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Abstract: The effect of three surfactants, sodium dodecylbenzene sulphonate ( SDBS), cetyltrimethylammonium bromide
(CTAB), and polyethylene glycol octylphenyl ether ( TritonX-100), on desorption of heavy metals in paddy soil, plant
biomass, and uptake and accumulation of heavy metals by the Zn hyperaccumulator Potentilla griffithii var. velutina was
investigated in pot experiments. CTAB caused greater desorption of Zn, Pb, Cd and Cu from paddy soil than did SDBS or
TritonX-100. Desorption of heavy metals was in the order Cd > Zn > Cu > Pb in all surfactant treatments. Biomass of
various parts of P. griffithii var. velutina treated by these surfactants was 0.2 —2.5 times higher than that in the control,
and the biomass was in the order leaf > leafstalk > root. Moreover, the surfactants increased concentration of Zn and Cd
in all parts of the plant, and increased the concentration of Pb and Cu in the leaf and the leafstalk. At the same time, the
surfactants markedly improved translocation of Zn, Pb, Cd and Cu from root to shoot, resulting in an increased shoot/root
ratio. All three surfactants enhanced the phytoremediation efficiency of P. griffithii var. velutina, as measured by its

bioaccumulation of heavy metals from contaminated soil.
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B EEAR B THET GE FRAERRTEZ AT K, BV EE 2 RAR N DRESRITINE
BEHEAT Y REEYBEMRAWANEERRE: I RSB T EEENERGBE EEY; REE S
FEE AL EMRUR L B RR I AE Y B R B SRR EES Y . Bl TASEEE
FEHEYFTEAERE AR EYR/NEAR, H I 8 E TR =l A e R R R B EER
PLAMEBEREN N Ko bFa Ry E SR BANEA , B 2Bk E AHKE

RV ) DR A WL R B A FAE SRR IR A LTS Y B P LA 2 9 B Aok
FiRE AT HEESBEIAEOFR Y . REEHEFR T IRHE R E SR R SRR A Y
FFARESNT 30 AT DA st 38 0 0 R 0 5 P SR vt B TR k™ ' o LR, A e R TR PRI X A B
BRI MOPIRAZER TREY AR AEFRE ML E ™, T Y RE 2R MR
UL L P R AL B A W E 4R RSO R ARG o TR, D T ST T R T PR
&R WA B 8 B SR AE Y R R ORI, AR SR B 3 A [ 8 3 R ) 2 vl A - e B
PR B (SDBS) 7 bedk = H B IR AL 8% (CTAB) 3R £ — B3 LA FEBE (TritonX- 100) , HFFLEA TN LIRE S
& B R BSCR B HA Zn BB SRAEYI K R B R BRI B R E R B R 1R, 2 3 T 18 450 3 1 o 4R
WYL E RGOS RIEML RS %

1 #R57EE
1.1 SEmbhel

B A Zn 8 B SR K T BRI 3K (Potenvilla griffithii var. velutina) ™', SERFHER AT RA
KT BRI RS LT L R BRI K TS S KAl £, AT LR 1 Horp Zn \Pb Cd Fl Cu F)
R N R ARE(GB15618-1995,pH <6.5) 9 1.9.,1.2.7.2 71 8.8 i, AT WL/K A% - H ) Cd
i Cu FIT5 3 LR E

F1 HidkBLERBLER
Table 1 Basic physical and chemical properties of paddy soil tested

EEEAeRE (mgkg™') A A

Heavy metal concentration Available Available %ﬁ‘ ﬁ*ﬂﬁﬁ
pH . Total nitrogen Organic matter
. - cd c phosphorus kalium (%) (%)
0 0
" B (mg-kg™")  (mg-kg™")
389.25 +40.90 297.60 £1.33 2.15+0.08 438.17 +23.88 4.27 +0.02 1.18 +0.20 72.30+5.52 0.15+0.02 2.14 £0.29
1.2 SRt

