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Characteristics and Mechanism of Copper Adsorption from Aqueous Solutions

on Biochar Produced from Sawdust and Apple Branch

WANG Tong-tong' , MA Jiang-bo', QU Dong', ZHANG Xiao-yuan', ZHENG Ji-yong'** , ZHANG Xing-chang'"
(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of
Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese Academy of Sciences and
Ministry of Water Resource, Yangling 712100, China)

Abstract: In order to utilize the waste biomass resources efficiently, two raw materials of sawdust and apple branch were selected to
produce biochars at 450°C by oxygen-limited pyrolysis, and the adsorptions of Cu®* in aqueous solutions were evaluated. The effects of
initial Cu®* concentration and contact time in batch sorption experiments were investigated by the four kinds of isothermal adsorption
models (Langmuir, Freundlich, Temkim, D-R model) and the four kinds of adsorption kinetics models ( Pseudo first-order, Pseudo
second-order, Elovich model, Intraparticle diffusion model). The influencing factors of adsorption characteristics about sawdust biochar
(JB) and apple branch biochar (PB) were discussed by characterizing their elemental composition, functional groups, surface area,
surface morphology and scanning electron microscope. The results showed that: (D The adsorption equilibrium of PB and JB was

1

reached in three hours and six hours, respectively, and the maximum adsorption capacity of PB and JB reached 15.85 mg-g™ and

2+

17.44 mg-g~", respectively. Compared with other studies, these biochars showed higher Cu** adsorption performance. (@ The
adsorption kinetics was best fitted by the pseudo-second order model, while the isothermal adsorption was best described by Langmuir
isotherms. This indicated that the beneficial adsorption process via monolayer was affected by intraparticle diffusion, surface adsorption
and liquid film diffusion. @ The adsorption mechanism for Cu®* is a complex interaction of physical and chemical factors. Electrostatic
interaction of physical adsorption is mainly adsorption mechanism, Chemical adsorption mechanism includes generally ligand exchange
(phenolic hydroxyl ) /ion exchange (H* ) and cationic—m. It was demonsirated that JB and PB could be considered as promising
materials to immobilize heavy metals in contaminated water or soil.

Key words: biochar; sawdust; apple branch; adsorption characteristics; copper; mechanism
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Table 1 ~ Chemical property of PB and JB

St " LS FHES 722 ke 220k TC 2 TN HER R
o~ P /uS+em ! /emol-kg ™! /g-kg ! /g-kg ! /mg-L~! /mg-L~!
PB 9.52+0.01 b 734.33 £5.49a 20.73 £0.87a  169.67 £27.04a  2.03 £0.02c 11.53 £0. 604a 59.21 +6.46b
JB 8.96 =0. 08b 790.0 +4. 04a 35.74 +1.66a  196.49 £15.02a  2.34 £0.01b 5.09 0. 56b 401.80 +£29. 19a
1) RP/NG FREFOR PR AE YA R — AR PR 35 22 5 P <0. 05
R2 RAREMEIEREEYTRLAL % AWy e REah e AR | FLARAR | FLARINE J7

Table 2 Particle composition of PB and JB/%

‘ WAL
W pe
2~0.02 mm 0.02 ~0.002 mm <0.002 mm
PB 86.29 11.93 1.78
JB 92.94 5.89 1. 16
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() SR A4 5 et

T(_m
& o PBUEH
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6 L 2
< - — -Freundlich
-+« - Temkin
4+ —-—-DR model

-4
=1
£ o IBWHH
o] Langmuir
= = - Freundlich
«««« Temkin
—-—- DR model
L 1 L L 1 1 1 1
0 20 40 60 80 100 120 140

co/mg-L”!
1 FRARM EWRIT Cu®* SR IR M i 2%
Fig. 1 Isotherm adsorption of PB and JB for Cu®*
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B PB 1 JB XJ Cu® " (W Fff SE4F5 Langmuir 80 5
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S a, 4 ~160 mg-L ™" TEREIAY ¢, [HITESH,
PB ZbFEAY R, M 0.11 ~0.83, 1 JB ALFH R, N

0.17 ~0. 89 JLHI N, M Cu®* 7 PB F1 JB I AW B
A 25 W B

®3 £9ny ol EERMERNESH
Table 3 Isothermal adsorption fitting parameters of PB and JB for Cu®*

N Langmuir Freundlich Temkin D-R model
HE R H - ~ -
Q,/mg-g R? Ky n R? A B R? Qo/mmol -+ g E/kJ-mol ™' R?
PB 0. 05 15. 85 0. 966 2.16 2. 66 0.909 0. 80 2.72 0.924 11. 46 0.18 0. 880
JB 0.03 17. 44 0. 967 1.54 2.20 0. 962 2.20 2.00 0.735 11.76 0.12 0.794

yian Langmuir A ,Eﬁlﬁﬂ%ﬁ%&“% Q.. S
JyJB AL P (17.44 mg-g™') K F PB (15.85
mg-g ') XFHL PB AT JB AGSEIR IR, thf —30
M4, JB Ab B 0% 7 # R AL o /N T PB AR L
Freundlich W AR AL 250 n > 1 B, TR WM A
#2 B, PB A1 IB (4 n KT 1, 50 e REL K, 5B
F B W BT e A 6, LB RO, Ul BHAE W e Cu®
R BAFRE i > T LA H, PB AR B K, B R
2. 16, KB HXT Cu® W HIRE S50 T JB AL H (1. 54).
Temkin I D-R #I%F PB Fl JB #1&PE# /N, D-R A
Rk SEIEHEE E 7E 8 ~ 16 kJ-mol ~' B R Fefb2#
W B, I T 8 kJ-mol ~" By A BRI B B 3
F i, JCi8 PB(0. 18) i8J& JB AFE (0. 12) 1Y E /)

