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Effects of leaf cuticle components on phenanthrene and pyrene adsorption in winter wheat

WANG Jinfeng"*?, BAO Huanyu™”®, CAI Jun*’, LI Jia>*, WU Fuyong™™

(1.Engineer and Technology Academy of Ecology and Environment, Shanxi Agricultural University/Shanxi Province Key Laboratory of Soil
Environment and Nutrient Resources, Taiyuan 030031, China; 2. College of Natural Resources and Environment, Northwest A&F
University, Yangling 712100, China; 3. Key Laboratory of Plant Nutrition and the Agri-Environment in Northwest China,
Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: This study investigates the mechanism of polyeyclic aromatic hydrocarbons (PAHs) uptake, via the foliar uptake pathway, in
winter wheat —as well as the factors influencing this uptake. To do this, the cuticles of winter wheat leaves were divided into seven
components using a chemical separation method. Comparing the effects of different cuticle components on the adsorption of phenanthrene
(PHE) and pyrene (PYR) revealed the mechanism underpinning the composition and structure of the components and their absorption of
PHE and PYR. The results showed that the polymeric lipid cutin was present in the cuticles of winter wheat leaves at a value 1.3 times that
of lipid wax. The distribution of cutan in cuticle coated with sugar was not continuous, while the distribution of cutin was continuous. The
elemental composition of each component of the cuticle differed considerably; cutin was the main non—polar component while sugar was the
main polar component. The relative PHE adsorption coefficients of the four components in the cuticle of winter wheat were, in descending
order, cutan > cutin > cutan—carbohydrate complex > wax; the relative PYR adsorption coefficient for the same, in descending order, was
cutin > cutan > cutan—carbohydrate complex > wax. These results might be due to the abundance of aromatic carbons in angular carbon,
which is more prone to a unique w— adsorption with PHE and PYR. Keratin had a high level of amorphous paraffin, providing a medium
for distributed hydrophobic interactions between PHE and flexible long alkyl chain groups in keratin. Due to the low wax content, the low
adsorption coefficient was low; the lower wax content (9.6%) in the cuticle meant that wax contributed the least to the sorption of PAHs.
The sorption coefficient of cuticular components exhibited a positive linear relationship with carbon content but a significant negative linear
relationship with the oxygen content and polarity index. These results indicate that an increasing carbon content elevates the adsorption
capacity of the cuticular components for PAHs.

Keywords : winter wheat; PAHs; foliar uptake; cuticle composition; adsorption
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Table 1 Composition and abbreviation of components isolated from cuticle of winter wheat leaf

1 51241 53 % B Cuticle composition

T2 7485 Abbreviation

FE A B 2H B Sample composition
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Table 3 The specific solid—to—solution ratios of sorption in cuticle

of winter wheat leaf

R4 W2 B 151945 Solid—to—solution ratio(mg:ml.)
Cuticle composition 4k PHE EEPYR

wCl 15:8 15:8

wC2 15:8 15:8

WC3 2:8 2:8

WC4 1:8 1:8

WwC5s 1:8 1:8

WCo 1:8 1:8

WW 1:8 1:8

TE 2 B2 L AP AE 22 5% IR T L P B A B 28 5
Note: The composition of each cuticle is different, the solid—to—
solution ratio is set differently.

x2 FEMEMELER

Table 2 The basic physicochemical properties of phenanthrene and pyrene

27555 S S BV EZ%3' Ir TRk TR FEEKTIRE BB BRI e R KL
PAHs Formula ~ Ring number Molecular weight/(g+mol™) Solubility/(mg-L™") Ko Koo
JEPHE CisHio 3 178 1.15 28 000 37 940
EEPYR CisHio 4 202 0.13 80 000 108 401

WWW.QEs.0r9.CN
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Figure 1 SEM images of cuticle composition in winter wheat leaf
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O, 7 A B T R . R AR RS (WC3~WC4) , C
T SR O 2R R R S RN, 1
B2 BRI C & ik, 4 39.18%,0 1%
R, R 51.22% M PEFR B K [(N+0)/C R 1.06],
M (WC4A) 1 75 B PR 305 (H/C ol 1.41) o B 4
IINFE WA 5T 2 AR IO 32 25 2 B, W O s G, A
PEFEECZ WG I, Xt B C % g A A o2 4 oy
BAIARC PR /N, L1 260, o B A o2 I M e B s S 5
S B R IEAHX KRR,
2.3 ZNEMAEBREX PHEFIPYR Y IR Ft

