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Effects of Modified Nanoparticle Carbon Black on Heavy Metal Forms in Municipal Solid Waste Compost

HE Lu, DUO Li—an, ZHAO Shu-lan”

(Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal University, Tianjin 300387, China )
Abstract; Composting has been proved to be an effective way to reduce the amount of municipal solid wastes(MSW ) and to recycle MSW.
Composted MSW contains abundant nutrients such as organic matter, N, P and K. It is not only a fertilizer but also a soil conditioner. How—
ever, toxic metals in MSW composts have limited its agricultural use. Nanoparticle carbon black (nano—CB) has showed a potential to reme—
diate soil heavy metal pollution. Nano—CB, a nonpolar and hydrophobic sorbent, needs to be modified to enhance its adsorption of heavy
metals. In this study, nano—CB modified by KMnO,, H,SO,, HNO;, NaOH, Na,CO; and NH;-H,0 was added into MSW compost at a rate of
5% and the composts were then incubated for 45 d. Heavy metal forms in the MSW composts were extracted with the BCR sequential ex—
traction procedures. The modified nano—CB significantly reduced exchangeable and carbonate fractions of heavy metals. Compared with the
control, KMnO, modified nano—CB decreased exchangeable and carbonate fractions of Cr and Pb by 71.13% and 73.48%, respectively.
HNO; modified nano—CB respectively reduced exchangeable and carbonate fractions of Cu and Zn by 67.67% and 74.33%. Nano—CB modi-
fied by three oxidizing agents lowered Fe—Mn oxide fractions but increased organic/sulphide fractions, while nano-CB modified with three
alkali agents yielded contrary results. Adding modified nano—CB to composts enhances transformation of heavy metals from loosely - into
tightly— absorbed forms and reduces heavy metal bioavailability.

Keywords: municipal solid waste compost; modified nano—particle carbon black; heavy metals; heavy metal fractions
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B RBRE LA 7 e A B R
AK Az B BRG], T A [ R R AT T
D7, B ) - e A S RS ], A A K 5 e
&N MU E &R LA RS SR R AT R R
BEARIL,

PRI E AR SR A ORI R R o TE R S8 4
WRIpe ol = IR AR R A T ) RS R B
HEGOLT , B 2L GUORA R, BN 30~
50 nm, HA R H R AR A i 1S P AL, X T 4R
A2 B BB RE 1, S IS R IR, e R RE TR A
W2 B He  As™ (Gl Ph>, H X Ph> %) i i fe K0
T8 K SR B K (R A EAR A W B 501, Sk 7 4 v L
WA 4 S B IO RE 0, T R LA T e A 3 B Y R
B, e BB 22 S AR SO i AT I S 3 5 6 Ph> Cr 48y
W, VAR A B, R P AN 5% HNO,
KRG, ARG CuZn 5 553 0 AR
T 80.89% .43.61%!",

1E5 R 1k K B SRAE B S M R A B T Y
BRI A AR 2 el 8 4w Jy 1A /D
B, AN, BT ARDES N E 48 SR A
BTG YERIE Y EETE, Br DL, 90K i B G dy S ME AR B
LB AL S S EASIRTT o A DA B
NESRSEm b4 L, IR T 6 FAS ] 7 2O g K e FR A T
et 3 5 ISR WIS A [R) Ok 44 K e R s
BN B A RS R A, el g K e AR B
A R NE B 4 ) P B R

1 #REFE

1.1 SEIeHF#

A TS B HERE Sk F T /N UE B 3R HEE Ak 3
I SEBSHTN B HERE A TR B, Je BRI b 2k
W % T AT PO RS S5 R, TS L 2 2 mm
i, 5 HENEHEE R pH 7.62, AL
221.25 g-kg™, 42 13.48 g-ke™!, A5 %M 0.078 g- kg™,
C/N J& 8.37 41 & /K= 0.76 mL-g”, 257 0.85 g mL™;
H4:J8(Cr.Cu.Pb.Zn) & 553524 67.00.23873.172.11
496.38 mg-kg™',,

BRSBTS e BT hidR 20~
70 nm, LR AN 1200 m?- g™, pH (B 7, it AT XS
HE bt
1.2 BEakx BRHI&

KMnO, 2Pk FREUANK ¢ 56 10 g T 250 mL #EIE
P, A 100 mL 0.03 mol + L™ [ KMnO, ¥ , % &

