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Pretreatment of high salinity pesticide wastewater containing

cyanide by aerated zero-valent iron
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(Civil and Environmental Engineering School s University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The aerated zero-valent iron was used to treat the high salinity pesticide wastewater containing
cyanide, which reduced post-processing load and the toxicity of wastewater and created favorable
conditions for subsequent treatment. The results indicated, under the conditions that pH was 4, Fe : C
(g/g) was 1 : 1, aeration flux was 150 L « h™', reaction time was 3h, the removal rate of COD was
61.6% and the concentration of effluent’ s CN~ was 3.52 mg « L~ '. Through the primary dynamics
analysis, COD removal process was divided into three phases. First, the acidic dissolution phase of iron,
the COD removal by aeration phase, the dissolution velocity of iron was 3.03 g TFe « h '. Second, the
high velocity phase, about 87.1% of COD that being removed in all process was transformed. Third, the

stagnation phase of zero-valent iron, the COD removal was stopped.

Key words: zero-valent iron; aerated; pesticide wastewater; iron dissolution

N AYVPIREE . BEARPOK R . SEBUR I T LTS
i3 P BT L k(0 Bl € D A B LA T I € S e
Fe/C frfig & 20 fh20 70 AEA L Bk T IR, SisDRENIN T ZEW, HHEE T L85
2 T HAERGEIR . BB, A, g JIPERURT AR 2GR K DU R AR R %
e UURU LI TURE AR T — . BERRERIR G A SR a i m b AR > Y) . Bk (G5 f

2010—07—02 LB WIFE ., 2010—10—10 YL B & R . Received date: 2010—07—02.
BRARE—1EE. THE (1987—), 4, W5, Corresponding author; YU Lulu, yu _ lulu@yahoo. cn



« 1092 - & T

py,
£

1% %62 %

eSS

BEAEGYE . maBERS, WhER
R PR O i AT DL K . R T R A 5l
J7L A AR A O R R D ROk, DU R I
B A =4 Feb™ 5 CN- 4% 4 170 3 W AR K K 3%
P, xR (A, SR EAL
Py REEMDD MBI TBA R . B AR B
TR KRRAREE, OB RTE T S AP & 3R
2 R K I AL B

AR 42t 5 BIF 5 ) P I S i 0 T Ak B e R O
2K, i COD X BR 23k 5 61.6%, K
CN ¥y 3.52 mg » L', W42 5 20 40 A7 7
REAR T B KRR . O 5 24k BB R 4F I 55 4%
FE X S HLEE R AT A M, DA A 22 28 10 K T Ak B £
B R A 52 B B8 LAt

1 R

iR 56 A1 A
BREE b B R TR %0, H
LoV R A B RIR WG, 3. 30 MR IRIG L, &
o 2% T i 1) — J2 AR A TS ST o T M g 7K
REVRUD . [ 22 W BRR AR 0 DA B T35 P 2 1) R B
I KA AL 78 R A R A A 4R, K
B Mg R T (ZRCRFEBCEAED : pH HZ
H 8, FrEhE 15% (FER NaCDh, COD K 1879
mgeL ', CN 90 mg+L "',
L2 RAEE
R TIOH i S AR T — AR B A2 R 90 mm,
FES DN 450 mm A PLBEEEA: . s T ESR A
AEBRA REBAHKE . =g, Al
K,
1.3

1.1

R E

PAL B 2 5 ) B 5T e 3 IR — E /Y L Bl TR
SIS S AR R A A T R 2 R OK
S — € WF ] Je > HORE . BEAT I E .

MEJrk: CNTRA HI 4842009 fii§ B2 F
EEME; Fe' | TFe (BB R HI/T 345—
2007 ARAEZ MR 3 OB BE M E s COD: H T K
AR 1500, SR TG R i B P T A TR E
oK pHHE 9 (FBR Fe' Xf COD il 5E f 2D .

