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Effect of Co-planting of Sedum alfredii and Zea mays on Zn-Contaminated Sewage

Sludge

HEI Liang"*, WU Qi-tang'» LONG Xin-xian'» HU Yue-ming’

(1. College of Natural Resources and Environment; South China Agricultural University, Guangzhou 510642, China; 2. College of Information
Technology, South China Agricultural University, Guangzhou 510642, China)

Abstract: The sewage sludge produced in Guangzhou and other cities contains heavy metals such as Zn which exceeds the national standard for
agricultural use and should be taken into consideration. A phyto-treatment system consisted of metal hyperaccumulator Sedum alfredii Hance
and low-accumulating corn was exploited to phytoexiract metals from sludge, in order to reduce heavy metals in sludge and meanwhile to
stabilize the sludge and gain innocuous agricultural products. The two plants were co-cropped directly on the sludge plots; the plant biomass
and metal uptake were determined as well as the changes of the treated sludge. A pot experiment was conducted to study the interaction
mechanisms between the two plant roots. The results of the experiment in plots showed that the efficiency of the phyto-extraction of Zn/Cd by
S. alfredii was significantly improved by co-planting and Zn content in S. alfredii reached 9910 mg*kg™", 1.5 folds of that in the mono-
crop. Meanwhile the produced corn grain was conformed to the national standards for foods or feeds concerning heavy metals and the treated
sludge was biologically stabilized. The results from the pot experiment studying the interaction mechanisms showed that corn roots, separated
from S. alfredii with a mesh barrier> decreased pH in the sludge solution, increased DOC and resulted in higher Zn/Cd concentration than that
of S. alfredii mono-crop, which caused more Zn/Cd transported to the S. alfredii side and then enhanced the uptake of the heavy metals by
the hyperaccumulator.
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Table 1 Physico-chemical characteristics of studied sludge

AR bRHED

ZH wHRLY Wkl ——————
pH<6.5 pH>6.5

pH(F:/K =1:2.5) 7.03 7.00

P /% 62.9 65.0

KA /MPN= g~ ! 4.7x10"  5.2x10°

LR /gokg ™! 260.9 278.4

R/ g kg™ 838.2 812.3

4 N/gokg™! 31.7 24.5

A P/gkg™! 19.4 19.3

4 K/g kg ™! 17.2 20.2

4= Zn/mgokg™! 1391.2  1410.2 500 1000

4% Cu/mg kg ™! 233.7 280.3 250 500

4 Cd/mg kg ™! 6.5 3.7 5 20

BB Zn/mgkg™"  310.1 314.3

D5 T AT/, 59 TH T 38R 5% 2)pH < 6.5 A1 pH >
6.5 T3 75 U8 A B K A5 ME (GB 4284-1984); 3) GI: Germination
index, E]UJ(%*“F%E?%%([M
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Table 2 Plant yield and total Zn uptake by plants for different plant treatments in the plot experiment

o T g F ! Zn WU B /g !

S AR Fok HREHR &l
BN 397.1 a" — 46.4 a — 46.4 ¢
[EACE SN SN — 130.9 a — 853.1a 853.1b
FEEERMFK — 69.7 b — 30.1b 30.1¢
T+ EERERR 438.0 a 127.5 a 50.6 a 1283.2 a 1333.8 a
K+ FEERB R 394.3 a 86.1b 46.0 a 36.3 b 82.3¢

DA Duncan A, [R5 AR 5 BE 2R AN R A A 2R AT .25 22 5% (p < 0.05)
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Table 3 Metal contents in corn plant for different plant treatments in the plot experiment

48 i MWE EP/S TR+ B EERRK FK + EEERT KR
HFRL 50.5+6.3 a 45.9+0.4 a 46.4+1.5a
o i 100.1+0.9 a 91.8+7.5a 118.1+8.6 a
Pnime ke ES 401.0+12.4 a 378.4+21.4a 394.1+£17.7 a
It 72.2+11.8a 78.5+0.6 a 63.9+0.8 a
KL 3.0£0.2a 2.7+0.2a 2.9+0.2a
o it 13.1£2.1a 11.2+1.3a 19.0£2.6 a
ek ES 4.8+0.3a 5.4+0.3a 4.9+0.5a
nt 5.9+0.2a 54+0.1a 6.1£0.8 a
KL 111.6+14.2 b 183.3+15.8 ab 272.4+41.0 a
o i 435.4+9.6 a 490.7+98.0 a 559.5+64.9 a
(lneke ES 418.3+95.6 b 409.9+33.0 b 830.7+18.3 a
It 664.1£53.1 ¢ 848.9+63.4 b 1229.7+127.5a

