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80 mg kg ' FREZE 10.13 F129. 18 mg kg ', R FK
A35 K 87.33% F163. 50% . S5%FREAH FE , Atk i
TP (0 ~64 mg kg™ ), FPEEIR  REIR WS A1 R 55 3
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o dE—2 00 B, RS T (0 ~4 mg kg™') , bifi
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PAHs 5% B & 7R AU AN K R RH (<4 mg kg ™)
FA HILIR BRI AT % PAHSs 250 77 A= @ i A il i . i
H: W ffE 3% PAHs LR B . 5KH
AEFAR LG (ULFR 1) , AR KR AL 3L £ 48 b PAHs 22
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o it AV e B A A e R A R A, S AEAR L,
EETE AR AL Wi AR EMEA IR AR (R 1) .
2.2 ERAFEENBIEATIERFEMENES

P

2.2.1 WIBGRRAS m 1 AT, AN A HLER AY
25 O R LG, (R (0 ~ 64 mg kg ™) TEFIN L3
Tl AL &b B0 44 R 1R 1 A 9 v S 0 AT A A £
T AR L X HE AL B A S R ) ] B S
M 4,05 A1 13,13 mg kg ™', 260 d ZALJG it
JInE HILER (o - 338 o 55 R EE 10 AT I B A 2 B e X R
Ay REES T 46.67%~749. 1% 1 1. 83% ~ 80. 20%
BRRE ARVREE (0 ~2 mg kg ™) JLFE P, Bl A AL
PR P B s, 12T 45 4 B 3 K, L B 2 A LR
VR (AR SAR 2 (4 ~64 mg kg ™) IZEB T AT
. 5 RFAEEA L, &R KB AL PR+ e PAHs
Er R, RIARUE Y A OB RIS
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Table 1 Residual concentrations and removal efficiencies of phenanthrene and pyrene in soil with the addition of
low-molecular-weight organic acids
S 7L B AL =Y
il TR j?if N t“f‘jfli EENTeY EEBER ERRECRE) ERRE(RE)
Type of organic Added conéentrétinn concentration concentration Removal efficiency Removal efficiency Removal efficiency Removal efficiency
- of organic acid henanthene of pyrene 1 PHenanbrene of pyreneof phenanthrene  of pyrene(S)
(mg kg™ 3 " (%) (%) (8) (%) (%)
(mg kg™ ) (mgkg™")
i BB AP CK 0 10. 13 £1.39¢d  29.18 +1.63cd 87.33 63.52 35.68 47.42
iR 0.5 13.46 £0. 55¢ 35.58 £5.41¢ 83.17 55.53 65.83 48. 16
Oxalic acid 1 14.23 £4.05¢ 36.98 1. 17¢ 82.21 53.77 41.93 49.92
2 42.37 £3.57ab  37.44 £3.19¢ 47.04 53.20 35.73 38.87
4 39.55 +3.94b 48.42 £5.81a 50. 57 39.48 47.04 35.65
16 46.65 +3.11a  41.58 +1.37bc 41. 69 48.03 39.53 38. 14
45 45.29 +0. 84ab  43.35 +0. 14b 43. 39 45. 82 38.55 34.13
IER 4 0.5 27.73 £1.78b 38.84 +3.05b 65.34 51.45 38.20 47. 82
Citric acid 1 30.39 +1.57b 41.83 +1.65b 62.01 47.71 28. 44 46. 42
2 44.08 +7. 18a 46. 80 +3.26b 44.91 41. 50 29.94 38.05
4 48.14 +3.74a 42.60 +2. 84b 39.83 46.75 33.08 37.55
16 51.47 £4.85a 46.18 +3.07b 35.67 42. 54 28.58 40. 20
64 51.98 £1.61a 44.85 +4. 68b 35.03 45.51 27.79 41. 88
WA TR 0.5 12.56 +0.71d 38.48 +0.54d 84. 31 51.90 34.29 48.28
Tartaric acid 1 34.72 +1.51¢ 42.15 £0. 29¢ 56. 60 46. 80 26. 05 45.28
2 49.33 +3.29b 47.52 +1.87b 38.33 40. 60 19.90 33.72
4 52.26 £1.04b  49.55 £2.05ab 34. 67 38. 06 23.65 35.07
16 57.55 £2.90a 51.73 £1. 64a 28.06 35.33 32.09 33.24
64 55.57 £2.67a 48.65 +1.31ab 30.54 39.19 36. 57 37.89
ik it L IRB 000, S e, 5 BT A28 52 568, 500 R IR A6 52 0 p <0.05) Noter Formula of
removal efficiency: W x100% , S means sterile treatment. Data followed by the different small letiers are significantly different at 5% level

