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Differential adsorption performance and mechanism of leaf—used jute germplasm for heavy metal removal
DENG Can-hui, TANG Qing, DAI Zhi-gang, YANG Ze-mao, CHENG Chao-hua, XU Ying, CHEN Xiao—jun, LIU Chan, CHEN Ji-quan,
SU Jian—guang”

(Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha 410205, China)

Abstract: In order to screen the jute germplasm with high adsorption ability for heavy metal, 36 cultivated jute germplasms were used as re-
search objects. The dry jute leaves were pulverized, and their removal performance for heavy metal ions Cu( Il ), Pb( 11 ), Cd( Il ), and
Cr(VI) in water was measured. The results showed that there was a significant difference in removal efficiency of the same heavy metal by
dry leaves from different jute germplasm, and the removal efficiency of the same jute germplasm dry leaves on different types of heavy met-
als, was also significantly different. The selective adsorption of heavy metal cations by jute leaves was Cu( Il )<Ph( Il )<Cd( II ), with ad-
sorption capacity of Cd( I ), Pb( Il ), and Cu( II ) as 20.62, 14.19 mg-g™', and 9.53 mg- ¢, respectively. The removal efficiency of heavy
metal anion Cr( VI) by jute leaves was significantly different owing to different germplasms. The highest removal capacity was 25.79 mg-g™'

while the lowest was only 1.46 mg-g™'. "HMG—-2" exhibited high efficiency for Cd( I ) removal and the adsorption data fitted well with the
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Langmuir model. Based on above results, "HMG—-1" and "HMG-2" could be considered as special germplasms for heavy metal cation ad-

sorption, while "zhuchangma" and "HMG-4" could be considered for heavy metal anion adsorption. Different jute germplasms have differ-

ent adsorption capacities for the same heavy metal, which is mainly related to the substance content rich in active functional groups such as

cellulose, hemicellulose, and lignin in jute leaves.

Keywords: jute leaf; germplasms; screening; heavy metals; differential adsorption

HEJE - RBHEEKRTS50g-em™HEJE, W
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R RBBENL X H %31, 3 IREE , /NX AL 1.2 m?,
BR/NXFIRE 247, 47 30 em , B4 7R FH BEHLIECHE (0 TE
o B it AT | HH R) A PR A5 e — R B A e R AT
FRERRIT R 2 AU (RIFAE S S5 5880), F9A S H
WSCER 4 508 T i PRI, [ SR Bt S 2 0 i S, I o
OSSR FUNA I T R R R TR i
HMUBTEIS A5 2 R ST R 30~250 pum B9S2 56 P 8RR 45
HKEES BT B P A2
1.2 E£EWMERE

FHE B TR —E 7Y Cu(NOs),-3H,0 . Ph(NO5),.
CdA(NO3 )2+ 4H,0 Fl KoCroO, 3 f# , B il 5% 100 mg- L7 A9
Cu( 1) .Pb(I).CdC 1) .Cr( VD)W, 45 1 . FHE
S AU AR IR AR TR L B 100 mL T 4 R A TR CE T 250
mL #ETE A, F 0.5 mol - L™ Y HC1 Al NaOH 45 75
pH{E N 6, A 0.1 g AR RIS 8RR R K , B F 25 C
fE R IR 2% b, DL 150 r-min™ 553 20 24 h, ik 5 F
i, BUH 2 mLIE AW, LA 8000 1+ min™ 4% 3 B .0 4
25 min, 0.5 mL _FIE W, & A F) 50 mLo, 5%
o B E W Ca (1) \PHCIT) .Cd( D)
(MR B, I P 2R LR e — k40 YOG B, F 540 nm
WSR2 EyEwP Cr (VD) AR . IR IR 2
ST B RR T 1% 45 B 4 i B TR RN 7 4

4= (Co=C)V (1)

m

g. = (Co=C)V (2)

m
U s g F1 e 43 500 A ¢ 20 S A B B 2, mg -
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way ANOVA ), #5740 8] 22 5% 8 3 , W 2K A Duncan ¥ JF
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AN 55 (R AH DG T REHE PR 1) 22 57, S5 80Fh 5 R] 2L
AERFM S ARUFFEIE T 36 13 WA o T
ey, S5 5 (38 1) 2 BUA [R) 8RR 5 1) T i ™ f: 2
SRR, Horr, T iy i 55 0 B T G HMOT
HM21 F1 HM33, 1 - it 77 5t &8I 0 B it 4 5 &
HM10 HM 14 F1 HM17, HF M7= f R (HM21) J&
e/ ME(HM17) 9 5.70 1%
22 ERMRETHNESENRMBEER

