /&, iy BACs SEFRM A b
BIRML T 2%, FRF, B4 T UMECRIEIRYE, DSOS R R iR gt B . IS R BARMW LT LTS
AT, (1) ANFESER BACs s S L id e ANE 22, thTHest B i3t 5 BACs B 47 (1 Al
PN ATREANR], T LA U £ A PR A PR AR AR T AR T . R LC-MS-MS 70 #F A e A5l BACs 1
R AR T A S B A, IR A E AL B iR A . RIS, 3B 552X PRl P M) B R HEAT VR4, DA
EHBVER S AR 8;  (2) BACs HLn] e~ B alik, &l —kishe, i DiRa LAk
RN 2R R, PR AR S H A AL B & A B R K B2 — R AT J5i%; (3D ZF
BACs 7E IR AL AE, T3 EEX [ Ag A DL L BACs 1= 2 AL BE JJ AT 174, RIS, 7K BACs V& 1E
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