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WHoE, W2 RZBIRW, ma R A LR L PAHS"', LIAO M 58Il AL T AN Rl 4k
SR X BES T R AE AL )5 Y 3 - o PAHS (9 B BRACE, AR AW, SR X g
PAHs i R RCR ik w5, 55 90% L . LEMAIRE 204 (U BF 58 4 7 AR H A MR 2R . ik
B[] PAHs A &0 B2 46 00 i /- 8055 2600 T, R RG22 U fe 0% - 38 v PAHs 19 L BRAICR , 45
KR, FEAFSAF R SRR A 38 2 e A AR . [FIA, SR S b 8 R
5| %2 i R ) Rt ofe ik 7 3] [ P A1 23 OGRS il R R A AR T A B 2 AR R B 0
M, dEm AR g EGR AR B (Mn) B R — A R R LA RO T R, (A Y IR R0
I, 2 X A AR MO R e . IR, B A R AR A e R B R AT i AR R Mn TR
TR e A A R LV A (0 SR8 AR ifE AT I o Al i L, (R i 6 L A DGR 9 1

ABF ST 5 RS2, SRS PAHSs 15 4% T A RS AT R, B Go 05T v i R
P XF 43 Mn BT i 4080 WA 28 40 A B A RGE i A B e, R AR IR B AR ik B R
PAHs 5 % 5 FE b Mn ST R (B AL AL, B 76 hy e il 1R B ARk 18 01 HOR T T 2P Ak 2 A1t
PR
1 MBE5ERE
L1 iR

X R AR 0~20 em RE TIE, KBRARWFIRAGHS, HIERMS AAK T 2 mm
0 M5BT R OB R S . BTSRRI BN . pH O 773, A HLER Bk
720.00 mg-kg ™. BB T8 et 12.16 cmol kg ' R /0 B0 30.00 mg-kg ™. A AW TR 23 %
9 2.85mgkg™ . 4 PAHs BT M5 275.02 mg-kg . HIET Mn BT RSB0 418.97 mgkg
1.2 KWHE

FRECE 2 mm 6 B9 X 1 384 & (30.000+ #1 LWAE

0.001) g T 150 mL =i, &M% 1 #3157 Table 1  List of treatments

TR 0 R BRSO KB TR, R PRSI SRR AR STk
2:1, % RO, IE A B = B (mmol-g")  HJE/(mol'L™) HHKMAFYmL {AFUmL
e, s REmmEL . B=mmer 0K 0 0 0 60-00
180 r'minfl . {Jﬁfﬁjﬂ 25 °C E"J‘fﬁ/ﬂ?{%%*‘ ’ ﬁj\jcg'lj K1 0.05 0.20 7.50 52.50
TERBIH 1. 3. 5, TdWHRE, fremm A 010 020 1300 4500
100 mL %L‘% ':F' ’ 7{ 4 000 r'minfl %ﬁ:Trﬁ% O K3 0.20 0.20 30.00 30.00

K4 0.40 0.20 60.00 0

10 min, HX 100 pL I3 % 00 %2 &5 56 IR A1 A v

o HIEETREHETEIY, £-48 C TR
T 48 h, HL 10.0 ¢ +HEFE AL 0.015 mmii, T PAHs & /0 40 2 o M S Ak Ab B 7 d 4 e
i Min J5 a3 B IR AR TR A
1.3 ShiEE

1) /50 4 R B P I S o v e R R AR R SR FH 8R4 A O BE T (UV-5200, ¥ ST T A AR A BRA WD)
e, R A FE R (1) 115

0=C,-C, 1)

A ONEEHRAEFEE, mmol-g'; C, NEMEMMVIEIRE, mmol-g'; C NI HIE =i
MR AR B, mmol-g '