DEH AP BIE + AAERCn = 3) AR Duncan A, [FIAT AR 5 BER R AN R Ao A 2R AT 25 75 5% (p < 0.05)

x4 MEMEAHNESEIERERE/ mg k™!
Table 4 Hygiene standards for heavy metals in cereal and feed/mg* kg
WH Rabrdif  Arde RS fRRAEE ARvEARIY
Zn 50 GB 13106-91 &

-1

Cu 10,20 (5%2%) GB15199-94 &
cd 0.2 GB 15201-94  0.5,1.0CKH) GB 13078-2001

%5 FRAMELEFEEXTESENRE /meky !

Table 5 Heavy metal contents in Sedum for different plant treatments

in the plot experiment/mg*kg ™"

iE7/P G Zn Cu cd
EEERESR 6538.3+264.9b"” 8.6+0.6b 8.6+0.1hb
FEERMEER 421.9+38.8¢c 12.7+0.5a 0.8+0.03 ¢

EMBEEERMERRK 9910.3+446.7a 8.6:0.7b 15.4=x1.1a
EMAEEEREHER  421.2209¢ 13.120.3a 0.9+0.0l ¢

DRV YIME + SRR Cn = 3) ARYE Duncan FALEE, [F Z1 Hf AR
FRERRAFAAE I RAT B3 2R (p <0.05)

AR (K 2) & R 5 R R K 2 Bl
B Zn Mol 5 I A EA L R AT B
BT AL B E R AR UK, R X
kb 27 AR T B Je h 4 8

R4 Ak B AT 5 75 e I 4 R A e 45 R B OR
(£ 6), BABLJE V5 Y6 Zn~ Cu 7% 5 55 B 5 75 Je AH
LEEBA 53 N FE, H Cd & AR A BT S 0 B 2
LR ZInsCusCd X 3 NE & B Iebs, FAKRAEE
IR B S R I P B AR 5 V8 35 4 Ja v e I R 4
i, &0k 2 ~ 3 AW A B S Zn PTAK T 1000
mge kg™ . 2 TR /N XN 175 Y6 7T BE - R 7K
PIWRGE, Zn. CusCd 75 AR LT V5 YR MK

A B 5 v e () 25 IUAE W FR bR LR 6. 15l Akl
WA BL)S , KAt i i B 3 LB s e 1 B3 1
B, B R AR M SR KRR I A BRI AIC, 4 1.8

x6 EYMABAIRSEEER . KSSEMEMFEMTN

Table 6 Changes of heavy metal, water contents and biological parameters after different plant treatments

Ab PR Zn/mg*kg ™! Cu/mg*kg ™! Cd/mgekg™"  F/KE/gokg™" KIGFBE/MPN-g~' GI»/% pH

BrE Ve 1391.2+£20.1a” 233.7+2.2a 6.5+0.2 a 838.2 a 4.7x10* a 60.9 b 7.0a
GIEICR LD 1219.0+46.3 b 199.2+4.5b 5.6+0.1a 635.6 ¢ 2.7x10% ¢ 75.2 a 5.5 cd
ESP/S 1273.9+25.4 b 203.4+8.7 b 5.9+02a 598.7 d 8.6x 10° ¢ 88.5 a 5.44d
(AR N ON 1259.4+27.6 b 202.0+3.6 b 5.7+0.1a 655.4 b 2.0x10° b 89.0 a 6.1b
EEREER 1256.0+50.7 b 192.4+3.2 b 6.2+0.5a 662.1b 2.4x10° b 83.5a 5.9 be
K+ BWEERMEAK  1203.8+30.7b 197.3+1.6 b 5.7+0.1a 574.9 e 1.8x10% ¢ 77.4 a 5.6 cd
TR+ FEEEARHRK  1251.5+34.9b 206.9+2.4 b 5.8+0.2a 608.0 d 2.8x10% ¢ 79.1a 5.4d

