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Influence of Current Densities on-Mineralization of Indole by BDD Electrode
ZHANG Jia-wei, WANG Ting, ZHENG Tong, 'JTANG Huan, NI Jin- ren i vy o
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( Key Laboratory of Water and Sediment Sciences;” Ministry of Education, Depdrtment of! Envirenmental Englneeﬂng, “Pekmg
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Abstraet ; Electrochemlcal oxidation by boron= doped dlamend €BDD) electrode is an effectwe mel:thod ofrdegrading refractory organl(s .
Compared with FOG detection, the amount,of 'gas’ esgﬂf}e an_more effectively and 1ntu1t1vely refleét the mineralization and the removal
extent. In this %tuﬂy, ifldole is chosen as*h typ’mal po]luta.nt and the detection of itg ‘removal rate was compared at current densltle% of
10, 20, and 30 mA - *¢in “?. Meanwhile, the degradanon niechanism was analyzed b ed on thé"¢hanges in the carbon’ and nltrogen
forms-and conservation status. As a result, BDD electrodes displayed a higher ramoval eff101ency to indole, which can completéIy be
rémoyed afl‘er 8 h,, 5th’, and 4 h with curfent densmbs of 10, 20/and 30 mA -cm . reipe(’tlvely Change% in TOC removal and CO,
generatlon were bgth increased with inc reasmg the curent d.e-nsmes suggesting that the mineralization extent was in accordance with
current densities! Futthermore, the escaped 'CO,, combined” ‘with TOC and TIC constituted a conservative carbon system. The
byproductiisatin was stable and accumulated at 4-5 h, as TOC, TON, and CO, generation was unchanged at this stage. Finally, the
XPS analysis suggested the adsorption by-products such as isatin and benzoquinone on the BDD surface, which can further be removed
by increasing the electrolysis time. This study demonstrated the mineralization process of indole based on the escaped gas detection and
the changes in the carbon and nitrogen forms, which will increase the understanding of the electrolysis process.

Key words : boron-doped diamond anode; indole; mineralization; gas escape; carbon conservation; nitrogen form

5| e HATEE 2 A SR SR oAl e 2 iR 2% SRR e Tl PR K B b L.
LAY WA A A T R LR %Rf%%& 14 NI 1 5 ( boron-doped diamond, BDD) Hi,

JRAAR 53 I8 B M TR S-FR | R AR X O B AR TS B RRRICR 3 EL AR A PR B R, A R
MRS s K A A . W R ) Bl T RS MR O (3.2 V), B SE M R E | PSS bl

@J“v“ VA BAF S Z M TR T, BRSO, SRR —BOR UL, AL R AL

25 ezt JuRl s e neafb gk b g HON 1.5 ~2 V,BDD HUBRBT AL 2.0 ~2.2 V, FEIL

(BK PR A ) B e HoA Ay, mlpe k.  REECE L T e . L A %)
B, B R AR kst fase  fegty  HL T BDD RIS PhO, FUBOG IR — e F e ik

%Li%IaXEU:i@JiM%E’J%I‘ﬂ&% Wikt 0

BEABTEAM, F0RE, BRIEY, #&H  WREE: 2017-02-07; BITAMK; 2017-03-31

BE&mHE . EZEESH AR5 HE (2016 YFC0402102)

PASENRF A, —E TR B hﬁmm Yise e AbtE EEE (1992 ~ ) g BUEBFSE R BRSO T A
2 A ALK AN AR | E-mail ; zhangjw013 @ 126. com

ﬁi C02 *H HZO'12 13 E@ﬂé@yﬂﬁfhmT“gl J—Eﬂ( # J{FIEH , E-mail : nijinren@ iee. pku. edu. cn



3756 AN 5%

B 38 %

.12 h J5 BDD HL B X 2R I = Ak iy 0 b R
PbO, LAY 2.5 f%5. Xing & | Li Z°) 1 Brillas
PO IESE T BDD BB B AR BRECR. KR
F¥# I, BDD HLB B AL A HLA AL R ¥2 3k B e 3t
A4k, W, Borras %Y R BDD HHY [ 55 L T,
AT T SRR SRR Y,
R T HFEMALH. Madsen 25t R S5 5
O T ALY B S R AR, A AL R it AR
HBRFE A A AL PR =40, 8 20 A K co, |
AR S i A0 S = A A
BB 7R HL A2 E AR HL ] A BF 5 /D

ASC LA e A AR TS G, WESE T AN R R
BIET BDD HLAR O LA B AR AR X b A
MR ITCR W BB AR B AT M A E & 3 #r
SEA B AR S T R P R R A B RS R
ik — Jl@ﬁﬂ%l%aﬁﬁﬁﬁﬁﬁﬁ&m?ﬁﬂ A 5T Xt T
SINTANLT LR | AR R H Ehﬁﬂmm%ﬂ
HAREMELE X

1 HREH®

1.1 SEgepbk o
ﬂﬁﬂiﬁﬂﬁ’%ﬂ(NazSO ) A1 8]0 (/G H)P (:.As
120572 9) H4FHir i, Iy T 1L 5¢ [ 2 Nbﬁffé
ek LA I F 78 ) CONDIAS GmbH /\ﬂ i

i i

4

*AZ X2 em’ Tﬁ%ﬂ%*&ﬂﬁ?jtﬁ';ﬁééiﬁﬁﬁ
f&nﬁ*ﬂ2x2§m. A -
L2/ s ‘ =

SR EAN P 1 TR, SR R 250 mL
A 1 mmol-L~" M| (Indole, ID) + 0.2 mol-L™'
Na, SO, SCHF i BT A FL IR, BT 500 mL &1
RPN e B b, A SRR TE L s o B AR
i BDD HiAR, IR A AN A F A, FL AR (B FE 10 mm),
FELAFERT ] 10 h. 2 07 T3 20/ 70 19 2 Eﬁﬁﬁ’:‘ﬂ%

