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Abstract ; To improve the economic value of phytoremediation, three flower plants i.e. Tagetes patula, Cosmos bipinnata
and Centaurea cyanus were chosen in this study to investigate their remediation and reutilization potentials. The pilot-
scale experiments were carried out in Cd, As and Pb contaminated farmland near the mining area in Guangxi. The metal
amounts, bioconcentration factor (BCF) and biotranslocation factor ( BTF) of three flower plants towards Cd, As and Pb
were analyzed and calculated. In order to develop a novel reutilization method of the harvested plants, the essential oil
was extracted from the aboveground biomasses. The inhibitory effects of plant essential oil on the growth of pathogenic
bacteria were studied, and the antibacterial effects of the oil as well as in the sanitizer were also investigated. The results
were as follows: (1) The studied area was heavily polluted. Cd and As contents in the soil were above risk intervention
values, whereas Pb content was above risk screening value. It indicated that the area was at high-level of soil
contamination risk by Cd, As and Pb. (2) The studied three flower plants had good resistance to high-level
contamination of Cd, As and Pb in the soil. Tagetes patula and Cosmos bipinnata extracted higher contents of Cd and Pb
from the soil, whilst Cosmos bipinnata showed the lowest metal enrichment amounts. These flower plants possessed high
level of BCFs and BTFs towards Cd, moderate level for Pb, but the lowest level for As. In general, the metal extraction
ability of three flower plants in descending order was Tagetes patula > Cosmos bipinnata > Centaurea cyanus, and the
metal enrichment preference was Cd>Pb>As. (3) The Tagetes paiula oil was found to have a good inhibition effect (<10
CFU - mL") towards Escherichia coli, Staphyloccocus aureus and Salmonella typhimurium. Given the high metal
accumulation in Tagetes patula, no significant amounts of metals were detected in the extracted oil. It also prolongated
the antibacterial effect of the sanitizer as long as 480 min. Therefore, Tagetes patula is not only preferred in the
phytoremediation of metal-contaminated farmland, but also the essential oil extracted from the harvested biomasses can
be developed as an antibacterial agent. This study provides the theoretical basis for the novel reutilization of metal-
concentrated plants harvested from the phytoremediation.

Key words: heavy metal contamination, farmland, phytoremediation, essential oil, antibacterial
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Table 1  Soil characteristics in the experimental areas
+HELSESE
- o Heavy metal content in soil (mg - kg™")
A HLR 2R EER T
WH Organic Total Available . ]
Ttem pH matter nitrogen  phosphorous Cd As Pb
(g+kg') (mg-kg')(mg-kg") : : :
ey AR Eois EER & E el RS
Total  Bioavailable Total ~ Bioavailable Total  Bioavailable
FLAETE R IX 5.65+ 25.7+ 1.95+ 2.1 4.81= 2,51 686.01x  21.76x  251.67+  62.4x
Tagetes patula area 0.2 1.2 0.5 2.3 0.3 0.7 27.5 6.5 38.1 11.9
P39 A FiAE IX 5.65+ 25.7+ 2.12+ 14+ 4.90=+ 270+  687.67+  20.53+ 24733+  63.6x
Cosmos bipinnata area 0.1 2.2 0.9 2.4 0.6 0.8 48.9 7.8 27.5 15.6
REFGFHEIX 5.72+ 25.1% 2.22+ 16.2+ 4.76+ 248+  683.12+  20.58+  241.67+  62.8%
Centaurea cyanus area 0.1 2.3 0.8 2.6 0.3 0.7 37.3 6.8 27.8 12.3
H{E 5.67 25.5 2.10 14.1 4.82 2.56 685.60 20.96 246.89 62.93
Mean
AT G PR AL 16 — 17 — 3 —

Single pollution index ( P;)

22 RBXEFHEDEER

221 G LI/ THELEZAET W
1A R TRIAE AR ) B3 R 3 4R
Cd . As .Pb By 2FUEAH (P<0.05), fLA R H I
X Cd As Pb = FhH 4 & (1) R fe &, oot
Cd 1 Pb i) 2FLETE 14 mg - kg DA b Hok ik
Wigg b b 3#8, XF Cd . Pb B9 R w3 K 7.57.8.2
mg + kg s RAEAHL TN =R E 4R 1 RALRE
5, BB mg - kg' £, =FAEIHY)
MR Ph iy B R A, o LA R U2
MR A B E I 30 mg - kg' BL B HR N
Cd, P45 FnfL 48 HE R 381 Cd BRE AN 12
mg « kg X As 1) R SRR, 298 1.75 mg -
ke, L ARRIETH Y X = Fh 48 1) R EE
KB N AL B> P T 3 > Rk 424, o fL 48
3G %t Cd . Ph B9 TR AR

