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Advance in application of agricultural and forest residues in wastewater treatment
LIU Chuan-fu, SUN Run-cang , ZHANG Ai-ping, REN Jun-li
(State Key Lab of Pulp and Paper-making Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The utilization of annually renewable agricultural and forest residues, which is an important lignocellulosic

biomass, has been attracting increasing interests all over the world. The application of agricultural and forest residues as bio-

adsorbents in the treatment of wastewater containing spilled oil, heavy metal ions,and dyes is reviewed.

Key words: agricultural and forest residues; adsorbent; heavy metal ions; wastewater; oil sorbents

B FE A AN MOl A= 7= 5 i T 72
AR BB E R, BT A A A AT
YRR IR EE SR, REENEY R
B, EEAME R ER FET RES . RN,
BWEFY) L2 T ERRBE IR, b e A —#
3 AR L HE R 1 3% 5 4K ol B9 SRt fEL R ok 2
A ABARRNEFY BB 50%. BT
BAERBRUANA, BEARENRNEF YT
BT ARMEEE R, Bl T X AESHER
55, SOGE R T IR AR RIR 2%

Wl & 0 H B SN T A BEUR G H AR A R, DA
AR R S 45 T P A R A JEORE 48 Tl B G
BrEsIR T iR S EINRE. EFEk, AR H
ANy BAC 2B 22 ZIEE AR IR R LUR AR 79 55
] AE B R O JEOR A 7 A T, R B
Moy R T ok E RS R R
BERC LICRME Y F 0 A TR AR A
FIAM SRl FF S8k R E B, ERE,
EFLFTRELRE  RIRHERE R, AmFEHAE
U5 o B g BE AR W R, T R MR MR SE M TR
BE M ARERLA TR, ERXABRETL LT
W] 355 5 % J B B R A A

M AR IR F 90 B IR 3 1 oA A6 T JRORH R B Tl

1 75 H A : 2006 - 03 - 31

FOBHA 2 07 2 — B2 R AR bR R FE ) 20 B 0 £
R EA B RTARTRG 7B Tl ™ dh X
AR, AR TP AT LR S e R RO
ERFABERREL, TEEBG 7 — MR
R TR A S BEF AL Tk 7™ & X Fh 07 R
RERB AL L2, AR A 7 AR , T ELIB D T R MR
FYH G BT RNIRTIE S, RREFY
JRIAE S 4y 0% 590 4k 38R T K R S B B S . R
R Fr VR A He 0y W B 550 T SR 25 R IR K HR 9
HERE T, &0 UL A LI5S W) KO oK,
B W] DA R K o [ SR E R, R AT R
SRR o AN AT T 4R

1 RWEFYALESHTEK

AR, TR T BB R R B T R AR
FPERTEREKEMEEHNEGTR., E5IT,
B4R R 58 R 1 i Y 3 WO O LA U R B AT
300 J7 ~ 500 T3 to GNARAN K B AT, X 2 i K
WRERMARAE. BE 1« AWM EET LI
A% 12 km® Y 7H B, 3 20 3 R 55 7E V8 T B R {UR 2R
TERMAMTIE, T HESHERECRTRE,#
Me) A W DB B , IR0 I A S A, R R AR W ok
JREMEE . FHAMEAR, ME IR R R &

EZER— A XL 5 (1978 - ), 5, 11 4E ,020 - 87114858, chuanfu_liu@ 163 . com; PME 4 (1955 - ), F , 11, #0382 , 18 LA S 0H, TEMNF R E L%

W5to



2006 5E 7 F4

AL T A B K A 1 R TP et b DX A K AR TS G
R R A SR AE TR 38 B RORS o R A T B S
IR A R RO R B R R AR, X Y T N 2 R
RAE 7= AR W& FIK RS AR I A AR ok T T E B

MR B R R DTS e AR A ik LR E T
T 3R A X VR T o, SR IR R LA R AR
AR TR SH S B, B R B RO VR T, BE K B IR R T K
b T R AN S B R TR S . SRR A
B 7K P 5 A 3R R 0 P SR R BR A TV B Y A R
TR, (E 5 A IR THh 300 S RE A= 9 M £, )5 Ak 3 R
e AP BEAOR T E A KIS