DA TIEIME £ ARHERCn = 3) AR HE Duncan AR SS, [ 51 AN [6) - BF R A AR AL 3 B AT 2% %2 52 (p < 0.05): 2)GI: Germination index, Bl

KA TR 2 R A
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x 10°MPN=g ", SLUCH 2= L CRAEPD X, 3E & 4R 2R
R RS EOKREM AN 2.8 x 10°MPN-g ™', H
X3 AN A BRI TN 5 ORI 5K OHE IE AR 7 ( CAN-
CCME/BNQ 0413-2000 2 1311 000 MPN*g ™' 1) 23K .
ZARP AL LIS , K E R T R 2F R A T E B B
50% [ n] 4232 KT, 335 ) 20 b B (1035 8 K
R IR F AR B A R Ko b, AR AR
SEVEAS B 2 25 s . /K 2 & 5 HOB B V5 e 1) 838.2
gokg ™ BERAHYIMEEL S 1) 600 gokg ™' AT, A2
TR E AR S REM AR, 4 574.9 gokg ™',

HAAAAEPE 2 18] (¥ 22 57 3 V9 e () pH 2 Ab B
Je BT R 3, 3K T g L5 A ) A8 AR K T AR R )
WH)—SEATHLIR ISP oA % . IR R, e b
A, V5 FEARJE Zn Cu 15 RAHAT PTREAG, HILAR
NEAH BT ESR M A AR PRI ATA B
2.2 TOKAIZR R R MR R A AR HIHLEE

M 7 T LU, KA B 4R R/ R
HRERE T B R AL P, FOK 2R Zn. Cd & B AE A AL BE
BRI, X /N X 45 RATBL

K PR I 135 De U8 T 5 ¥ e IR /K 2

®7 ERRBEFAEHELEBEENTHEERS E/mgke™!

Table 7 Heavy metal contents in plants for different plant treatments in the pot experiment/mg*kg ™!

HeJE b AR FKAR P B/
AR AR 4242.6+623.1 b" — — —
LR 192.8+27.7 ¢ — — —

mn  EXK — 112.0+3.0 a 276.9+12.8 a 60.6+2.1a
HEERMERKR + TK 6129.8+184.2 a 143.3+9.7 a 199.2+21.5b 50.3+1.6b
FEEERMEHK + K 368.4+41.0 ¢ 125.7+7.6 a 237.3+29.6 ab 60.8+3.1a
AR R 9.3+0.4b — — —
AmERME R 10.2+1.1b — — —

Cu  EXK — 21.0x1.5a 7.1+0.7 a 8.0£0.5a
HE R SR + Bk 9.6+1.2b 23.3+2.1a 6.1£0.5a 8.1£0.6 a
FEEERMEFK + K 13.3£0.7 a 19.8+1.0a 5.7+0.6 a 6.6+0.4b
R AR RR 15.2+0.62 b — — —

BT S/NCEION 0.63£0.04 ¢ — — —

cd EX — 0.49+0.06 b 0.37+0.04 ab 0.50+0.06 a
HEERERK + TK 19.4+0.93 a 0.64+0.05 ab 0.27+0.05b 0.29+£0.02 b
FEEAREHRR + K 0.80+0.14 ¢ 0.79+0.06 a 0.53+0.04 a 0.40 +0.06 ab

DEH A EIE + ARAERCn = 4) ARG Duncan AR, [7] 51 AR 5 BE R AN 7)Aot A BHAT 25 22 5% (p < 0.05)

F4JE T i pH Al DOC(EE 8), L T R E R & A T
TR R AR A 2 AR AN R Tl b e B R Pl o
RIEAEF A, V59K IE R Zn & B A LE Ry, AL B
)R AT S 5 22 5t TR L ' R 2R i e R (M Ak B e
VU /KIEAS Zn 755 B BAR, IX UL A A s 2R AR
PSR AT B AL FSCR . MR AR AR 2R R
(75 e KRS Cu B S BUIK B & SRR SRR &
K38 J K TF 1 2 P Ak 2 o R A AR S Rl
VG ARKE A CdvZn B8 B, 10 K — My v
P KA Zns Cd R BECREFRL S, 38 R FE B, ]
In) i B 2R R A T 2 KA Zn/Cds AT
R T R AR e KON HE 4 S 1 R A el T
AR SORNIE T KA Zn/Cd, A3 FoK—
R AL T K B A AT T FBEAI, 9D T K IR R R

