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Effects of radishes on the speciation and absorption of perfluorooctanoic acid in soil

LU Xueyan', LI Zhengyu®, DU Wenchao®, GUO Hongyan®, YU Zhiguo', WU Jichun’, SUN Yuanyuan®"

( 1.School of Hydrology and Water Resources, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2.Academy of Environmental Planning & Design, Co., Ltd., Nanjing University, Nanjing 210000, China; 3.School of Environment, Nanjing
Normal University, Nanjing 210023, China; 4. School of Environment, Nanjing University, Nanjing 210023, China; 5. School of Earth
Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: To understand the effects of radishes on the speciation and absorption of perfluorooctanoic acid (PFOA) in soil, a radish with a
strong root system was chosen as a representative plant to study the growth and PFOA uptake of the radish, as well as the changes to the
fraction distribution of PFOA in the soil under different concentrations of PFOA exposure in potted experiments. The results showed that
radish planting significantly changed the speciation of PFOA in the soil, and this effects varied according to concentration. Compared with
unplanted soil, radish planting significantly increased the non—desorbing fraction (12%) and reduced the residual fraction (10.5%) of
PFOA in soil at low—PFOA exposure (0.2 mg-kg™), but remarkably reduced the desorbing fraction(4.9%) of PFOA in soil at high—-PFOA
exposure (5 mg - kg™'). Radishes could uptake PFOA from the soil, and the concentrations of PFOA in the above ground part of the plant
(stem and leaf) were significantly higher than those below ground. Low—PFOA exposure (0.2 mg « kg™') caused a decrease in radish
biomass, while high—PFOA exposure (5 mg-kg™) had no significant effect on radish biomass. The results suggest that radish planting can
change the fraction distribution of PFOA in the soil, and then influence its potential risks to human health and the environment.
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FR N Z FAL A W (Per— and polyfluoroalkyl sub-
stances , PFAS) HL2& B 7K B 11 /AL 22 580 T Fl v 2%
TR0 M SRR A, ) 2 I A T A 77 H AR 3 55
ZAFIE . KIE 60 a A 7 FIE ] B & PRAS
PEAZ NI BT, W+ R K AR A,
R T AR R A B2 R TE I — R e, R
PFAS fiz 1 S A PR it &5 122 22— it FH V5 08 R 25 R

B MR R DTSR gt A 0 sk,

15 Y3 3 4 v PRAS W 5 28 5 K mg - kg B0 55
RIB AE R R ANEA PTG G P (POPs) , PFAS H A
BT R A AR BRE A i e SRR, £ 4
PFAS 75 42 tF N2 R v A XU £ %ol B i 4 Bkoc
TR

T AT Y AT R o3 Sy 3R IR AT A < AT A
B VEHLES ASERES 0TS AL EE
15 Y53 S EA A RN R SR A AR W e R R | i A
V5 Y AR ME S LT A BE AR AR R W, A= e] A
FHHERRAR, R, 38 i AILTS G i R AF TR S ok
S AR T R 2T R e L ] PR R A A
BB, OISR AP AR B 25 e A - 45
A LTS P TR A s FL AR A R
I35 BUOR TN 3 PRAS 5 4% 1Y R 485 XU JT J7e
5%, 5 Z2 K0 WF 55 A0 56 TE PRAS B A B 35 11720, & R
PFAS R L 25 W0 AP A= P | A 6 5 %
A AR AR 3 0, R T RE I BE A
MR A 2R 55 PRAS BIIRAEIE 25 3154 1 PFAS
B4 A 4 R ) P A DL ARG T [ PN A 2 A A 4
A HILTE G PR XU A HE DAL 0 2000 - e
A AILTS G Wy 1 A g A T e ST
I, 2 EAR X 43 rh PRAS A=y al 1] FEE 66 5200, %of
FHERR AL PRAS 7 + 311 2 58 v () 3145 XU L
HEERE Y.

