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Occurrence Characteristics of Pyrene and Arsenate and Their Interaction in

Pteris vittata L.

ZHANG Yu-xiu', MA Xu'?, LIAO Xiao-yong’", YAN Xiu-lan’, MA Dong’, GONG Xue-gang’

(1. Department of Environmental and Biological Engineering, School of Chemical and Environmental Engineering, China University of
Mining and Technology ( Beijing) , Beijing 100083, China; 2. Beijing Key Laboratory of Environmental Damage Assessment and
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China)

Abstract: Preris vittata L. can absorb and accumulate high arsenic levels in soil. To clarify the occurrence characteristics of pyrene
(PYR) and arsenate( As) as well as their interaction in P. vittata L. , the hosting and distribution rules of PYR were determined via
two-photon laser scanning confocal microscopy ( TPLSCM ). The results showed that PYR addition resulted in obviously lower
concentrations of total As in various parts of P. vittata, with a largest decrease of about 35% in the leaves and stem, and 20. 5% in the
roots. PYR addition could also decrease the proportion of trivalent arsenic and increased that of pentavalent arsenate in different parts of
P. wvittata. The concentrations of trivalent and pentavalent arsenic in the leaves of P. wittata showed the largest decrement, which were
42.2% and 32.49% , respectively. Arsenate addition increased the accumulation of PYR in the root and stem of P. wittata by 9. 8 pg
and 139 ng per plant, respectively, while no obvious influence was found on the PYR in the leaves. Pyrene mainly attached to the cell
membrane and other membrane structure such as nuclear membrane and organelle membrane, and there was less pyrene in the
cytoplasm. There was little PYR in the phloem and cortex in the stem as well as palisade tissue and spongy tissue in leaves.
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3 d —E TR, 4 AT 12 d J5 R Elk
A KIS ) R WA T K PR, A AR R
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BEHET (4 B RE i R B HNO,-HC1O, (US EPA
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T LTSS 6 = A 290 VKT HLI N 100 mA |
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mLemin ', SMHrd R AR R e R 4l SR FH R
FRUES: LI ( GBW-07603 ) 75 20 o f 45 1l Bl b
U FREEINE 25 SR 475 S L R e VPR 228 L 22 .
M 25 AR AR A A B R 4 0 80. 5% ~
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P A5 B R O T ZE AR K e IR TS AR A A U
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Apochromat 20 x /1.0 DIC(UV) VIS-IR M27 75 mm,
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WA 371 ~495 nm. FF@E LA OGS,
SENHY H B9OLFS.
1.5 HdE 5 R
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F, W B R BT 113.2 mg-kg_]\ 71. 35
T 16 X R TS e 52 M R T 3/ 0N | R R R T
BT 20.5%.

B A BT 30 e AR WA BE I i A A
MR W S ( UL DW ) 5ok, REfE IR 3] 2. 27
mg-kg ™', M 5 25 M BN 420 ~ 586

mg-kg '

pg kg ™ SRR EE SR 18. 5% ~25.8% . GsHnap
X MR A B R EE AT S R ), $ v T 2R R S AR AR
TRAT 5 2, R T e A, 5 U eE A
L, TS A J BB 0 S R T 21.5% , s 0
e MREREE A o SN T 4. 032 mg-kg ™' 2T T
177 £ A S e 1 36.2%.
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Table 1 ~ Concentrations of total arsenic and pyrene in different parts of P. vittata L.
sy : " : = : *ﬁ
S/ mg kg ™! /g kg ! S/ mg - kg ™! /ng kg ! S/ mg - kg ™! /g kg ™!
CK 0.087 +0. 04c — 0.053 £0.0lc — 0.017 +0. 006¢ —
As 315 +14. 8a — 207 £18. 78a — 115 £17. 5a —
PYR 0.033 0. 02¢ 586 £32.9A 0.05 £0.01c 420 £46.4B 0.04 £0.0lc 2272 £137B
PYR + As 202 +13.8b 460 £52.4B 136 +7. 65b 552 £55. 8A 91.4 +6.36b 6304 £396A