10 min J& , 7 FHHE G BB 1 he BRHIS,
FH 258K R g, [ WO PR, B pH R
Jp 676, EERETEEMR, 110 CHAAF T HETZEIEE,

H,SO, B0k . FRER 10 g 44K 7% B Jm A ) 250 mL
20%¥1) H,S0, AW, 7E 110 CEF T m#k 90 min, ¥4
G R oK S vk A B %, B pH
FarE R 6.13, 7E 110 CE&MF TFHT ZfE TN,

HNO; et . FREL 10 g 49K S A %) 150 mL
65% I TH RIS, BT 38 KU A m#i b 110 °C4
R 2 he HE  HE B TR st (A
TN, H pH B8 N 6.24 78 110 CHM4 P T 218
il

NaOH gtk FRELGK e 8 30 g A E] 250 mL
10%1%) NaOH ¥, Z il S50 T PR30 3 he H2:
BT IR gk A BOAN PR, H pH R Ry 7.61,
110 CHAF T R EEN,

Na,COs S0P : FREUANK 7 2 30 g Jil A %] 250 mL
10% ¥ Na,CO; i, EIAE FIRZ12# 3 he A
R B TR vpe (BN TR, B pH RRE R
7.55, 110 CHAFTHET 2 EED,

FUKBUE . PRI ik R 30 g i A% 250 mL
25% MEUKIEI T, EWRAM M RG R 3 h 25
TR ke, AN TR, H pH F20E o 7.43,
110 CHAF TR R EED,

1.3 &It

SERGIEBE 7 AN AR B X BE (CK) , A r: 40 K e
sFR TR LA 5%KMnO, st K s (T ) m
A 5%HS0, gtk gKk o B CI) s A 5%HNOs 2k
g BT ) 5 A 5%Na,COs B4 K e B (IV ) 5
JIA 5%NaOH SPEGIAKBR V) A 5% 2K ekt
YK ROV o ARALER 3 WA . SR AR W EAE 3
em, & 25 cm {9 PVC A, FumdUl—)2H 40 FJe g
P, R HENE 5 25 ot 9 oK e R AR LU BTTR G 3457, B
B ATRA MR 150 g, % HECH 150 g HENE, SEE0 i
(B R 19~27 C, MHXHR A 60%~72% , 1K 45 HE
NEAMFEAK ST, EHENE K 73353 W E] K & 70% 4545 .
TEANFEAR A R AR, SR 7 1A B TR R 3 B 4
@R RSt BeK I T BRI L 5
7% 45 d JGBURE , I TE A TR IE AT
1.4 SHAE

HERE rp H 4 S T2 25 53 PR P IRR U 2 [ A A3 o
J5JR B 1 BCR = A B I, 332wl A2 4 25 Al
RIREREE B AL RIS B4 B LY K mifb )
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Table 1 BCR sequential extraction procedures for fractionation of heavy metals in composts
e RIEA PO
A S AS BRTRER GG A FRFEAR 0.8 ¢, J1] 32 mIL 0.1 mol - L™ AYBKFRTE % F R 16 h $21

Fe/Mn BALYI 456

VA
& FIRRIBUR 195 32 mL 0.1 mol - L iR IE (HNO, FR Ak, pH2) il PR 16 h #2HL

BHWPARAC IS 68 FIRRBUS 5k, A 8 mL 8.8 mol - L™ /) Hy0,(HNO; fi2fk ,pH2) , % il F ik # 1 h, i 85 C(1 h), 7/ 8
mlL H0, 4215 85 C A | he ZJ5 ] 40 mLL 1 mol - L™ BTERE: (HNO; FR1E, pH2 )4k 16 h 421K

Bt s

ERRIBUS AP 10 mL HF+1 mL HCIO, W25, J5 i Je] 2x i gl

AR 4 Fdls).

SE6 T AR R el e AR A 2 mol - L
(RS RRIE UG , 1 25 8 K IE Uk 3 i, SR ) 768 XU bef
T . JE P E 48 (Cr.Cu Pb Fl Zn) &R
TAS-990 Jii W LA & -

1.5 HiEAbIE

SCHVERE R 3 IREE G A DL B b 22 R
SPSS 11.5 B4 X B A it 7 7 LU (B P () SRR R
ANOVA %t .