BREFVAFEAE - RME. HHi
2 DURR G T K AR 25 FLAT U BT S 3oh AHIL 3ok Fr) R
B, RBLIT OB — L B AR o Saito B &
IE WA B B AR 58 Y W RE g, ELIWE & I Bz £F 4k
LR ST R38R, Wi B L RE = 3, A T R BT
P B IR B T A R R IR A B R 2 £, HE, B TR
MBS YR A 5 &8 KRB BRE, WK G X
DAETEKTE b, 5540, BE R R KRS WY
B ok R e, 3 PR T AR bR IR 37 9 A W S S O TET Y
. F o

R R AL % 5 B B R E 30, B K o 2R A
BURFREE , 7T DUR = AP 359 1O B 7K, ol 45 R BB
PR BB T 3R, G R R A N R R T 5
HAEOE T 5 F R, Sun 25014 -5T50 6% ) 4%
1T R AL 2 AR AR IR 37 40 B0 il 48 IR 500 i 4T T
AT, & B LA TR i Oy St il 45 B9 1 g VR e ) % iy
AI3A 11.4~20.2 g, A B R JROBHE & 19 1 g B3
WM IR 12.0 ~ 28.8 g, B T A 5L i1 77 58 79 4 &F
SRR (10 g)o 5541, 31X L0 1% i 57 W] & & i
LR, FE W% B3 5 BT LA S 5 B R A O ik TR o, 9 B
AT LL B R , ARSI A TS Y, BB T2 B R
FIRT 5 o Maurin 22060 A5 I 1 2 B R AL & 90 ok 1 4
K, RIS A48 AR X0 T3 1 3% 80 738 hn , T B B
K H TS

2 RREFURESESRETEK

ML, R VB VRV VRLH B EESR
BHRAMS HAY, KEFEIE T A& ERH
FHEBRE . BRMEFTY EETRME R A
ERHE T, —HHREH THEYHEEH EABREERR,
PR BB K, 1T LS &R B T R A Y B R s 5 —
J7 T LE AR R S AR B B TR R R, X L
YR B FFTE AR A T 2R B T B b .

JHEBF  RMEFLET W BUKIIH s ERE -85 -
@@@i 22 e @@E:;]\/P .
: g .6 g
O 0.
+ M =—= + H*
OH O

Bl BTEABTXEANETFXBTEHE

BTHREAZNPBAEB RIS, /T LIMER—
FMEERESSBEEFRERE RN, WA 1 iR,
3 U R U A BT R R K R
F* I’ R HHERE T, EHRELH 65% ~
0% , B REFH &R T EREET . W B4
R HBEERRERYE SR TELRER LN
AV AT UURRBMIER PR E £ /EE F. Randall
SESIRR IS T S/ I B2 X 4 T8 B 7 0 W B B, R B
IKAZ T PR AR L B R B AL AR B AR R AR LK
BN AMTREL SN K EARMRERE T
W5 B BE 77 o

i F B & B T RO B SRR AR 7 R Y < R S
FF 0 H 2 i TR B R R T VA T B A R T A
BRAL B 5 PR BN, T L W I5 3, IFHI 85 T X
BEBETRRMAEE S, B A, KA E R
BEAT A 2= TAL BT LA R0 3 R AR R I B9 P o
it G X S W) I B WS % o Vazquez 2117 50°C & BRI
ZMFTT R AL B S R A AR B, DA B B T R
ZREBRLEY LG BB SHEBR 8 cd*
i H* BB BRI BB Aoyama 210152 il
FRAN AL B AR B, RN R BB YIS AR LR
FEAE IR AL G R R EA RIFR Cr(VD) £BREE
J1o Fujii 21 3R 4 R 0 B I A AT MR
RGP AN E SR B TR aE I,
T H B AR 53 5 MK e 02 B 41 5 BB T o

RBERARLIAMBERTEARENRE, R
BERRNERBE FE AR, IRRH, MEEH
EREREHRER, TUEAMRYERE TFRA
W B3] o Reddad %8125 1 SCHRUE A , SRR H K
BRI TSR NS R B REEERAL . TR
B THREERERBEE T PV G 7"
Cd** \N** WL, 7B T F# 2% Gardea-Torres-
dey LB MRS P E SRR, A A BRBNHE
T EBREETT