00

e

T8, U I BFFA 7 Sy 32 20 3L T, WA I 5] -5 1 o
16 -
(al) e R
15+ g SR .
° U’.’— e’
T3 SR T
o Mk [
o L
=)
E 12}
Si
11+ e PB
— WA R
10k - = - Elovich model
--e s JURLP A B
l) 1 1 1 1 'l I} 1
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100
(a2)
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60
Si
=40
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e Ehah R
0 =
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JoT 2Z [] () TR0 FH T A R o o e v e 1) o i 2
WIFE R, RIS & 155, W B 440N, I LI B2 v s
1. Q, M KA E, X5 Langmuir J5 &
Q. ARLE SO, A K/ NVE—B, ¥ JB KT
PB.
2.2 WARIAEYIRAT Cu® T IR Bh 2 A
PRSI AR B R B Cu® * B3 12 AR A 2
B, PB XS Cu®* AR B TR, W B 5 min B, I BT
T IR B A 0 B B 67 % |, Bt 2 W B ST 1] A 4
K, Mg B RS 0,60 min J5 B IR, 180 min B
IR F R A BB 90% LA L, I Ho#a T W RSP A
JB X Cu®* YW R A Ry G218, W BE 5 min B, W B 4
AR AR RN B B 26 % , 78 300 min 2 P, Fifi 25 W% [
i ) A5 W B 2538 K, ELE 600 min Hif, 15 FI] I

(bl)

* B
— e SE SN
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Fig. 2 Adsorption kinetics of PB and JB for Cu®*
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OSP4T b 3 R B T Je g R O ) 2 T 8 TR BR324
2 AAFTE B T[] (8 5 VR (L BRI 510 14 082
AL IR AT FIRAY BB W RRASE A28 8 S AR AT I A
R T 4 B AR BRI 1 E i A NS s 1Y
BB, FTLA,PB B W B Cu’* B #4002 16 I BRI
U s 2 204023 35 1 T i 4 3 i T W P
i, 3% 5 RPN BT s 2, B e e R
(NS

FIH] 4 BBt 8l 02 0 B G AR AL 2400k 3R
4 5. PRI RN, HE— B Oy 2 Oy R A P
irvie e SR (E AR 22 50K, R A X /)N, 1EB
IZA RN 5 T PB B JB XF Cu®* AR, i
BN 1 ERE AR I M LG PR AR ) e X G’ Y
W, He R KT 0. 99, HLBLA 1 1 i W% fi i
(14.81 mg-g ™' F115.16 mg-g~ ") Hi B (H (14. 79
mg-g” 1 15.28 mg-g ") HHZIT, R B PB Al IB Xf
Cu®* (R B E 08 J1 2 RN AH LT — 2%
75 e U AR B 46 B B ) B ) e R v
G I} Bl 32 05 T B A8 AR A b A R R B 4 AR A
FE AN B B, 3 10 WA B R0 AORE N S S
LS Ml 2 e A= e X Cu® G W B 3h g 2E BIL .

BT LAIA K PR A 1A A 0 e X Cu®* 1) 0 By 4y 2R
b8 G b . X 5 40 A4 72 R A K T8 A W) B XF
Cu’* TR R SRAR B

HRYEHE — G50 Ty 2 07 BRGS0, THE R
Fh, 58 PB M A H0.162 mg-g™ min~" | JB [ h
$70.021 mgeg™' +min "', B PB W B ORI IX
5 ECoe 28K, s SR—20, PB Bt i
JB{H JB A % B f 40K T PB. Elovich B A%
PR AP BB A TR R 45, U BH b 2B 4 o A
A 2o A T LA 250 o0 A B R T PR AR5 L
PB 8 a F1 b (3K T JB, LB PB W Ffh ok bk | i
W AT JB R, X 5 R sh J2E R h A
[ s, X TR0k NI BB RS 5 BRI A
i, WU B R O S ME— BRI R 2 18
b3 5 (% 1T R BT RN IR RS A ) e [ o R o
R R PR AEEAY € {H KT JB AR, AR PB
(A EXE Cu®* B W B R+ JB. AR 2 T
DL, 2R ih B BE S B R BT 3 SR 5 1%
W TR X F BN N N H AR
)R i 0] PN, RS O, S G
FEAI, B 2 3 B0 B R 2.

F4 EYRIT Cut RHMEH N FEBBESEH
Table 4  Adsorption kinetics fitting parameters of PB and JB for Cu?*

WE— 22 1% W= a1 Elovich 15 %1 AL A B
R k k k
E S| Q. 1 R Q. 2 a b R i C R
/mg-g™" /min"! /mg-g~' /g-mg~" -min " /g mg ' ‘min”' /g-mg~! /mgg~" -min®?
PB 13.50 0.52 0.372 14.81 0.0110 0. 994 8.27 0.891  0.869 0.11 11.57 0.543
JB 13.59  0.09 0.786 15.16 0.001 4 0. 996 5.19 0.493  0.968 0.28 7.21 0.709
2.3 PR RN Co® " B AR ) TR RAR ZAK.
PP A W) s B Cu®* AT fS FTIR 3% &40 &l 3 i 3 e
e

. AT DR BT 5 #bE i, PB AT JB A 4 AT
(e H 37 B, 500 ~ 900, 1300, 1600713 400 ¢m ™'
BHIE. A M A O R A Yk B —OH
(3418 em™") | FFEMIE —COOH (1697 ecm™") |
B AR 4 PR 5—C =0 £ (1650 em ') | NH, 2
(1396 em™") | F57&ISALA Wk BE A1 S5 (500 ~
900 em ") JLH, 5 BH PB Al JB E 1w HA FEENE
REM. 3400 cm ™" Bif 3T Ak () 16 — B TA N 2 B 20 R
B, —OH fhaa PR sh = A i, KA, PB Al
JB A B KB4 Wl e AR AL, Ui B B g A1 26
RIFEAR —5 3418 em ™' BT 4b A9 & 5%, IB KT
PB, 60 JB 75 L AL i B ¥ 3 B RB A & (M) K
T PB. HA B W= AR, U B e A (W)