]2 Sk & /N Sz 7 Bl £y I3 )2 4 43 %F PHE FPYR
F14) 5 Y0 2 6 T 2 JEL B R AR TR £ [l 0 2 5500 3R
5. & /NEZ A )2 4 4 % PHE (N=0.593~0.978) £l
PYR (N=0.899~1.286) i W [ il £ 35 Je s 17 R A7 A 2k
P56 2, W PHE FIl PYR 7€ £ 50 )2 45 25 43 1] i Wi o
LAY BCAE N 3o A& /N2 UG A B2 (W) X
PHE F1 PYR 9 K43 511 24 5.194x10° L - kg™ 1 6.134x

10° L-kg™, HoX) PHE 19 Ko S8 A 52 11 (6.660%10°
Lekg™) A2, (H 0 1% 5 S A Jo0 J2 0 15 4% 58 ] 2 1)
(1.623x10%~5.395x10* L~ kg )" & =5 T MIBL B2 AR B
ZH21(3.974x10° L-kg)™, Ao KM, KL )2
4 W BT 1k B E A I A 5T )2 v S 4~6 £, RIE-
DERER PR 3, R )20 2, 4- G R A L
FF- 35 43 T 2R B L £ )2 1 50% . 4/N22 i it
JZ2H 43 % PHE 1 PY R AR Y Ko AT e A 48 i 1Y)
WEA 7 (51.44%) F % (K 3) . BB ANE %
2410 % PHE 19 Ko 5 208 0 5 2 [0 4716 B & 1)
LRPE S R (Ki=—1 351x+73 965, R*=0.99)1", Jt 4},
NG W JE R B2 A PYR (9 K, & T PHE, 3X #] fig
JEH T PYR M- EEK 53 0 BL 230 (K. ) K T PHE, A7
WFSE % AN G £ BT 2 4T PAHS 19 Ko 5 K, S 1E A DG %
%, HH K {5 £ 9 4 NAP (6.86x10* L - kg™') <PHE
(6.6x10° L-kg")<PYR(8.107x10* L-kg™")", 1% thi5i ]
A&/ T2 I W 1 BE 5 PAHs 19 BRAR 14 BTG 3L
JEBK AR X
24 BINEMARESBASSX PHE F1 PYR B IR B
e s s, /N BUZ 4 0 WC1~WE3 %)
PHE F1 PYR [ 5 Il W i il 28 35 S 4 Mk, R i e S5 T
M2 0 4 M R i, X 0T REJE TR R S A S
W, T B0H 218 60 20 1Y) o ke % 8 1) O 5% il PAHs 119 1%
R fABR (WC4) X5 PHE FI PYR At 25 36 0% B th 28 19 3k
LRk s (N=0.593 £110.899) , 1% = Z & i F M fk h o5
i M Ew , H¥ 5 5 PHE FI PYR & AEF5HR 0 -
WA F o /N2 I T )2 It et s W A e A BT
B4, PHE F1 PYR B Ko 43 3G 0 1 13.7% F1172.2% .
Horb s 5%t PHE F1 PYR 19 K43 51K 2.315%10° L kg™

x4 ZINEHAREHASWC H N OTEABKREFL

Table 4 The elemental analysis and atomic ratios in cuticle composition of wheat leaf

f1JRZ 414> Cuticle composition P4 Yield/% N/% Cl% H/% 0/% H/C (N+0)/C

wCl 100.00 2.41 42.55 6.41 48.63 1.81 0.91

we2 90.40 2.49 42.90 6.40 48.21 1.79 0.89

w3 77.47 2.61 41.53 5.83 50.03 1.68 0.96

WC4 26.03 0.72 46.17 5.44 47.67 1.41 0.79

w5 34.08 0.73 47.93 6.68 44.66 1.67 0.71

wWC6 40.20 0.71 46.51 6.91 45.88 1.78 0.75

wWW 9.60 1.60 39.30 6.50 52.60 1.98 1.04

{1 5 Suberin 12.53 1.81 52.74 10.13 38.51 2.30 0.58

BEZE Sugar 51.44 3.57 39.18 6.03 51.22 1.85 1.06

VE: O SCRAM BP0, M BURIBEZE A9 BUZ 255 C VH O NOCR A& 445 S HiaAs 1
Note: O element is calculated according to mass balance, the cuticle composition C,H, O, N element of suberin and sugar are calculated according to
the yield of each component.
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Figure 2 Sorption isotherms of PHE and PYR by cuticle composition of winter wheat leaf
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Table 5 Sorption regression parameters of PAHs by cuticular fractions of wheat leaf
PAHS gﬂﬁ . Linear Freundlich
Composition Ki/(x10°L-kg™) R Ki/(x10%) N R K.o/(x10° Lekg™) Kol Ko

