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Root uptake and its prediction model of PAHs from soils
LING Wan—Tingl, ZHU Li-ZhOl’lgzs GAO Yan—Zhengl’z* » XIONG Wei' (1. College of Natural Resource and

Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. College of Environmental and Resource Sciences,
Zhejiang University, Hangzhou 310028, China). Acta Ecologica Sinica,2005,25(9):2320~2325.

Abstract ;: Plant root uptake of phenanthrene and pyrene was evaluated using the data collected from a greenhouse study.
Correlations of root uptake with soil contamination levels, physiochemical properties of organic contaminants, and plant
compositions were investigated, and the results were used to evaluate a partition-limited model for plant uptake of organic
chemicals from soils to plant. Results show that root concentrations of phenanthrene and pyrene dramatically increased with
increasing contaminant concentrations in soils after 45-day treatment. However, root concentration factors (RCFs) decreased
as the organic contaminant concentrations in soilstincreased. The initial concentration range examined in this study were 0~
457mg/kg for phenanthrene and 0~ 489 mg/kg for pyrene, respectively. The measured root concentrations and RCFs of
phenanthrene and pyrene were positively correlated with root lipid contents. The K., of pyrene is much greater than that of
phenanthrene resulting in that root concentrations and RCFs of pyrene were generally larger than those of phenanthrene across
~ the plants tested in this study. It should be note that during the wide range of soil concentrations of phenanthrene (from less
than 1 mg/kg to about 45 mg/kg) after 45-day treatment the partition-limited model always exhibited excellent predictions of
root uptake from soils. The differences of predicted and observed concentrations of phenanthrene in roots of two representative
plant species (i. e., ryegrass and flowering Chinese cabbage) were within 81%. Additionally, the quasi-equilibrium factor
(a, ) in the partition-limit model significantly related with the root lipid content. Results of this study would provide useful
information and a novel mod.eling approach for evaluating plant contamination based on the soil contamination levels, chemical

properties and plant compositions, which would be of great importance to the food security, ecology and human health.
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1 HEERE

1.1 A 58

JEF &£ W B Aldrich chemical Co. , 88 B >98% ;ML M > F B4 %1k 178. 23 #1 202. 26 g/mol, 25 CHi K P HE N
1.18 1 0. 12 mg/L, FB- KB R logKow) Ry 4. 46 F1 4. 88", —EH 5 . HEH . IEC 5. /KB BR S5 . B H7 A & B (200~ 300
H)XFrah; HpE AR, 6mx8 m BEIEE,KQ-300DE ERHEES B RM-3 REKBR KA Heraeus FHH
ELHEB.LHL,IKA Allbasic 4387 FIBFEE L, Jouan VXE 38Q B{KIBKF , Agilent-1100 BB AH G 1L
1.2 LBEIE

XL ERASHERO~20cm), WE+ . BHLE S BN 14. 5g/kg,pH b 5. 05, 8K BB RL AR L& B 20 58 3. 93 %,
86.6% M 9.52% ., TR RER ATt 3mm ., RHAREKENEMEMNABREBR, IIMAR LR +H#F . FREHERRE,
o B . FAREREAKNES, ZXREHEANT Som F HEBFENESEARNER IR MBS LETENENS
BRE 1. BB R 500 g FABKF,50% HEFKET V4 4d 5, jt,

X1 R LTHEDNIEMENRBERRE (mg/kg, TEIP)

Table 2 Initial concentrations of phenanthrene and pyrene in treated soils
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5 Soil No SO~ S1 52 53 S4 S5 56 S7 S8
JE Phenanthrene ND 7.45 13.1 33.8 65. 8 102 133 261 457
w Pyrene ND 8. 01 17. 2 48, 7 2.7 131 172 290 489

* k15 Y + Unspiked soil; ND-K# ) under detect limitation

it 3 #5 ¥) (38 32 Amaranthus tricolor Linn. | 30> Brassica Parachinensis Bailey, B & B Lolium multiflorum Lam., ¥ h
Raphnus sativus L. .23 > 3€ Ipomoea aquatica Forsk.E G glycine max Merr. .3€ & Phaseolus vulgaris L. VMDA B. c. ssp.
chinensis L. .H 8 Brassica oleracea L. .H 3E Spinacea oleracea L. ¥ Capsicum annuum L. M+ Solanum melongena L. )%
BHSHEETAK T BYRE7~10d GHE, BEXERY /A HENEVEE IH/E&. 8 TMEHEIANER . 28K
A ARY 50%,.8 2 FABEHE 1 R, 8 2d R ESEREFHAME. 46d ERAE HYRRER  HFEEK
T, BREEETHEEKASD BT —65 CERKMPERE. F40: L HREFAMES T 20 BEE FRIBKM P
G
1.3 USRS IE R A

HYBATTEIRE.EY. R—CB L ARHSTFMNEST 2o ml BHEEZLED A 30ml 1:1 WABEMIEC KRBT 3
W, 10 ml A R 30 min; HRBBRE S EKRRAEG  HBARERLR P OCHEBRTHERBEKRSEZT HLE
CHEAI 2mLRBE 1 ml SEERH L, A—EBP _RKPHREMEC H B BULH %ﬂﬁﬁﬁ%ﬁﬁﬁﬁﬁ#ﬁf; 40CHERT
WHET . APEERS 2 ml,id 0. 22 pm fLERWEEF .HPLC 247,

M2g EABERNLERRT 25 ml FHWLET . MA 2 g TR, TR MA10ml — AR, ZEREEESER
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1 h, B0 3 ml MM R, AR 1 L PN EC R R v E BB A RS 40C
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3 ZR5iTie |
3.1 AR SR 3E R A R A S

B THYB P ENE SRS LM P ERNERENLARRE D, AP ENERERS, B AL ORPIEME
B IR, B ETS PR B BN AR, B AR X SE R AR R B A BRI B M 45d BAK T LRSI WBE
BRI O AR P IE S B4 B2 0. 137 #1 0. 776 mg/kg, £ & B % 0. 456 1 5. 121 mg/ke; M 768 15 R A5 8 h X ERME R
ZERMBE, W 45d FAEK T S8 OB HIEME ST E 45 FE 11. 87 1 428. 3 mg/kg. -
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Fig.1 Root concentrations of phenanthrene and pyrene after 45 days as a function of their soil concentrations

# R R E £ ZH (Root concentration factor ,RCF)R R LB XI5 YK EEBE S ;RCFHBE KX . EREHABE . RREEHE
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BE5+BEPIEMERELAMEX, AL EEXEFBEEANE D . REEN LEFTIEMEMNRBRETERY 7R 0.108~0. 221
1 0.155~0.528, LB EBEEREM N 0.322~0.982 f1 1. 422~2. 539,

AEEYBRY L RPENEREBEREAZINRAHAELERE T R LORFENENSEAREZEERARNUEES T
BEEE1IM2), LEPIEMENRBKE YN 133 1 172 mg/kg b, XA FHHBFFERETELHH 0. 60~6.72 F0
13.1~199 mg/kg; MR HIBPIEMERIE L REN 43514 0. 05~0. 67 F 0. 23~4. 44 (A 3).
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Fig. 2 Root concentration factors of phenanthrene and pyrene as a function of their soil conentrations
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Fig. 3 Correlations of RCFs of phenanthrene and pyrene with root lipid contents
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