2 RABEREGH®

2.1 pHEXWNREMLERRENZIE
K FH 50 %0 1 &% BR K5 K FE R Y =AW pH (H.,

TEB W R Fe : C=3 + 1, Bl £ n&
m(Fe)=120g« L', BXE Q=72L«h'., &
NAE R A] 0=6 h 25T . E 5 pH AR fifg db
BROR B, 5 WK 1 FE 2,

100 6.0 _
¢ COD remval rate; oFe?"; a TFe 5
90 4 o
<
X
S E
g 3
s g
5 2
5 g
= =
=
S §

pH

K1 pH B X LA 7K COD (1 52 i

Fig. 1 COD removal under different pH
T
~ 100 100
o
g ‘\e\_e_\e\-é ]
; LU ———— 90 i
&) L 1 =
kS 60 4 CN concentration aftet pH 80 é
£ 40 adjustment; 170 2
'g ¢ cffluent’s CN ™ concentration; ‘Z
‘q‘g 20 o CN™ removal rate leo ©
<
S o > * T 50

2 3 4 5 6
pH

B2 pH (X ok CN- 52
Fig. 2 CN™ removal under different pH

K1 RET, B pHEMEE K, COD LR
AWR B, R T . X EH T pH E
AN, EETWREROR, ST S . AR T
(10 L 2 S RN R Vs o DA AR 0 At e A s B
SR pH A AR 2 3 K 5 IR K pH H BT 5 iR
FEE R T H . BB TR S 2R, W
55 17 ZBEEM M AE T B2 380 COD 2% B A X 4
RN R K Y 0 B B 3SR e S 2k R 8 AL B Y
HMERE

Bl 2 &W. pH X CN LBRFEZ MR/, CN
2 BRER T 0 A 9 AR AR AL, pH (I 2 IR
ERESMER AN DN CN Lk CN F#
2l it 5 Fe't Ml Fe'' R % A A
Fe;[Fe(CN); |, Fe,[Fe(CN)g |5 ULIE %, X
JE T HON 2 %1 7 i3 R AH X T 48 5 DUTE #1715
eGSR

6CN 4 3F¢*" —> Fe,[Fe (CN), | ¥
3Fe,[Fe (CN) ]+ 2H, SO, + O, —> Fe, [Fe(CN), 15 ¥ +
2FeSO, 4+ 2H,0



55 4 3]

TREBEE U R A TUAL M R A UR 25 K < 1093 -

2[Fe (CN) ]*~ 4 3Fe”™ — Fe;[Fe (CN); | §

45 B E R OK e pH E A 4, i COD 2
MR H45.7%, H/AKCN K 3.8 mg+L ',
2.2 B HEBHRLELRIIMN

fEpH=4, Q=72L+h "', t=6 h 95&MH T,
BT BR e LR L AR AL B OCR s e, G 4
LK 3,

T
X .
3 B
g £
g B
£ s
= g
a E=
o 5
“ 10 g
& COD removal rate; o Fe2*; aTFe S
O 1 1 1 1 1 0
1:3 2:3 11 3:2 2 3:1 5:1
Fe:C

B3k 5 Ll il e Ak 3 SR £ S T

Fig. 3 COD removal under different Fe : C

p P AT L A BSOS T S AR, X
FEIEH THEE S LT m . 77 A 00 J5 H it 25 i
B, JFBEWN, BRI 1 1 P E RS
B, COD LB 2 Kl 50. 3%, k&1
FEI BT, X R TR MAEM s B
R R, N TR 2 080 R g . FE P
KA BRBR ) SCHEFNFLBR R ARIEAR, 25 5 5 2 A
Mr&h s ANFIT SN A ) i S AT . R A % o o
K11, H/AKCN K3.75mgeL 1,
2.3 BEWNHEBHRLENROZM

FE RS B i B SRR . B AN
HLME A 52 e, I 4 WY, B & B R B OR,
COD ZBRAH B E F i th ¥R T mE PR, 4
WS HE 4 150 Lo« h'/f, COD 2% Bk R fix & ik
61.6%. H7KCN H3.52mg- L', X2HNTE
FRALA A RIS o B I H i 2R 8 A H Ao 22 4
B 122 VU TR I R N 3 &, Ak R RO A
T 5 YR A 8 3 B IR s XA LTS e B R i B
AF s R A RN, AR SRR R T A A
U/ WRORE T e ) 5 UKL R T L 2 . R T
H Ak 22 I L U0 S BT Bk . R AR T R
i M B COD 2 Bk 26 Bifi & B <6 19 38 KM
TR,
2.4 HERKRK