3.1 FFPAEYIRAT Cu®t IR L

A= %ok EE 4 T W SR A AL A B 5 X A4 4 e
FRHE T R ELA T S AR 2 T LA B A T
RS RFEEFR . H— BV R EAREKR
() LR T AR, SRR W B 507, H LR M A B A
T4 R B T DA R B O Xk A B e 5 L A
Y e B W RE A 540, S T A R s T LA
TF/ERR e, &R T 5 EY xR DT Y R E
R A/ Az BT B4 & 0 S A W B DO
gk R ml LIE L PB F B X Cu®* R [ BE A 9
FL -t 7 e R B 5 47 LR B 2 . B 3 T AR
FLAREE | T Pl W0 B AT LS e 21 A 3 G 56 )
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Fig. 3 FTIR spectrograms of PB and JB before and after Cu®* absorption
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W EL G B 4 R AL A S

XLt PB I JB W RIS 09 FTIR 35 & (K] 3) 42
fERT AR FE W i B 48 Cu® IR B R RRAE I
AR AR Hoh 7 T3 418 em T A —OH JLAE
A= ) e G o ° 4 I s RE S B L SUEEE T, TR 2 PB
B IB FEWR I} Cu®* J5—OH JE iy 55 , 156 i —OH
Rk cu®t ¥, 2 T N—OH Hi sy T2 B
S, AT LB T O AR S B A AE T AR W R W Cu®
R R NH) AT H 5 HEe R
T2 R AR ac ke IR, 500 ~900 em ' 2
[i] R E | 95| R 2 57 B AL RN 2 IR TE A 0 (R R s g
AR AR Ak, B 07 & R 2 I A P B AL 1)
T T H5E4SE C’ B RRRE L T LA
B BHES F—m B A7 AL T W0 Rl AR B A e T
Cu® bR AP, R R A AR T I 4 e s AR
Yy W B 4 I B AL ) e B T RS A B
F—m BEVE R, ZE 75 I B 2 e A T
A= ) ¢ 3% T B FE A 32 A5 R R HP Y I F T () B 4
Ja BT 2 Rl A ), W B RE AR, AT B iy ]
WPk AR A A BH B — B A AR 5T L 3
B4 APl —E AR, R EE T
IR B 7 £ BE A TA Ry I B 2 2R R RS )
LR i [ R B, X sk i e T 3% 3 v,
PB Fl1 JB M T 68 £ BAR, 4 3R B A 3 A it A
T AP B AL FE A A | 8 2 (R AR MR 45 &, T A

BT Ac e BEAS I AR AE R A RO R IR A
W B30 2 AN A A AR B, BT LU A
o — A AR FCR S e L FE. 2% TR WAL
T AT HE R, B (B L) /B (H ) 8 #e
FNBH S F— BRAEH.
3.2 BRI AR R AT Cu®* MR RSO B 25

Ay b Ak B 25 R AT AR B K A ok (17.44
mg-g_1 ) HESE RS A=) ¢ (15. 85 mg'g_1 ) B EIS i
K R, 283 2Bt L R A= 9 e i AR I
DIMIE IS BE R m R R, £ 5 NPFEY) R
R FRHEXT EE.

I SRS 2 AT, A 4 5 A i 4 W AL 7
F BRI R Y B b 1R R FLAR R R
7, Ak2F 5 T ) BE P R I T AR/ B8 1 S 40 5 A B 5
T—m BAEH. S54 31 ME 3 400, TLLE 1, B
M PB7E pH. EC. CEC. TC #8br M H A B3,
VBB FR PR AN R R 25 5 1) L 1 TN, A
DEAMEEAX 3 Mt EFREF (P <0.05),H
H5 A9 xi NH R 55 &KL E& Yt
(CsH N) FIms| b ( CoH, N) 5555 B AH O, 1X 7] IS 7
5 TMAEYRARGHERZSRZANER, S
HENMXWSRAREZES. "TUHEEH,IB
[ TN FE SR &= KT PB, 5T Lib AL 447,
NH, "Bt 05 cu’r Z &8 e i, 35 &
KM EYIRIEN = 115 co’ B ke E 4
Mz, B3 Eos, JB O B B LB RE A (3418
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Table 5 Test results of PB and JB surface characteristics
AW 5T
5 M I i el
R MFRHAE M35 H FARL e R #i
i MR RS (p/pg) =0.250;5 FLrft p B FE I, py o
5 i) 2,1
25 BET WK m’ g 2.296 1. 465 "
% 5 BET HL KR m’ g 2. 462 1674 AHXSE AR IRSE R 0. 055 ~0.201
R AT Langmuir 22 AR m’-g! 3.235 2,196 ARG RRAE TS
BJH W ffF SRARFL Y R i AR m?eg! 22.333 9.359  FLAEEREIN 2 ~55 nm
BJH JBE R SR AL AR AR m?.g”! 24.388 10.269  LARVEEH 2 ~55 nm
5 e PR R B LR em?-g ! 0.219 0.113 Y p/py =0.964 B /NT I FFLER 55 nm (. EFLIAF
FLABUNT  BIH MR AL em? g™ 0.245 0.124  fLERJEMEH 2 ~55 nm
BJH Jit Bt SR BLAL IR em’ g ! 0.246 0.12 FLARTEHE 2 ~55 nm
AL RSP AL AR nm 355.263  270.958 iy 4v/A SFREAAS, Fort A (HAR BN R 55k BET
E R BIH HfL I BiEF- 2L B AR nm 43,944 52.913  WWRMBUE W RBFLNRERYE , B SRl AR
BJH LB B 3L A2 nm 40. 242 48.223  TRUIE; VSRR &