AN [R5 it e v R B B 4 R B RO A R R 2
Bt i, g HOU B 4w I R BT Rl . AR SCI AR T
36 A RPN T T X EE 42 & B Cu (1) (Ph(TD) |
CACID) AN Cr( VD) B L BRECR S5 R WK 2, g 27]
ST, AN SRR 5T % T kX [ D 4 0 1 R BRAICR %
S, FLIR—Ff s % AS [ 22 4 J 1) R BRSO R TR] . HE
R4 AR, 4 HMO2 . HM23  HM31 45, %) 5 43 J& [
B Cu( 1) . Po( DA CAC D) 2B BT
BT Cr (VD) X RN BRI A i 2
SR CEARRFZNY, Koy a5 5%

FE REL A R B RS MR AR BB S IEHL Y
EJEEF Cu( 1) PoCI) AT CAC T ) & A F A F Bk
B A8, A R T AR SRR R T A IR B, SR
2 AR, R 43 ¥ RR A BT T, 40 HMO1 , HMO4 |
HM24 55, %) 5 42 J@ FH 25 BLA — 5 1 o 5 W
P L3 38 0 BRI R R Cu (T <Ph (T )<Cd (1)
36 4 B RRFR P, T CACID) A1 Ph I ) i ey W
BRF 25420 ) AT 3k 20,62, 14.19 mg- g™, i % Cu( 11 ) Y
% 75 s 1 UL A 9.53 mg g, 33X ol 22 S5 7 o T
AE 5 4 Jm N H A B TR AR KRNI T b 2% 57
S5 HH 56, 5 R B A7 o LA AN TR) B T A6 R T
T X Cr VD) B 25 B 850 A2 B 5T ) s i oK,
o HM24 X%F Cr (VL) B9 W% B 25 4 e K, 9 25.79 mg -
g™, T HM23 X Cr( VD) JLT- A W BR324
E{UH1.46 mg-g',

PRIAN () B R 5 A 1 b ™ o S HE X o 4 e 1 26
BRACRANTR], FLTE 5352 0 i FH 8RR AE 2 42 R 15 7K
b B ) AR B B, R UG , AR SR AR Ty £
IR 50 25 0 PR O TET R A T3 G VP, e o AT T 4
JEBREF Ca( 1) \PhCID) AT CAC T ) MR AP 3525 A
Jii o HMG—1 1 HMG-2 (%52 HM20 FTHM21) , A] H
T4 B CrCVL) W2 B A A S4B R B AT B BRI
HMG-4 (%5 HM33 FIHM36) , X SRl 5 n] 7 S
B 45 P BB BT AE A A
2.3 ERMERTHE R MERMIERR

T UL RS R AR SR DL WE a5 4
CACTD) i), it —2 A1 s s CA CID ) Rz B 25
JER A B HM 21 (W B 255 4 19.59 mg+ g™ ) AR CA (1T )

Table 1 The dry leaf yield of 36 jute germplasm

F1 3MERFMRHTHTE

Tl 5T 4 5T 24 7 Ty Fhsge's  RETAFR RN Bimidi's  MBTAARR Tty
Number Name Dry leaf yield/g-m™||  Number Name  Dry leaf yield/g-m™|| Number Name Dry leaf yield/g+m™

HMO1 Y05-03 232.45+68.65 HM13 K-45 175.61+85.48 HM25 J1414 257.44+116.01
HMO02 Y007 #ifk-2 151.33+50.01 HM14 SM/034 84.89+23.09 HM26 Y/104 137.16+71.87
HMO03 TCO08-40 111.67+58.85 HMI15 090~1 213.33+72.09 HM27 J013-2 189.92+19.33
HMO04 2002-041 96.50+45.25 HMI16 070-36 245.94+90.72 HM28 (AR 157.89+34.43
HMOS5 YO17(#-1) 156.67+29.43 HM17 -84 68.22+48.66 HM29 R 721 165.22+6.10

HMO06 e 204.72+15.76 HMI8 092-37 270.94+100.51 HM30 Wik 35 207.55+40.75
HMO07 DS/059C 328.28+80.51 HM19 Wik 15 224.05+92.67 HM31 WEHR2ES 207.16+5.67

HMO08 Fh (&) 265.28+125.27 HM20 HMG-1 271.00+118.85 HM32 K-32 235.16+37.23
HMO09 JRC/609 176.16+34.49 HM21 HMG-2 388.61+238.21 HM33 P E R 302.28+48.82
HM10 [ £T ¢ 92.33+49.67 HM22 R 196.92+26.39 HM34 =¥ 1 -4 206.55+74.85
HMI1 K-11 178.50+48.07 HM23 HMG-3 227.61+39.20 HM35 TR HEIRR 129.22+35.33
HM12 k=58 171.28+47.31 HM24 M101 191.33£31.37 HM36 HMG-4 236.50+96.71
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Wz o628 - ) 5 R o o HMI36 (W% FfF 25 5 M 6.96 mg-g™")
XFCACID ) A2 5P B 1] 1a 1 1b 4351 HM21 Al
HM36 I F W it Cd (1) J5 i SEM &, 8] 1e 1 1d 43 5]