W2 WAL PR 120 g BRAIFE. 120 g 36 PE K

100 50
¢ COD removal rate; o FeZ*; aTFe T

30+ 415

1 1 1 1 1.0
20O 46 72 150 200 300

COD removal rate/%

concentration

aeration flux /L-h-!
PR 4 B AR A Ak B R B
Fig. 4 COD removal under different aeration flux

LUK 20 g T4 2 om AT G BRI & 1951, 25 AL
HUMRFE . R BRIE <X, AR 3 h < 1 h,
BRSO 150 Lo« bty HoA 24 hoR BRI 2
500 Lo« bty R ZUBEHEBORE 5 min, W] A AR (k3L
L R A AR 4G . JEUK IR AR pH S 28 5% DS AT JIE AR
PEA L KR EN 0.3 L« h™', ELLs1T 240
he ZRILIE S,

80

COD removal rate /%
e Y I LV e NN |
SO O O O O O O
T T T T T T

1 1 1 1 1 1 1 1 1

3 8 16 28 36 48 96 144 192 240
t/h

K5 Fh&sirak Bk
Fig. 5 COD removal of dynamic operation

Hi& S5 AT LU . JEZEis4T 2 36 h i, COD
ZBRAH 60. 500, BEA KL BEAT . B LIS .
SRS T B A= 0B T T B 2 . BEL A DR it S R
11, 384780 240 h i, COD [y K BRFRALN 38. 0%,
Semf K CN- 25 5.42 mg « LY. (AT, 75 Ak
BT, SOl TR R KIE T 10 d A4,
ity B AT B

e JHT B Ak 9 Tl e, e 12 ALk LM I i 5 SRR 25 TR
K, SIEEEDIRE . Fenton &AL 45 1 4b B )5
TEAR LG . ol e 12 58 0 ) R BILREOIN T i 7 A ) R 8k
B “LURIRIE”. WA . sty A,
S MER BrRRRY BBy R . AN, T SO
BIFEY Fet 't fll Fe'' af 5 CN™ Az i Fe; [Fe(CN)g ], o
Fe,[Fe(CN); Iy SEUTIE MM 2Bk CN 27

(=]



e 1094 - & T

py,
£

1% %62 %

2.5 #%EHE COD ERBEXRIRT

LRI AT DUARE gk s BURHE
JR K28 SR o X . FTBR RS COD Ik
EAEFE . 25 5k Hh R Bk 3 F A STk 1 COD &R
BUEBRMER . I, ikt 5 i 3 i v K
COD, I HEHE 3 K, BOHFHEBHET 0, 45
RILE 6,

1200
= =
1000 - ,D——-))/(E 14
"
T, 800 7
£ 600} ] 1,5
< &)
a oaccumulated COD removal >
S 400 M aTRe =
I
200 -
i I
o o
1 1 Il 1
0 2 4 6
t/h
6 BB TIRE S BB LR COD By i R4 i 42
Fig. 6 Fitted time curve of TFe and

accumulated COD removal

(1) COD [f@nfm fi2k R A Logistic 1555
/A\I‘ ’ jj‘i%yg

yeop = 1066. 61 — 1066. 59

HRARL 7 =0.995. XD SKFHAFE 7 ik,
COD #y 2 B o A i 8] 22 1k i 2 24 Giddings ek %l
AR, M r=0.5 h iy, COD [ % R 33k 3] fi
KM 1196 mg « L0« h ' RIEHZE 45 fiAE 0. 15 h
1 1.85 h 4k, # 0.15~1.85 h )y, COD & #
LBR.

(2) BRE T W A 2 SR Hill
RN TN

@Y

~5.91¢

i T 169 4 @

1400

1200
1000
800
600

COD removal velocity
/mg-Lt.h!

