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The effect of biodegradation on distribution of alkyl naphthalene isomers
and controlling factors
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Abstract: The time series of oil samples from the oil spill beach were collected to investigate the response of
trimethylnaphthalenes and tetramethylnaphthalenes isomers of alkylnaphthalenes in the aromatic fractions to
natural biodegradation process. The absolute concentration dynamics of alkylnaphthalenes along time sequence
suggest that trimethylnaphthalenes are more easily biodegraded than tetramethylnaphthalenes, and the 1,2,7-
trimethylnaphthalene, 2,3,6-trimethylnaphthalene, 2,3,6,7-tetramethylnaphthalene, 1,2,3,7-tetramethylnaphthalene,
and 1,3,5,7-tetramethylnaphthalene isomers demonstrate a relatively high biodegradation efficiency. The results
are in agreement with the theoretical model by Ostoji¢ et al., indicating that the degradation of alkylnaphthalenes
in the surface environment is mainly controlled by the number and location of substituted methyl on the ring cycle.
It is of important to imply for the bioremediation strategy-making in terms of polycyclic aromatic hydrocarbon

pollution in surface environment.
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Table 1 Percentage of each component content and recovery
EP-0D EP-3D EP-15D EP-32D EP-52D S S
(%) 32.89 28.69 28.79 24.69 26.90 [20]
(%) 28.95 27.69 26.63 19.26 25.89 ( )’
(%) 32.02 32.47 34.98 46.17 35.79
(%) 93.86 88.84 90.40 90.12 88.58 ’
2 , ( 0 ) > >
[7-9]
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Fig.2 The total ion chromatograms of saturated hydrocarbons (a) and aromatic hydrocarbons (b)
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Table 2 Content of isoprenoids, alkyl naphthalene, phenanthrene, and 3~5 ’ (TCBR)
alkyl phenanthrene compounds )
EP-0D EP-3D EP-15D EP-32D EP-52D 3
Pr 02187  0.1529 0.0380 0.0155 0.0515 ( ) 123.7- > 1.3.6,7-
Ph 0.1501  0.1057 0.0269 0.0177  0.0479
1,3,5,7- 2,3,6,7- > 1,2,3,6- > 1,2,5,6-+1,2,3,5-
1,3,7-TMN 0.0102  0.0049 0.0045 0.0015 0.0010
1,2,6,7- 1,2,5,7- > 1,2,4,6-+1,2,4,7-+1,4,6,7-TeMNs,
1,3,6-TMN 0.0232  0.0127 0.0108 0.0031  0.0025
1,3,5-/1,4,6-TMN 0.0194 0.0128 0.0102 0.0029 0.0027 15 » 1,3,5,7-TeMN
2,3,6-TMN 0.0135  0.0062 0.0052 0.0019  0.0011 > 52 > a
12,7-TMN 0.0038  0.0018 0.0012 0.0005 0.0003 1,2,3,7-TeMN
1,6,7-/1,2,6-TMN 0.0227 0.0140 0.0127 0.0037  0.0030 7
1,2,4-TMN 0.0034  0.0025 0.0017 0.0007  0.0009 , )
1,2,5-TMN 0.0122  0.0070  0.0068 0.0019  0.0015
1,3,5,7-TeMN 0.0138  0.0115 0.0088 0.0037  0.0055
1,3,6,7-TeMN 0.0148  0.0124 0.0104 0.0042 0.0058
1246/1247/1467-TeMN  0.0173  0.0161  0.0127  0.0055  0.0088 2.3
1,2,5,7-TeMN 0.0103  0.0094 0.0073 0.0034  0.0054
9
2,3,6,7-TeMN 0.0045 0.0037 0.0034 0.0014  0.0020
1,2,6,7-TeMN 0.0076  0.0068 0.0056 0.0025 0.0036 ’
1,2,3,7-TeMN 0.0034  0.0025 0.0024 0.0009 0.0011 pH
[21]
1,2,3,6-TeMN 0.0114  0.0099 0.0083 0.0035 0.0052 Bernard et al.
1256/1235-TeMN 0.0114  0.0102 0.0086 0.0039  0.0061 80 C ,
P 0.0307 0.0186 0.0099 0.0071  0.0038 Yuan et al.** ,
3-P 0.0306  0.0222  0.0100 0.0089  0.0039 , 30 °C
2-P 0.0371 0.0322  0.0113 0.0120  0.0049
P pH = 6~8 )
9-p 0.0483  0.0412 0.0181 0.0173  0.0079
1-p 0.0423  0.0369 0.0222 0.0156  0.0095
TAS 0.1698 0.1586 0.1593  0.1177 0.1372 ’ ’
Pr : Ph ; TMN ; TeMN ; > 30~32 C,
P ; TAS
#x3 HEYEBSH ’
Table 3 Parameters of biodegradation 5
EP-0D EP-15D EP-3D EP-32D EP-52D 10
3 —8— (TAS/Aro)=10"
(TAS/Ar0)x10 58750 5.7248 59878 6.1009 5.2978 gt
P/TAS 41203 3.1318 7.5236 24375 1.0828 s L —4— 1,3,6-/1,2,4-TMN
- —v— 1,3,6,7-/1,3,5,7-TeMN
1,3,6-/1,2,4-TMN 6.7514  5.1444  6.4405 43731  2.6990 Al
b \
13,6,7-/13,57-TeMN  1.0725 1.0771 1.1749 1.1376  1.0564 e T
6 g A= —
= " X T
a3 :
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Fig.3 The trends of biodegradation parameters
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Fig.4 The distribution of trimethylnaphthalenes (TMNs) (a) and tetramethylnaphthalenes (TeMNs) (b) in biodegraded oil
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Fig.5 The relationship between substituent position and number of trimethylnaphthalenes (TMNs) and tetramethylnaphthalenes (TeMNs)
and their biodegradation rates
a,0,f- TMNs; a,pB,p- TMNs; B,B,B-TMNss; a,0,0,3-TeMNs;
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the blue balls for a,0,B,3-TeMNs and the yellow balls for B,B,3,3-TeMNs.
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Fig.6 The variation in biodegradation rates of trimethylnaphthalenes (a) and tetramethylnaphthalenes (b) with time
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