RRAAAR . AL TG 2mm 57, FAMES, SRS+ 1. Okg, A5 WE T - B BUK Hkt
A—HHRKZERZERGERAGZS , BE 3K, FEK 4 MNAE, T REEER G, FrAm 3 FRmE
P2 B 7 B B8 T2 9+ e AR AR 4 (SDBS) | BH S T B i+ /S ot 3 = 1 35 354k 8% ( CTAB) Ik 85 75
3R 2 — B FEHE IR (TritonX-100) o 4R EIE M1 3 4L HE 0,0, Smmol -kg ™' Fl Smmol kg ™', Hirp
FI—AXF R (CK) , A 4b 38 3 RE R, BEHLHES) TR ZE rh . I M4 B 70 18 25 85 17K BC A L 7
P 4, X R R 25 B T BRI 5 15d SR W R ORI RE B SE R B SRk shik, JE I B TR R,
P K 450 TR R R R BIK A, 20 WEFIAR 3 ANERAL, 76 105°C T 2% 30min,70°C FHEIEE , HE KT
HILEYE
1.3 Wik

(1) REEHRIFRTESBME  FRI—E & # SDBS,CTAB Hl TritonX- 100, /il % 85 F 7K 4> 5 B A% 0. 5
1 Smmol - L™ BiAfvk B . MEBAFREGT 20 B i ik 75 1 3. 00g, #5231 b 10:1 ¥ i 30ml 2 7 3 5 3%
W, A 50ml B0 ,250r - min ~ B IEHR Y 4h, 2R )5 LA 35001 min T B0 10min, U FIERPESRBSE, U
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EEFRRERETEMREBRR HIRESEN LEBCI R, DR ER 3 I, IR I8 R T 15 M
fERESEESKELPIESRELEZ HRITERRE,

Q)KBERESBEENE MWK, B KRE LRI AT, FREGS 20 H Je Je i 1 1 34 &
2. 00g, A 20ml £ F7K , B A 50ml BS.04 ,250r - min BB HEY 4h J5 , 7E 3500r-min ™' F &0 10min, B |
BRNEKESERREE.

B)ESBSTENE MY RA HNO,-HCIO, 21K 4k , 485 Fi ICP-OES( Optima 5300 DV) 1l & A8 4
W Zn . Pb .Cd Fl Cu FEER S &,
1.4 BEoath

FH SPSS11. 5 Bk A43 H i) Duncan’ s F7 &M 2215 (SSR) 7 8. /K- 0. 05 I AE £ LB /47 s A R AL 23 #
Fi Pearson R%, 3 F R ( Two-tailed ) #F1 7R 5 o
2 ZR5H5m
2.1 XPKkAE L ESRBRREENE

3 PR TG PRI KR - P E SR AR RBCR IR 2 Fim. XF Zn 1 Cd T 5 , RA FHES 7 B3R 1 15 MR
CTAB R B Z 18 = BT MR R , - FEAL RV B A3 T3 b, Zn 1 Cd AR BAE 0. 5 Rl Smmol - L™ ZbHH ¥k
FERF 32 B 1.5.3. 2 £5%H12.0.3. 3 fi%; T SDBS F1 TritonX-100 X} Zn I Cd MR EA BESCR , £ =
FEHARYR B (0. Smmol - L") BHZHE /K FE £%¢ Zn  Cd HY B, X+ Pb Al Cu T 5, HA W BE (Smmol - L") [
SDBS #i1 CTAB e BN TR E , 53 3% B 6.6.17. 8 £5H15.1.13.9 %, HE A FHERER A BE%
R, BH¥KFE ,CTAB Xt Zn Pb . Cd FI Cu HIfFRIR AL R E 3% T SDBS Ml TritonX-100,

F2 IMEAMEEANABLIPESCRUBRIR"
Table 2 Desorbing efficiency of heavy metals in paddy soil with three kind of surfactants £t32 Treatment

AbPH Treatment 4B Desorpting concentration of heavy metal (mg-kg™!)