(a)JB, (b)PB;Jk 2 000 fi

B4 FREER#HEHEDR SEM E

Fig. 4 SEM images of biochars prepared with different raw materials

em ™) TR T PB, T B FR S 114 T 1A 28 4 1 BH
T AR R A B A A SEBLAR , Rk, mT LA
HEWT S JB LG PB A3 B KW I LR, E i
HZ 2 JB MR ELE e & i | TN S A & R
X FEURAR A B TRAT SR S YLE. Ak,
JB 1) EC Fl CEC {H¥J KT PB, U] JB & 135 #a bk
T, WAL T PB A AR IE.
MHIFEAR BE 447, JB A9 BET Lo 36 1 A (2. 462
m’-g ") FIFLIAFH (0. 245 em®-g™') KT PB 1y BET
e m L (1.674 m’-g™') A1 FL 4K B (0. 124
em’-g~)  PRAE T I Z AW S A, T2 B W
T PB. Saito 25" 38 a5 1R 5 UF 52 A ) ¢ A4
N, ER AR K H IB SE I FLAE (43.9 nm) /7]
F PB(52.9 nm) , HITLEIE. MA# 74 SEM K14
BT (B 4) 1B FRIAE & BUKL, A 5N i LR
S5 AR T HAR AR, 7 [F) 23 B R EUR PR B AT
UL PB 2R MG 510, FLBR AR, 76 [F] 73 R 1A

R RERS T I A S Bk A 2 AL A5 . PB IR T
HARPRT IR, W5 RO B FLAR 7 A A K,
R IR FLALAR 8D T BRI B L.

Jiang %57 AR5 W, AR W) B R BUR 1
KT A 5 W B R RE S MR, TR, AR S i
- ZR SN ) MS-200 SO BEAGINE T AR 1) 5 14
FURLA SN 2 Bz, A T LAt A W 0 BOkE
RINFEA — B0, AT HAS Cu®* BB,

L LA IR A A= 5T Cu® ™ 1 I BFFCR
25, FEEM T B L PB 1Y BET R E A K,
LRGN AR R TN RIS RS i, & il
Z IR T REIAL. X L8 B th PR A W
AR LT 4 28 5 B RE Y.

3.3 A[VEURHEI S RO Cu®* IR AE TS 22 57

Geit W ps Cu® ™ AR AR DCHGE , 4 B 3%
6. XS LA B, BR TR B A E . HOKAE R
FIKHE 4 ISR 25 00 2R W) e Sb, A BEFE R JB Al
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PB PAFPAA 25 1 1 F W B 9 K. 45545 1A s [1]
RSk E  JB Fl PB X Cu®* B MG — Ak
BRI IR R A W B o B T Ok B A AU, A A
F IR bR vE (GB 15618-1995) Fli 2 /K 3

B AR ( GB 3838-2002) H X4 1Y A bR Bk | A
T JB A PB RE T I LR, AT LA e,
L SEINE A 3T A AR ) R DX A P b 3 SR AR
[X 35§,

F6 FREIEHEKEYRIT Cu®* HIRBHIELE S LR

Table 6 Comparison of sorption capacity of PB and JB with selected biochars derived from different materials

AW el 45 5 il £ i/ C SRt ] /b PR R R B i /mg g ™! CEk
Tifi A 450 4 6.79 [38]
FORFEFF 600 8 12.52 [38]
438 350 10 54.4 [39]
HAEAK K 400 30 48.49 [40]
HRbE K 500 0.3 153. 846 (6]
BRRFS AT 600 20 10. 17 [41]
BT 600 20 10. 02 [41]
[/ N 200 24 1.216 [10]
AT 500 24 6.34 [10]
757 600 12 14.83 [42]
IKHIP 700 24 28.2 [43]
A 700 24 1.47 [44]
ZLIAEAY 700 24 4.39 [44]
T 500 48 15. 4 [45]
IIEAREA 600 12 12.297 [46]
SRR 450 3 15.85 NI
FE AR R 450 6 17. 44 EN T
972-978.
4 Hig

(D) FERAED B (17. 44 mg-g ") FEIS R KK
PHELAL TSR A Wy B (15,85 mgeg ™) SRR
Py ¢ (3h) W iP5 Fsf ) BT B R A= 0 7 (6 h) 3%
Se9e S UM BET R AVFIFLAR 20, LA K 2
FEEREH | EAREM TN S RER R T, FEIE
PRIZR S PR AN ] DR 5 A ) e 1 R B 2F 4 3R 5 1
B 5 H A A Yy BECRH A ) A R Cu® i IR
BRI RE I 58 HH LG, P R0 A b1 AR ) 3¢ 1) W8 BT 1 i 4
R4f.

(2) Langmuir 575 GE SR AR G- iy 4 3R O A= 40
X Cu® " (8 25 0 O B At 2 5K 10, B R o o A 02 il
I T 2RI, B R, EHAE O ~ 1 N, IA 25
BEF s RN A X Cu® * I B Bl ) 244 6 o — 4 3h
ARG RL U B S Al e A2 e e, R
P45 2 T VR S AR I PR 5 [ 42 o R o 2 iz

(3) PR A=Wy AT Cu® ™ 4 BRFATL ) 45 7 . TR
BF L BCAR (Bt ) /i85 (H* ) S HORBH S 5
YERD, Wy B e W B oA .

%%irﬁk:

[ 1] Moo, ARIR, BIEZE. PR 2 E SRR b 5% 8 8h
ARAEREEEM[I]. R IFER2E4, 2013, 32(5) .

Bu Y Q, Shi L L, Shan Z J. Residue dynamic and environmental
risk assessment of Bordeaux mixture in apple and soil [ J].
Journal of Agro-Environment Science, 2013, 32(5) . 972-978.

Wraie, SRHE €, BRmsE, S5 AR MR RO ZE AL X i 5 g 1 o
TSR R BRIBAS RS [ T]. fOl BRI =24, 2016,
35(5): 913-918.

Chen X, Guo X F, Chen G K, et al. Effects of biochar and pig
manure on ipomoea aquatica forsk growth and copper forms in
copper-polluted soil[ J]. Journal of Agro-Environment Science,
2016, 35(5) : 913-918.

[ 3] Ozaki T, Kimura T, Ohnuki T, et al. Association mechanisms of
europium ( Il ) and curium ( I ) with Chlorella vulgaris [ J].
Environmental Toxicology and Chemistry, 2003, 22(11) : 2800-
2805.

Wang Z Y, Liu G C, Zheng H, et al. Investigating the
mechanisms of biochar’s removal of lead from solution [ J].
Bioresource Technology, 2015, 177 . 308-317.