KR F W ) PR B 2, 0 R R B IR
BEFIF K AL FE o Laszlo %) % B 1o 4k 2 S AT



- 86 - LA, 4 L

2 26 BT

DB SEEYHERE I EZSREAFTRAR
AELHEE SRR KGR MERE, RALLIE
JE W R S5 M SR AU RE 65 48 = W) SR BE , i B
REHBE TS 1R,
REKMEFYEE - ENEELEETRMEE
1 HE FEEASSERD BRI RE. BRE
BIEEADIN  RREFYEEARERHRE, X &
BRI G TG, B e B TR E Y
F5|AS R FWRMAE S R TE A, R 5
B OBBAR R RS, BERSP I ERE
AL fE R 3B 5 EDTA 486, K LG AL )G M £ K05
Xt FRA BRI WL M RE FT o Lehrfeld 25160 % F SRR B8
B =S AW A B R L 2 s e e L BRI Al
RE, BN P E SRE HRRRMARK, B
HRBHESBE TEABS . Morita £ E i b2
SR il £ T AR M-3R 9% W% (Wood —PEI) \ A #f - —
WA & 3 F R £ (DTC - Wood ) FIME B fi5 1L AR 41 (AO-
Wood ) W% it 55 , 3¢ 46 % i SR #R B A RGR B & )8 &8 F
WP BE 7o Hassan Z5H18) i £ ) 1 B 5 4k 76 388 % Fft
R & EEFEAERBMaE T, KK &R S
THIRFF FHS* > C2* > Cu®* > Ni2* IRt B4
B4 3.35.3.00.2.15.0.80 mmol/g, Li Z"Isg &
AR T VR B ) 2 IR BT R P B L IR R T4
B BRALEEL, & BU IR R R0XF 4% B R BREF R E R R
{ELAE B B o Low 210157 Fl 8L BRGS0 B &
BB, IR TR B . ERESEPIHET
REME %, I8 I E K5 e B B M £F 4
F B BIE e B R AR BT N
FREF 4, Ho X 4 B F R I B 28 B FT 5K 0.75 mmol/go

3 KRMEFUATEED KK

EpRe K B A Ay B AR B PR IR L
YIAn LR W B v e LA AR AL R S R, — ER R
K AE B A XE R, BT LA ER B R K B i B AL TR AT
WK ER R R Wk R RS
Y FEENREK A EEEERNNA. RERE
FN BRI ST EP G BEK AP B W AT S #E4T T
Fo, ROEM B R T T 2 TR R OR
B T TR AAHRERREFY &4
B X HeRL 2 BA TR B R SR

Meyer 2 4R R AR ERBE RS T
R G R it &, A Bl e R B R RO B e T
HepARRMBFE R G AR, THEE>RA
P P A 4 S TR e S BB ) 5 B WA AR B TR B B 7

RUGLRE B P Bk 21, & B X Bk AY 0 Y 2 B X B 95
mg/g Fl 94 mg/g. McKay %12 % B BE ¥ Xt B K A 9
BRYETE 69 BRHELT 22 BRYETE 25 MR PELL 114 MO A
PRt AR B0 W M ERE . 95, B oKW AT AR
25 SUER R B 7K 9 W% B, 9 R T, T K M B
Yekl Astrazon Blue Fl Maxilon Red V)W 25 & 43 5~
160 mg/g 1 94.5 mg/g, X BRPE YLkl Telon Blue F E-
rionyal Red F) W M 25 & 73 51 R 47.7 mg/g Fl 41.4
mg/go 5% UKHA %5200 R i s 4K B P K BR R O R
BHE 2 T 2 Eh BB BER , X BRI B e R K i 8 3
B 90% . HIFEDTILIBAAE A ER, S5 AR
PIbESCHR 5 il 4 T R RE 0 B A I R 5R) , 7T LA R IR
B E 3 B K FR B B B LD R FLAE 1 4% o Nassar (%8
SR PR A SR A B R 7K R ) L, J B e I i R
Xof 25 7 P R R BLA AR B B9 I MR BE