E[ wCl 5.194 0.960 4.707 0.978+0.009 0.985 12.205 0.32

PHE we2 5.904 0.979 3.999 0.763+0.081 0.969 13.762 0.36

we3 3.241 0.939 2.693 0.757+0.040 0.983 7.805 0.21

W4 16.876 0.983 12.661 0.593+0.024 0.992 36.550 0.96

WCS 28.391 0.981 17.802 0.625+0.006 0.988 59.230 1.56

WC6 29.565 0.947 32.196 0.714+0.007 0.976 63.572 1.68

WW 23.145 0.979 7.652 0.9140.007 0.988 58.893 1.55

B wCl 6.134 0.982 5.448 1.064+0.006 0.992 14.415 0.13

PYR we2 16.696 0.989 13.895 1.020+0.029 0.981 38.918 0.36

we3 3.696 0.971 4297 1.028+0.089 0.966 8.900 0.08

WC4 32.377 0.998 48.069 0.899-0.017 0.941 70.123 0.65

wes 32.719 0.997 37.835 0.948+0.021 0.998 68.258 0.63

WC6 35.282 0.978 33.172 1.286+0.063 1.000 75.863 0.70

WW 28.282 0.988 31.172 1.086+0.063 0.990 71.964 0.66

12.828x10" L-kg™, il BEJE th T A FUZ FPER“RTSEEC 5= P A 5 41 20 X PHE A9 W B 1 BE AR EE T3 21

R AN B AEAE— R B AL 53 o BRI, AR AT
PEEURR J5 X A5 AL T e A R R 2R 7 7 T AT A 2 AR A
A LG B W EAE P IR N 1 & BE e 1 SRR, 4]
A2 M 52 52 AR e 4 PHE FITPY R (9 W BFH: i 22l
R CTRET 45.1% M177.9%) , 3% F 22 i TR L5k
1) 3R B I JBE 1 SO0 O s o I 225 v 1) 2 L R A
R R B, A& /N A BN PHE FTPYR /9 Ko 53 5]
J92.71x10* L-kg F11.104x10° L-kg ™", H &% & T b
JO 1 R 5 L R KGR 1.2 A5 R 3.9 f% . SHECH-
TER %5211, & B8 3 i 2 B2 vh 1 B 40 43 X PHE H A 85
SRR, AT REE T RXRAEYREY P AR EK
S G E T A il A PHE 51 5 A0 22 4 K e ik i
SEPA Z R s K AR AR AL T 23 e A T . & /NAE £

1% WHART]

(9.004x10* L- kg™ ) A (3.6x10* L-kg™) £ JiT )22 45
559, 0] R 5 A AR 5T )2 v AR o B Ak A 2 A OG X
1 B AL 2 A T e W B e R R R AR 25
W I 25 £ 5023 20 4 1) O 1 il 2 R 8 S e b 9, L
rf g s — R Ak — B2 43 (W C4) Xt PHE A1 PYR A9 K38
TR B d5 8, B WC3 43 BB I T 4.2 5 R0 7.8 5 5 i
I — B2 4 (WCS) A WC2 3 T 3.8 4% 1 1.0 4% i
WA )2 (WC6) B WCL 3N T 4.7 151 4.8 155 (3R 5) .
WA, I e — 2 Ak 2 G 1 A R R B 22, PT RBJE R T
R MR A . o AT R S LG
95 %k B 7K PR AT WL 1 WO 5 B g 5520, R, A4/l
0 52 ki (WC4) X PHE A PYR #8H H 4058 1Y
W fE i e (Ki=1.688%10* L-kg ™ F113.238x10* L-kg ',
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Figure 3 The relative sorption coefficient of phenanthrene and
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pyrene to the cuticle composition of winter wheat leaf
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Figure 4 Linear relationship between adsorption coefficient of cuticle in wheat leaf and N, C, O content and (N+0)/C
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