TARRLL, WA, X0FE, A AW A A AR AL
SEOE MR R PE RS R (], ARSI AR, 2014, 23(5)
897-903.

YuZ H, Xie L K, Liu S, et al. Effects of biochar-manganese
oxides composite on adsorption characteristics of Cu in red soil
[J]. Ecology and Environmental Sciences, 2014, 23(5) : 897-
903.

BRI, TIRHE, RIRR, M BB B AR R AT
MR BRI AT T] . BREERLEE R, 2016, 36(4) : 1190-
1198.

Xie C R, Wang Z W, Zhu J M, et al. Adsorption of lead and

copper from aqueous solutions on biochar produced from walnut



2170

woooH

2% 38 &

[7]

[9]

[10]

[11]

[13]

[14]

[17]

[18]

green husk[ J]. Acta Scientiae Circumstantiae, 2016, 36(4) .
1190-1198.

Mohan D, Sarswat A, Ok Y S, et al. Organic and inorganic
contaminants removal from water with biochar, a renewable, low
cost and sustainable adsorbent-a critical review[ J ]. Bioresource
technology, 2014, 160(5) : 191-202.

BENL, B, BEE, & YR EIE SRR &
SR SEBERE ()], AL FRETR 24224, 2015, 34(8) -
1429-1440.

Li HH, Gong Y Y, Tang J C, et al. Advances in preparation
and applications of biochar and its composites [ J]. Journal of
Agro-Environment Science, 2015, 34(8) . 1429-1440.

Ahmad M, Rajapaksha A U, Lim J E, et al. Biochar as a
sorbent for contaminant management in soil and water; a review
[J]. Chemosphere, 2014, 99 19-33.

JAPHE, ROCTL, @0k, A5, AR SRR AR A 1 A
Xt Cu?* BIRBHIEFE (1], A ERBE AR, 2016, 25(3) : 523-
530.

Zhou D D, Wu W W, Zhao J, et al. Study on the adsorption of
Cu** to biochars produced from peanut shells and pine chips
[J]. Ecology and Environmental Sciences, 2016, 25(3); 523-
530.

B, B, RTL, 55 ASE B R AR B ik 2
R, W R AUA TR PR L ()], Mol BE2E, 2009, 45
(12): 16-21.

Wei Q, Ma X H, Zhu W H, et al. Comparison of chemical
antioxidant  activities  of

compositions, antimicrobial ~and

pyroligneous acids of apple branches [ J ]. Scientia Silvae
Sinicae, 2009, 45(12): 16-21.

SR, RS, KA, 4. A B A 4 2 0% 35 4 i Bt
EERETOTRMEREL]. KAEEAR, 2016, 42(1) ; 12-
19.

Nie R F, Liu R R, Zhou Y X, et al. Research advances of
lignocellulosic wastes of the adsorption of metal ions in wastewater
[J]. Technology of Water Treatment, 2016, 42(1) . 12-19.
TaRer, WL, BedE, S5 AEMR-ER ALY I G R B
i CID) A PERERFSE[T]. AR IR 2440, 2015, 34(1)
155-161.

Yu Z H, Huang Y F, Lian F, et al. Adsorption of arsenic( Il )
on biochar-manganese oxide composites [ J]. Journal of Agro-
Environment Science, 2015, 34(1); 155-161.

Fang C, Zhang T, Li P, et al.

modified corn biochar for phosphorus removal and recovery from

Application of magnesium
swine wastewater [ J |. International Journal of Environmental
Research and Public Health, 2014, 11(9) : 9217-9237.
Demiral H, Giindiizoglu G. Removal of nitrate from aqueous
solutions by activated carbon prepared from sugar beet bagasse
[J]. Bioresource Technology, 2010, 101(6) : 1675-1680.
Mittal A, Kurup L, Mittal J.

adsorption isotherms and kinetics for the removal of Tartrazine

Freundlich and Langmuir

from aqueous solutions using hen feathers [ J ]. Journal of
Hazardous Materials, 2007, 146 (1-2) . 243-248.
Jellali S, Wahab M A, Hassine R B, et al. Adsorption

characteristics of phosphorus from aqueous solutions onto
phosphate mine wastes [ J ].

2011, 169(1-3): 157-165.
Abdel-Ghani N T, Elchaghaby G A.

Chemical Engineering Journal,

Influence of operating

[19]

[20]

[23]

[24]

[25]

[26]

[28]

[29]

[30]

[31]

conditions on the removal of Cu, Zn, Cd and Pb ions from

wastewater by adsorption [ J ]. International Journal of
Environmental Science & Technology, 2007, 4(4) ; 451-456.
Mg, BT, EhEREE, A BIRRES AT AW A B
LR Cu( I1) BRFPEBT ST [J]. 22 3838 K2z 244k,
2015, 34(3): 145-152.

Shang T T, Zhao B G, Ma F F, et al. Adsorption of Cu( Il ) on
the benne straw biochar, loess and loess with biochar [ J ].
Journal of Lanzhou Jiaotong University, 2015, 34(3) . 145-152.
2k, MOEAR, RO WSO A I A A 1 T e
BRI R B RREL A S BB ST [J]. BRIRALAE, 2013,
34(11): 4266-4274.

LiJ, Lin J] W, Zhan Y H. Evaluation of in situ capping with
lanthanum-modified zeolite to control phosphate and ammonium
river [ J ].
Environmental Science, 2013, 34(11) : 4266-4274.

Lagergren S. About the theory of so-called adsorption of soluble

release from sediments in heavily polluted

substances [ J ]. Kungliga Svenska Vetenskapsakademiens
Handlingar, 1898, 24(4) . 1-39.

WE, FWA, BRI, & REE TG BEY 5
BT BB B D AE RS ()] BB R AR, 2016, 36
(7) : 2491-2502.

Chang C, Wang S L, Guo J Y, et al. Adsorption kinetics and
mechanism of copper ion on biochar with different pyrolysis
condition[ J ]. Acta Scientiae Circumstantiae, 2016, 36 (7):
2491-2502.