2 HR5HE

2.1 MMM RBNEIEE S E A XIS RRER
HESHHMm

4 JE AR YA S0 S R A RS A G, T sc e
BMKFRER G A S BRI, MX ST
15 SEAH R A T BRI RIS, 3R 2 7T
W, HENEE 4R il sc e S SR PR AR 45 5 A LA Zn Wi
K, EA R 8.26%, M lKAY = Cr, (U & E R
291%., 6 Rl g I AT BRI Cr.Cu . Pb Zn 1)
]SS SRR ER S5 A L], PR TRV Cr
SEFRIV H Zn B LEBISE, HoAt A3 43 8 L] % RE
e R E 2R XTESRE Ce.Pbiiis, AR
(KMnO, 2t K A B8 ) (R A5, Cr A Pb AT 28
025 KRR ER A5 5 745 He A5 43 ) U BEBEAIG T 71.13%
F173.48% ; T AL FE T (HNOs B 40 K 5¢ 22 )i Cu Zn
A4 AT S 480 7 B PR Fh 45 6 2 LU 481 43 ) B X BEBEAIS T
67.67%H1 74.33%, X5 F I DEEWFFE & P HNO; i
PRGNS S RT LUAT BUEAR Cu AT Zn (0] 28 e 25 R bk
FRERGE A A 45 AN — 2,

A RS kR A G E SR S LIRS G )
B ey MR, A BRI AT A Bl | 2 B 4 XA
Ve e s i FEIE AN, RILnT 0L, AR AR
A SZ A R R 4 A A i L B 1 — /N
43 AREVEXTE RO RS L N 4 R
(A ] A BRI R 25 A A8 S e AN A, el

R 2 WHMKRBNES B RS RRERE AT ( %)
Table 2 Effects of modified nano—CB on exchangeable and

carbonate fractions of heavy metals in composts(% )

Qb PR Cr Cu Ph Zn

CK 2.91+0.25a 5.97+0.44a 4.94+0.58a 8.26x1.71a
b 1 0.84+0.09d  3.460.39cd  1.3120.17¢  3.93+0.71bc
pisiill 1.88+0.12bc  2.45+0.44de  3.330.10b  2.320.71c
JAERTT 1.97#0.39bc  1.9320.4le  4.13:0.67b  2.12+0.14c

QAEFRIV 2.04£0.06bc  3.52+0.36cd  1.40+0.10c  5.84+0.23ab
A3V 2.39+0.54ab  4.67+0.38b  1.99+0.19¢  3.12+0.14bc
AbFRVI 1.69+0.12¢  2.89+0.41de 3.62+0.35b  3.63+0.85bc

T 2R P R B QA T i P T S MR 2 15 A5 P A
TR G B LU RIS PN B R 22 5 A P<0.05.

K BRI (AR 0 f5 o W OAS T 4 T L A9 i 3
fiK, X FHEEESENBEEAEF AR .
22 BMEMKIKREXNHEIEEELE Fe/Mn EXTES
BT

Fe/Mn 4846 W) 45 & 5 F0A WL KB fb P 45 & 7
4B BN RGE (BAE R 25 & AR AR AR R AT
BB N AE TR, Fe/Mn AL 25 552
TG FIRTEA AR IR 55 T AR &S AY
AR, f e 3 Al O, S E AR T Ac S Sk R AR
ST HEIRE S Fe/Mn EADLE S ST
g7 EEBILL Cr At K, Zn Af/ih e BOPEGN K R BBXT Fe/
Mn F AL 45 G s SRR B R, 3 Rl fb
PUCPE G K IR BARRARE T Fe/Mn 4845 475 Fo i, i 3
T SO A K e PR 285 R L A sz o b3 T J8 2 A
T Cr 1) Fe/Mn b P45 64 Ho i), FOus BEAH LG, B
T 34.89%; HAAL PR S X RETC B 25 5 . AbFRV B3
iy Cu 1 Pb 1 Fe/Mn %AW 45 G LB, 4351
L BE G Y 62.25% 1 67.18% . T Zn T 5, Fe/Mn
FALEE S S L BIE AL FE Ve R el , ML
CK AR T 86.27% s 1AL BRIV (94 IR Hydrers , A
CK 41T 60.78%. Hibzh 30, b iiordk ib 3 5t
B J BB ) T HENE E 4R ik IB &
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3 BHEAKKENEESRE Fe/Mn EUMEESTHRI(%)
Table 3 Effects of modified nano—CB on Fe—Mn oxide fractions of

heavy metals in composts(% )