4 KHREFYHEEER

3 3 P8 1200t ) RS 7 4 0 PR R EAT TR SE
AW bR, B2 E R S EE RN T %
B O, BB B A W B, RS R Rk
R 7 TE TT A3 SR ML 3 B, X IR B SR A A ik 4R
TS B T % R 5 T O R R SR A O 1, BIVKE A
FEAEAR R K MR i SE A b A R 5 IR IE AL, A IR
Bt 790 B e 1) I B BB ) 5 I B4R o Namasivayam
23U D) 55 £F 4 Sy SRR 4 1O 0 R AR BB A A %
BRVEW Y Cd®* , FERI IR pH 5.0 0& M AORL 42 250 ~
500 pm B XF Cd** ) 0% f 25 B 3% 93.4 mg/g, B i
REFHW MR . Garg 52 R AIWKBRBRTE 150CF
AEFREN BELTARSE R 24 h, RBRIRAR TR JG H1 15 76 %
W B3R, 5 R R A B %) 0 oA A B, 3 7 R 3R B 4
i Cr(VI) EBRBE /1o Daifullah 25130 5 75 Fl KOH
VW BRRESS 7E 923 K T R4 % 1 h, 15 15 Pt %
A 35, 30k e 5% o 50 2% T 2 B, AN AR A P 43 I R
BB 85, 1 HLXF Fe’* \Mn®* (Zn®* | Cu®* | Cd** Hl
PP 6 MAEEELBE TN EKREIBETH 100%.
Simitzis ZE* DB BN LE 1 000°C T #7715 B35 1 %
C1, ¥ By EER g A A A% (FLBT & 1 20:80) 1B &
HEE , 7E 8001 000°C T 43 5l #4 it 45 B 1E Mk C2 AN
C3, K HAZEREMLEHAE MR ¢4, FRRKA L
R 4 FE M R % Yokt B B0 1 IR B RE T, Ho P
C3 1 C4 X gLk i W% B 8 1 3 F 7 A B9 3 1k R
C2 K Clo XUERZEBSIDIB A B R a5 0 R
HER P — 25 Pl vk 1 & T Mk, B HLS R ot
A3, 8B T A B R MR, % MR B A AR R



2006 5E 7 F4

JHEBF  RMEFLET W BUKIIH s ERE - 87 -

Pb* I B BE T
5 &iE

RWEFY-BER, THAE, B—-FEENE
YR IR B R AR SR T AL B Tk Bk, AL RE
% FEAR R K 15 3 , T EL 3 BE 6 5820 A T AT AR BRI
EN LABIRBE” , B3 M AR K AL B ARAS , S R R
FW LA P AR SRR, RNEFYREEIT R
IV DAY R S S SN DR R R 2 ) €

2% ik

[ 1] Mohanty A K, Misra M, Hinrichsen G. Biofibers, biodegradable polymers
and biocomposites: An overview [ J]. Macromol Mater Eng, 2000, 276
(3/4):1-24.

(2] B, Emde, THR, % . KA 2 fLAT.0 BT 583 A0 4L i
Wt fit S g B [J] L P 46 T, 2005(2) :68 - 70.

[3] Saito M, Ishil N, Ogura S, et al. Development and water tank tests of
Sugi bark sorbent (SBS)[J].Spill Sci Technol B,2003,8(5/6) :475 —
482.

[4] Sun X F,Sun R C,Sun J X. Acetylation of sugarcane bagasse using NBS
as a catalyst under mild reaction conditions for the production of oil
sorption-active materials[ J] . Bioresource Technol ,2004,95:343 — 350.

[5] Sun R C,Sun X F,Sun J X, et al . Effect of tertiary amine catalysts on
the acetylation of wheat straw for the production of oil sorption-active
materials[J].C R Chim,2004,7(2) :125 - 134.

[6] Maurin E, Clement A, Gerardin P, et al. A feasibility study on the use
of chemically modified sawdusts bearing fatty alkyl chains for removal of
oleic acid and olive-oil from water[ J].Holz Roh Werkst,1999,57(4) :
265 - 266.

(7] 31 MR &R TLBIIF S A B0 T AU B B B B T IR
(314K Tl ,2004,31(2) :32 - 34.

[8] Randall J M. Variations on effectiveness of barks as scavengers for heavy

metal ions[ J] . Forest Prod J,1977,27(11) :51 - 56.

—

[9] Vazquez G, Gonzalez-Alvarez J, Freire S, et al. Removal of cadmium
and mercury ions from aqueous solutions by sorption on treated Pinus
pinaster bark : Kinetics and isotherms[ J] . Bioresource Technol, 2002,

82:247 - 251.

=

[10] Aoyama M, Tsuda M. Removal of Cr(VI) from aqueous solutions by

larch bark[J]. Wood Sci Technol,2001,35:425 - 435.

[ 11] Fujii M, Shioya S I,Ito A . Chemically modified coniferous wood barks as
scavengers of uranium from sea water [ J]. Holzforschung, 1988, 42:
295 -298.

[12] Reddad Z, Gerente C, Andres Y, et al. Ni(II) and Cu(II) binding
properties of native and modified sugar beet pulp[J] .Carbohyd Polym,
2002,49:23 - 31.