LTI AT LA - 498 v R AR TR B R 1)
AR (PRFOA)ME R AR PFASP ™ SR FEAR R 4K
RIKME NARRMEAY) , IR S X1 5Erh PFOA
W A7 T 25 5% ) B W SCRRAE o R FH 4 23 B e i +
b PFOA TRAFIEAS #8378 8 b Xt 3 rh PROA A7
TEAS RSO SRl 8 b i AR A A PR AR, T
fli PFOAXT & s e

ME 57T E

1.1 PFOA
B HERRIE PFOA-[1-14C](“C-PFOA) I F 3%

1

TS Ak 2 28 S A 2.035 GBq s mmol ™, I
{2246 99% ., A Arid PFOA (CAS 335-67-1,96%
SYHTAL) WA A B T A ]
1.2 HEWESE

P TR A VLR A T 7S G il g Bk i (0~
20 em) , HHEXT  EEEE O 2 mm 0 S B EHREAS .
AR R 2 R K 3 SRR N s A M R R AT R
FEPY, + 58 pH o~ 6.43, A HLAR % 5 0 10.3 g- kg, L
BB N 1.1.0.29 g-kg ' F19.17 g-kg s

225 S BR Tk 5 G4 + 3 PROA 75 YK P31 ol
T HEPFOA WL 1% R 0.2 mg- kg F15 mg-kg ' (DA )i
i) . 50 wCi “C-PFOA FIARARIC PROA fif 5 1%
W (10 mg- L") L] PFOA JFUR , K I IR ST . B
T R—E 8 PFOA R e /iR A I &k 1017,
Iy T AR T B Y~k B W EE N 0.20 mg -
kg ' F14.67 mg-ke o S E SN0 AU HE 34>
FhAG & N4 (43 b PFOA W73 %10 0.0.2 mg - kg™
15 mg- kg™, 439 A 25 11 . PFOA 0.2 A7 Fl 48 il
PFOA 5-A43 i) , F1 2 A~ T Al 41 ( £ 48 b PFOA
FE53 5 0.2 F15 mg - ke, 43 FliE A PFOA 0.2-JCFf A
FIPFOA 5-JCFiE) , B bR 4 A

L E N (Raphanus sativus L.) f A48 8 b,
W [ SR A0 R A BRAS W (TR 50 o B AP TR T
RN A ERA ORI B R KRR AR ST
10.5 emX15 emx11.5 em, 35 35 W B AS U IR AT AR L S
2 i R 2 B IRLEE Ry 28 °C/20 °C, AN E N 60% ,
6 B8 A 200 wmol - m™2 - 57 4 HE IR B R £5 AE 60%~
70% 2. [8], 5250 1A [F] JCB U™ A
1.3 XESH

WK H— I L e A SR e T
A = R R b R L 0.1 g B R
W, A A S 5 A WS A8 11, J0 oK 2 ph e At
e bR KR iE RO L RS E BT 4 CCUKA
He AT FE O 2 AR USE 4 ), 4 000 remin™
250 10 min J7 BRI, >R 40 606 1 (Shimadzu,
H Z) 7 663 nm I 645 nm 3 T2 Hf 14K a
LR b S,

i1 Li-6800 f# #5 X O6A4Y (Li-COR , & [H) Wl &
[ — F A B B S 50 (FF,) FVSR S e 250, 1
$5 1% 6 A 8 K (Photosynthetic rate, Pn) A fL 5 &
(Transpiration rate, Gs) . M 18] CO, #& )& (Intercellular
CO, concentration, Ci) Fl17& [ 3 & (Transpiration rate,
Tr) o M5E 2544 A 5658 200 wmol » m2+s™", S AAK i 8l 33
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K700 wmol - 5™, CO, & FE 400 pmol - mol ™, AH X i J&F
60% .
1.4 £HEMCHSHHEFENE

P& 28 60 d JG WA I KU A SR K FkE 46
KA AR B AEAE AR H B 6 bk, A KRS T B
ZE00 KRB AR 5 b b CCEFNIE ) Fib R 3, R T
e e R PR R (b R+ R R o RS
B+ R IR AT R AR B R TR DL & b R
i “C—Ab A Py 0 S AR - HE RN P PFOA ¥
JE 53 0 B — 52 e F S S M (43 kg b 1 3 s T3 )
A A S BT A W AR AR A (Sample Oxidizer, Model
307, PerkinElmer, 3 [ ) i, iR 5 2E 1 *C0O.(800~
900 °C) , Z B Pk TN KR (xysolve C—400, Zinsser Analyt-
ic, 75 ) W WIS A T RR T F £/ (1L.S6500, Beck-
man Coulter, Brea, JIll & ) Ml 52 H “C Bt 5t & , PFOA
[ R 79.0%~82.0%
1.5 13t PFOA FRSNE