222 oS E L B fe g RA S SR
2 Fis, SRAETHAEPINT Cd As Pb B & SERE ) HA
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TR T 45 %) Cd 198 R B J1 4808 (BCF> 1) , Hirr
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HIFLAEFXT Cd 1Y 42 BB 7 S5 ot 5 B U 307 44 b | 3488
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HIRNEF LR S T3> R 45

T e i 2 B8R 3 7 A W) s 465 T MR
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(P<0.05),

Different lowercase letters indicate significant differences among

e

three flower plants under the same treatment (P<0.05).

BT =R FA A e b R o G R R AR
Fig. 1

Heavy metal amounts in the abovegroud and
underground parts of three flower plants

VRZRTE . B35 DA VRO TRV B A 3, o RRLZH (TG T
K =T A TR 1) TR B0 0/ 5 A TR TR R A
BEAR (10°) B, o HR 20 mf = Fh 40 581 A9 B 7% B34 >
100 CFU - mL™, TN SZ 56 26 (FL 28 BORE ) o AY B8 V%
HH5<10 CFU « mL", 32 BHFLAE SO i X = i Jit
PR A KGR HA B ISR
2.4 ¥ N FERES T

BB FH 4 v 007 25 K TR 5 5% AL A8 ORI AR Sl Uk

T2 =SHEHAEYHNESEENERESMEERL
Table 2  Bioconcentration and biotranslocation factors

of heavy metals in three flower plants

[ LEN
Flower type
bR
Indicator Lk B PR}
Tagetes Cosmos  Centaurea
patula  bipinnata  cyanus
o b R R Cd  3.46x  1.58= 0.22
Aboveground 0.31a 0.04b 0.01¢

bioconcentration factor

As 0.01+ 0.01+ 0.0+
0.00d 0.00d 0.00d

Pb 0.06+ 1.57+ 0.01+
0.01c 0.12b 0.00d

R Cd 245+  2.80« 0.34%
Underground 0.12a 0.30a 0.02¢
bioconcentration factor As 0,01+ 0.01+ 0.01+

0.00d 0.00d 0.00d

Pb 0.13+ 0.13+ 0.01+
0.01c 0.01c¢ 0.00d

T e 18 4L Cd 141+ 0.56% 0.64+
Biotranslocation factor 0.03a 0.01b 0.01b
As 1.58+ 1.29+ 0.24+

0.02a 0.02a 0.00b

Pb 0.47+ 0.27+ 0.51+
0.01b 0.01b 0.01b

e ANFR/NGFRER R A — A 3R =R AR AR ) ] Y 22 R
3 (P<0.05),
Note: Different lowercase letters indicate significant differences

among three flower plants under the same treatment (P<0.05).

®3 LEERMPESESE
Table 3 Heavy metal content in essential oil

extracted from Tagetes patula

HEE A
Kb Heavy metal content (mg + g)
Treatment
Cd As Pb
HA GHAIK) ND 8x10°  6.3x10™*
Blank group ( Ultrapure water)

LA (LR ND ND 5.9x10™

Experiment

( Tagetes patula essential oil)

. ND Rk,

Note: ND means not determined.

TR RIS 0 R B R R, SE SRR S FToR,
¥ 480 min FYTECE T IRI Y, 25 (415 S0 5 4 P A T
VR R L TR B Hoh s (e BT R TR
0 (53+5) CFU - mL' 341 % (1 036+25) CFU -
mL" ;WA INFLAE BORE A S22 b, BRI T A
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Table 4 Antibacterial effects of essential oil

extracted from Tagetes patula

WAL
. N Colony count (CFU + mL™)
AR R 4
‘Baolerl.al ﬁfﬂ f%?ﬁ(‘[f& %ﬁ#ﬁi@% ’f’ﬁj}f?’/l‘
suspension Treatment S WA R N sl
dilution factor RIGHT I Staphy- [Nz
Escherichia Salmonella
. loccocus . .
coli typhimurium
aureus
25 4 <1 <1 <1
Blank group
10° JEHK >100 >100 >100
Sterilized water
fLAEHOR i <10 <10 <10
Tagetes patula
essential oil
10* e K 20 80 >100
Sterilized water
FLAE REAE <10 <10 <10
Tagetes patula
essential oil
10° JEHIK <10 <10 >100
Sterilized water
FLAEEE RS i <10 <10 <10

