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Oxidative degradation of micro-organic pollutants by potassium
permanganate in water: A review
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(1. Key Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing, 100085, China; 2. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract; With the frequent detection of micro-organic pollutants (MCs) in drinking water sources,
the micro-pollution of MCs has aroused great concerns. Potassium permanganate ( PM) has been
increasingly applied as a pre-oxidation agent in drinking water treatment plants due to its
advantageous features such as strong oxidation potential, good adaptivity to a broad pH range, and
easy and safe operation. In this paper, the degradation efficiencies of several typical classes of MCs
by PM are comprehensively reviewed, including endocrine disrupting chemicals, pharmaceuticals,
and pesticides. The impacts of MCs’ chemical structures, pH and co-existing materials in water
(i.e., humic acid and inorganic ions) on the reaction kinetics of PM with MCs, the reaction
pathways, and the toxicity variation of the reaction solution are all discussed. It is expected to
provide a valuable reference to drinking water treatment plants for optimization of the PM
pre-oxidation process.
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Fig.1 TImpact of MCs’ chemical structures on the reaction kinetics of PM with MCs (with speculations labelled in blue)
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Fig.2 The second-order reaction rate constants (k) of typical EDCs, pharmaceuticals and pesticides with PM
(T=20—25 °C, for PFOS 65 °C; the full names and abbreviations of selected MCs are listed in Table 1)

FHN WEFE R PM 558 R HA BB A SN 15 P40, Rodriguez Z50F98 &K 30 PM 5 flR %7 X a
B BN TG PER 58, pH (. 6—8 TR K 20 CHFHY k (EARFRLE 2.1 x 10* L-mol -5, 3 K MC-LR
B S T PSR  pH (Bl 7 IR E N 20 CHFAY kM 357 Lemol '+s7'' %) Chen %5 & PM 5 #EFE &
MC-RRTE pH 6.7 JGJE 25 CHIS N k {4 544 Lemol 57",
1.3 5 LTS Se 06 N 81 1 24 5
1.3.1 JBHEmR

JEHIAR (Humic acid, HA) ¥E RERAK AR A7 46 HA VR R 38 JEFR 6 PM X iz FF Rk ) 4



20 7 A A 36 &
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Table 1 English and Chinese names of typical EDCs, pharmaceuticals and pesticides selected in this study

Y LA FK English name YLIHHE English abbreviation T34 FK Chinese name
phenol — FNU

2,4, 6-trichlorophenol 2,4,6-TCP 2,4,6- =K
aldicarb ADC o6 T

2 ,4-dinitrophenol 2,4-DNP 2, 4-HE SRy
carbamazepine CBZ REVEF
trimethoprim T™MP R
lincomycin LCM MR
ciprofloxacin CPR HRR
bisphenol-A BP W A

ofloxacin OFL AR R
sulfisoxazole SFX Tl e S s
sulfathiazole SFZ T g e
sulfadiazine SFD il e v
sulfamethazine SMZ T e — FH
estrone El )

estradiol £2 IHE

estriol E3 ifE =
4-n-nonylphenol 4-n-NP T

triclosan TCS =EAE
diclofenac DCF WA
salbutamol SBT RWHER
dichlovos DCV R
sulfamethoxazole SMX T e FR 2
perfluorooctanesulfonate PFOS SRR

HA HY¥E BRI pH (235200 HA %F PM 4EALIEfE MCs I9VER B [ HA ] :[ PM ], 934K, HA
X PM SR ALZR S B i £ 2 B B K S N B B, B E A PO IR L TR R HA fE
pH 4—8 BRI (1 REAf: , W 7E pH 9—10 Y855 AW (Y At , iIX B HA 5 PM S MCs IFEFAPLER R 4= T
BKAE ) Shao %534 % BRI BE (1 HA X PM BRI RS EDCs RO HERERE AR O 2 2 Sk
R H PM 5 HA P20, 3% n] B2 th T 98 Ak S5 R R A EDCs 19 520 3R AN ] 5 24 20 AR
PM/EDCs/HA /R 3% 0] B8 B AR TP EDCs i — 2% A AL 725 50 Fh 28 B R ) B 8.

X T HA 558 PM E LR MCs BIPLEE A 22 A2 HA il Z 95405 Mn (D) 28 o4 AR
LR Jiang Z5iA K HA VER—FhE A BEFN Mn( 1) TEJIC &9, 3X I T & 4 7T 4k 2 4840 MCs, i fie T
Mn (1) B4R AT He S5IN R HA 33 528050 F 00 m-m VEFHINGR T oK B Y L F = % B, (2R 5
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PM () 5 B i G 2 SN IESE & BIAE PM/ A/ HA PR 2 HA 3458 T 507 MnO, (s) B94E BT, ¥ HA
B o EACE RGN PM S HCHRR BN A2 B9S2 MnO, (s) T 5 W 40 4 SEAL R B 1) i R 1, 2 5 7%
WTREEATR , 3 AT RS MnO, (s ) 785 I ik 78 rv DR W B 24 B 7 28 2 37 I 3855 1 HAL 5 PML LRSI i) ik 8 J Ao
FEH MnO,(s) , BERSAREF MnO,(s) BT A 45, HA XF PM AL RS By A2 EVE FH A 5, MO, (s) 1E A
TR AR I AR S A HA BB HE O, 7EK TR AR R A L, B HA 7E#E UV 58 IR A4 3 At
REr=A A RS HA 2 FE5 S A 2 0 AL A, in—OH FI—COOH , X 2L 48 7 F 1] BE1E PM
PRI T HA _F RS Az il DA U 28 o0 i [ B 5E, n- OHL, & AT AR S 90 840500 in sk PML X
MCs HYEALREAR. I, 558 PM/ZHA (KRR &A1 H 5L, (a5 A [a) .
1.3.2 THlLET