HR R 2 TG 1A P AR P CRAIE L R TR 5 3515
BDDHi A A LA
(FHtE) (Bt
SARTURE M — W
—
TN 3% = o
R IR -
c;;! N i L
) i VoA
o B iR o | Lﬁ,
u:::n:_:;:m::n:

Bl SREERE

Fig. 1 Schematic diagram of the experimental setup

B% 1 b o BB A R AR it i
1.3 Srbrrik

FRL ok P PRORE R TC . B HLER TOC R
SA LRI HTAL (TOC, TOC-V oy, By HE, HAS) #EAT
RN, & TN, AH R AR &0 NO, -N FIIE fiff iR 5 A/
NO, -N., Z & NH, -N 43 51 % H B R Ax i )7 2 H)
636-2012 . GB/T 5750. 5-2006 . HJ 535-2009, 4 4k
A DL 66 BE 3 (UV-vis, UV-1750, B3, H A ) i
ARz, 1D e B R AR €35 4 ( HPLC, HP1100,
Agilent, S ) MI5E |, A35% 557125 : ZORBAX-C18 #1;
DAD K 2% I #3IR BE 30°C 5 I 4< 287 nm; JEFE
S5 pL; WEAHF B K =60: 40, JiE#] mL-min~';
W EERSFTE] 4. 77 min.

LA P A2 i CO, AT N, O SARKS IR ] Agilent
7890 B S AN, 250 wL FEAT 2 Fahvbke. Hrp
CO, M 5 5% i TCD #0256 JE 200°C56 % ~F
HayeSep-Q A% AE: , A 9 # 30 mL-min ! erm%H'J‘IE_IJ
0.5 min; A HER. N,0 W& RH us ECD h{)”J
7, I 300/C4 MolSievk 5A 60-80 Mesh @ﬁ’ﬁfr}: H
Wi 20 mLe min 1 TR ] 2. 1 min; ﬁ“\jﬂﬁ—x

FEL A T ) BDD H B XPS % PR 1] Axi€ Ultra
ZIIh mg{@?ﬁﬁﬁgﬁ((lﬁmt% YNEIR ﬂ%l)ﬂfﬁ?ﬁé
fiE, caqaxpszé ﬁﬁé:}ﬂl"ﬂA bl ﬁtaﬁﬂﬂﬁﬁﬁ’fmiﬂ
Mg, X B (Al Ka, |l = 1486.7 V), € sta
Yufpe) = 284. 8éV Mﬂ%‘ZE XPS BE & 4> #E R N

130 Birilis

“0.48 eV(Ag 3d5/2).

2 ZER5iTie

2.1 LT ID FAAR B 5

ANFE R BDD HL AR HL Ak Ak Bk 1D
LS SN 2 . B2 A R fa] 9 2B 4 1D 2K Bk
REW ETIF ek 5] 100% 5. #3532 91k

100
90
80
700 F
60
500 F
40

clep/%

30 —— B RE10 mA-cm™
20 ¢ —— WL 20 mA-em™
10 F — e HLIEE 30 mA-em™
ﬂ L L L L L L i i i
0 1 2 3 4 5 6 7 8 9 10

i/

B2 FEBREETHBIRELZEERE
Fig. 2 Electrochemical degradation ratio of ID

at different current densities



9 HRAEYEST . Y

i 6 BE X BDD LR FEL AL 26 A0S 0 B4 52 S5 AL i 3757

10, 20, 30 mA-cm 2B, ID ik F] 100% 2= B3 1 ) 7]
S350 8.5 A4 b, BV ID 255 I L gt 28 B () 14
M. X2, BDD Hifk=#5 4k 1D ALK R A
FLAEA RN, LI 2 B B i S BO™ A2 1 - OHVR & I
FEE2 HEMTH S T OID MERACR. SR, B A
meﬁﬂ@’lﬁ FEll 1) i 1 1] 2 A &
e BT K, I, BDD 2585 ID # B fd: v i %5

Ej@ 20 mA-cm .
2.2 1D # kiR C IR BT
2.2.1  HRE X ID 5L SCR KR

FEL i R P BRI 22 1D ¥ A TOC A8 B LAA,
CO, 7 AERAE A R s e 1D o R . R[]
WA T ID B# AR co, SR 3 pros. Xt
TN IR oL AR R B A P PR T [ P | 2 B
CO, IRz Wi b A, W 1D & 1k R B i 14 K [)
Bk, A ] B AR ESHE] R, CO, A i i I 25 H 3 6 i 3
hmi R # 3 (a) ], X 5K 2 AFFEER— 2
LA CO, Az B BRLL TC {8, AT 26 AR Lt
it Il A4 AN 3 (b) Bz, AFFATZA, 1D A H fi
AR 3 BB, 0 ~ 3 h, ID & AR s I B S
CO, P BTN 3 ~6 h, B e L B AT
ﬁﬂLT%%W—V&FiTEw%%@$?%%
6 ~40 h H‘fhﬁiﬁﬁlﬁii“ﬁu 1_? o T, Bﬁ_@
F%E’JEM{:EU“ "

35

(a)

—— LS 10 mA-em
301 e 20 mA-em™
| i % B30 mA-em ™

c/mgL”!