AT i 5% B R ) LR T R S R
1k 60 d AbEY + it PAHs fFAE EBIEE,
X HRAR B A= 18 (TFHCK AR 2R Hiz B AR JERTEE 4
Sl 7 55.48% F146.73% ., HretAL, ZIEAFER
(B v, 2 I G ) T DA AT I A S A A, X LA
S VA /NI S B K A T R B (K, ) 45 I
HKo FER . ER INAIRYE 3 FAVRIERT,
Al ST R R P S E AR I R BIE A 3
S35 5 52.34% ~ 63.15% . 58.16% ~ 71.45% Fil
47.31% ~ 53.59% , & 53 il Y 37.59% ~ 48.32% |
39. 74%~55. 39% F1 33. 65%~38. 41% .

2.2.2 AHLEFRIFRBGS Bl 2 ks Al
FRAEFH T L3 P JE R B9 A HILI 7 32 OGS & 2 &
HEERE A A e BVARCR A, 5% A e, AR
WeSE (0 ~64 mg kg ™) JEME 3 A HLERHE S T+
A PIAFIBRECS PAHs i & &, RKEMESA

ot HE AR B+ 9 v 3 R EE 1A BILIA 5 e BROES  i r
515 5. 73 Fil 14.36 mg kg™, i AT HLER 4 e
PIE S FE T B RN IR A By e T
8.73%~375.2% F122. 63%~114. 3% ., Jifi NGk &
(0 ~4 mg kg™ ) FERRANIG A1 1R , B Ik B e
TS LA IR USRI EE B 5 L R, (H R
FZWIFA IR E AR S AR 25 (4 ~ 64 mg kg ™) 1%
EEGEBETRE, MR T, B AE
R IZIE AR S A RS (RIZIE SR
AR 5 KA B L, R K AL B A B
VAR BRI BE Y 5 AR, 2R IR A W o vl DL
B S, RMEAMLRAE T, R K4k 2
e IZE A TE AR T KR A B (E g U
(>16 mg kg™ ) A HLIR M T, A K TH Ab 34 + 35
HZIE S AE i KR AR B 2E e AN R R TR
PR AR B, 33 AT B2 Hh T A R T e R A BLR
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Fig. 1  Concentration and its proportion of the desorbing fraction of phenanthrene or pyrene in the soil as a function of the added amounts

of low-molecular-weight organic acids
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Fig. 2 Concentration and its proportion of the non-desorbing fraction of phenanthrene or pyrene in the soil as a function ofthe added amounts

of low-molecular-weight organic acids
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Fig. 3 Concentration and its proportion of the bound residue fraction of phenanthrene or pyrene in the soil as a function of the added amounts
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EFFECT OF LOW-MOLECULAR-WEIGHT ORGANIC ACIDS ON RESIDUES AND
FORMS OF PHENANTHRENE AND PYRENE IN SOIL

Dang Hongjiao Sun Rui Liu Juan Gao Yanzheng'
(Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University, Nanjing 210095, China)

Abstract  Effects of low-molecular-weight organic acids (LMWOAs) on residues and forms of phenanthrene and pyrene
in yellow brown earth was investigated using a microcosm testing procedure. It was found that after 60 days of aging, the total
residual concentrations of phenanthrene and pyrene in the soil decreased significantly to only 10. 13 and 29. 18 mg kg ™',
respectively, showing a removal rate of 87.33% and 63.50% as compared with the control without the addition of LM-
WOAs. The test PAHs increased in residual concentration, but decreased in degradation rate with 0 ~64 mg kg ™' of citric
acid, oxalic acid or tartaric acid added. Further investigations revealed that a small amount ( <4 mg kg™') of organic
acids was adequate to inhibit significantly degradation of PAHs in the soil. The degradation of test PAHs in the soil depen-
ded markedly on microbial activities in the soil environment. As pyrene is higher in molecular weight and complexity of
structure, pyrene is more resistant to microbial degradation than phenanthrene in the soil. The PAHs in soil could be frac-
tionated into desorbing fraction, non-desorbing fraction, and bound residue. The former two fractions were observed to be
the dominant forms of the test PAHs in the soil irrespective of addition of LMWOAs. However, the addition of LMWOAs
increased the concentrations and proportions of the two forms of the PAHs in the soil. Tt did the desorbing fractions of phe-
nanthrene and pyrene by 46. 67% ~ 749. 1% and 1. 83% ~ 80. 20% , respectively and the non-desorbing fractions by
8.73%~375.2% and 22.63%~114.3% , respectively. The fractions of bound residue of the PAHs remained to be the
smallest in the soil irrespective of whether organic acids were added or not.

Key words Low-molecular-weight organic acid; Phenanthrene; Pyrene; Form; Soil
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