A3 Cr Cu Pb Zn
CK 3.21+0.19ab  2.49+0.15cd  1.95+0.41bc  0.51x0.13c
AbFE T 2.97£0.33abe  2.24+0.68d 1.34+0.1¢ 0.45+0.1cd
yosiyl 2.09+0.27¢  2.32+0.09d  1.82+0.48bc  0.25+0.03de
AFRIT 2.58+0.07be  1.51+0.24d 1.91+0.6bc  0.07x0.01e
AEERIV 3.7320.34a 3.6420.74abe  2.37+0.25ab  0.82+0.04a
ARV 3.24+0.21ab  4.04+0.74a  3.26£0.33a  0.56+0.17bc

AEEEVE 37240932 3.7320.47ab  2.48+0.45ab  0.78+0.04ab

T R AR S T4 R 19 Fe/Mn AL WZS G 0T d HENE o
IR G R SR E ] RIS EE sP AR TR RO R 22 5 B P<0.05,

23 MK RENERESEGNYMETIL YL
=g EAl

4B A WL SR A 45 A5 A Y B e A1)
PITEAS AR 25 1 T B e AR A s
4 00 HENE AR A VU AL A A A U
Cr ik, s S 3.19%; DA Cu i/, 4w
1) 1.63% . ISINBCHEDIAK B R )T , BAL BRI 52 AR
AR, KEEBUSTERR M E AL 9 K R BB E T
HEERA VY AR ES A2 LB, i e m sk
PEYAK e BBAE P T 25 SR WA 2, 3 2 R A WL K i
WWEE G E SR EAFM T ERS Bk A
PV VIR EREICT Cr (A Kb 4 &85 1
B, LA FE V A A, A H CK FEAR T 26.96% ; 454k
PEXT Cu AT LY R AL W 25 675 & 1 52 ) G {2
FES AR I AL FR IV R, Ph B WL S B
TR 2E A 7S He ) S 2 18 , A% BE A EE |, A BT 6
T 52.80%; X T Zn M & , AW Kb 24564
RARAE AL PRIV, AH HE CK FRAE T 20.94% , f (e

®4 HEMARRBNESBRENY RN ESTSHIZN(%)
Table 4 Effects of modified nano—CB on organic/sulphide fractions

of heavy metals in composts(% )

Qb Cr Cu Ph 7n

CK  3.19#0.33abc 1.63%0.05abc 2.86+0.79bcd  2.34=0.08hc
JAERT 3.64%0.19a  1.9420.16a  3.89+0.6ab  2.33+0.26bc
PRI 3.64%0.34a  1.78#0.13ab  4.09:0.13a  2.5220.07b
AAFEIL 3.33+0.09ab  1.91+0.03a  4.37:0.8la  3.4440.1a

ARV 2.78+0.31bed
ARV 2.33+0.06d
AFEVI 2.58+0.24d

TE R A EE RS BB AP SR A & AT S
IR SR A L. RIS PR PR oR 2553 3 P<O.05,

1.35+0.4bc  2.78+0.46bcd  1.85+0.09d
1.63+0.21abc  2.07+0.09d  2.02+0.03cd
1.29+0.04c  2.61+0.16cd  2.26+0.3bc

PRAEANIRIN , AR HE CK 3401 T 47.01%.,
24 MEMK R BNMNEIRESBRESHZM
PRI L8 — W AEE T IR B0 W AR A8 )
Y ERAs PR S , BARINE S NN 2 R, K
Wik e e e, R HE-Y RGP B Y
SEMAEN , — PR A HEAREE 0, fER 5 AL, HEAE
B R F RSB SMIE A, & h Pb, il
90% , M AR Zn W AE 88% LA b BehEgN K ik SR
AL BN T AR S E S B &, SRR B E
SEALFE T X Cr F1 Ph 5 25 o] S A FE 1T X Zn 5% 7
LB , X IR TE 4% |, 455 H A
DEERNAENEAH L, AR K, HIEE SR
BIEET  FRESBEAT M AMIEE XA IO, 1
A A S v IR A S TS 4 JEm g — R e,
TE—ERE R E 4B MEY A SE, B
PEGK S RAL TS, HEAE #5354 8 R s A P o LU A1) A
T, S5 | DR ot g K e R AR T HE
NE 48 ARSI S sk i S n LAk, IR E 4R
A A 80 I A