COTC%

6 1 2 3 4 5 6 7 8 9 10
t/h
E3 AERREETBIWRNTHLEE

Fig. 3 Mineralization extent of ID at different current densities

2.2.2  HfEAS RS AR ST E
DL 25 BE 20 mA - om 2 B4 HL S R R ), S
] FL IR R TC 4H N1 4 Fizs. BTN e i S

iR TC i TOC | TIC 1 CO,-C 28 ; AS[R] e fg it
[i) R ) bR, TCAE LT %A A2 1k, B A i ok B v
B SFAE Y. R TOC B H fife s 1] 1 A8 e 34 m] &
BLID 5465 3 BB, 2 ~5 h TOC JLF-3%A F#IK,
X5 CO, MELR[ K 3(b) ] —2, BI&AE T HiE
PR R, AT NS it 1 £ BE 43 A 1D
ML A, 5 TOC I 45 R — 3, I BZ o B 07 ik
ERER R 1D 5L A S T B

30

B Co;-C TIC B TOC

Corfit/mg

th

B4 ,)’*.',"'HEJQJ 20 mA.- cm ~2 B B|RE K c %“TH I%IE*
Fig. 4 Carbon cmnsefvatlon in the proces% of ﬁ)

mlHBI"dllZdtlUIl at 20 mA +cm ~2 -

2.3 ﬂﬁﬁ%%ﬁﬁ Y, -

R %%ﬁ@?%%ﬂﬂ% &ﬁf
ﬂzEHﬂ?iZilllEIfS BT e B 95 N 102030
Sk FANH, -NAINO; N e

& - = |
2
y

mA-cm”

/ MER SRR, TINO PNV — FIHER. BEAD,

I A FNH, -NVWe FE K TNO, -N, Z J5 NH, N
FEMETNO, -N, UEBH 1D fL fift i 72 1 26 0 NH, -N i
B, 2 )5 & HENH, -N——NO, -N——NO, -N %
N, FLBE R RO R 3800, 2 UG Ak T 3 v
I, NO; -N BB . HLf % % 20 mA-cm ™
130 mA-em ™, Y HEE] KT 8 h i AR PE
JCNO, -NFINH, -N (% Z2 L, 1 NO; -N i 75 22 18
A UEFANO, -NBRE B T NH, -NFINO, -Nf) &AL L
Gb A /NGy Ry R BB A

DL B8 20 mA - em Y HL AR 2R R AN
Ivi] FEL At s 1) T VRAR A 28 P TN A A % 3 A8 A T =]
5(d) s, HfE I GG 5 WA AR & TN B TON
NH, -N, NO, -N, NO; -N%§ 41 A, UF B e fi 2 2 o
FEFENH, -N BBk & EHL AL S F 4k, 4 ~9 h
i, ID C 2858 P ik Ak (&1 2) , T TON & i
JUFEA T R E B BE it 32 2 % A TEHLAS & (TIN)
AL, X 58 5 (b) 45—

HE 5 (d) b a] DU B, AR TN ASpIE , UE



3758 woom B 38 4%
30 30
—+— NH;"-N (a) 10 mA-em™ —— NH4*-N (b) 20 mA-em™
25 F —+— NOy-N 251 —+— NOiy-N
—a— N0, -N —a— NO:-N
20 ¢
=
= 1.5
]
1o |
0.5
0 i N
0 1 1 2 3 4 5 6 7 8 9 10
30
—— NH;*-N (¢) 30 mA-cm™
25 b —+— NOv-N
—a— NO;-N
20
= E
1.5 2
E E
1.0 b
0.5
0 s * 1
0 1 2 3 4 5 6 7 8 9 10
t'h ) L
B5 RERRZETNBESHEEhR | 28
| = I 8 J
Fig. 5 Transformation and @énservation of N element at different current denalities !__,:".s-"- i
i & | . ] |
| ' % & &

WIBR TIN il TON LASH, B4 SCARTBAS iy N AR, 1
R N, 0 MRS RN 6 BT | B2 b A i
S5 . B TR0 B 1<, N, 0 72 BZ A e
i TRRBAIN L NO, TR, B3 gl nrfe
BEINO; NI = 15 H,0 S £ B i

5. AR CNL oM %, T AT SR ()|

(=1

. - QREFEAET 2 4 RNO; N g, 2l ——7

0T BDD H A2 A 1D BBLE T 7
FR827 g5  AKBFFE RS TD Bt B P N 25 K
BB IR, 7T AT .0 ~ 4 h 3238 % A4 WD
D % {1 Ay SR Wiy 2 LI | S I T L T 52
SRR (E 2) EF I RARL <10% K 3(b) ]; 4
~5 h EER N @ FR IR, 2- 52 LMWL AL
B4l LA TOC Al TON ¥3A BRI, 5 ~9 h £E L
Az N e L1 5 A6 S R e, B TOC BEAIR, CO, i
R | T TON JLTP- 1A 254k, 22 J5 2 e

sSOND

O 0
NH, NOz
0 NO;~
. — O/ — — '
@ @ ) H,0

0

1.60

—— B0 mA-cm™
140 b o 820 mA-cm ™
120l —— HL 3 % 30 mA-em ™2

R

& 6

AERAREZEN,O0 SEHNERE

Fig. 6 Production amount of gas N, O at different current densities
AL R, IF A4 B H,0, CO,. NH, -N, NO, -N,
NO; -NFFEREA i N, O S AL
2.4 TS BDD RIRRAE