AR R S b K SRR JEK i — P DL JEAILES T Jiang S0 93 A& DU BR R T 3 3 PM Xt =
A R A AR A, AL T e B RRER X Mn () AR e A 7B, I A Witk — A Ak =& A1 9
WIS & BB R LR nT 4255 MnO, () XIZEME YA ILAE J1" ) . PM 7E5 MCs ORI 1 5 2 A MO, (s) , Rt
PR 1] AEAE S 45 JFA MnO, (s) B4R AE J1145% PM X} MCs AR, 55— 5 1, Hu %5 % BUBS IR 35 )
PM Ak Rfire A8 0 AP AT 25 2 0 I S 52 0> . Zhang 45 % B HCO; Fe I Fe®* AT 42 PM X 4%
1 AR R A, LA i AN I A Y

2 PM 5 MCs B9 Rz #1382

T RAFEEREME, PM 5 YT MCs 20+ 19 & B 56 A1, iRt v B 4370 3R 119 90 = 9%
Jiie VD A TR IR T A e 3 AR]85 240110 = S R B B, D % R A0S WE 43 F B E R 1 A i
B AR (P 3a) 7 PM 5 MCs B LS AR AR I A R Ak JRIEAL T ER | LA B3 3k 5 (1
WAk, A A P 30 A T I ER AR R T REEA /N R B A . 3 B N AR [ A A R Y
B an, BRN v EMKEE R L i he e FR R S bl &, S Bl A 25 B, SO ni— 70+ H,0 A i3 5
B A R TR R A e PMLOF FERR IR T i 2 AR T B2 S S =0 i, BT ES f
UIAR T 8 280 RSk A m Ak Y

IR P ZER R TR R B, —OH 2338 4 W FE 375 S R000 (R B0 L 9 FLF- [l —OH 7%,
[FIA ,—OH 1145 H g i A5 FLAR A R gk 3 Z 3 Ak , i B0 38 T75 5300, A B T PM X
AR 1) A AR AR T R R, PRI A AR RO R 9 xR b R e o i R N A B T A (A 1a) B
SUE PM M MCs 20 T 8o T B BiRiez — 0 JEE 0 S5 H b 1A AT L I S e e ke B e 7
EFL A v (B ZE A8 PS4 S R 2R B 43 S i U A iR 3 5 MO S0 A OGS 2R, 3 2 PML 4k MCs
R DL, 2 FL I R T R IR 2. 9 2 W H 75 800 RN 45 H - LB 80 0 i Bk B VR A R T
P S % A5 T AR PR T B AT DL, PV X 4 I 1) AR A 33 A2 A2 2R 13 43— RS L - L 380 Y 52 i

PM 7EAL MCs [ RE 76 5 UL s I 42 B iy 1, B PM 5 MCs 19 285 44 LA BB A= i E RE A 7
MCs 43 ¥ Fr RO B, 38 T BEA BRI 09 S0 1842 7= 42 i T—OH F1—COOH J2& PM Ak =4 vh o WL ) 3k
U ETET YR e AR BRI AR &3 (0 © 28 T 30 | WA i 43 1) 4 28 366 Ak R Ak g i ngs
IREHE BALIGER, U PM X AR R 5 28 0 S A6 0 (18] 3b) . 53 Ah, PM T i i 1 PG S 0 kb 342 B
2+2 BN B FLOCHCIR R 3 5 A ML R A DU EREE R A P2 (P 3e) L B SO R AR B R E B PM
AL AR R AR A AT RBAE BT S A T Frasco SR RAR 25 HOAER I 5 PM O Y H ]
Y1 2,3,5,6-DUGH-1,4- " BEAEGE PM 240K 2,3,5,6-DUS KRR -2, 5- —4%-1, 4- ZF fy i F2 v, PM 9
A Mn =0 XU ) O JEF 400 SRR h—OH % /Y H 1B, 5 30/ =9 19 A= i (& 3d) 7.
Liu S5 R PM X EGEHE 7 2T Wrsd i, Wi & nT7E 73+ 0 iy O—C B b T 7E A Ml i At ik
B 1 (] 3e) , IXFORBERREREE AR MEDE PM B3R, =& M —Fh 2 6 A Tl i 5], vl AR
RFRIFIA R 1657, Yan 1 Schwartz & B PM A LI = 580 & 4 78 A4 o 2 vh = A2 i 3R IR 4 0 480 A 1k
CO," " BV k {EBE pH AR 1, 1XAE PM 44k MCs A FE @ T A BE R 55 114 Sz (1 3f) .
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