M4 SABATE 2591 XIANG 57 5 v, /e dr +
Berh PFOA MAAEIEAS . MERRFRIC L gk T -4 T 50
mL WO, A 10 mL& A 75 mmol - L' 2-%2
N L - B - ¥ IR (HPCD) 1 0.04 ¢ - mL™" & A AL 81
(NaN;) IRBGAIR AW . 25 CAMHE T REEIR G ,
PR 335 BN 150 remin”', AR K AE 20,60, 120,180 h
1240 h FFHCH , 3 000 re min™ 5.0 20 min Ji7 BU FiE
TR AT IR ATl i LSC R HOs sk B 1
B a] RS PFOA , I3 R 78.3% ~ 80.3% . ¢ I
RRBUS T3 HERA PRI 0.5 g T4 13 T 50 mL
RINEE DA A 7.5 mL H B 75 10 min, 25 C.,
4000 r-min” £/ N B0 10 min J5 B E I, FE 4R
W3 W I FIr A 8 W 0 1 B 3 v A AL
GEA TS PFOA, MR 93.7%~95.2% ., + 334 PFOA
SIS ) 1.4 AR BRI ZS PROA iy B 55 aT i
B A LS A A8 PROA MR BE ] ) 2518, RIER I 25 =40
- RS- PSS
1.6 #IBSH

B 4 L DT Y (B AR R 22 2R o R Excel
2019 F1 SPSS 25.0 % & #ia A it Geit S0, @
1 Duncan £ & LA UEA T BRI 28 5 22400 (2K
- P<0.05) .

2 ZER51H8
2.1 ThiEE |3t 11 PFOA I TERS A B 2200
JCFPAE FUFRAE B | 43 h PFOA AR A TE 543

1% WHART]

AN TR o KU PFOA 38 F (0.2 mg-kg™) ,
ke 28 - 498 rhon] SRR A AT AILAS G A IR i S PFOA
BB 43 i3 R 54.0% . 29.3% A1 16.7% , 55 To Rl
ZHAH EE CPTBE B 2 £ 55.5% , A WLEE & 45 :17.3%, 5k it
A:27.2%) A HLEE A PROABE I 124 43 15, ik i
A PFOA TR 10.5 4 43 a5, AT RS PFOA DG
FARE . AT AR PLEE A S A LTS Y44 B
LA A g R P S 4 A W m ) R R i ke S A el R
FHEARAR, PR, A 85 b AT BE 4 = IR & PFOA
15 Y - 58 h PROA W ZE W ol R R . i BB 9 0E 52
FE AR 2R 43 06 ) S 52 i) 1 358 v A LTS e [ L 4
PFOA . PFOS (Perfluorooctanesulfonate ) 55 | A7 T 25 1)
FEEE RV E S, oA b RS S
PFOA 5 NREFRESE th T2 MR AW T B8k
B PFOA & A MW, AHCHLRI A« (1) R R4
T4 PROA JIT o 48 A9 A 4550 A7 o sl DX, 9 55
PFOA 5 - B [a] W BEE T, )2 1 PFOA 75 fff 2= + 3 i
W (2) MR W, e R AR F i A LR
(Low—molecular—weight organic acid, LMWOA) , i 1%
iR P 4B B T Fe/ AL ALY A HIL RO,
P R Z MR R AP R YA HLT Y
T, Hop  LMWOA BB B 4 I8 B 1 s i B
B, I A e - Z M BHE F-PFOA” =M & W HTE
B, FEIE 2L X Fe/ AL ALY 0 75 g VR FH A REAIR 3 5
PFOA [A] #8577, ZE I 1F PROA & A= fft i e, 5
A, B K AE FH 40 PROA W BT hy 1 25 LA 7,
T LMWOA {2 fff TR AL, R LES
PFOA [a] 85 KA WSS | R AT R T PROA i i e,
U BE (5 mg-kg )PFOA JiMA T , Fifi2H 1 vh
AR S A LSS G AR RIERE S PFOA (19H 43 5 it 43
B4 50.3% . 27.5% 1 22.2% , 5 JC P AE 240 AR H (AT
W25 :55.2% , AL B 25 :28.0%, 55 75 : 16.8%) , +
0] BB 2% PFOA R FE 4.9 1 43 A5, A HLEE & 5
BRI PFOA JC i A8k (1) . S5ARMR)E (0.2 mg-
kg ) PFOA #H LE , /5 ¥ B PFOA 38 T APl 2 b X)
PFROA JEZS /A s i 58/, Uk B 38 N X PFOA JE 450
A1 5 I ELA AR SR (R MR B O . ST R A LTS g
0 ol 368 VA T 05 5 M A 0 AR 2R A 00 14D 3 4L K
TR R e SR IR R B R AR R
3V TR P 0 SO R 22 5 O R S R AR
W 2 AN HLIS Y (PCOPs) 38 A1 BEAE By ] %%
PR G HILIER I R 10 2030 T 58 80 W B PCOPs
U 360 J00 S0 A 0 R 2R 43 0 M 3 M R AT HIL R A
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§ 60 [ _%__ja:_ a4 b [ JoFP# Without planting
E L5 [ F1## Planting
=
b3 2 40f
\;:)\é E I a a a a
=< | b
S g I b a
SN b b
g2 201
we |
<
B
: 0
= 0.2 5 0.2 5 0.2 5
BLGES AILEE AR BRIt
Desorbing fraction Non-desorbing fraction Residual fraction