HUERL B2 TR ID 72 BDD HL AR 1 B A 1

NH4*

@

COy

7 BDD FE{LZFEAE | R AL
Fig. 7 Possible degradation mechanism of ID by BDD electrode



9 1

SRAEAEST . HIALE B BDD AR LA 26 P e ) 52 -5 BIL

3759

] =4, i s ) 7= 1) 22 o Koy F R G H 45 5 W)
BT FRARERTET. KB A FE R WY, ol W 5 e aok A2 v
Az 1 ] 7 P LR e LA S W A T R AR 3R 1T
V54 F LT P AR . PbO, HLA) | Ti/SnO, HLH |
Ti/IrO, L #%, BDD HL # %A fb i Al 1y 75 4y 2L
5502530 BDD HIM R OLH, H&A C o R, A
PLsp® 284k 3, RAE R A #8455 sp® 2210 H.
5 H R AEARR . A K 1 R 2k Rk T
FErh 5KA B AR, 25728 R i, JE 8 L —OH
R 3 B A R AT S R T C By XPS
WEZE RN 8 (a) M8 (¢) i, [ i sp® BLAY
C—C(284.5 eV) fil C—H, (284.9 V) F A
FFE,sp® BIAY C—OH(286. 9 V) FIFIT sp® HUH
C=0(288.5 eV) & EMA F+ 5 > Chaplin
ST 3E o % B 92 R HELE B A ( density functional

theory modeling, DFT modeling) iff % BDD Hi #z 3%
Il H A BER L & C =0, C—OH JE B AL, B
& AR O R AT, B A A E A H,C =0,
H,CO - S5 5L B HT 4 i (287. 4 V) |, fie i m3| e 7
BDD Hi e 2 1 A9 [ At L 4h,284. 8 eV Fil 287. 4
eV Aib fl 35 44 5 (1 1 3 T BE Sk W B B K R 4 ¢
AR C

XTI 8 (b) AL 8 (d) FIAL, HLf#EHT BDD HifK
FUCRIERISFR, HAT R B4 (532.37 eV) , BDHLAR
Feifi 523 K EOKAME B B —OH 3L H it J5
B AU PR AN AR FLRE G B A5 v, 26 B BDD AL ™ A=
(1) - OHELA T = (R 5 1k S AL BE 7. VI 536 eV
Ab H BRI 5 SR T i O v ] P R R R e 4
It 5 L i s ) ) 0 3 S A R A %) v 1] 7= ) %
Bl S

(a) HLFENG-C

CPS
—tmimimi=- C]S
mrmmeme Cls
——mrmima=— C]S
""""""" CPS (17 5HITD)

(b) Hifitili-O

CPS

m—mimimim- 0 ]3
-------------- CPS (#94ffD)

278 280 282 284 286 28R 290 292 294

526 531 536 541

(¢) HfiEIF-C (d) HLfiEf-0 CPS
simime= Ol
mimimimsms 013
simmes Ol
cemeemee CPS(HFEHI)
275 280 285 290 295 524 526 528 530 532 534 536 538 540 542

HitrfigleV

Hitfi/eV

8 FEMRHI/E BDD RIRRE XPS SiUEHE
Fig. 8 XPS analysis on the BDD surface before and after electrolysis

3 it

(1)BDD HLBR XS ] A=A PR 22 B WA R 471
FBRACR | B F AL 3 BE A3, gl 25 BR A A 4k

(2) HLff st #E R TC H TOC, TIC A CO,-C 4
A, k&SP 89, TN i TIN (NH, -N., NO, -N,
NO; -N) | TON FI'{Z& N(N,0., N, %) 4, B
fif it [A] B9 A4, NOS -NFIRAS N B AL, NH, -N
FINO, -N /> HE k.



3760 A 38 &

(3)6)’,‘)%31:}“)%*}‘%%% 1D U’f’tL%ﬁ%% 3 /\IK/\_E/Q Wang L., Yue L, Guo J B, et al. Enhanced electro-catalytic

%}Jﬁéﬂ%ﬁi}% IZJ/I\‘E,Y . EP IETJF,:% %fﬁ l-;}/l\& . ':F‘ Iﬁjfz%ﬁ%% oxid.alion of dye v.vaslewaler with FePMo,, adopted catalyst[ J].
Environmental Science, 2014, 35(5) ; 1843-1849.

Brie, TOC Al TON MESRITUESE 1D BEREZ /B0 (15) o, e, miaksn, 5. dsissi si/BOD HOes e

BELL B A B R T, S ECR I IR R, R EREL ). SHRERDR S R IE R, 2011, 17(3)
(4)XPS AL R R, A5 A7 78 Hh ) 7= ) 116'293 o W D 1L L e o

N = en P, Man , Lv , et al. Fabrication an

AT R £ W2 B PR Bl 2 T 140155 400, X S g 86 1) v electrochemical properties of high doped-Si/BDD  thin-film

I‘ETJFZ:%F;@E EE%HTJTEH E@ﬁﬁﬁfﬁ—ﬁi%ﬁ%@ electrode [ J ]. Journal of Functional Materials and Devices,

Sk 2011, 17(3) : 286-292.