R2 3HEBRMRTFHMESE Cu(ll) Ph(ID) CACIHFCr(VD) BB A E (mg-g ™)
Table 2 The adsorption capacity of Cu( I ) ,Pb( Il ),Cd( I ) and Cxr('VI) by dry leaves of 36 jute germplasms(mg-g™)

S HM21 Fl1 HM36 it 7 izt Cd (11 ) 5 A9 EDS Kl . H
SEM P mI 1, At HM21 FFf 5 HM36 [ i 72 55 AH
oL, i 5 F= 1A FLIR AR 5 i EDS o] 0 0 B e

%5 Number ~ Cu(II) Ph( 1) Cd( 1) Cr(VI) %5 Number  Cu(1l) Ph( 1) Cd( 1) Cr( VD)
HMO1 6.96+0.23  11.82+0.53  14.78+0.16  12.10+0.45 HM19 8.09+0.53  9.15:0.53  20.12+0.43  4.56+0.47
HMO02 6.95+0.26  14.19+0.46  16.28+0.53  3.21x0.12 HM20 9.04+0.86  11.37+0.42  17.39+0.52  16.17%3.70
HMO03 6.40+0.65  12.57x025  16.990.45  13.50+1.32 HM21 8.3620.93  10.08+0.52  19.59+0.56  12.040.25
HMO04 7.40+0.45  10.94:0.63  20.62+0.85  5.69+0.56 HM22 7.23+1.11 11712075  13.71043  7.24x0.12
HMO5 6.26+0.12  11.28+0.72  15.970.76  11.53+2.14 HM23 7524124 13.9420.86  14.69+0.52  1.46+0.02
HMO06 6.20+0.37  11.52+0.53  16.52+0.25  14.50+2.17 HM24 6.70+0.91 10212056  14.98+0.13  25.79+2.87
HMO7 6.89+0.60  13.17x0.42  16.55+0.46  5.32+0.34 HM25 7.87+¢0.19 11212043  17.11x0.53  12.82+5.06
HMO08 8.02+¢1.02  11.5120.86  16.22+1.22  14.61+1.54 HM26 8.55+0.16  10.53+0.76  12.5120.23  17.83+4.56
HM09 8.22+0.46  13.35x1.13  15.08+0.96  17.15+3.54 HM27 6.64+0.56  11.62+0.86  14.96+0.19  22.87+2.31
HM10 9.47+0.99  12.15+1.23  14.32+1.13  9.02+0.87 HM28 6.74+0.45  9.97+0.56  14.21+0.56  8.95+2.45
HM11 7.48+1.13  1240+1.12  1528+0.53  5.40+0.45 HM29 7.52+40.56  12.47+0.23  17.82+0.13  21.70+0.65
HM12 7.11£1.03 11642049  12.56x0.45  10.80+3.06 HM30 7.34+0.54 11552043  14.08+0.46  10.59+2.87
HM13 8.28+0.47  9.05+0.58  1431+0.63  10.79+2.87 HM31 6.98+0.23  10.57+0.86  10.98+0.76  2.54+0.22
HM14 6.06£024  12.15x123  11.95£0.56  20.75+3.65 HM32 5.1740.16  11.03x0.56  12.34x1.03  13.88+0.65
HM15 5.61+0.80  10.33x0.56  14.02+0.35  13.29+1.54 HM33 8.11x0.89  10.20x0.45  8.93%0.79  18.06+2.45
HM16 6.47+0.76  10.14x0.23  14.15£0.23  10.430.58 HM34 5.99+0.56  7.86x0.56  10.12+0.56  19.35x2.64
HM17 953096  12.16x0.54  18.04x0.56  18.04x2.54 HM35 6.90+026  11.81+0.75 10.35:0.86  11.88+2.84
HMI8 7.49:0.14  10.94:0.82  16.32+0.23  15.82+1.78 HM36 563032  10.01x021  6.96+0.85  20.20+1.98

