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Progress in the Research on Ecological In-situ Cleaning—-up
Technologies for River Water Body

ASLAE T FEENTD FEMT Fmm (L AN KFIRLHEAL N TAR RS, FEN 450002; 2. FF
MK FERFBORARFEMAT P s, FM 4500025 3. FRM K FRA B IRBFIE, #69 450002)

Bo Yisheng"® Yu Luji"® Li Tingmei"’ Li Yangyang® (1. Zhengzhou University Environmental
Technology and Consulting Co., Ltd., Zhengzhou 450002; 2. Research Centre for Environmental Policy
Planning & Assessment, Zhengzhou University, Zhengzhou 450002; 3. College of Water Conservancy &
Environmental Engineering, Zhengzhou University, Zhengzhou 450002)
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n. HRRHRER, ESMETEERTRSE. RN, £525. £MRSUKEENEESTERKERETEUEART
ENRRSNA, B TIEKESFUIRPEENEE, FREARRTEHTTRE.

K. WEAE ETRGE KETRUER HRER

Abstract Water is of most important environmental elements in the river ecosystem. However, river
water quality has suffered from long-term pollution and destruction of water ecosystem structure in China
in recent years resulting in its degradation to cause the water self-cleaning capacity seriously weakened.
Ecological water cleaning and restoration technologies are for the application to the rehabilitation of rivers.
Characteristics of the current technologies for eco-cleaning polluted rivers were summarised, and their
application and research progress at home and abroad were presented focusing on the in-situ water body
eco-cleaning techniques such as near natural riparian zone, eco-filter dam, eco-floating island, bio-
membrane, aquatic plant rehabilitation, and etc. Problems existing in the river water body eco-cleaning
processes were pointed out, and the perspective orientation of the technical research was given as well.

Key words: River water body Ecosystem Technology for water ecological clean-up Research
progress
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The Research Progress in Degradation of Organic Wastewater by
Low-Temperature Plasma Technology
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An Luyang' Zhang Yafeng'® Yang Jiahua® Zhang Litao' Zhang Gongduo' (1. Academician Experts
Workstation, Sinosteel Anshan Research Institute of Thermo-Energy Co., Ltd., Anshan 114044; 2. Jiangsu

Hehai New Energy Co., Ltd., Changzhou 213022)
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Abstract The degradation principle of organic wastewater by low-temperature plasma technology

is briefly introduced including the actions of radical oxidation, UV photolysis, high-temperature pyrolysis,

supercritical hydro-oxidation, and etc. An overview of the research status quo in China is emphasised

in respect to organic wastewater degradation by four typical low-temperature plasmas, i. e., corona

discharge, dielectric barrier discharge, gliding arc discharge and glow discharge. The research progress

in multiple techniques combined with photo-catalysis, Fenton-reaction, biochemical method, activated

carbon, and etc. is presented as well. Some problems to be disposed of about the degradation of organic

wastewater by low-temperature plasma technology are pointed out.

Key words: Low-temperature plasma Organic wastewater Degradation
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Oy FUEATRERE R, 95 Y T HEmT 2L, T IR
FILR/ N TG, HAkH, FEAHE A LA
b, LM ERIE . R A LR BRI FK
A YRR
L1 3Pk ALk

PRiE, RSB AR T IE R RS &
fEd 7. HH3E (-OH, -H.-0%),. 4»7 (0,. H,0,
). WMEBETRIESAE Y, o, SR
FAEVERILL - OH &4k . O, B4k & H,0, Efb .
1.1.1 -OH %41k

# 12 -OH. 0,. H,0, Z5¥y i /) b v S Ak 38 i
B P AR, - OH S ALIA JFHL A AR TR Ak PR 3
1) Fyo $EHE, -OH 527K rh AT LA 1] 51 3 25 5 4K
5 1x10° ~ 10°mol/s™, H. -OH JLF /] L JG 1k £ 1
K 2 K G HLY S AL 4 iR CO,. HLO BiiT
PrimEh Y, HARE LI R -OH B A ALY 43 1
HE T AL, FERS AL R = Y R
R- KA (. 0,558 if— L& bR

ROO-, ROO- %L — F I R 43 fift Ky /N o3 1)
[ (1)~(2) 1.