Ho Y S. Review of second-order models for adsorption systems
[J]. Journal of Hazardous Materials, 2006, 136 (3) : 681-689.
Ho Y S, McKay G. Application of kinetic models to the sorption
of copper(1I) on to peat[ J]. Adsorption Science & Technology,
2002, 20(8) ; 797-815.

Peers A M. Elovich adsorption kinetics and the heterogeneous
surface[ J]. Journal of Catalysis, 1965, 4(4) ; 499-503.

Weber W, Morris J. Proceeding of international conference on
water pollution symposium[ M]. Oxford; Pergamon Press, 1962.
235-266.

ZEbRgy. SR M R AR A BERRER DTS (D] LT
T ER L BLEBE, 2012,

Li J H. Adsorption of nitrate and phosphate by modified biochar
[D]. Beijing: Chinese Academy of Agricultural Sciences, 2012.
Liu Z G, Zhang F S. Removal of lead from water using biochars
prepared from hydrothermal liquefaction of biomass[ J]. Journal
of Hazardous Materials, 2009, 167 (1-3) : 933-939.
PR, AR, ST (M. JEa.
Hipst, 1989.

ML, BRI, AT, S5 R TR AR ROk I A ) ek T L
BB B R RE I [T ], IRBERE S, 2016, 37 (12):
4857-4866.

Sun H, Jiang Y F, Shi L P, et al. Adsorption and influential

factors of Diuron on the loess soil by adding different biochar

HLF Tl

prepared at varying temperatures [ J ]. Environmental Science,
2016, 37(12) : 4857-4866.

EEIM, BEgsc, BB, 5. A5 R BR R 4 m BT oY
LERLT]. HEARRKRIK, 2013, (12): 51-56.

Wang X P, Xue Y W, Cheng X R, et al. An overview of heavy
China Rural Water and

metal removal using biochar [ J ].

Hydropower, 2013, (12): 51-56.



EIUSEAE . PIBRIARE A= 1) 50T B 15 1) R WA e S HLL ]

2171

[33]

[34]

[35]

TRICUE, AV, MRRAR, A RIEE G R HLE N Y
FATIRA ARRERT R [ T]. BREERL2E, 2013, 34(9) : 3716-
3721.

Guo W J, Liang X F, Lin D S, et al. Adsorption of Cd>* on
biochar from aqueous solution [ J ]. Environmental Science,
2013, 34(9) : 3716-3721.

ERET, REB, Xing M, % AR P AP 56X Cd
CIU) MBS ] RIERLE, 2014, 35(12) ; 4735-4744.
Wang Z Y, Liu G C, Xing M, et al. Adsorption of Cd( II')
varies with biochars derived at different pyrolysis temperatures
[J]. Environmental Science, 2014, 35(12) : 4735-4744.
27, BT, X0, 55, FORFEFF AT Cd( 1) Wt
PLERBTSE ()], A FREER 224, 2012, 31(11): 2277-
2283.

LiL, LuYC, Liu Y, et al. Adsorption mechanisms of cadmium
(1) on biochars derived from corn straw[ J]. Journal of Agro-
Environment Science, 2012, 31(11) ; 2277-2283.

PREEIT, BREEZE, JPHPE. KAERS AT A By ik 00 5 Fa R IR K
XA LTS R e B PERE [T ], BB 2R, 2013, 33
(1):9-19.

Chen Z M, Chen B L, Zhou D D. Composition and sorption
properties of rice-straw derived biochars [ J ]. Acta Scientiae
Circumstantiae, 2013, 33(1): 9-19.

Saito Y, Mori M, Shida S, et al. Formaldehyde adsorption and
desorption properties of wood-based charcoal[ J]. Journal of the
Japan Wood Research Society, 2000, 46(6) : 596-601.

Jiang T Y, Jiang J, Xu R K, et al. Adsorption of Pb(1II) on
variable charge soils amended with rice-straw derived biochar
[J]. Chemosphere, 2012, 89(3) : 249-256.

Chen X C, Chen G C, Chen L G, et al. Adsorption of copper
and zinc by biochars produced from pyrolysis of hardwood and
corn straw in aqueous solution [ J ]. Bioresource Technology,

2011, 102(19) . 8877-8884.

[39]

[40]

[41]

[43]

[44]

Xu X Y, Cao X D, Zhao L, et al. Removal of Cu, Zn, and Cd
from aqueous solutions by the dairy manure-derived biochar[ J].
Environmental Science and Pollution Research, 2013, 20(1) .
358-368.

Li M, Liu Q, Guo L J, et al. Cu( Il) removal from aqueous
solution by Spartina alterniflora derived biochar[ J]. Bioresource
Technology, 2013, 141(4) . 83-88.

BT, AE, BE%. Co(V) FMCu( 1) ZEFARRAH A
Wolise LRI S HARR L] BRBEfk2#, 2016, 35(2):
323-329.

Zhao B W, Shi X Y, Ma F F. Interacion between Cr( VI) and
Cu( II') adsorption onto biochars derived from flax and rape
biomasses[ J]. Environmental Chemistry, 2016, 35(2) . 323-
329.

Jin H M, Hanif M U, Capareda S, et al. Copper( Il ) removal
potential from aqueous solution by pyrolysis biochar derived from
anaerobically digested algae-dairy-manure and effect of KOH
activation[ J ]. Journal of Environmental Chemical Engineering,
2016, 4(1): 365-372.

LiM, LouZ]J, Wang Y, et al. Alkali and alkaline earth metallic
(AAEM) species leaching and Cu( I ) sorption by biochar[ J].
Chemosphere, 2015, 119 778-785.

Jiang S S, Huang L B, Nguyen T A H, et al. Copper and zinc
adsorption by softwood and hardwood biochars under elevated
sulphate-induced salinity and acidic pH conditions [ J ].
Chemosphere, 2016, 142 64-71.

Shim T, Yoo J, Ryu C, et al. Effect of steam activation of
biochar produced from a giant Miscanthus on copper sorption and
toxicity[ J]. Bioresource Technology, 2015, 197 ; 85-90.