[1] Yuan XY, SunHF, Guo D S. The removal of COD from coking [16] Panizza M, Martinez-Huitle C A. Role of electrode materials for
wastewater using extraction replacement-biodegradation coupling the anodic oxidation of a real landfill leachate-Comparison
[J]. Desalination, 2012, 289 45-50. between Ti-Ru-Sn temary oxide, PbO, and boron-doped diamond

[2] Sundberg R J. The chemistry of indoles [ M]. New York: anode[ J]. Chemosphere, 2013, 90(4) : 1455-1460.

Academic Press, 1970. [17] AftilEmd, skAE4E, T#&, %. BDD 1 PbO, HLHfb2AE b

[ 3] Hoffmann M R, Martin S T, Choi W, et al. Environmental IF AR LA T[T ], RBERLS:, 2015, 36(7) : 2540-
applications of semiconductor photocatalysis [ J ]. Chemical 2546.

Reviews, 1995, 95(1) : 69-96. Wu ] L, Zhang J] W, Wang T, et al. Comparative study of

[ 47 Charrois ] W A, Hrudey S E. Breakpoint chlorination and free- benzotriazole electrochemical oxidation at bhoron-doped diamond
chlorine contact time: implications for drinking water N- and PbO, anodes[J]. Environmental Science, 2015- 36(7):
nitrosodimethylamine concentrations[ J]. Water Research, 2007, 2540-2546. - £ =3
41(3) : 674-682. [18] Xing X, Zhu X P, Li HN, et al. Electrochemlc_a.l'—‘fomdalmn of

[ 57 faeuk. w2k &Y E& s D], BEs. ik nitrogen- helCI‘OLthL compounds at  boron“ dopeﬂ diamond
2007. L electrode[ J ] Chemosphere 2012, 86(4) : 368+ 375__,.-

[6] LB ﬂ§|%&jﬂ\:4a§|§%{£;{q*ﬁﬂﬂm I 4 B 142, [19] LiHN, Zhu X P, Jiang lY et al. Lumpdrdtlve elpctrochemlcal
2010, (3): ; degradatlnn of phfhahc acid esters using boron- dopecL dlan:w'nd

[7] RenL, Shi Z Z"'“]ido N. Pd( 1) cali;lyzéd aerobic ubxid‘fit“i\{e_:‘ and Pl dn‘)deb[’-] C}Lemosphere 2010, 80(8)': 845, §51
1ntrdm0le(,uld! hydmamlndtlon and C-H fun(,tlonahzatlonv‘ :7\]— [20] Brlllas E ‘Thiam A, Gart’la-'%gura S. Incineration of &ffld_ic.u
dlkjfnyl amlmves fm: the synthesis of 1ndoTe den)lﬁ{l-ves"#J ]. aqueous Golutlonq of A’iopamlne by electrochemical advan(:e g

g Tetrahedroﬁ“ 2013 69(22) : 4408- 44]4 - . A ¥ .‘-:‘.-i“- 0x1datlph p cesses_with Pt ‘and BDD anndes[:]j Joumal of

[ 8] |Tan B, Liéhmler H J, Vyas S M, et al, Fluprmﬂtf*d s ac'l';tnt— Elecl'r“.oania:ff:ical Chﬂml;s‘llfy- 2016, 775 189-197. e

- lemplated bynthesls of hollow silica particles ,wuh a bn;ugle layer of [21] Bormas NJ Oliver R, Arias C et al. Degradation of atrazine by
7 mesppores in their shells [ J1. Advanced Mdtcrlals 2005 17 electrochemical advanced oxidation processes using a boron-doped
| (19) 236&12371 i p i diamond anode[ J]. The Journal of Physical Chemistry A, 2010,

[9] J Yag -N Yeung K L. Anomalous crystal growth on TiO, thin fllm 114(24) : 6613-6621.
mﬂuced by the AFM tip[ J]. Industrial & Engineering Chemistry [22] Madsen H T, Spgaard E G, Muff J. Study of degradation
Rebedrgh 2008, 47(23) : 9195-9200. intermediates formed during electrochemical oxidation of pesticide

[10] TIslam S, Larrosa I. “On water”, phosphine-free palladium- residue 2, 6-dichlorobenzamide (BAM) at boron doped diamond
catalyzed room temperature C-H arylation of indoles [ J ]. (BDD) and platinum-iridium anodes[ J]. Chemosphere, 2014,
Chemistry, 2013, 19(45) . 15093-15096. 109 84-91.

[11]  Brig, #BEm, D&, % 5%/ Ti0, -Fenton 138512 BHIS 0 & (23] BL4E, BEAR, thAN, 55 BDD HI b A 10 i = 5 %
KR R T]. KRR T2 BE 24, 2006, 25(4) . JKEGBFFE[T]. AKALFEE AR 2013, 39(10) ; 53-58.
248-251. Lv] W, Feng Y J, Qu Y P, et al. Electrochemical degradation
Chen D, Dong X L, Ma C, et al. Improvement of indole of phenol wastewater at boron-doped diamond electrodes [ J].
wastewater treatment by solar light/TiO,-Fenton[ J]. Journal of Technology of Water Treatment, 2013, 39(10) ; 53-58.

Dalian Institute of Light Industry, 2006, 25(4) ; 248-251. [24] Ghazouani M, Akrout H, Jomaa S, et al. Enhancing removal of

[12] $MERE. R TERPWEBABEAR[M]. b5, =T nitrates from highly concentrated synthetic wastewaters using
AL, 2002. bipolar Si/BDD cell: optimization and mechanism study [ J ].