RH+-OH —R- +H,0 (1)

R: +0,— ROO" (2)

=1 AR ENEREA

Y EJNV
F, 3.03

-OH 2.80

(0] 2.42

o, 2.07

H,0, 1.78
HCIO 1.49
l, 1.36

1.1.2 0, %1k

O, AL rERsR, IRl ALK AN, A
fegfe, —J HIREM R BOK e L 5 —
SETERSMDUE R L -OH S AL A Bl ', - OH
FeA AR ML (3)~ (9),

0, 0,+0 (3)
0+H,0—2-0OH (4)
O+H'— -OH (AT ) (5)

0,+OH — -OH,+ -0, (FsMA )k ) (6)

0,+ -HO, — -OH + 20, (7)
0,+ -0, +H"— 0,+ HO; (8)
HO, — -OH + O, (9)

1.1.3 H,0, &k

5 0, M, H,0, 7R Al B4 A0 o3 132 K A HL
Yy, At HAARE 8 -OH, 0,55, 1440
5 O, 1EH R 43 i AL RE J % 1Y) - ORY SR [ Ay
B, o AR W (10)~(15),

H,0, > 2-OH (10)
H,0,+H,0 — -HO,+H,0" (11)
‘HO,+ 0, — -OH + -0,+ 0, (12)

:0,+0, — -0,+0, (13)
0,+H,0 - -OH +OH + O, (14)

H,0, —2-OH (15)

1.2 IR

S5 B R 2 A G RE T B R R A AL, TR AT
BB TiO, YeMEALFEMEAT LY . Bl et f AT ML 1) )i
M RIS A VRGN T 300 nm, 25N
FHEI T, FESEVD S TWBOET G ERAE 2 5%
KA, HIOR S 1 2 S B R AE el o1 R
4, HERARN T B RS, RS OK A BOA R E R
BT T 25 Bk O AEAEAR T TiO, fEERT, Ak
JERTEE =T (e7) FDAZs T ('), 4k
I 283 29 I 7= A K - OHY! Sk R fi A WLy, H:
W -OH F=A AR LA (16)~(18),

TiO, ™ h*+ e (16)
H,0+h* — -OH + H* (17)
OH +h" — -OH (18)

1.3 EiRdAiE

EETIRhERER FREEN S, TTREEKTAH
GIRY/BIR SR IR NE R 28 5 3558 w7/ W 0| N = 11
ML 2% i KR AT = A AR RE U1 5 - OH AH S 7K 4k
BT (E,=2.77V), KB TFIRA S iR KA
L P,
14 #EIRFKEAEL

A5 B A T P AR ) R K AR i e R R AR AR
Zimilt . FEMZERIE, TRz 2 LUE B A1)
E G TR il FHEEE 274.3°C, I L% S 22.1 MPa ),
e JLES B PR K AT L S A 53 i CO, il
H,0"**,

B LRI REAh, W 2SRRI AT R IR K f A L
Yy, (Efef 0T ST R

ZE LTk, AR AE B FARBOR AR K T AT LA

—7—



Lk BF E(E08)

Zad AL L BT —1R, (HERBLE]
MEEZE, HEMILgE—Eie, AfFt—L2us.

2 s

MR E N A HGERF , R T AR TR
IR AL 34T 32 T AR BEN Y PO e gy TR0k
6 P EEF T K, L2 Ak I ) T A AL
%7]( , ﬁ[] %;}é [22-29] R TNT[30—32] R %ﬁg%*jl‘ [12, 33-45] % ,
JE VAR B R4 o YRR K DE 52 2 LATE X
£ G TR E ) NI e E\ G5 o G
W DA I A5 2 TR TE A LB K A O T F 5 T LA
TEL i

(EIE— 4R R, g s Fi U R 25 2 TR = A
K, AR A R K 2 YT
e FRL LA LG o e R e Pk e e Ul 2 T, R
AT AT I TR # P RNiae EE A B - ek
M- Bt e - i, 2 - s PR - AR PR
O d B b R A BT AL cu NG
Cr[46] . W[24J R Pt[9—l3, 29, 36, 37, 39, 40] R E [10-13, 36, 37, 40] R Z:
%}ﬂ;ﬁij [9, 15, 16, 21, 22, 29, 33, 34, 39, 45] R
2.1 HLEE AR TR