Wang H Y, Gao B, Wang S, et al. Removal of Pb( Il ),
Cu( II'), and Cd( II') from aqueous solutions by biochar derived
from KMnO, treated hickory wood[ J]. Bioresource Technology,
2015, 197 356-362.



HUANJING KEXUE Vol.38  No.5

Environmental Science ( monthly) May 15, 2017

CONTENTS

Estimating the Secondary Organic Aerosol Concentration and Source Apportionment During the Summer and Winter in the Nanjing Industrial District «++«eseeseeeseereressersmenenenninennn
LIU Jing-da, AN Jun-lin, ZHANG Yu-xin, et al.
++ LIANG Jing-shu, AN Jun-lin, WANG Hong-lei, et al.
Concentration Characteristics and Influencing Factors of Atmospheric Particulate Matters in Spring on Weizhou Island, Beihai, Guangxi Provinge ««eesesrereeresiemienienenmeneniininenn

............................................................................................................................................................ GAO Yuan-guan, ZHANG Kai, WANG Ti-jian, et al.
JIN Meng-yun, XING Xin-li, KE Yan-ping, et al.
Spatial Distribution Characteristics of NMHCs in Spring in Cangzhou City »+ DUAN Jing-chun, ZHOU Xue-ming, ZHANG He-feng, et al.
Emission Characteristics of Residential Coal Combustion Flue Gas in Beijing ~ +++++--* B AR LRI LIANG Yun-ping,ZHANG Da-wei, LIN An-guo, et al.
-+ SHAO Zhu-ze, ZHENG Guo-di, WANG Yuan-gang, et al.
JIANG Li-ying, ZHANG Di, GUO Hai-gian, et al.
WU Yuan-yuan, LI Ru-mei, PENG Lin, et al.
YAO Jing-bo, WANG Ming-xin, QI Jin-di, et al.
DONG Xiao-fang, DENG Huang-yue, ZHANG Luan, et al.
ZHANG Yun-hua, LOU Di-ming, TAN Pi-qiang, et al.

Modeled Deposition of Fine Particles in Human Airway in Northern Suburb of Nanjing

Polycyclic Aromatic Hydrocarbons in the Atmosphere of Dajiuhu, Shennongjia, China

Emission Characteristics and Ozone Formation Potential of VOCs from a Municipal Solid Waste Composting Plant

Degradation Characteristics of Composite CVOCs hy Non-thermal Plasma «++:++xesveeeseseesrersssnsnensisiiniinienen

Chemical Compositions and Source Apportionment of Road Dust in Yuncheng
Pollution Risk of Heavy Metals in Dust from the Building Along Elevated Road; A Case Study in Changzhou
Characteristics of Stable Isotope in Precipitation and Tts Relationship with ENSO in Shanghai
Effects of DOC + CDPF on Emission Characteristics of Heavy-duty Diesel Vehicle
Accumulated Health Risk Assessment of Arsenic in Drinking Water of Major Cities of China ZHANG Qiu-qiu, PAN Shen-ling, LIU Wei, et al.
Health Risk Assessment of Microcystins from Drinking Water Source by Monte Carlo Simulation Method -+ - WANG Yang, XU Ming-fang, GENG Meng-meng, et al.
Potential Risk and Distribution Characteristics of PPCPs in Surface Water and Sediment from Rivers and Lakes in Betjing, China w+rrererreerrsssenemensnmsienneinsesn e

Assessment of the Spatial-temporal Distribution Characteristics and Main Affecting Factors of Chromophoric Dissolved Organic Matter in Spring and Summer at the Changjiang Estuary and

AGJACEE ATeas ++--+++++++seoeessssee e SUN Yu-yan, BAI Ying, SU Rong-guo, et al.
Complexation Between Copper( I ) and Colored Dissolved Organic Matter from Municipal Solid Waste Landfill XIAO Xiao, HE Xiao-song, GAO Ru-tai, et al.
Effects of Three Bioretention Configurations on Dissolved Nitrogen Removal from Urban Stormwater ««+s+ssessessessesssnenmsnnsiniisniiien LI Li-ging, HU Nan, LIU Yu-qing, et al.
Influence of Spatial Pattern of Paddy Field on the Losses of Nitrogen and Phosphorus in Three Gorges Reservoir Area — ++eeseeseseereereeeeees CHEN Cheng-long, GAO Ming, NI Jiu-pai, et al.

Effects of NO5™-N Loading on the Early-Period Efficiency of Denitrification and Carbon Releasing in Constructed Wetland Filled with Bark -+ JIANG Ying-he, LI Yao, ZHANG Ying, et al.
Effects of Microbial Fuel Cell Coupled Constructed Wetland with Different Support Matrix and Cathode Areas on the Degradation of Azo Dye and Electricity Production - -
............................................................................................................................................................... Ll Xlle-XiaO, CHENC Si_chao‘ FANC ZhouY et al'

Effects of Anode Materials on Electricity Generation and Organic Wastewater Treatment of 6 L Microbial Fuel Cells - DING Wei-jun, YU Li-liang, CHEN Jie, et al.
Effects of Joint-reaction Combined by Ozonation and Coagulation on Aquatic Organic Matlers — «++xesveesseseesnesssssenennssisnsinsenen LIU Hai-long, FU Jing-miao, GUO Xue-feng, et al.
Disinfection Action of Ultraviolet Radiation and Chlorination on Escherichia coli and Poliovirus —+++++sseessrerenserinsmnisniinnnns XU Li-mei, ZHANG Chong-miao, WANG Xiao-chang, et al.
Adsorption of Phosphate from Aqueous Solution on Hydrous Zirconium Oxides Precipitated at Different pH Values =~ «+vevereereeeeseens WANG Xing-xing, LIN Jian-wei, ZHAN Yan-hui, et al.
Performance of Polymer-hased Titanium and Zirconium Oxides Composite Adsorbent for Simultaneous Removal of Phosphorus and Fluorine from Water ««+veseeeseserereenesienensnniinenne

............................................................................................................................................................... CHEN Jia-kai, NIE Guang-ze, LIU Zhi-ying, e al.
ZHU Pei-ying, LI Da-peng, YU Sheng-nan
SANG Lang-tao, SHI Xuan, ZHANG Tong, et al.
ZHOU Lin-jun, GU Wen, LIU Ji-ning, et al.
JIN Peng-kang, YANG Zhen-rui, LI Rong, et al.