[13] Gardea-Torresdey J, Hejazi M, Tiemann K, et al . Use of hop (humulus
lupulus) agricultural by-products for the reduction of aqueous lead (1I)
environmental health hazards[J].J Hazard Mater, 2002, 91(1/2/3):
95 -112.

[14] Laszlo J A, Dintzis F R. Crop residues as ion-exchange materials: Treat-
ment of soybean hull and sugar beet fiber (pulp) with epichlorohydrin
to improve cation-exchange capacity and physical stability[ J1.J Appl
Polym Sci, 1994,52:531 — 538.

(15] BRE B, BT63E . TR 4k B & R R K i BF 5T [T] . R 3R 358 8
%,1997,19(3) :39 - 43.

[16] Lehrfeld J. Conversion of agricultural residues into cation exchange ma-
terials[J].J Appl Polym Sci, 1996,61:2099 — 2105.

[17] Morita M, Higuchi M, Sakata I.Binding of heavy metal ions by chemi-
cally modified woods[J].J Appl Polym Sci,1987,34:1013 — 1023.

[18] Hassan M L,El-Wakil N A.Heavy metal ion removal by amidoximated
bagasse[ J].J Appl Polym Sci,2003,87:666 — 670.

[19] Li C, Chen H,Li Z. Adsorption removal of Cr(VI) by Fe-modified steam
exploded wheat straw process[ J] . Biochemistry, 2004 ,39:541 — 545.

[20] Low K S,Lee C K. Column study on the sorption of Cr(VI) using quat-
ernized rice hulls[ J] . Bioresource Technol,1999,68:205 — 208.

(217 A%, RV U . o 2% B | R IR X0 oy B 2 A 4 448 1 ol 4% 5 1
(1. B FA4k % ,2001,18(10) : 831 - 833.

[22] Meyer V, Carlsson F H H, Oellermann R A. Decolourization of textile
effluent using a low-cost natural adsorbent material[ J] . Water Sci Tech-
nol, 1992,26:1205 - 1211.

(23] AR R, T84 B B i 4b 2 Bt K 0 W B A o F 52
(3] M7= 4% 5 Tk, 2002(2) : 12 - 16.

[24] McKay G,El Geundi M S, Mansour I S. Adsorption of dyes onto bagasse
pith using a solid diffusion model[ J].J Appl Polym Sci, 1988,36(1) :
43 -54.

(25] ¥R, FARB. 95 23 B R IR K i W Mt 6 B R F et Je (]
FERIFFERE,1996(5) :24 - 28.

[26] S vk¥a . 37 78 1Bt 62 22 B30 AC R 2 ek o0 WF o) G 2R B B A5 41
B BFFELI]. KA BEE AR ,1997(1) :38 - 44

(27] K J7F, XU . Ot A 8 %o B 1 3k 0% A 4 i vy 0 5 W 2 (D]
AHt Tll,2004(2) :21 - 23.

[28] Nassar M M, Magdy Y H.Removal of different basic dyes from aqueous
solutions by adsorption on palm-fruit bunch particles[ J]. Chem Eng J,
1997,66(3) :223 - 226.

(29] BT . FE 5% il 4 16 P SR BT SELT] . TR PR 46 12, 1990(1) :27 - 31.

[30] 4R 7 . 75 7c il & WG B 590 B G v R F S (0] o 1 e il 22 30
2000,15(6) :43 - 47.

[31] Namasivayam C, Kadirvelu K. Activated carbons prepared from coir pith
by physical and chemical activation methods[ J] . Bioresource Technol,
1997,62:123 - 127.

[32] Garg V K, Gupta R, Kumar R, et al. Adsorption of chromium from
aqueous solution on treated sawdust[ J] . Bioresource Technol ,2004,92:
79 -81.

[33] Daifullah A A M, Girgis B S, Gad H M H. Utilization of agriresidues
(rice husk) in small waste water treatment plans[ J]. Mater Lett, 2003,
57:1723 - 1731.

[34] Simitzis J, Sfyrakis J, Faliagas A . Characterization of pore structure by
porosimetry and sorption on adsorbents produced from novolac-biomass
[J].Mater Chem Phys, 1995,41(4) :245 - 250.

[35] X3, B E. DUR Y B 5e o JBUR 45 3 1 e B oo F 58
(3] T RREM : BARPHEIR, 19%,17(2):32-35.1