JISUIEEREY i G R I R N VA o 8 SU Y N i)
TR, A ko R R U TR A s A P
i DL P P A S AR R LASE - AR A - At
Fopigs b, ArE A A - S 24 - halz o,
HER UL 1, LR P SRR G IR T AR
TR A B TR T LA T B (EARTE R
&, DVBRAPEAR - AR iias, i il S AL Bt
B TiO, YEHEAR R, I S 67 A= i FE A7) L £ 2 )
PEAL RN T2, Anate 7TH Tio, S b A 555 5 1
PREARA R

TTTTT —

o 9o 0o 4 0o
0e o o o o 10 o

[o RSN o) [SI= N ) 0o .0
] 0 e [»] o s o D s
oo o O._J [S3s] (SRR S 4
S oo ° o 0o o folle

(a) 8k - it (b) 24 - izt (c) #i - Hist

T HV——@ R s S HA B SR, Ao i 8 T
BEokern, TR L B I o

B1 BERREEFERERFTE

WA A= B SR AT SRR — Ak ol R S
TRV A R R BRSSO A 5 B o ok o0
ARV FL A0 3 359 T 2 i v R W R i, I T AN
TR M) 0 2 IR R R i, RO BEE: - OHL Vi BRI,
R A2 - OH VR, AR T 56 B - OH Xt 4 1 2
R At s B R

Z 4 V) P e et — B ol e R A 1A
S i B S BB K, A5 R PR HA B AR
K, X SR R Flt R R s ik v e e 2 v 412 AR
AL N ] 5 IR SRR AT LT E S ¥ o
Wt pH XA EY R AR R AR, SR SR B /)N
a2 pH 8048 T Bk -OH, O, H,O, ¢ J¥ %
eIt TR, koo e 22 i r 45 3 1A PRl A fi
H,0, Byl R A . P03 156 FH % % 100 mg/L X 588 B,
W AR YR K 20.59% . 15.7% . 54.1%, Ut B P & 16k
FHHRE X AR PR 4 5 T 17.81%

SR, BRERE PO SR R GG T 4 S
HIREfRAT R, 45REEW . A O, [ N, TR T 4- S
R, DK HL S ORI TR B AT A —
WITNL 5 FEARHE R Rk SRR T £F4 Arrhenius
T, Bk 5Pk V, . AT R 1 =
HRERFEL (19)~(21), WA, BRHTH K
ST 4 SRR FR A B

k=107 (V) ** (19)
k=478 x 10°°f'™ (20)
k=-1.184 x 10>1nl +0.021 53 (21)

AW B8 TR R AR i
i [F0) 45 PR 38 X6 ik v oL 2 0 Hl 45 S T AR AR B R T R
EDTA TPk KA FRECR A5 m , S50 . Sjild
IR 15kW ., A Smm, 4B 2h i, COD [
fi R 0B LR IGK 70% . 90% L) |, H COD
R st A 5t B LBt R A G — s 12 E R
2.2 A B A AR R

AR (DBD), XARJGA i M, FEjk
HL 25 Al A4 25 A o (A B nl s e i il b, 2R
BH TR A E] ), AR A T EES 2 ik e T B BE
IE R IE, RIS AR Y B A LA
Ejé [19-21, 24, 41, 43-44, 48, 50] E-irﬁ?y—ll_‘o DBD #ﬁﬁﬂ?%%‘(ﬁﬁ[ﬁ
Jicr B, R R R, SIS, BE A LR
JRALBE 5 A 2 e Y, & 2 R 8R DBD ARk
A e AN

Wi H 4 45 5% 155 1k DBD %5 B9 4 2 I 8 [ it
e T RRPRENVA TR, WIFOT R R AR Bk B



REEE THRAREFREIEKARER R

L
) mz% ) Q)

e TR HU

an Q) — A

(a) B BT f (b) B BTTATHUS N A
o e HE LA
Rk " L AR
B | - LA S — WA
® LA IS @
\— et ~0
A e