Tagetes patula
essential oil

RS5 AEERFABMARR

Table 5 Application effects of Tagetes patula essential oil

G B0 % BR A P AL
TR 0 b 3 Staphyloccocus aureus colony count (CFU » mL™)
Treatment
120 min 240 min 360 min 480 min
KN 53+5 127£10 46322 103625
Blank group
FLAERORTH 412 135 58+12 869

Tagetes patula
essential oil

BHHPIEE (4+2) CFU - mL ' 841 % (86+9) CFU -
mL! (HECE I WA s (A6 IR AL, PR L
FEA MBI PEF W 5, A BT 28 K T I 1R A%
R FFEEI TA]

3 itk

3 EHFEYNESREE S

AHFFELE ) = Fh AT PP B AT 7E Cd | As P
FETGG L R A K WX Cd | As (Pb
A% B HA BOR M2V, Y3 G R

AR 2 AL Tl 0 455 X 7 4 J8 ) i 1 D % 2 T KA
RZ Hob ot 8 4 8 (0 fif o 2 B A B AR
Wi 07 0 AL 2 S 52 B ( 9 42 Aok SC 3%, 2006)
FEYIANT I 4 8 s R H R A i U S &
SIBEE AN A, &R DA YIE e A
FEYIRRES , 2 22 fE R 2, B & B A & 4t b
TR B F (Chaney et al., 1997), fLA& %L
FEYI AN PN R SR E B X 48 Cd AR AY 3%
1 B CA- MR FH A G2 G 1, i >
i PR 4R, IR L Cd-SH B 202 B 2
R T IX =L, AR E & d X LA g stk (£
B 2014 UM, 2018) , TG TE AR Cd 1Y
JE T R P A A B A (SOD ) 1 PERG g | 4
o IR BT BRASOR e AR i A L A
IG5 T T 48X Cd e (i 32 P Be (X 74
2020) .

ARIFGREER R, = AL P 0 E 4 8 Cd |
As Pb &R 12 B8 )1 ¥ AN [R) , b oL A
Z%F Cd \Pb 1 BREE R, KB4 X = A E SR 1)
B SHIBREIRAR, X 52— (2017) BIWF5E
gER—3, kY IR REE S B H R, EE
s R EATRIEE AT Z PR/ AT
YEHI AR5 . ARYE BCR B M ik, 148
AEBPAS FEA S RIBICE MR &8
i AL AR A b B A A MR ORI 8 A
BEH AU IE S (A RS ) 246 55 TR $R IS A
FRELEE G (25222 2008 ; 8 TI4L%5,2017) . #H
[ 6 Y T 4 B T A o0 A AN [, HL AR 4 30 1 R A 858
BN 2SR K ( ERETFE,2014) , ARFEH, B
+HEhFE 4 Ph B EB Cd 1Y 60 fi5,/H Cd A
SOAS B  ELATE T Ph A RS i H BRI 8
EFBLAAN , R EAET A P 3 R Cd i 2
R T Ph i B R, 3R =R A6 T4 P ) &
SENRPESHESEBAUESH —ENXR, H
L, 4 E 48 Cd A Ph AR B AR B9 A A, 1
Cd B 2RERAEYIRT Ph BWI, {5 135 Ph Al fE g fl
PIxt Cd I, BT Ph s B ke B S
i) Fe Al Mn EALPIE BL 4, DX 4= B v iy Ph
TR XEREAE P U (#7N5:,2008)

FLAS R M 130 b R X Cd BRI
F 2, RUFLAE TN Cd AREM S EIEH, fLER
FRF P A 20 B 76 A AR T 3 R v mT = A 2 R 3R EN
iz RS A HLER , WG4k L G Cd, D infL 2
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X Cd IR (TR ,2020) , FEARMFFEH, = Fh
AETFHEPIN As 0O s 4R RBUAR(<0.1) , ATRE S +
b P(V) Y EARSSPUE ARG, AT A AR AT
T, FELLESR WA I7 N Il As(V),
FHTHES P (V) L FE—A I R SE (Meharg &
Macnair, 1990) . R, A5 ¥ BEME 8 o 36 A Py 0
FEINEIXT As B (Meharg & Macnair, 1991)