1) “—" FORBIEATTHRIE I 5 K /NE FEHUFRS A A AR ) 12 2125 5 (P <0. 05)  ARIR) PR TE 22 5 AR IR 2 B 5 2 S

2.2 PEXTERIA BRI AE Y A 5

P 1 A w43 A = A B AN AN B A A e
WAy AR . SARASIMEEAL BEAR L | TR0 i 24 i f5 -
25 AR 3 A rh = A AR A A e S AR
LAy = A i 5 A A R R A, 43 ) R R
T 42.2% F1 32. 49% , i 25 5B AR F v = A i A1 L
Mo & R EAR T 36.8% ~ 37.6% M 26.2% ~
29.9% . £Far =M ml b7 A Y s T R,
FAA 7 S L W A TR 8 B S T B
o W5 s B 2% A ) A8 R T A A /N B4 0 o
YEH.
2.3 BRIAFEHRR AT B R

it SR S L R > AR > SRR R (&
2), HEext TR roah B2 E M GIE A, 5
RANEEALFR | G0 2L S 250 b 35 0 A8 bk 5l ZLRR
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Fig. 1 Concentrations and proportions of As( Il ) and As( V)
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Fig. 2 Arsenic accumulation and pyrene accumulationin P. vitatta L.
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gk T R ZEER R T R B AR, M 33. 6% .
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AR EARNEAR LG, 35 i A 2R B AR PSR R
IR REIE IR F 15. 4 g Bk ", MR AR EE BB N
9.8 peg -tk .
2.4 BRINEAHZP I A

P 3 SR FIROL T30 5 A8 e WL g i
FLH LV e B RUALAE S oA, TR R A FEAR R
B, EE T EME TR R B M. AR B i,
AT, AR AR PR S R . TTEAR
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B m
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(vascular bundle) 9 ¥ FZ )2 ( endodermis ) A J5t 8
(xylem) 241 B %) 20 Jfo IS LA Ko 25 358 Ah 2% 36 Rz 411 g
(epidermis) FAHAARE A5 5 B3R 55 C R 0
ARIFTFR AR AN S > 25T R K AL > N2 J2
AR, AR BT N K 23 Z [A] 449 2 38 ( phloem ) il
W2 555 )2 2Z RIS B2 J2 (cortex ) JE AL T EE N ZS
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Fig. 3 Microscopic distribution of pyrene signals in Pteris vittata L.
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B, Sun S5 FERFFEAR 5 A 7R I A B 1A P 22 AR H
iR A AR REAE B THAR BB AE 89 & & IR HEIRT A AT
REZ AL IR 1 SEAE IR A R A AR R W RE g LA A
BR WA REAR PN B A A R TS5 20 T R AR R L
NERA SRR, wCA AT AR AT AR N AR TR FAR Y
M IE A PR U AR T S T IR M FEAR X AR A AR
FML .
R2 RREEHNESRY

Table 2 Transfer factor of pyrene in P. vitatta L.

i H i tE
Kb 2 A PYR PYR + As PYR PYR + As
38 2B TF 2.44 2.53 0.235 0.0776

EE A INRZ A T MR 0 R AR AR T A1 e ) AT
KA LA S AEBR IR FEAR N A IRAFTE A, e i 75 a5t
BTSN [ R B T B, R R
H20.5% ~35.9% . HASHEMEFHG I RN R FR A
TR = A g YD BN A T
IR S AL, Sun S5 ZERFST SRR 7R IR MA B 1) 58
AT ORI B 2 400 ] 5 i e AR T %) Wz A A
Bz | b Lin 25V YRR £ oK ( Zea mays L. ) X EE
FIVE 9 232 EAE FH IS L 26 A0 WS 0 RE 8% [ 1K T K%
MR & 45 Wang 7 16 B 55 75 M6 5 K ( Sedum
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EERS IMRRAR T 552 K J My b 350 70 1 ok 38, a0 i g
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|G = e N L N VAN S e =R = 7 U
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WreE Al BE-55 40 b T A 5 1 2 1 S A
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AL S YA T AR . R
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= K, (octanol-water partition coefficients) (1gK, =
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BB NR M2 K SR FT M 2. Kang 5570 {E R
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TS R AR A0 A L RE 1 SR 7 a4 R 3
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FHTEAN MR W B K. Ren 452 B UESE IR RN
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(1) BE A 75 052 0 R AR PR P 52 AR W3, i
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(2) VLAl 5 A 5% S 2 X T et 4 A2 WAL
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