() Vs fa S o et

(d) IR A

Ce) JLhiot R as

E 2 % DBD #HFHFREFTE

JHCH HL R T s AR (AR LR AT RE ) 9N
HAR; M 30KV, 25 SR BE 30 mm A, AbHE
30 min JE iSRRI E, WG TCt; AR
a2, Nida, RRONAREE KL,
WAL BRBE I8N, ek T iR S K is 7
Gy, R LARGE

e PSSR — A rbuo kK L R K A AR
i VT TE M 45 44 1) DBD S i [ it 455 0005 I L fie
(NTP) RZGEK, ZEREH: HHOBIIZEE 200 W, ik
H, 5[] 180 min Bf, NTP [ fi# 3k 82.7%; 1E T B,
Na,CO; 2 1 il NTP P& fi#; Ik #¢ & Fe™ . H,0, {2 #F
NTP Fff, Wt m WS H 5 NTP K Bl RA it
FEUEATH: pH i, BEAh, 2R3 Y SEE P SR
PR K BIESE IS RIS 8

5 BB 0 A5 R 1)l [ £ X DBD Sz # R fif
C. L {6 MR8 145 BERIR K, S50 LB Yl L K
13KV, JUHEMIR 7.5kHz, 25 S & 2 L/min i, Ji
KK TF 95%, COD ZBR% 30%~ 40%., 4K, i
HRERTEE, WHAUERE — 8 bR oE o B i
RORA KA, ok, COD ZBF AR, HE Kb
PG AT A A PR SR ED f 0.04 BEIGZE 032, g 1 4
AE [l 15 752X DBD [z I i B8e eI e 1] 1M 13 7K B Y
g, fERAAESIET, KK COD. BODs #IK H
28250 mg/L. 7769 mg/L [4%Z% 2 883 mg/L. 2463 mg/L,
CIER DI TE = =

g U SR AT - Al DBD 2 g AR+
Stk (DMP) BHBEK, S5RFIH . MR KeIER K
B 20mg/L. pH 5. %5 ifi 200 mL/min ., Jilt L >R

260 W . JiHLIFE] 4 h B, DMP FEfE% N 85%., Kb
M ) 25 YR TR 2 2% DBD 45 B 1A SR R kb 3
BBT, WM I REERIUR K, —E MR
Ik 96% Z Lo NARH, %N ]SRN LR K
SR T4 K 2 BUIIR A5 85 T S N s R R B 1 7 1 v
TEBRE

ULAh, skIgan W S T IR | pH. S
i ) 11 Fe™ Xt DBD 45 2 14 ih F FH A8 YL RS0 1k
KBTI, S5 . WA B B R R K,
i 1 2% R A B S5 A R T It ZE R M % F T b 3
12min, PBEERIK 62%; MAGE & Fe™ J5, i
B 79%, SR, WA U AITE R AR R
YORMB U K BFFE s 50 5 YUkl 2540 B2 4 e
JERGAE, HPIRIRE R FEBUR AR TR,
2.3 TSl A B TR R

T SIS AS SRR M i e R T — X TR
MM, s b kAR Fl S B s YOI T R
ARSI T LA sl HHAK 8 o Ha b [ 3
KGN Yk FUE R, WIS [ A e b i
UMY RGN, ERE R (LA 3), #shiiin

B3 EEhElEERREE



Lk BF E(E08)

HLAE B TR IASE B TR W55 B TR M !,
BHAL R AR TR RS T s, Al AR
MR B, OO R B A5, (HL A YRR IR
[ E -1 7/ & 3 XS R V) G R e R 9
LA AT ORI 2 PRI, o, BT AEAL
UK AL AR . AL BRI HASCR2E . A S E3h b
PRAFGRAS, T & SOl 1 bR, SRR A S TS
HAbR S, A M LR 4,

ik

Wtk

>
B4 SigmaiEshil RS 7 RS 510

R 2R P AR R A IR R AR T Bl RS S A S
ANREAR 872 mg/L AR K, BRI K AL
Jii TOC X% 44 mg/L; O, fE#A b2 AT oR M B
fift s SIIRA IR TR B A, T ELUE SR e
LRI S CO, Il H O, PBEST 17 25 R 2% 22
THEHARE, RWRA., BRSSP XM
PR T B IS B A S R B 1 000 mg/L RT3 15 7K
MIFEM, F8 AR AESC R A IE R, FA# 5 COD {Uh
RSN 8.68%