PFOA %&£ PFOA concentration/(mg-kg™)
WRRELAFEARERE (n=3) . AR FRERIR Rl — B A R b PR ] 4778 351 25 5 (P<0.05)

The error bars represent standard deviations(n=3). Different letters indicate significant differences among different treatments for a same fraction (P<0.05)
Bl 1 RE PFOARE T PFOA IS

Figure 1 Fraction distribution of PFOA in soil under different concentrations of PFOA exposure

5o DRI, 4 S [R] v B PROA JBiE R 35 N AR 2245000
VI BEFEBCR A EAFE AR HIE-RYIIA R
PFOA JE 24570 A Z8 AL 1T g J& 3 PE T\ PFOA ¥k 5 11

TR RV R IR A 25 58, 5 T -3 BRI &
Iy IR Y S RN L rP G A AL AN o AL A s

— LR FIUER]
2.2 N3 HiErR PFOA B IR Y 4E F

SR RO 7R 35700 CRIIN 52 C—Ab & P i s S
T B2 ) K PFOA 7635 N AR & b A8 WIS R e 38 R AIE
B X 3 PROA RIS FHAn 18 2 itz , 35 b i
A IR R YC- LAY, 0.2 mg kg B S
mg kg PFOA WME T, 38 “C—1b &k 5 551 ok
0.29 mg- kg F126.56 mg-kg ™', i & T H T H vk i
(0.08 mg-kg ' F12.29 mg-kg™") , B E N A )4
BEAEPFOA, 0.2 mg-kg ' PFOA {5 4% 1 3Eh s N R
B 4 RE(RCF MU &/ e i) L B3
5 R B (SCF , 25 i St/ - S S ) At B35 0 2
B RE(TF 25 O S AR O ) 53971 8 0.41,1.45
F13.56;5 mg kg PFOA J5 4L + 3 8 N RCF \SCF
MTF 535124 0.49.5.69 F1 11.59. 1 T2 N b FH [
A LA AR FIZE A RRAE , Bt = AT FHZE Al 252 [a] Y
LAY e (BILECAT ), BRI, 38 D M R 30 i 45 S s T
AR S TR A3 5180, ZE A 2 M4
W iz PRAS 1) 3 228) 71, Z8 PFAS(FRKF 91y
KAREESN) AT B YA ZR A5 B2 8 i e is 2 i |
TR & A BRI o BRI N M PROA VK B
TG TR AR A B R R . 5 2L, BLAINE
SO PRAY R[] 2R BRI ) 5 1 35 v PRAS (W Wi % iz

VEFHIT , R BRI Hb b3 PROA ¥ 3 5 M R &8 5~10
¥, 2 RCF 1 SCF {H53 51 4 0.85£0.17 1 7.60+1.52,
Ji81,5 mg-keg PFOA Wpif T8 b b 3R R 3B
PFOA ¥ J¥ (26.56 mg - kg™ #12.29 mg - kg™) ¥J 1t 75 F
0.2 mg - kg 'PFOA 8 T AH Y. 25 I 457 19 ¥R B (0.29
mg-kg ' F10.08 mg-kg"') , KB i B PFOA 13 rp i
NXTPROA ) RAAE AT 38, X 5 PFAS 7EA4E 3% 3R
F/INZZ S ) v 1 SR AR A — o2 B H R
KF A PFAS T HEY) & S 68 1 22 5 A A AL
MR, 50 SCERNT H & BRI X PROA /Y &
LERE ST AE AN Jm ] g 25 22 55, 40 XTANG F'7'BF5E T 20

40 [ [ #1134 Above ground part a
E 35+ O H2 T3 Below ground part
ERD
£ 2301
& & o5t
B Z 20r
% .*g =
]z 3T b
<o s | T
87
£ T c
0 d _d —
21 PFOA 02— PFOA S—ATFlfH
Control PFOA 0.2-Planting PFOA 5-Planting