[13] =305, MR, PR, 5. mfk#% 1k PROA FHR A1 At Journal of Electroanalytical Chemistry, 2016, 783 . 28-40.
ik X HHLHIWF A (1], BEER2E, 2014, 35(5) . 1810- [25] Comninellis C. Electrocatalysis in the electrochemical
1816. conversion/ combustion of organic pollutants for waste water
Zhuo Q F, Deng S B, Xu Z C, et al. Selection of treatment[ J]. Electrochimica Acta, 1994, 39 (11-12) . 1857-
electrochemical anodic materials for PFOA degradation and its 1862.
mechanism[ J]. Environmental Science, 2014, 35(5): 1810- [26] Mook W T, Chakrabarti M H, Aroua M K, et al. Removal of
1816. total ammonia nitrogen (TAN) , nitrate and total organic carbon

[14] E3E, E#k, FEHE, 55 FePMo,, fi Tk L fhF SN R4 fifk e Ak (TOC ) from aquaculture wastewater using electrochemical

BOKMBFIE[)]. BRBERI2E, 2014, 35(5) ; 1843-1849.

technology ; a review[ J]. Desalination, 2012, 285; 1-13.




g A2 56

FL UL E XS BDD R AR FL A2 4 A s R )52 1 A5 AL

3761

[32]

[33]

TAR, FRl, SR, 45 BDD BHAR H Ak A% S A Ak 3 10
JEAK B SZRAFE[T]. MHALT, 2016, 45(7) ; 1232-1237.
Wang CR, Qi J, WuTT, et al. Advanced treatment for indole
wastewater by electrochemical technology using BDD anodes[ J].
Applied Chemical Industry, 2016, 45(7) . 1232-1237.

Keech P G, Chartrand M M G, Bunce N J. Oxidation of simple
indoles at a platinum anode [ J].
Chemistry, 2002, 534(1) . 75-78.
Keech P G, Bunce N J. Electrochemical oxidation of simple
PhO, anode [ J ]. of Applied
Electrochemistry, 2003, 33(1) . 79-83.

Bejan D, Sagitova F, Bunce N J. Evaluation of electrolysis for

Journal of Electroanalytical

indoles at a Journal

oxidative deodorization of hog manure [ J]. Journal of Applied
Electrochemistry, 2005, 35(9) : 897-902.
Abdessamad N, Akrout H, Bousselmi L. Anodic oxidation of

textile wastewaters on Boron-Doped Diamond electrodes [ J ].

Environmental Technology, 2015, 36(24) . 3201-3209.

T, B0 WA R G A S L B A ST [ D] K
e, RHEPT R, 2008.
B, 2R, SCEYL, A H SO KA R R A AE

BN ]. AT AR, 2015, 44(12) .
3433-3438.
Wei J J, Li CM, Wen X K, et al. Homoepitaxy growth™of boron

doped diamond film on self-standing diamond film[ J]
Synthetic Crystals, 2015, 44(12) . 3433-3438.

. uJ.g,ufnal of

[34]

[35]

[36]

[40]

Azevedo A F, Baldan M R, Ferreira N G. Doping level influence
on chemical surface of diamond electrodes[ J].
and Chemistry of Solids, 2013, 74(4) : 599-604.
Girard H, Simon N, Ballutaud D,

cathodic treatments on the charge transfer of boron doped diamond

Journal of Physics

et al. Effect of anodic and

electrodes[ J]. Diamond and Related Materials, 2007, 16 (2) :
316-325.
Ferro S, Dal Colle M, De Battisti A. Chemical surface

characterization of electrochemically and thermally oxidized

boron-doped diamond film electrodes [ J]. Carbon, 2005, 43
(6): 1191-1203.

Chaplin B P, Hubler D K, Farrell J. Understanding anodic wear
at boron doped diamond film electrodes [ J ].
Acta, 2013, 89 122-131.

Blass P M, Akhter S, Seymour C M,
decomposition of BIS ( benzene ) chromium on Ni (100) [ J].
1989, 217(1-2) . 85-102.

Ohta T, Yamada M, Kuroda H. ChemInform Abstract;

Electrochimica

et al. The adsorption and
Surface Science Letters,
X-ray
Photoelectron Spectroscopy of p-Benzoquinone, Hydroquinone
and their Halogen-Substituted Derivatives [ J ]. Bulletin.of the
1974, 47(5) : 1158- uel.

Chadwick D Hashemi T. Electron @pectm%copju-{f (’c:t'ro@lon

inhibitors ; surfa_ce films formed by 2- mercaptobenzmhlazac and

Chemical Society of Japan,

2- mercaptobenmmldazole on' copper[ J]. Surface Scwn’g.e 1979,
89(1-3) 649- 659. | " 4