(mmol-L~1") Zn Pb cd Cu

CK 6.82+0.60 (1.75) ¢ 0.33+0.13 (0.11) ¢ 0.04 +0.01 (2.02) cd 1.23 +0.24 (0.28) cd
S-0.5 3.04 +0.39 (0.78) e 0.38 +0.16 (0.13) ¢ 0.03 +£0.00 (1.52) e 0.76 +0.10 (0.17) d

S-5 6.70 £0.53 (1.72) ¢ 2.18 +0.57 (0.73) b 0.05+0.01 (2.26) ¢ 6.29+0.91 (1.43) b

C-0.5 10.35 +0.48 (2.66) b 0.33+0.05 (0.11) ¢ 0.08 +0.00 (3.68) b 2.08 +0.31 (0.47) ¢

C-5 21.95+1.13 (5.64) a 5.89+0.85 (1.98) a 0.13+0.00 (5.82) a 17.04 +0.74 (3.89) a

T-0.5 4.54+0.16 (1.17) d 0.07 £0.02 (0.02) ¢ 0.03 £0.00 (1.35) e 0.98 +0.04 (0.22) d

T-5 6.22 +0.59 (1.60) ¢ 0.20 +0.01 (0.07) ¢ 0.04 +£0.00 (1.74) de 1.36 +0.16 (0.31) cd

* RPBEATPEIE « trEE (n=3), TS ABERAERE (%) ; FIEBIE P OAFNFRERE BEFER(P < 0.05);5-0.5,C-0.5,
T-0.5 F1 S-5.C-5.T-5 43 B /R F MW 1% M7 SDBS.CTAB, TritonX-100 [¥] 0.5 1 Smmol - L~ {{j4b Bk =  Number in table represents the Mean + SD
(n=3), and number in bracket represents desorption rate (% ); Values with different letter in same element and same column indicate a significant

difference (P < 0.05); S-0.5, C-0.5, T-0.5 and S-5, C-5, T-5 represent 0.5 and Smmol+L~! of SDBS, CTAB and TritonX-100, respectively

MFE 2 BT LAFE H,3 FpR T 5 PR X 28 B R AR # K, Zn \Pb Cd F1 Cu 43514 F 0. 78% ~
5.64% .0.02% ~1.98% .1.35% ~5.82% F10.17% ~3.89% Z |a] ,3x F A G MR AE T Rk B AKRE T
HES RN ;I BAERTA LT R ISR E 4R MR R EI Cd > Zn > Cu > Pb 987, Ui /KA
+-%F Cu F1 Pb fy I FBE J7 854
2.2 XYL EPZ

B 1 AT, R TS T K R B R B SR AR FIAR 1 A P R B 3 n T 0.5 ~1.9.0.2 ~1.9 I
0.4 ~2.5 1%, BRK¥KE (0. Smmol kg ™' ) KbFRHT TritonX-100 XYM WA CTAB %48 4R 4 A= 9 B3 fin
RE 5 E KA, e R SR AL A B3RO K A Y B AR B E I N, S Xt R —AE, T S R A HE
MRS TR A Y B ERZ B > W > IR ARHE, XA R TR X EED H EHR kR LIBRELR
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2.3 XHHEYINE € R K
REFEHEALEORKEBRREAIBANESR
ESRUNE 2 Fs. SXAELE,3 ik mis v AR gk
REBZBRET TR Zn Cd BT, B C-0.5
AEBREIAAEAN T-0. 5 AL BRAMR P Zn & 85D, HEAL B K
SRR B B E K b S-5 AR EEN Cd 3R AL OR
RYLE, H WARE Cd &85 7.3.4.3 F
4.5 ff%; 10 C-5 A B KT BRI A ALK Zn 1)
SEAL R e i, M AR AR (9 Zn 258 20 HR X IR AY
2.92.9 15 1.6 %, X AT RES1EK 2 P AHIR CTAB ¥k
BET oK R £ Zn e A K, BUE YR R AE R IL
WL Zn JEEE R EET . [FIRE, BT A R i M50 Ab
BRARIE I T AE Y RIS Pb A Cu BRI, BR S-0.5 Al
T-0.5 ZEE M- rp Cu & &SN, HE AL BHAR X B B K
5 AL C-0. 5 ALHE RN Y Pb S BRI IEECR, 7
BIRXIRAY 2.8 A1 4.7 A% MM Cu & & LA S-5 47
I ey, X AR A 2. 2 %, X T BB 5% AL BE X KA
Cu IR RBORELF (R 2) AR, Wi Cu HELLC-0.5
AEFRIERCR, X RAY 5.8 £ . BR S-5 ALFE B E B ANAR
w1 Pb & 3 K T PR R AL 2 (0. Smmol kg ")