AP EESBBAFMET, K AF
ol esZ 5, fLAT LN+ 5 Ph & &
T, e L B R B, IR K AR R (B B,
2008) , FifiFs e Cd Rk B I 5, B 4
AR ZER AR R AR 2% LART
Rée 1) A5 b b B (05 T 45, 2020) A IE E o B
Hh RE P M R G W AR B R e B A Oy AR
g LU /N R T B A R R IR A R T
HRYIE LR, R HERT, LR SR A
B AETTAE ) 0 A BN U BT ) DT B P
i M L AE R A AR A 1 AR AR R A R Y
ARSI Z P B, IR EE Cd ¥5 JL K F (< 40
mg - kg VAR THHE JTHY KREFHWAEK,
Bl 1 1 b Cd W BE K P09 1S m (5 ~ 80 mg -
k), =FAEYI N 3R Cd EER S Cd 15 Y
KA B TEAR G (5 24 —55,2017)
32 BEREHFNBRNAES

FEPIRG I DAE Y AL i 25 AR R S AR A
Hh R E Y — 2 B R RV AR B Ok A AR
Yy, — et Nor 1 iR 2 BESE TR 2S5 ) o A
B 2R 40 55,2014 ) o AR BFREHE IS 9 = Fh ik
FHAEP AT RE B UK 5, & A L4 B 2Kt
ATERIORE I, BAS w rh A Rk 4 s . xR
B B FL2E FORS T e AT 4153 0 A, Herp 32 B 4y
SR IR 3 2E-6-(1-F R L W) FR 24 -
- AR M X -B-2 s | (Z) -2 s
(E) -2 8y B 4474 5 BUER 45 (F = e 5%,
2019) , 2 B LA B N B 3R 19 1 4 J O oK 52 g
M ESE & &, ol D7 e R, AR
SRFW], $E U 09 LS BORS I AU R A R K
FETR 4 B (005 2 BR A A0 €V T T IR 34 B A AR &
AR A5 T L AT AR A kT A A R S R
FEA PRI o AR RS T 97 0 B A 0 3% 1 ) L
AT . (1) SR A 40 T R T 22 4 TR 28 454
FIZEL R, 3 B 40 M AN T 396 0% 453 47, % TR 22 1R I
i, AR FE T 5 (2) REAR B ] 23 A=

TR 7 A R e AT BB BE BT T S A A v (B
S3FRAF 2018) LA BORE T A4y T A i A% 2 ) o
FIE A% [ (1K 41 T 40 P 40k B 07 P, AT 52 il A%
fRIEE  I & FEAMAE T (W 445 ,2014) . 55
O FLAERIR RAE 0 W B A R B IG PR o-— WE
Wy, AN AL AT DL Sy TR AR A B W) b7 IR kR
( Evenhuis et al., 2004) , 1 H & 5 5 HAL KR EY)
e B 2 AT R VE (AR 21, DA 48 o5 1 W 1R 1) ok g
FIHRCR (R MZEE,2019) . WL, BE K
FLAEFE] DUAE S K SR 0 0 OKS T B IR A B oK ok
] LA H A3 B Al AL 1 0 T P T, R AR A
YRS 0 R U5, SCRE T QR VR Wi F A W B iR 1Y
BB (¥ 2018 B U AR % ,2019) , (L,
VEREA T 0 6 7 A W) 0 E RS e M E AT B
B R EMERE 5L L H B A R AT 5 R AR
AR A0 AR 55 M AR 25 G, DR B o 4 T TS e Ak
FIZ BRI SR, OTT S BLY5 e H3E 0 it18 2 5 A
WOt 114 387 18 52 B =X (T 1) 55, 2009 5 i 85 4%
2012 ; Bt ,2017)

4 Hip

B 5T LA R B 58 RN Ok R A —
ETFHYITE Cd As P S Y B R RET,
IR TBERAA MY N W T, RES R
WF 2 (1) =R AR FAE P38 AT A8 8 S Y iy A 1 rp
EFARK N ESR LA~ EEEH, &%
e I RN G HEP AL ST 3 > R A4, &
HEEK/NH Cd>Pb>As, (2)FLEZXT Cd Fl As
M iis REBIIR T 1, 4% As %8 2EK
F 1, REHN = FEE BN ZE NN 1,
(3) 1B J5 I FL4E S 25t n] F T $2 O kS il , HL
Bt ESESESHEYERNESREEEL
Ko (4) FLAE RG0S B Ay LKA AT 14 | 42 8 0
BER IRV T TG Y B R s &) i
I YT oA B AR v A R A

SEH .
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