XIS 4l B SRR 98 T AT AR I Sh R A S AR
V] 7% [ A7 300 mg/L BR RS T /Y Bl 12447 J B [ f AL
il MECEE R 10KV, B AEE S0Hz, HLK [A]
AEALIEES 3.5mm ., K O, Wik 0.4 m¥/h, KK
20 mL/min B}, FBRYERE 1 B BRAT & — S . TR
B, AR - TR (GC-MS ), 285k - ok
Sk (UV-Vis), BEF@ik (1C) ke 7k
s AR =4, IF8 e L 2 . - OH I
HRMERE 1 7+ b5 Z8 A AE B C-N Il Z B 2
NIRRT

Dl , ke e e O AR TR AR T Bl A
TSN A B BE 4 200 me/L BRPERS T . ok

20, BRPEHOEE BO BLRUE K, MBI . RN sh
2 FRATRASOR R R i AR U G 0 e T ML AR 9 T L
fi it B, UAERCH R 10KV, LR 50 Hz, %
R AMHE 0.8 m/h, /K I 60 mL/min A 55 FF
A PR 60 min J5, = Wi A FRAK KN 84.1% . 72.7%.
89.7%, COD 2 B R AK K K 27.4% . 37.3% . 28.2%;
= H MR G — G ; UV-Vis IESE = # %
AR R FE TR IR & Ak R 5 ik
R, MG EAETEIRRNL, fefabEfd kNP,

BN, XIE4N Y %41 % COD 4 1497.5 mg/L 1
SERREPYLIE K, HEEEE T S IPIAIE o R
SN 25 % i o B v B2 K W B pHL RS2 BIFSE R B,
pH SZ M & 7K v CO,™ A7 e 3. il sl i 1 4% 171
FEZELLHCO, . CO ERAFAE, MEHPEX -OH,
FHfd COD 2 bR MK 5 BR Pk 25 14 °F W LA H,CO; .
CO, B A e, X COD £FR3R LM, COD, TOC
R Bl AE — R sh J12e i s b — L2 AR
# (UV-FTIR ) srMraf, JRAKHH P & @Ik A9
IR, IR,
2.4 WEGHHL S B TR R

W AR T R ERT R, 2 25 B
IO TR AR 110 Fl, sk 281) A Ak ] LV R bR B AR F A ]
FRAFEIEIE P2 SRAMIR IR AR AR . T A
TR A LA “H” R0 Rl (UL S ).

L SPARBERR L 2, SRR 3. IR 4. JBA TG 5. BT
E5 “H BlEAMBESTFERMITE

e 5 M AR B AMERE . TOEE MR T )
IR 5 M G P A B TR R R AT B B K
SEULEW] . BEE 110 min J5, JE KB %IK 95%; [
fift it R A R A A, BUE RS %K pH [
% MRS BT A — Bl J12F R AT B BRIP4
b CO,. H,O Fifaj schlih. JomAE, PERIEK
Vfi e pH IR, sl AE R MRS s 11,



REEB THERAREFEIEKARER R

i U ST R . R TOR L R
KW pH. H,0,. Fe™ X el it 25 88 1 1A e A 245
i SRR K R, SR R B, KB €5 3 B
HLHL R T . Na,SO, MR EERS Kifi 7=, {H 4 Na,SO,
WeFE KT 4 /L B LB AR ™ 8 R 2R R R
it - OH = A fib 45 i 5 o T-ie f o o e B ah 1
WO E 25 1R T R K it s — 22 W 1,0, Fe™ 3
PRIE R K AR . Hodr, AU 0.4 mmol/L Fe™, [#fi#
5 min Ji5 25 @22 B0 5 R B R JEOR 13.64% 3 % 91.36%.
LR R e R €8 3R B AR AR I AR