Law of Pollutant Erosion and Deposmon in Urban Sewage Network

Fate of Eleven Phthalic Acid Esters in Aerobic Sewage Treatment System

Characteristics of Denitrification Inhibiting Sulfate Reducing Process ««+sesssseereesessereneenens

Enhanced Short-cut Denitrification by Fe®-activated Carbon and Its Influencing Factors LU Yong-tao, LIU Ting, ZENG Yu-lian, et al.
Comparison of Operating Performance of Partial Nitritation Systems with Two Different Inhibition Strategies ~ ++++»+ssesesrseeeereseeneens LI Hui-juan, PENG Dang-cong, CHEN Guo-yan, et al.
Effect of Substrate Ratio on Nitrogen Removal Performance of ANAMMOX in ABR  eeseeseseersensemseneneniniininsisintseins LU Gang, XU Le-zhong, SHEN Yao-liang, et al.
Effects of Temperature on the Characteristics of Nitrogen and Phosphorus Removal and Microbial Community in SCSC-S/Fe «+-«+seeerereeeees FAN Jun-hui, HAO Rui-xia, ZHU Xiao-xia, et al.
Analysis on Performance and Microbial Community Dynamics of a Strengthen Circulation Anaerobic Reactor Treating Municipal Wastewater -+ YANG Bo, XU Hui, FENG Xiu-ping, et al.

Aerobic Degradation Characteristics of the Quinoline-Degrading strain Ochrobactrum sp. and Its Bioaugmentation in Coking Wastewater «+:«+««+sssssssssssssssesssiensnenssnnisnensininnsneneenes

XU Wei-chao, WU Cui-ping, ZHANG Yu-xiu, et al.

Manganese Oxidation Characteristics and Oxidation Mechanism of a Manganese-Oxidizing Bacterium Arthrobacter sp. HW-16 «+«+eesee WAN Wen-jie, XUE Zhi-jun, ZHANG Ze-wen, et al.
Effect of Temperature on Nitrogen Removal Performance of Marine Anaerobic Ammonium Oxidizing Bacteria +««esvseereeeseressesssiensiinn: ZHOU Tong, YU De-shuang, LI Jin, et al.
Nitrogen Removal Performance and Microbial Community Analysis of Activated Sludge Immobilization —««+eseeeseseeresessressiennsiiniens XU Xiao-yi, YOU Xiao-lu, LU Chen-pei, et al.
Microbial Structure of an Enhanced Two-phase High-solid Anaerobic Digestion System Treating Sludge — ++«+++sveeeesresnerssnssnesenenensinnenne CAO Zhi-ping, WU Jing, ZUO Jian-e, et al.
Comparative Studies on Soil Actinobacterial Biodiversity After Re-vegetation in the Urban and Rural Hydro-fluctuation Zone of the Three Gorges Reservoir Region = +«esessesresseseesesneneenen
............................................................................................................................................................ QIN Hong, REN Qing-shui, YANG Wen-hang, el al.
Nitrous Oxide Emissions and Tts Influencing Factors from an Agricultural Headwater Ditch During a Maize Season in the Hilly Area of Central Sichuan Basin = «+«eseeseeeeeserersenesienennnn

........................................................................................................................................... TIAN Lin-lin, ZHU Bo, WANG Tao, et al.
WU Yan-zheng, ZHANG Miao-miao, QIN Hong-ling, et al.
70U Juan, HU Xue-yu, ZHANG Yang-yang, et al.
Characteristics of Soil Respiration and Soil Organic Carbon in Fava Bean Farmland Under Ridge Tillage and Straw Mul(hmg in Southwest China +eervereeererseremenmmnenen s
............................................................................................................................................................... XIONG Ying, WANG Long-chang, DU Juan, et al.
Prediction of Distribution of Soil Cd Concentrations in Guangdong Province, China SUN Hui, GUO Zhi-xing, GUO Ying, et al.
Spatial Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Suya Lake ++ ZHANG Peng-yan, KANG Guo-hua, PANG Bo, et al.
Effects of the Active Components of Humic Acids and Their Proportions on the Dynamics of Lead Transformation and Availability in Purple Alluvial Soil «+«esesseseerseseesemenennsniniinennnns
...................................................................................................................................................... WANG Qing-ging, JIANG Zhen-mao, WANG Jun, et al.
Enrichment Characteristics of Heavy Metals in Particulate Organic Matter of Purple Paddy Soi LI Qiu-yan, ZHAO Xiu-lan
Enhanced Sorption of Cetirizine to Loessial Soil Amended with Biochar ««+«+sererserererssennesinsinniinscienens s +»+ WU Zhi-juan, BI Er-ping
Characteristics and Mechanism of Copper Adsorption from Aqueous Solutions on Biochar Produced from Sawdust and Apple Branch -+++++: WANG Tong-tong, MA Jiang-bo, QU Dong, et al.
»++ DU Wen-hui, ZHU Wei-qin, PAN Xiao-hui, et al.
BAO Yue, ZHOU Min-yun, ZOU Jun-hua, et al.

Effect of Dicyandiamide on N,0 Emission in Fallow Paddy Field and Rape Cropping

Characteristics of Biochar-mediated N,0 Emissions from Soils of Different Surface Conditions

Adsorption of Ph? * and Cd? * from Aqueous Solution Using Vermicompost Derived from Cow Manure and Its Biochar -+
Performance and Mechanism Study of Visible Light-driven C3N,/BiOBr Composite Photocatalyst

(2074)
(2084)
(2003)

(2102)
(2111)
(2125)

(2136)
(2146)
(2154)
(2161)
(2172)
(2182)



	Binder1.pdf
	环境科学2017-05封面.pdf
	中文ml.pdf