Kb Treatment
IRZERAFTNRMEZE (n=3) » AR FEEFIRZE 57 1.3 (P<0.05) . FIH

The error bars represent standard deviations(n=3). Different letters
indicate significant differences (P<0.05). The same below

2 REIPFOA IRELLIE T HERIEE ith EER(ZE i) ANt
T AL AMRE
Figure 2 Concentration of “C—chemical in below(stem and leaf)
and above ground of radish plants grown in soil treated with

different concentrations of PFOA
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AN AN AESEXS PRFOA B W ISCRI S e VR, & BRAE Wi
PFOA ¥k 338 (0.2 mg- kg ' 1 1 mg-kg™) , A=52H)
RCF M1 SCF {53k 17.7+1.54 F116.5+0.05 ; DU 2521k #i
# ) PFOA i RCFH 535 11.3~17.4. BLAINE Z:0
il T TSN PFOA B RCF 1 SCF {H Jy 1.42+0.37 Fil
0.71+0.21, PHZL A 24 0.96+0.10 F12.42+0.50, i . Ky
0.79 +0.22 1 0.52 +0.04, ZHANG 229 % 3] /)N % %}
PFOA 1) RCFAEHE/IN AL R 0.021. X Al 5 5 M PR
FA B AR A R [R] 1 R K A 25 I A O,
2.3 TIEHRPFOAXE N ERKAZ

TR A E PFOA (0.2 mg-kg ' F15 mg-kg™ ) A T
& N R R (TR WE 3A iR, 55 A4Mt,
IRV B PROA JHpa0 ff 8 b AR i S 3 R AIG , o VR
PFOA i}l T JC i 2 25 5 o 5050 PROA Yk BEYE [l Y,
B ONAERK R R B2 ERER, FUHE bt
PFOA 75 L H AT B o 1 T 52 B8 1 o XTANG &' 5¢
T ZA S Bl A SEXT 1 3 v PROA V5 L i Wi iORn 5 i
R, &I PFOA X A= S A 4yt 4952 i DR A= 352 i B
S U A3 i R A A S BRI PROA i 1 1 55
VR G i 25 5 (R AR, A Rl AR W R LT AR A2
PFOA W8 5200, A7 D3 434K A 3 it B i A6 4 o
AL ARSI 25 FEARRL, BP Bl PFOA & 52 1 T i S B0
JeREAR T B AN A3, 0.2 mg - kg™ PFOA Jifift T 438
EM RN 1 mg- kg PROA A T A 3 2 it 15 %0
HEZH TG 2 2 25 57 (ELAH B P AL A i ANV A8 . PFOA
FEFEY 3B A BB S g i (e 2 DL
A, SR R A o ABIFSY 3 2 S Hr A [R] S
55 55 N R OB SR A R I, 57 1414
L, AIRHR B PROA paf X 23 28 7 it (181 3B) b
BRI 4A) AR CO M (&1 4B) (M F 78 15 ik %

——is

=

w
T

-

Ay (T )
Biomass (dry weight)/g
—_ [\S]

ZE PFOA 02— PFOA S—AT i
Control PFOA 0.2-Planting PFOA 5-Planting

Kb F Treatment

([ 4C) RS AL T BE (4 4D) 29 0 2.2 52 i, 5 g 241
il T WS S N S AE) 5 =R PFOA Wi Xt ir A
SEMEA S TC B E R (K 4) 53X 5 & i
RS MRS AL EZER -8 BiRr
FORMLI A R it — PR R T

£ PFOA V5 4% + 3 - FpiaVE Y s b T 18 2
IF, 5 [6] ) 2% FE A W) % PFOA 14 55 4 Bk 3 & Hoxt
PFOA M1t 52 fE 71 . PFOA V5 Y 48 0 3% 4 FhoAw it 57
fE J5m EL AT £ FHER 40 6T PROA B 2268 1 2 10EY) , A
WFFE g N H R AT AR A X PROA 11 5 ik
J1852% (RCF 4 0.41~0.49) , H Xt PFOA HA —E i 52
REJT BB G T PFOA V5 Y 135

3 #ie

(DR B e B (PFOA) i, 8 Ml 135
A LA G PFOA BN FR#AS PFOA & T
K, 1 5 v B PFOA a8 R 38 il 4= 358 vb m 5 B 285
PFOA I &A1 .
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