T A R FH % M R ' i P 5 S AR Ak R R

PRSI MRLL YRR K, BEER TSRS T
Mn**, Cu™, Co™, Fe™. Fe' XK (o R A fi %
2R, AR, IR R m R K
RMFEMRAR; Hod, finA Fe®* 4k BE 30 min J5 B (6 5
FRE SRR 90% LU L, A Fe™ 4bHH 5 min J5 42
A 95% L . wrdnaE U ARIREE Y, Fe nl ML
L A B AR A B PG 1 R K Y R it it ) 60 min 2
FE A 10 min,

AT AR R A, AR Fe™ JLAF 2 HO
i L B B R R A LR K 5 v AN AT s e 1) 2 2% [
£ AL, KRR RS IE A L T 51 T35 2.

®2 EERHNES FEREBREIEKTR

RiEf x4 BHEMNR

B8 Ay70 WHEH

L L Mo
FH B AL 3 7K Fe**. Mn 20.69%

SEPRENGLE K Fe™

R AP 60 min J5, FEFFERE 61.43% RIKIG A 92.72%

PG AE B T URRERE, BOD, JLIGAEML; A Fe P

s Y A

EE Ejﬁ\ [10] %

Ja, HEERETEE 46.2%

YOS K R, W, pH, Fe™
EER EX BUMEK R, WREE, pH, Fe™

PR PELT R K Bk B, pH. TiO,

HJE 610V, pH 3. ¥J¥ 20 mmol/L, A 3 mmol/L, Hi
RN 6.52% % 90%

HE 610V, #E 120mg/L, pH 3.12, LA 2 mmol/L,
(6 R L H 39% WA ZE 94.3%

HIR . pH ABEMACREEMIAK, KAl TR Tio,

Rifet 0 %

Fifipe ™ 5

B o

b S I AR AR
; e s . HLE 570 V., pH 3.04, WE 60 mg/L. 2 mmol/L Fe™, [%
STl & 2 e 2 s [12] A
TP R K M. B, pH. Fe 5t 20 min [ {5253% 08.8% 25 qp s
" . . THLINE 58 W, pH 4, WJE 5 mmol/L., 50 wmol/L Fe*,
1k Th%  YRpE 2+ S7. 18] Ay
ROX HBL I 7K T W pH. Fe ST 12 min I FERER L 92% [ I A
ALK HOBHLR . W Fe A 04 mmol/L Fe™, AL 20 min WARFEMA L1% M 0 o e

% 9735%

DA bR R e A BB S oI
HL L OREDGT F AE 4 PR 2 B AR [ A BILEE K
Wee At 7 T ORI AR o AN R I, AR S5 S R4
R FIT AT B K e BE JF AN e LG REABR R, Buflikk
BHAKEIN, SO T 22 1 LR A Al B b 2
APLEIK

3 5S5HthAREXH
3.1 5Ok

HefEfk, WA RET R AOPs 2 —. ' FIRTE
LRSI R P2 e M h', FirE 5K ha L
Wy kA3 R N VAR AT BL, I 5 KA
4z -OH KFEfA Ny 2 Hrh, Tio, ¥ Z T4
MEACTTFSE o AR A5 A 7= A e A v ) o A iR A Y 45

SN, TR AR AR GS A, W] 7550 R FHHLfE
IR A PR

B MUE B %5 H DBD 455 IR b M 15 1k
K, ZEEE. FKH COD 5 TiO, W & g5k
2, A TiO, BIFEA# R 2 £ T RN TiO,. X1 74k &
#£ DBD 4B FAREL G TiO, Yot AbRe i 4 987 R 1% K
IR R B FE—EAMET, TiO, B 49 o FR
RN 69.32%, TiO, WAL A 75.08%, (H W& X4
SR TR AR IRETC TiO, IR AR % 56.26% A T4 i
BEAh, eI A5 B R EX T TiO, Ye i fh b fif 2R K 4
Z, A O, il e 50t E4, HO,/ENBET
ZAREAZ & N HO, - ST PR F AT O,, X EEIg
YRR Tl — Ak R -OH, 3 S5A ML i =4
BAAEH, AR R B