400
200

t/h
B 7 COD iy 2 B 1 22 B[R] 22 £k il £&

Fig. 7 Time curve of COD removal velocity

FHEREL = 0.9933, BB 1 7 MR v 1 A
RS (R R D) WS, ZRaRA N
Hill R KB, pH SR, 2k i sl
R, RV KBS T R LR R

(3) COD 1y 2 & 7 tb & B & 4 i
2 CODMEE T ARMEREIEH N 1 g &
TR EBR COD &, iFE AR

1.69+1¢ \?
O.36+t2'5?‘>

Bl 82 COD [k es 7t LB R ih £, 5
Giddings pRECHIZEBEL, 24 ¢=0.56 h i}, COD [yt
F A AR 615.6 mg COD »  (gTFe) ™',

K7 A 8 £, P4 LA il 4 0 (E A 22
0.06 h, XMy, pH K, %eg FRiE B,
TRV 4G BILAD 1 B3 A VR T DTk AS R DTG 32 3
COD [958k 5 ¥ L 25 B 3 8 08 1 oF 1) e — 2t

o= 101.45z1'“< (3)

700
600
500
400
300

COD removal velocity
compared to TFe /mg.g -1

200

100

0

t/h
B 8 COD A4k B F L 25 B o % il 26

Fig. 8 Fitted curve of COD removal velocity

compared to TFe

2.6 FRARMMEBBFIEERN

Rt pH Ak 2 WK 9. 4% COD
B3R 3 ASIFE BB COD i i i 2 4 1
=BT ST o I 7N 7 o N [ P AP
COD (R R pLEE

S — BB COD B W0 5k F A 1 38 5 i
# (0~0.15 h), pH fy 3.95 FF 3| 4.22, JFK
YRR A LY A R A B SR R, R
Ji % 24524 128 mg COD » h™', 7 pH K 3. 95~
422 BMRME ST, B o, SR
%Y 3.03 g TFes h'!,

&, Bk ok 5k A% 5T Bk COD & BR
111.3 mg COD « (gTFe) ', XKW NS TR
T E AL, T AR AR I 55 s R kR
R s i 7 A AR TR T AR B A



%48 TR . RN 1 T AL P 4 f 1 AR 2 TR K « 1095 -
150 L«h', t=3 hTF, COD £KB* N 61. 6%,
— HK CN™ 4 3.52 mg « L', MR T )5 S 4k
BB far . FRAR R K B 3 . Bas TR KK L. I
s LA o ol F i 2V % R K B TRAL B 2R 8 —Fh &2

t/h

B9 pH A Ay ] A2 Ak i 28
Fig. 9 Time curve of pH

YERT, B T WA A ALY Y ¥ 5 4% T A 3R 1m0 A
RO o Hz fi s DT REAEG T A B ) 30 T % e 3 3
FEEE, D AR A B R .

S B Bk ik A R v R R R (0. 15 ~
1.85 h), COD g LB p B, pH i 4.22 FF+5)
6.22, FEE pH M Tk &, 8RB 0 i o B W) W R
%, VREHHEAEL 0.93 g TFe « h', WD
TR R OB R B COD B f AR I T4, LB B
RO RS2 T COD LR g 87.1% . H
COD Z:BR#i A B 7 L L PRl AR AR % &, i
PUUEAF . X A HILTS Y 1 v o B DR IE T Lk
SN N Bl A7 D et R A

AV PR A v SN O . AR R IR, 3R AT LK
LA R R W (0. 15~0.5 h) U 2 g
(0.5~1.85 h), fEfm e iy, B pH ) LTI+,
BRITR Y AR W08 5 . AR A T R
COD [ fof Ha fife B fif o SR B B 1 K (REBE % pH
M ak STt . AR TR RN B 1S . AT B
2 BN W 0 55 . I COD B fig i 2l 4b T8
Wee o L

9= B R g S R B (1,85 ~6.0
h), pH JEAREFEARZS . B BER A 2 2
Fe* " YERESM &M N Fe'o o COD R fif Ay
FTsE . X JEd T Fe'" ¥ 0E i Fe (OH), 2 #
i, HAMRMMLEETIRE . XK PR R F
Yoo 3 3 R T S A AN TR R B T
3400 O ¥4 T A HL R B SR L e S e 2R R U I
LBk

3 #

(1) 2R F e i vk ab B AR 2 R K, B fE 5
pH=4, BmfEl Fe: C=1:1, B &E Q=

Ve BT EOR

(2) Fe/C F&fit COD 43Ry 3 ANBrBe: 1838 N
W, COD %58 oo W e 25 B s 2 5 g B B
2y 87. 10 Lk b COD 1y 25 B B o i ok ok v fige S i 2
Bis SRLE B B, COD AR BRAS I i

(3) R FH S04 o ol v A 1k A B v R 5 R 24
JEAK s BRI, 6884 A T ALBOIN BT 7 A= 1
BB DIERE, WMIERAL, RBRREEE.