2) -5 PAHs I AZ o MERFREG 0.015 mm 7 A9 £ HERE i (0.500+0.001) g, JE/KBREREN 2.0 g,
HE AR 5 O K B R 4 B T 100 mL BEAR IR M 5), Bl 5% A% 21 P st 71 £ B0 (ASE350, 36
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[ FEBR A AR B A BR 2 W) A 25 O (b iS5 /e A8 5.0 ¢ TE/K BRI A1) . A 25 ul 40 mg-L™
B9 5 AP At 1 iR & W (Naphthalene-dy. Acenaphthene-d,,. Phenanthrene-d,,. Chrysene-d,,. Perylene-
dy,, A RBFHA RS ) AR R WG R Y, FEm ARGl oA 2.0 g TTKBRER N, AR5 & B2
SO o5 TN R AR B P A, A IO AR ] A T B N =11 ARSI N . ARERURRIX
B B 100 °C . K7 10 342 kPa, AR ECAT [E] 2 5 min, PEIFRRECH 3 WK BRI G AR R 40 2L
H70% . FAWRAT 100 s A HBOR AL R 0 5 35 TSRS 53 0 250 W2 25 SCR [19]. e g i #
Bk Naphthalene-d, 1) [FIICRAE T 70%, HoAth 4 Fh 1R 7R ) [ICRTE 72.21%~104.79%

3) L5 Mo (I . 5 Mn (9 T 5435500 SR H HCIO,-HNO, J5 f# 74, -3 Mn It
FEIE 50 1 R FH Tessier A0 % L B Bk B, 4 JE I ff 0 B 42 O/ Min 19 53 1t 73 BCR FH L B &
FE IR (7500ex, £ EZHERPHEARAR) WE . SCREBEF, Mn &S50k AL
BEFRUEY) BT (GSS-1, W I v [ B 2% B Hb 35K 4 35 b 5K b 24 B S F 5 B ) AT B s #54fil, Mn oo &R
4 B3R A 88.83%~114.37% Z 1) o 3 A R3S Min 4 5 i 23 i 0 5 7 762 ISR [22]

4 BARGETHS 53 BT . R SPSS18.0 Ge Tt A, s i 2 BV 4 &5t B 13 v Min JoT 5 43 O
AYIESPE AT S, 0 K-S K 30 4 W g i 2 5 47 & B 73 A, R Pearson AH 3¢ R BUE X7 4 1E
AT P AT AH G 53 BT . R one-way ANOVA #4777 22534 o

2 #BR518 300;
2.1 EEERSRXT LIE T PAHs BOEBRIR

& 4b L ZH 4 3 PAHS T2 B0 28 AL R
BAE PR SXTRE4AMHE, 0.05, 0.10, 0.20
F10.40 mmol-g™' ) S L IR P AL AL PR 7 d )
PAHs £33 5%) 32.30% . 68.84% . 87.01%
F1 89.61%, x5 #4FF 451 (Y BF 5¢ 45 R A AL .

HH

—_ (%] [Se]
W (=3 wn
(=] (=] (=}

f
|

w
(=}
T

3R PAHSIY B 708/ (mg - kg™)

Vo i PR B0 AN 7E 0.05~0.20 mmol-g ' if, PAHSs ——+——%

[ 25 I 36 s B B0 T VO 8 L M A TR R R R R R
FRE N N2 0.40 mmol-g ' B, 13 PAHs ST

FRRLE B, DL SRR, F1 FELETIIEPAHs RESTHHTHL

Fig. 1 Change of residual PAHs concentration in soil under
different treatments

SE WY ZRAE R, Bl e A R B 50 A 3% i PAHS
LBRBCR BT R e TR RS . FRiHE

0.4

FOBF ST % BT SR o a0 TR B 48 o 3 _ e e
IR BE L 5 1 MR PAHS 3R . 3 T g |
Sy, B BBy PAHSs 77 7E T HEURL N 6 £ e
O B M, 5 M LA 7 TR E o,
S AR 20, A 3 B A R 2 o A 15 e R z
HREEN S 0.20 mmol-g . 2 ol . . .
22 BEBREHEEER =

AN T A B T R 0 P 28 (B .

Kl 2 fis . 0.05. 0.10. 0.20 F1 0.40 mmol-g ' [ ot 2 3 45 6 T 8
PSSR SN ALILAE T T QI . 7R R B A i 4 e
7] b =, [A] b

. 2 FELETSEBRFERENT L
514 0.05. 0.10, 0.19 il 0.27 mmol-g'. AH XAk T s

N L o L NN Fig. 2 Changes of the consumption of potassium
SIMTEE RN, R BT R A AN A 2 ] permanganate under different treatments
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BEEEMILKCR (P<0.05) . XX, SMRAHEEESENEHEVMEX, 28X 504 5R48 R
ARRLE20 A, YA R AR & A 0.20 mmol-g ' #91 & 0.40 mmol-g ' B}, JEAF 11 PAHSs it
WA RFEAAL, (AR Fe = BN, SR A e — MR R AR, BT+
B HbRG Y ae S H R N Ah, LR Y R G RARE VLR . SRR B, ) .
L) A nT R H A AR B N, B A R AR (R T FE P LIAO SN AR SY AL, 3 PAHSs X 4R R
PRV FE R DTIR R E A [RIES, M v At A SR Rt 2 T R R R