HUANJING KEXUE Vol.38  No.9

Environmental Science ( monthly) Sep. 15, 2017

CONTENTS

Emission Characteristics of Vehicles from National Roads and Provincial Roads in China =««++«xessrerreenesmnmmnnimminninni, WANG Ren-jie, WANG Kun, ZHANG Fan, et al. (3553)
Impact of Gusty Northwesterly Winds on Biological Particles in Winter in Beijing ««+r«ssesrerrereeesenenssenenennenninnens YAN Wei-zhuo, WANG Bu-ying, Oscar Fajardo Montana, et al. (3361 )
Characteristics of Particulate Matter and Carbonaceous Species in Ambient Air at Different Air Quality Levels FANG Xiao-zhen, WU Lin, ZHANG Jing, et al. (3569)
Distribution and Health Risk Assessment of Heavy Metals in Atmospheric Particulate Matter and Dust -+ WANG Yong-xiao, CAO Hong-ying, DENG Ya-jia, et al. (3575)
Observational Study of Air Pollution Complex in Nanjing in June 2014 ++++xeserersererssrsensnetnsnntnnentnnnstie e HAO Jian-qi, GE Bao-zhu, WANG Zi-fa, et al. (3585)
Distribution Characteristics of Air Pollutants and Aerosol Chemical Components Under Different Weather Conditions in Jiaxing »+++++++++* WANG Hong-lei, SHEN Li-juan, TANG Qian, et al. (3594 )
Observations of Reactive Nitrogen and Sulfur Compounds During Haze Episodes Using a Denuder-based System «+:+eeeseereereeeseneneens TIAN Shi-li, LIU Xue-jun, PAN Yue-peng, e al. (3605)
Analysis of Anthropogenic Reactive Nitrogen Emissions and Its Features on a Prefecture-level City in Fujian Province -+ ZHANG Qian-hu, GAO Bing, HUANG Wei, et al. (3610)
Levels, Sources, and Health Risk Assessments of Heavy Metals in Indoor Dust in a College in the Pearl River Delta - CAI Yun-mei, HUANG Han-shu, REN Lu-lu, et al. (3620)
Influence of Noble Metal and Promoter Capacity in CDPF on Particulate Matter Emissions of Diesel Bus «++++s+sesseeseeeeee TAN Pi-giang, ZHONG Yi-mei, ZHENG Yuan-fei, et al. (3628)
Spatial Distribution, Source and Ecological Risk Assessment of Heavy Metals in the Coastal Sediments of Northern Dongying City *+++ LIU Qun-qun, MENG Fan-ping, WANG Fei-fei, et al. (3635)
Remote Sensing of Chlorophyll-a Concentrations in Lake Hongze Using Long Time Series MERIS Observations +««+«txesessessessesssenenennsencnennenes LIU Ge, LI Yun-mei, LU Heng, et al. (3645)
Analysis of Spatial Variability of Water Quality and Pollution Sources in Lihe River Watershed, Taihu Lake Basin LIAN Hui-shu, LIU Hong-bin, LI Xu-dong, et al. (3657)
Distribution of Different Phosphorus Species in Water and Sediments from Gaocun to Lijin Reaches of the Yellow River + ZHAO Tun, JIA Yan-xiang, JIANG Bing-qi, et al. (3666)
Characterization of Phosphorus Fractions in the Soil of Water-Level-Fluctuation Zone and Unflooded Bankside in Pengxi River, Three Gorges Reservoir «+«++sesreserrereersesenennensnnncninnnnees
.................................................................................................................................................................. HUANG Jun-jie, WANG Chao, FANG Bo, et al. (3673
Distribution of n-alkanes from Lake Wanghu Sediments in Relation to Environmental Changes «++++«+esseesessessenensnmnisininscnenns SHEN Bei-bei, WU Jing-lu, ZENG Hai-ao, et al. (3682
Hydrological Performance Assessment of Permeable Parking Lots in High Water Areag ««+eseereereeeeeenee JIN Jian-rong, LI Tian, WANG Sheng-si, et al. (3689

Analysis of the Characteristics of Groundwater Quality in a Typical Vegetable Field, Northern China YU Jing, YU Min-da, LAN Yan, et al. (3696

Composition, Evolution, and Complexation of Dissolved Organic Matter with Heavy Metals in Landfills =~ «+veeeeereerveresenenensincnenenes XIAO Xiao, HE Xiao-song, XI Bei-dou, et al. (3705
Correlations Between Substrate Structure and Microbial Community in Subsurface Flow Constructed Wetlands —««+sesseseersesseeseneneenees LI Zhen-ling, DING Yan-li, BAI Shao-yuan, et al. (3713
Impact of Tale Ore Mining on Periphyton Community Structure and Water Environment «-«+«ssesetseessessserennsimenenenninenenes ZANG Xiao-miao, ZHANG Yuan, LIN Jia-ning, et al. (3721
Physiological Characteristics and Nitrogen and Phosphorus Uptake of Myriophyllum aquaticum Under High Ammonium Conditions ~+++++++++ LIU Shao-bo, RAN Bin, ZENG Guan-jun, et al. (3731
Removal of Algal Organic Matter and Control of Disinfection By-products by Powder Activated Carhon =~ ««+sessereesreeserensennsncnennens MIAO Yu, ZHAT Hong-yan, YU Shan-shan, et al. (3738
Preparation and Ph? * Electrosorption Characteristics of Graphene Hydrogels Electrode «+++veeeveeevememsiiiin, WANG Yao, JI Qing-hua, LI Yong-feng, et al. (3747
Influence of Current Densities on Mineralization of Indole by BDD Electrode «««+-«sxessersersersssesnenmssnsnennmninininniessenien ZHANG Jia-wei, WANG Ting, ZHENG Tong, et al. (3755
Mechanism of Photochemical Degradation of MC-LR by Pyrite ++:ereeeeererenserssismeneniinininiii e ZHOU Wei, FANG Yan-fen, ZHANG Yu, et al. (