i 29 %
_ 320, OCK ©S-05ES5 EC-05
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Fig. 1 Effect of Surfactants on biomass of leaves, leafstalks and roots
in Potentilla griffithii var. velutina

P e ] — AL A R RER R A B 2 5 (P < 0.05) 5 S-0.5.C-
0.5.T-0.5 il S-5,C-5.T-5 4y 3] & 7~ 2 1 3% M 37] SDBS, CTAB,
TritonX-100 ) 0. 5 F1 Smmol -kg ' fIAL B/KF; F 6] Values with
different letter in same part indicate a significant difference (P <
0.05); S-0.5, C-0.5, T-0.5 and S-5, C-5, T-5 represent 0.5 and
5mmol - kg ! of SDBS, CTAB and TritonX- 100, respectively; The

same below
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Fig. 2 Effect of surfactants on uptake of heavy metals of different parts in Potentilla griffithii var. velutina

2.4 FMHEYRBANEEESBBCRBEN

M 3 AT, RS PR RN T KR BZ LI EFRXT Zn Pb Cd FI Cu HIIREUE, 7351 B0 IR F-3
WhN4.0.5.6.3.7 M 8.7 £ XRREHEHUFEHEY L IREY B LHEGRSBMMOER . Bk
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& ,S-5 AFEXFHRE 4 FhE 58 KR ABORESF , T T-0. 5 AL R) SRR B2

IRl , 2 T P AR 2E B i MR SR [ 3 b 3R 3%z, (S E M E SR b LI EE (R 3) . H
HR SR T T AT B 3t R Zn A Cd i B TARER, Bz RECKN/NT L IE A AL B, C-5 A BAUR IR biF
Zn I Cd #%i8 R B 3B RIS N T 0.67 F10. 62,C-0. 5 A BRI 22, #F R4 fn T 0.20, Pb Al Cu HI&
BRI AREGTZ AT EFR, Ho C-0.5 4b2ExF Pb Al Cu BB RCR &, 2035 T 0. 10 A 0. 28 ;5% 2b45
Rk CTAB FYREE 7K (25 5 00 A [F) B 42 i i 9% 12 R 0™ A AN AL o

B T2 R AE AR SR A B/ T b B3, IR e T E SR BRI RB(K3) . BRS-
5 FIT-0.5 kP EFR Zn 1 Cd ) BIRREA BEF0HS, HE LA B ZH T Zo Pb Cd Fl Cu 7E3b |
EREg i, Horp C-0. 5 Ab TR A3 SR S WAL, BVt B FA Zn Pb Cd 1 Cu FT o HLBIBO0 B BN T 8% |
42% 8% F144% , 1 T-0.5 b B IEE /) o

®3 RARMEANKEEZRXNESRRIE . RAE HERYENEVEERBHZNE
Table 3  Effects of surfactant on extraction amount of heavy metals, percentage of accumulating amount, translocation factor and

bioaccumulation factor in Potentilla griffithii var. velutina

Lbpe 4R SRR (g plant ') B RE(S/R)