RS HHEMRRENESBHKBESNZIN(%)
Table 5 Effects of modified nano—CB on residual fractions of heavy
metals in composts( % )
gt Cr Cu Pb 7Zn
CK 89.72+2.33b  89.98+10.07a 91.64+591c¢  88.27+0.65h
AbFR T 93.72+4.43a  92.47+4.47a  96.05+6.25a  92.79+2.88ab
AbERIT 93.27+10.34a  93.56+£5.92a  94.12+4.03b  94.99+4.23a
APEEIT 91.19£21.1ab  94.81£2.01a  93.75+0.49b  94.27+1.75b
AFEIV 91.442.54ab  91.65£5.92a  93.88+0.78b  90.71+0.46ab
AFEV 91.58£16.87ab  89.99+6.34a  93.13+2.38b  94.08+3.08a
AEFEVE 92.78+19.84ab  91.76+0.95a  91.67+8.83¢  92.97+2.56ab

T T AR A% T 2 S A SR I A T o I vl R o <5 e
AL [P AN R SRR 22 e 3 P<0.05.

25 MMEMKRENAARSEEESENEEE
N 53 4t

IR GRS, ARG SRS AT A A
TRIRERZE B35 Fe/Mn A WL &34 . ALY R bifk
WEE G ENTRIEAT Y2 RALBIR , 54 Jm g Rt
G eI ok 5 Ry PR A=A T S 14
AHE A G, 3R 6 FTLUE Y, et gk i
BN E 4 R AR sk S B E A B T AN
FREE ) TR SCR O B 0P T i E 48 Cr
F1 Pb ()RR A B 43 ) HE X BRFEAIR T 19.98%F1
32.92% ; KPR T 85 43 J@ Cu AYARSRIE SRR T
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46.98% ; 40 PR 11 (42 J@ Zn BYAEFRIE S M RAL T
54.91%,

D SR B K A AR B0, X AR AL
HA SR ISR 7, AP0 I3 W R e 55 i
YK e EAZ T AR IS, T LAAE e SRR R 5 | A K
()5 LA, 11-COOH . —OH 25, i 4} K J5 BB L 1T (1)
3, A R X6 L L £ 42 5 ) R RS 145 T 28
PEVS WM IS, o P L TR K, A3 R e SR 1
W R RE™ . OPEZA K i RR A S BRI T HEAE AR Ak A
HEEJR A, UL GR35 T
X HERL HE 4 i R T e T, BRI EE 48 i AR WA AL
P, 1 H A A K R R RO B AT

LR NEEZ AT VPR, oAl
V1.5 WSS R AN 2 GES Z Rl Ss A L GA™, ek
PEGOK BRI, o] DU 2R N8 5 4 eh A 4 5 W
WS A 5 WM S F AL, o R B 4 T e B4t L o

FT O MEMKRENERESEIFFRESEENT (%)
Table 6 Effects of modified nano—CB on total amounts of

extractable heavy metals(% )

Qb3 Cr Cu Pb Zn

CK 9.31 10.09 9.75 11.11
bisz | 7.45 7.64 6.54 6.71
AbBEIT 7.61 6.55 9.24 5.09
AbFE 7.88 5.35 10.41 5.63
AbFRIV 8.55 8.51 6.55 8.51
AbEEV 7.96 10.34 7.32 5.70
ARV 7.99 791 8.71 6.67

3 g

(1) B K e R4 I 25 PR AR AT o S P 52
oS MBR IR #5455 005 1, KMnO, P94 K 5k
XFF Cr Ph BIBCR RS, 11 HNOs PG K e FRRS T
Cu . Zn HIRCR A

(2)3 PR EAOR I PRIEAL T HENE )R Fe/
Mn EAIEE GRS, B ALY R4l
B, T 3 PR e B 25 AR LA

(3) PR 5 R T R I 1 R NE B R AR A i
ENUPCN R ol G20 S/ U (SRR N i T Tl g Rl

(4) PR B BRI B T AR A A5 )
(i, et 1 R NS B 4 s AR 2 RS 1) A 52
WS YA, BAR 1 AT o s ) AR A R
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