23 SiGEREXTIES Mn RESHEN

M 3R, SXT AR L, o fh AR A 200007 a
ER A 0.05, 0.10, 0.20, 0.40 mmol-g' [ P 160001 7
SUETFAMALEE 7 d R, LU Mo ORISR B b
WIELREIN, SMBITIRE T 5.5, 147, 285, 42745, F 12000 7
EEY . PR A e | /
ROBOE L RS Mn R RS R 2 7
PIIH AR Z ] 2 WA C R (P<0.01) . A #F 5 4o00f e
GeRW. BEREALEE S, Wiens | 22
i IR B0 23 7% 4K B MinO, IF: L [ (A J50R: 49 T =X 5% B2 CK Kl K2 K3 K4
76 e HE A 8 Mn s BT s, T AN ING PR F R AL BRA [ 77AE . 35 25 57 (P<0.05) .,
24 EERRERS LIER Mn B 7S B 3 RESLET LM Mn b RE 5

B Mn 77T 2 19 40 6 0 1 4 R Fig. 3 Contents of Mn in soil under different treatments
X REZH B v Mn W IRAETE 8 222 DLk iR $h 245 100 -

G A EGEMBEARE, 5535 g
ST 26.62% . 30.09% FI132.69%. TTiTE 0.05~ SR
0.40 mmol-g' M MR AL b ¥ 5, LD E;?j 60 r
Mn U7 25 B3 ARk AL s & 8 0 2wl
B o FE 190 77.049%0~92.17%. g

e 2 WA, SRR L =2
Ak Ak B A 55 AT A2 45 A8 Min 1Y B B4 R0 e TR R
F WAL (P<0.05) 5 T L3 Bk G M AL 455 s VDRSS BRI
AL AWLE A SR A Mn 19 5T 553503 W EAmmisas B ks
N (P<0.05) ,  HLFifi v 4 R B0 £ A A 3 4 TELETLIEMn WRERSSH
M. WP, 1 pH S A A Fig. 4 Distribution of Mn chemical forms in soil under
W75 Mn i 4 B & % , /E\: I - 15 pH different treatments

#*2 TEPREEERSMnRESH
Table 2 Contents of Mn chemical forms in soil mg-kg'
bR HEE 55 WRRERL B 7S BRI B 7 HILEEES Rt A
CK 21.36+1.00 108.91+£5.10 123.11+5.62 21.98+2.64 133.74+£9.30
K1 2.00+0.24 295.60+18.15 2 138.21+246.13 181.84+38.68 157.86+5.34
K2 0.29+0.06 208.58+8.51 6 180.25+£312.15 513.73£32.19 182.19+£5.22
K3 ND 15.524+2.82 12 715.20+8.28 923.56+24.06 200.03+3.33
K4 ND 3.05+0.43 18 302.56+1208.37 1 238.72499.39 205.65+9.91

TE: NDFRAKH
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TR REAREY, BB S AT, X R ZE AR L, or
o5 T AL B - pHL 0 T L k] _ "n
T ST 42 Mn A S SRR R 1 R 7 %
FE MK & (0.05 F1 0.10 mmol-g ') B 13 4 iR 8-?7
AL B, BRI ER 45 5 25 Mn 1 5T i 70 4
BT e i TR ASH A Mn B AT R . A
pH 1 b & 23 0 i B A8 19 Mn® UL iE , Jf 5 1 6t
Hh Rk TR 4% 1Y 2 T 45 5 T8 UK IR 36 45 & 25 M,
E 24 2 R R R A% 4 = 0.20 mmol-g ! P | E—— K1 K2 K3 K4
B, kR ER 45 5 25 Mn /9 BT & 40 BT R Es5 FE&ET % pH
AT B R, Ao A R A R s e R £ 46 Fig. 5 Soil pH under different treatments
£75 Mn [ HEE RS 25 Mn B4k (Behk BALZE & o