Treatment Heavy metal accumulation Translocation factor

(mmol kg ") Zn Pb cd Cu Zn Pb cd Cu
CK 42.21d 1.79¢ 0.11e 1.13d 0.87c 0.05d 0.80c 0.0%e
S-0.5 255.39a 13.33a 1.31ab 4.58b 1.38a 0.13abe 1.38ab 0.17cd
S-5 263. 86a 14.11a 1.53a 7.77a 1.43a 0.11be 1.01c 0.19be
C-0.5 182.63be 15.33a 0.91c 7.19a 1.07be 0.15a 1.00c 0.37a
C-5 203.23ab 9.03b 0.80c 4.72b 1.54a 0.12be 1.42a 0.21b
T-0.5 120. 60c 5.85b 0.47d 2.77¢ 1.47a 0.10c 1.02bc 0.20be
T-5 244.57ab 13.50a 1.09be 4.96b 1.15b 0.14ab 1. 14abe 0.15d
43 ﬂii.i:%ﬁiﬁﬁ %fﬂ% ‘(% ) ‘ i%%%%ﬁ

Treatment Heavy metal distribution in shoot Bioaccumulation factor

(mmol-kg~!) Zn Pb Cd Cu Zn Pb Cd Cu
CK 84.48d 21.56e 83.29b 35.49¢ 0.84d 0.05¢ 0.38d 0.02¢
S-0.5 91.24ab 49.28b 91.36a 55.95b 1.84b 0.13b 1.70ab 0.03b
S-5 87.56bcd 34.23cd 82.79b 48.74b 1.94b 0.13b 2.05a 0.05a
C-0.5 91.99a 62.15a 91.47a 79.77a 1.53¢ 0.17a 1.39be 0.05a
C-5 89.98abe 42.29be 89.40a 55.94b 2.40a 0.13b 1.73ab 0.05a
T-0.5 86.99¢cd 31.59d 82.09b 47.49b 1.70be 0.11b 1.21c 0.03b
T-5 88.49abc 48.33b 88.43a 50.56b 1.71be 0.12b 1.38be 0.03b

*EHRERE = W ERSESTE x W EMAYE b ERESERRR (%) = M ENESERRE / MAESE R AR x
100% #5527 H(S/R) =  EHELEBESE / MBESBE SR, EVEERY = L HELESE / £WPELEE SR Heavy metal
accumulation = Concentration of heavy metal in shoot x Biomass in shoot, Heavy metal distribution in shoot (% ) = Heavy metal accumulation in shoot
/ total accumulation of heavy metal in plant 100% , Translocation factor = Heavy metal concentration in shoot / Heavy metal concentration in root,

Bioaccumulation factor = Heavy metal concentration in shoot / Heavy metal concentration in soil

BEAh, BT RFEBZRRIH M EIE SR & B, WS ZBAEY R Zn . Pb Cd Al Cu B4V & 5 R B0
BEIIN, AR EE PR E T KRBRBEN KL PES BRI, B S-5 485, B EBIEY
BERPERZI Zn > Cd > >Pb > Cu BX R, XULIIEYIN Zn Fl Cd B A RE S B8, Xt Pb I Cu & 5L HE
T X RS RRBRRIGR In B EEEWA K, B 5 BN KRB K Zn Cd KFE KRBT
1,7 PbCu #IRIURFRA) & BT AT o EFRH & &, N SBUEY X HE RS .

B REGEHHR S T REBRRIN E R ITHR IR B R, S B,
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TIPSR e R T R BB T LA B A VR I AR AR B R AR 1 AL
REMEER S LRI NESRBETHE R ELRER TR R SR LR, 3
PTG P57, CTAB X 7K 8 + P 2 & FO A R CR 5 T SDBS Al TritonX-100 , X 5 M- FIFASE A BB FE 4558
AL 5 IR, 25 SR T R S5 7K R - BRI (pH = 4. 27) 4 5%, IR A A PR PERR 558 v PH S T B 3% T 15 0 %
EeRBNERFE THEFRMES FRRERER

®4 KBLPECERBREREARSESCRAESHYEHUESRSEBNEXESIN(n=9)