i, R 2 PR (1 5 PO

TR S5 2 R WA e T < e R s MR A A Rk
M Z K 6 s, TG e HAT W 1R
PEHT, TR BB AR IN V5 98 1) pH A% . 24K I
AR AR R 8D L 1w 2 ol 2K T 5t K R b A XS
T T B IR A AT L, PR ORI = SRR AN
T FEAR B R A A R S B X 3 <6 s 100 e 4 T g
(P20, [ Bt 350 B R g 5K P 49 2 1 K I IR A AR
FI IR A B 2 (1 T <

(E M0 PR v < e T A A R (R 78 2 TR 3R
K TEA B (DOC) B AR IR LA vy, (EL5 P o
REAH AL 2% 15 15 F L 0 < s 24 1 45 5, TS 38 22 5
FEEOFE -0 3R 8 R, E 4R R SOR SR (K
AREEH, DOC 75 o AR Ll B 4R 25 7 S5 OO oK
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Table 8 Heavy metals concentrations, pH and DOC in sludge solution for different plant treatments in the pot experiment

Aib 3 Zn/mg*kg ™! Cu/mg"kg™! Cd/pgokg ™! pH DOC? /mge L~
S| 1.83+0.05 a 0.14+0.02 a 3.48+0.59 ab 5.94+0.09 ab 160.5 +20.7 abe
(A NN 1.51+0.02 b 0.11+£0.03 a 3.10+0.24 ab 6.15+0.05 a 135.8+ 15.3 he
LR ER 1.81+0.08 a 0.10£0.01 a 3.73+0.18 ab 6.15+£0.07 a 140.7 + 10.4 abc
EP/S 1.86+0.19 a 0.14+0.02 a 4.38+0.33 a 5.81+0.08 b 177.8 £21.3 ab
HEERHRR + REY 1.49£0.05 b 0.12+0.01 a 2.73+£0.53 b 5.98+0.08 ab 116.0£21.5 ¢

AR RO + oK/ 1.75+0.12 ab 0.13+£0.03 a 3.85+0.45 ab 5.93+0.09 ab 200.0+14.7 a

LR SRR + K /AE 1.67+0.12 ab 0.11+0.01 a 3.20+0.24 ab 5.97+0.09 ab 167.9+23.2 abe
FEREERMHK + TK/E 1.88+0.11 a 0.13+0.01 a 3.23+0.36 ab 6.07 £0.06 ab 133.3+20.4 be

DAV IE + RHERCn = 4) ARG Duncan RS, 7 51 H AN [ 5 BER AN [ A A0 BEEAT 6 25 22 52 Cp < 0.05), AR BE S 06tk 25 22 5
DN EFERRBATRE 5 30/ : SR B SR AR TSR R — M /3K R TR — s /Al 2o AR SR AR T SR —

IB R IT I P AL PE B AR R R T

o o 3 g
VeV DOC 2 b B A, 11 [ — b 8 1) 5 % — ful, Rve

DOC 5 FEAE A Ab 3R 2 v d i, HUR T oK 9 DOC 75 6
W, XA BEA EOR IR RAE I K, AR R 73
WA HIAE 2 e e AR FIBLER, e et — B9 il T
B K — 0 pH AR DOC & 2 48 e R %
PSR PE A AR 2 Zn/ Cd RIS, AT i 3 B %2
FIZKE A Zn/Cd 1) 8 & SR AR M SR — A 3, A5 4
T e AR SRR 2 1 R T R A
A

Whiting 55 #F 58 7 ¥ B B 2 W Thiaspi
caerulescens A [F] J& (1) AL AR B AW Thiaspi arvense &
FIEVS N Zn0 B ZnS 1 13 A8 HAE M, 5 5 hh
FALG, Thlaspi caerulescens FIWEE & 2 25 W4 0, 1 55
ZHAEW Thiaspi arvense WEE & W W 5 FRAIG, I 3L
JRPIHEIA Thiaspi caerulescens 4711 5 I WRBE fE )
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