AL ANESEE. RES), NissHtigEsd

pH

a

TR e 5 4 25 M B B0 R WD S A L 7
F. RN A LA S 3 D Mn R AEIE 25 % w0l
(0 31715 P 410 B 140 = sl
25 TR B AN Mn 8200 £

e P A RO Mn 9 R 4 B4 6 T i 0|
IR ol HE AL A S A A Min 9 R 4 80k ool )
26.24 mgkg'. TE = 4L PR AP B N & B 0.05 i % . .
mmol g AL AL B R, L3P ALA Mn 15 Tk ke o
REOYACOU 5 TR IRAL, BT 0.94 . BT H6 REAET M H A Mn 005855
REJE R, BRPREh 45 648 Mn 1Y i it 43 $0t Fig. 6 Contents of available Mn in soil under different
FEC(NFK 2 FiR) , Pk Tessier 2% A filk R £k 45 treatments

B AR T IEPA RSN AP B Y SRR F AN 0.10~0.40 mmol g B, HIEHA
RS Mn B R0 B0 BAR TR IR, FFET 77.65%~99.09%. k&5 FF0, w5 R E0 A 1k b 3
Je B RS Mn 19 52 4 A0S R R A BN DA DG, Bl I e R A 8 n 2 T DA R A Ak B
J& 3 Mn A ERES KUK
3 #ig
1) 15 0 TR B0 AL H R AT A 02 I - HE b PAHs, 24 5 R #R 4B 4 0.20 mmol-g ' i, PAHSs
2) (i PR AR AL AL B B P, SRR P B THFE S R R R BRI A O, BE = % 38 i
FriEr; T Mn B RS R AR PR AP AT AR R 2 ) A DG OC AR, BETH AR A T g
3) e R R A fE A B S b Mn B2 DU AR AR 45 B A AEAE s R R PR AR 4R 0 R s e+
Herh Mn IAFIE A0 QR &
4) 1 PR AR B 0 S s ) AR AL B R A A0S Mn 1 BRSO R RR B A B 2
AR N FH A SR A 4 TR
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Migration and transformation of Mn during remediation process of soil
contaminated with PAHs by potassium permanganate oxidation

LIAO Yongkai'?, LIU Shuang’, ZHONG Yagqi’>, CAO Hongjian"?, CAI Chao’, HOU Yanwei'*"

1. Department of Environmental Science and Engineering, College of Chemical Engineering, Huagiao University, Xiamen
361021, China; 2. Key Lab of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences,
Xiamen 361021, China; 3. China State Science Dingshi Environmental Engineering Co., Ltd., Beijing 100028, China

*Corresponding author, E-mail: houyw@hqu.edu.cn

Abstract Potassium permanganate oxidation is an effective soil remediation technology being used widely for
removing PAHs from soil. In order to investigate the migration and transformation of Mn, and its potential
environmental risk during remediation process of soil contaminated with PAHs by potassium permanganate
oxidation, a simulation experiment was carried out with PAHs contaminated soil from a coking site. The effects
of different doses of potassium permanganate on amount of consumed potassium permanganate, content of
manganese (Mn), speciation of Mn and extractable Mn content in soil were investigated. Then, the migration
and transformation of Mn during the remediation process of PAHs contaminated soil by potassium
permanganate oxidation was explored. The results showed that potassium permanganate may effectively remove
PAHs from the soil of the coking plant. When the dosage of potassium permanganate was 0.20 mmol-g' and the
reaction time was 1 d, the removal rate of PAHs was the highest, reaching 89.61%. In the remediation process,
potassium permanganate consumption and contents of Mn in soil increased with the dose level of potassium
permanganate. The result of correlation analysis demonstrated that there is a significant positive correlation
between the content of Mn in soil and the amount of consumed potassium permanganate. Moreover, Mn in soil
existed mainly in Fe-Mn oxides bound fraction, and its proportions were 77.04%~92.17%. Compared to the
treatment without potassium permanganate, the content of extractable Mn in soil increased by 0.94 times after
treatment with potassium permanganate at 0.05 mmol-g '. However, extractable Mn content in soil declined by
77.65% to 99.09% after treatment with potassium permanganate oxidation at 0.10~0.40 mmol-g™'. In conclusion,
the dose of oxidant is a key factor for the environmental behaviors of Mn in soil during the remediation process
of PAHs contaminated soil by potassium permanganate oxidation. The results of this study can provide a
reference for the process optimization of application of potassium permanganate oxidation.

Keywords potassium permanganate oxidation; PAHs; remediation; manganese; migration; transformation
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