Table 4 Pearson correlation coefficients between heavy metal concentration of desorbing and water soluble in paddy soil and concentration of

heavy metals of different parts in the plant

; TE it Leaf Leafstalk Root
g SR t i Leafs R Roo
Surfactant VY e
in soil Zn-Zn  Pb-Pb Cd-Cd Cu-Cu Zn-Zn  Pb-Pb Cd-Cd Cu-Cu Zn-Zn  Pb-Pb Cd-Cd Cu-Cu
iR - N . .
SDBS . 0.163 -0.057 0.552 0.846 -0.103 0.030 0.281 0.813 -0.022 -0.403 0.729 0.831
Desorption content
KA . . x
0.203 -0.736*-0.018 0.633 0.353 -0.275 0.145 0.751 0.198 -0.766=0.165 -0.048
Water soluble
CTAB WI&E. 0.066 0.285 0.057 0.662 0.375 -0.272  0.337 -0.118 -0.103 -0.095 -0.190 0.578
Desorption content
KA - .
0.591 -0.701 0.354 0.982 0.681 -0.786 0.572  0.671 0.486 -0.215 0.301 -0.19
Water soluble
TritonX- HIREE 0.5  0.53 -0.602 0.992°* 0.519 -0.4%6 -0.216 0.667  0.690 -0.537-0.081  0.992°*
100 Desorption content
KA

0.542 -0.105 0.053 0.358 0.362 -0.009  0.210 0.926**  0.794* -0.448 0.024 -0.529
Water soluble

w Flx # AFHIFRFE0.05 F10.01 /KF FAHCH: 3  Pearson correlation is significant at the 0. 05 and 0. 01 level (Two-tailed) , respectively

REEHERCEFER R EBREEEIAAEDRIEMT 0.2 ~2.5 %, XA SKEEERXNELBE
SRR 36, N KRB RBRSETER Zn K 35 H b 50 AR 35 14 A5 47 2 b 4 3 8 38 fin i 384 i, 7€ Zin = 160
mg- L™ B4 R X R 66. 6% 1 BIZE—ETEEI AR KA R L ES R SR ASE M ES R R
ERY AR BER IS B EREEEIE N ES R TR A BRI, R, R
EHERIARA P FES TR WA SR ERFEBRERNAERK, SEEYER N ; H vk SDBS CTAB
A TritonX-100 ) 0. Smmol - L ™" Fl Smmol - L ™" &b B ¥ B fift W 9 K & 843 3] Eb ot BB 3% Ain 38. 37% (32. 52%
13.09% .195.75% \77.70% #122.70% . WAb, — & V& BE MR T 5 PRI AL B W] DAXS AR AR D & . IRk
FER LAS MHBE B R M E SR04 K, T ELRESR AN BM% Cd X S E , JF HAER YR E (100 mg-kg ™) 4b 2
I A B B TR XA R IS R T R A R E LB KRB R RMEE, K,
SEEYE KL BERIN; X BRI KT EBZRE X SDBS,CTAB FI TritonX- 100 7 fR4F My it 44, BF 0. 5
mmol - kg ' I Smmol - kg " AL PRV BE XK R B R BEEM A KRS R AR E 5 i T T S MR & bk ORI
B R set RSP E R TR R B RN R MR IS NI E LA B R, X TR EBRER
i 52 3R 3 3 18 I 5] ) EL AR R BE SR 75 i — 25 R AR

KETEHERIKRZ BERE T KEBZERT AR AT Zn Cd Fth_EFXT Pb.Cu IR (E 2) ;
MMFE 2 AT, 3 PR G MR X KA £ 9 Zn Cd Cd A1 Cu Hff AR /D, e WA B R in T
3.89% , e/ NEE BRI BRI T 0.97% , XU R EE M RAKE P EL R AR ENEIEE AR H
[Fl B AR 4 A5, BRAE P Y Cu & B 57K - R mE MR Cu & & RH/KER Cu S EMAHR
HREZHRBBEFEHASN HE3HELSRAEMYTHESESEL RPN ERZALRZHRE BEHRK
P, 52 B IR C X R IIREE R K R B R SEX 48 I B 5HXT 138 E 48 My 4
YERIA R0, iR W] R 5 H M A M A MRS A B 56 . R TENE MR & — P VA 1 I B R ARRIR IR R IL B
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S YIRS B AR AR K O BE R AL S IR R, 2R T 15 YRR 7E K o A s A B i B2, O
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