File N = 05202241
d

e e

= KC& '_'E Ca

S NI = Cdleq

H'h A - M

2 4 6 8 10 12 14 2 4 6 8 10 12 14
fig it Energy/keV et Energy/keV

Bl 1 HM21(a,c)FHM36(b, d) Rt BB Cd( 1) /E K SEM ElF1 EDS B
Figure 1 SEM images of HM21(a) and HM36(h) after Cd( I ) adsorption; EDS of HM21(c) and HM36(d) after Cd( Il ) adsorption
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AL HM21 I | iR (2R 2 52 21 4 28 F1R Jot 40
F HM36, i HM21 F1 HM36 M- F w315 i &5 5 22
AN HM21 i A ] s i 2 5 AR T HM36, Ui
EFY VO o 5 PR 5 T I X B 4 J Cd () IR B A 22 5 5
MR R AR e R CEAR YR AR R 1 25 ARG
LR R HER A, B R A Wik B 7000~15 000 1
P T2, 22 4E 2 500~3000 4SBT
AR 5 F i ELEE R R SR AE R R A Yl R
W) BE T AR R 5 3k (-OH) Al (C-0-C) 3
AR SE— SR AN R 207, 4 i
10 000 UM, B A B HAR g KM NS & ek , A —
B ELRE WA RN IT T 4 B AR S R P AN (] ) R o
Pist B, 33K S AR DL R TR R AT AE 0 T AR A TR o
Fho KRR T IZ AN Re L FE R D7 15 A
IR SUHERIZREE

FHARE B AR5 21T AR S35 AL (FTIR) 43 B T P> 3%
SR T A LE AN G & B AN R PRI B9 FTIR %
Hh ) AR AU DA LA AR B T 0 5 R ) 25 5 AR OK (R
2) XA TR R E R RE A A SR TR] . A
P 3422 em™ by L BOAFAE UG 2 B O-H R 3 51
), 2924 em™ FRAF I Le ik C-H IR sl 51 89, 1
1644 cm™ U4 ) 2 /0% A ik C=C SR 35 12 1Y, 1240,
1072 em™ F1 776 cm™ FRAE 15 W] 43 51 5 R F C-0 [ |
C—O ik F1 55 5 % C-H AR 1 A P sl o Hr sbml UL, 5
R BRI A= W) R R AFE LR e R A R KRR
HE SR BRI, HUE BRI B A 22 S DR R RR
W Z B S R R AN [A] o 326 22 ) 5 A o
25 T2 5 B RR A T 1] Cd ( I1 ) W B 22 S A 32 3 e
B BRULLASN A R rpif s — e H oA o, Hedm
HUTIR LSRR SF S L (-OH) A FH & B
B 9 e R AT, L e 25 R L AT R R )RR
CAC D) Rz it o

W e 56 85k 2 2 A8 7 — o Tk B T ¥ B 4 T AE T A
ST b AT 0 W B R 8 4 I e AT T PR
JEZ PR AWML, AR, FH Langmuir W 45
LAY FN Freundlich W B 5 T 2 455 1Y Sfe 452 40 B3 pR i
MARXNESJE CACI ) AWM. Langmuir £ % I
Freundlich #7175 #2 U0 F -

wKLCe
Langmuir:q. = 1¢]+ KLLCE (3)
Freundlich:q. = K¢ C¥" (4)

FUHP « g A W BT A R B W B 25 0 mg e g7 s g HEROK
S mg-g ;K. H Langmuir WL mg™'; Ky g
1/n 4 Freundlich 225 % %0 . K Il n A 0] DA leg. Fl
lgC. YL R B U A R P 5 3
PR R AR S0 T3 40 TR HM21 A
HM36 - #3 A W B Cd (T ) Ay 5256 5045 DL K 5 Lang-
muir 28512 Freundlich 2835 26 13004 Bl £k LK 3

100
80k
60

40

1% %% Transmittance/%

20

0 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
B Wavenumbers/cm™
2 HM21F1HM36 M FBI FTIR B
Figure 2 FTIR of HM21and HM36

&4 TR HM21 A0 HM36 TR E SR CA( 1)/
Langmuir #4 Freundlich S
Table 4 Langmuir and Freundlich parameters of Cd( II )
adsorption by dried leaves of HM21 and HM36

G2 Langmuir Freundlich
Number K. o R Ky n R
HM21  0.0202 3029 09972 6.1233 41718 09171
HM36 00434 874 09228 3.1431 63012 09774

3 ERFRHM21 0 HM36 a9 A MK (g-kg™)
Table 3 Chemical composition of jute leaf in HM21 and HM36(g-kg™)

Fh i %5 Number 2141 % Cellulose 24k 2 Hemicellulose AJE# Lignin S Pectin AT 4 Soluble sugar
HM21 85.82+3.67 72.61+2.69 193.29+1.72 108.87+4.35 37.33+0.61
HM36 71.26+0.65 62.94+3.53 159.80+4.38 109.81+1.82 58.48+1.44
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Figure 3 Curves of Cd( I ) adsorption on HM21 and HM36

leaves fitted with Langmuir and Freundlich isotherms
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