References

[1]  Young-Soo Keum, Qing X Li. Reduction of nitroaromatic
pesticides with zero-valent iron [J]. Chemosphere, 2004,
54 (3): 255-263

[2] Zhang Liangjin (3¢ K 45 ). Research and engineering
practice on treatment of the high concentration and undegra-
dable organic wastewater by Fe/C micro-electrolysis process
[D]. Chongging: Chongqing University, 2007

[3] Jiao Caishan (¥i# 1l1)., Peng Meiyuan (% %), Wang
Zhongwei ( F 1 ff). Present and developing trend of
pesticide treatment in China [J].
Agrochemicals (f&#j), 2007, 46 (2): 77-80

[4]  Qiu Yuping (H 52 )., Chen Jinlong (B4 ), Zhang
Quanxing (§f4 %), A review of treatment methods and

wastewater

resources reuse techniques for wastewater from pesticide
production [ J 7.
Environmental Pollution Control (¥Ezi5 6 A 5%
). 2003, 4 (9): 63-67

[5] Chang Shih-Hsien, Wang Kai-Sung, Chao Shu-Ju.

Degradation of azo and anthraquinone dyes by a low-cost

Techniques and — Equipment  for

Fe® /air process [J 1. Journal of Hazardous Materials,
2009, 166 (2/3). 1127-1133

[6] Walid K, Lafi Z. Combined advanced oxidation and biological
treatment processes for the removal of pesticides from
aqueous solutions [J]. Journal of Hazardous Materials ,
2006, 137 (1): 489-497

[7]  Chang Guangling (¥ %¥), Liu Yun (X z), Qiu Xiaoguo
(Ef B [§ ). Research on determination of COD in high
chloride water by mercury-free, high-silver, low-pressure
digestion method compared with chlorine emendation method
[J]. Chemical Analysis and Meterage (A% 53 Hrit &),
2009, 18 (2): 40-42

[8] Dombek T, Dolan E, Schultz J, et al.Rapid reductive
dechlorination of atrazine by zero-valent iron under acidic
conditions [J]. Environmental Pollution, 2001, 111 (1).
21-27

[9] Wang Zhongwei ( FE ' ffi). Research on treatment of
clomazone and pretilachlo wastewater with micro- electrolysis

method [D]. Harbin: Harbin Engineering University, 2007



1096 - b

T % i

%62 %

[10]

(11]

[12]

[13]

Chen Huajin ([ 48 #F).

concentration cyanide-contained wastewater [ D]. Nanjing:

Study on treatment for high

Nanjing University of Technology, 2005
Sun Bixin (#pF), Ma Luming (& 4), Wu Deli (&
4L,

electrolysis for

Effect of aeration on catalyzed iron internal
Ll
Industrial Water & Wastewater (T HK5HEAK), 2007,
38 (1): 32-34

Zheng Jing (54 ). Research of ferric-carbon microeletrolysis

organic wastewater treatment

treatment on high-density alcohol wastewater [ D]. Harbin;
Harbin Institute of Technology, 2007
Zhu Lehui (& K #), Wang Rong (£ #). Li Guoqing

(B EK), et al. Study on treatment of pesticide wastewater

[14]

[16]

by Fenton reagent [J1. Agrochemicals (f%§), 2008, 47
(2): 109-117

Boussahel R, Harik D, Mammar M, et al. Degradation of
obsolete DDT by Fenton oxidation with zero-valent iron
[J]. Desalination, 2007, 206 (1/2/3): 369-372

Tan Ying (iE3%), Wu Yaoguo (RME), Hu Sihai (#]E
W#) . et al. New progress of researches on treatment of
wastewater containing high concentration cyanide [ ] ].
Plating and Finishing (FEE 585 . 2007, 29 (5): 40-44
Vaclav Janda, Petr Vasek, Jana Bizova, et al.Kinetic
models for volatile chlorinated hydrocarbons removal by
zero-valent iron [J]. Chemosphere, 2004, 54 (7). 917-
925