Enhanced Treatment of Printing and Dyeing Wastewater Using H,0,-Biochemical Method =~ ++++v+serereererrsrseerensensnneninssineinens YUE Xiu, TANG Jia-li, YU Guang-ping, et al. (3769
Effects of Influent C/N Ratios on Denitrifying Phosphorus Removal Performance Based on ABR-MBR Combined Process ++++«++++++-- WU Peng, CHENG Chao-yang, SHEN Yao-liang, et al. (3781
Start-up of a High Performance Nitrosation Reactor Through Continuous Growth of Aerobic Granular Sludge «+«+++«+veeeresesveerenees GAO Jun-jun, QIAN Fei-yue, WANG Jian-fang, et al. (3787
Activated Sludge Mineralization and Solutions in the Process of Zero-Valent Iron Autotrophic Denitrification ««+«ssesesssesresesessennseneens ZHANG Ning-bo, LI Xiang, HUANG Yong, et al. (3793

Analysis of Respirogram Characteristics of Filamentous Bulking Caused by Low Dissolved Oxygen MA Zhi-bo, LI Zhi-hua, YANG Cheng-jian, et al. (3801
++ LIU Guo-xin, WU Hai-zhen, SUN Sheng-li, et al. (3807

MENG Ting, YANG Hong (3816

Aerobic Degradation and Microbial Community Succession of Coking Wastewater with Municipal Sludge -

Rapid Culture, Microbial Community Structure, and Diversity of High-Efficiency Denitrifying Bacteria

Abundance of Cell-associated and Cell-free Antibiotic Resistance Genes in Two Wastewater Trealment Syslems «««+«ssessessessesessesnenessennes ZHANG Yan, CHEN Li-jun, XIE Hui, et al. (3823
Effect of Biochar on CH, and N,O Emissions from Lou Soil +++eteseeetseerseesesensinmenisiiniii s ZHOU Feng, XU Chen-yang, WANG Yue-ling, et al. (3831
Spatial Variability of C-to-N Ratio of Farmland Soil in Jiangxi Provinge «+:«+ssssssesessessessensetnenusnsininsnsininsss s JIANG Ye-feng, GUO Xi, SUN Kai, et al. (3840
Influence of Calcium Carbonate and Biochar Addition on Soil Nitrogen Retention in Acidified Vegetable Soil YU Ying-liang, YANG Lin-zhang, Alfred Oduor Odindo, et al. (3451
Comparison of Soil Hydraulic Characteristics Under the Conditions of Long-term Land Preparation and Natural Slope in Longtan Catchment of the Loess Hilly Region +:«+seseessesenessesseneenees
............................................................................................................................................................... FENG Tian-jiao, WEI Wei, CHEN Li-ding, et al. (3860)
Effects of Organic Carbon Content on the Residue and Migration of Polycyclic Aromatic Hydrocarbons in Soil Profiles ««+s«+ssssesererssersenssensnenmniniininsininnsi
......................................................................................................................................................... FEI Jia-jia, ZHANG Zhi-huan, WAN Tian-tian, et al. (3871)
Major Factors Influencing the Cd Content and Seasonal Dynamics in Different Land Cover Soils in a Typical Acid Rain Region + LIU Xiao-li, ZENG Zhao-xia, TIE Bai-qing, et al. (3882)
Application Potential and Assessment of Metallurgical Contaminated Soil After Remediation in Tongguan of Shaanxi +:«+esseeveesvereseesineens WANG Jiao, XIAO Ran, LI Rong-hua, ef al. (3888)
Effects and Mechanisms of In-situ Cement Solidification/Stabilization on a Pb-, Zn-, and Cd-Contaminated Site at Baiyin, China ~«++-+++++ LU Hao-yang, FEI Yang, WANG Ai-gin, et al. (3897)
Concentrations and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Soils and Vegetables influenced by Facility Cultivation — «+r+seresserersesesssennesinnncninnnens
.......................................................................................................................................................... JIN Xiao-pei, JIA Jin-pu, BI Chun-juan, et al. (3907)
Effects of Arbuscular Mycorthizal Fungi on the Growth and Uptake of La and Pb by Maize Grown in La and Ph-Contaminated Soil -+ CHANG Qing, GUO Wei, PAN Liang, et al. (3915)
Effects of Straw Incorporation on Cadmium Accumulation and Subcellular Distribution in Rice «+esstseesreerssesemenmsensninninnininnenne DUAN Gui-lan, WANG Fang, CEN Kuang, et al. (3927)
Redox Transformation of Arsenic and Antimony in Soils Mediated by Pantoea sp. IMH = weeeeeseesnesusssesineinnimiiiniiis e ZHANG Lin, LU Jin-suo (3937)
Adsorption Characteristics of Biochar on Heavy Metals (Ph and Zn) in Soil = +e+reseesereressremssnmnsinninnsisss e WANG Hong, XIA Wen, LU Ping, et al. (3944)
Characteristics of Enteromorpha prolifera Biochars and Their Adsorption Performance and Mechanisms for Cr( V) «eeseveesesesnenienenns CHEN You-yuan, HUI Hong-xia, LU Shuang, et al. (3953)
External Phosphorus Adsorption and Immobility with the Addition of Ignited Water Purification Sludge -+ YU Sheng-nan, LI Yong, LI Da-peng, et al. (3962)
Preparation of Adsorption Ceramsite Derived from Sludge Biochar LI Jie, PAN Lan-jia, YU Guang-wei, et al. (3970)

Construction of Graphitic Carbon Nitride-Bismuth Oxyiodide Layered Heterostructures and Their Photocatalytic Antibacterial Performance —+««+eereeseeressererenenenienensnininennsinnennen



	9fm.pdf
	9fm
	zwml


