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Abstract: Assessment of Total Petroleum Hydrocarbons (TPHs) from contaminated soils demands reliable
measurement to analyze the types and contents of mixed petroleum hydrocarbons in soils. Three-dimension-
al excitation-emission matrix (3DEEM) fluorescence spectroscopy has been demonstrated as a powerful tech-
nology for rapidly analyzing mixed petroleum hydrocarbons by identifying its abundant spectral information.
However, detection precision in soil still demands improvement. This study investigates the correction meth-
ods of 3DEEM fluorescence spectra to correct the complicated matrix and scattering effects of soils. To im-
prove the analytical accuracy, parallel factor analysis (PARAFAC) and the Alternating Trilinear Decomposi-
tion method (ATLD) were used to qualitatively and quantitatively analyze mixed petroleum contaminated
soils. The methods were used to assess three commonly observed petroleum hydrocarbons: machine oil, lub-
ricating oil, and diesel oil. Compared with the results of PARAFAC, the average recoveries of ATLD in-
creased from 85% to 95%, implying that ATLD can effectively distinguish between similar fluorescence
spectra and is more effective in the detection of the components and total content of petroleum in soil. This

work can have applications of risk assessment and remediation techniques.
Key words: 3DEEM fluorescence spectroscopy; mixed petroleum hydrocarbons in soils; parallel factor
method; alternating trilinear decomposition method; total petroleum hydrocarbons
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1 Introduction

Due to the rapid development of industry, the
use of petroleum has increased enormously. Many
types of petroleum are transported by the same
pipeline, or used in industrial estates jointly, etc,
which directly leads to the mixed petroleum hydro-
carbons pollution in surrounding soils'?. Petro-
leum has become one of the main sources of soil
pollution, since these compounds can cause the dis-
ruption of surrounding ecosystems very quickly and
influence the health of humans and animals through
the bioaccumulation of the food chain, and they are
difficult to be degraded by organism®.. Therefore re-
ducing the total concentration of petroleum is im-
portant, and the most crucial task is to qualitative
and quantitative analyze the pollutants accurately™.

At present, traditional analysis methods in pet-
roleum hydrocarbon detection are high performance
liquid chromatography®, gas chromatography®® and
UV spectrophotometry), etc. However, the inher-
ent limitation of these techniques is requiring

sample preparation™. Fluorescence spectroscopy de-

doi: 10.37188/C0.2019-0216

tection methods have been powerful analytical tech-
niques for organics for their attributes of high sensit-
ivity, rapid and multi-component analysis with very
little sample preparation, which meet the needs of
real-time online monitoring and have been widely
concerned by researchers®'”. For petroleum are the
mixed organic compounds by various polycyclic
aromatic hydrocarbons and alkanes with abundant
fluorescent groups, the fluorescence spectra are the
superposition of fluorescent groups. Based on the
excitation spectrum and emission spectrum, 3DEEM
fluorescence spectroscopy technique has been used
for the analysis of multi-component mixtures by its
advantages of abundant information, remarkable
characteristics and good selectivity!"''.

Many researchers have focused on the re-
search of petroleum hydrocarbons by 3DEEM fluor-
escence spectroscopy. Lemke M ef al. used syn-
chronous fluorescence technique to analyze the
types and contents of organic pollutants in asphalt.
Sinski J.F!'" ef al. analyzed the red-shifted phenom-
ena of fluorescence spectral peaks in weathered pet-
roleum. Ferretto N et al. utilized PARAFAC com-
bined with 3DEEM fluorescence spectroscopy tech-
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nique to analyze the types and contents of Polycyc-
lic Aromatic Hydrocarbons (PAHs) and pesticides
in aquatic environments.

However, different from the free suspension
state of petroleum hydrocarbons in water, the inor-
ganic nitrogen and phosphorus in soils can react
with petroleum, which can change the chemical
structures of petroleum hydrocarbons, considering
the complicated matrixes of soils simultaneously, it
is of great significance to researching an accurate
analysis method of petroleum hydrocarbons in soils
based on 3DEEM fluorescence spectroscopy!®!7.
Christensen J H'® et al. applied PARAFAC to veri-
fy the fluorescence signal of naphthalene, phenan-
threne and fluorine in petroleum. Yang Liu'” et al.
utilized fluorescence regional integration combined
with an analytic hierarchy process to identify and
quantify the main types of organic matter. Shurong
Zhang® et al. applied ATLD to analyze the fluores-
cence spectra with complex mixture and severe
spectra overlap, determining the spectra of corres-
ponding individual components.

In this paper, the main purpose of this work is
to evaluate the potential of accurate qualitative and
quantitative analysis of mixed petroleum in soils
and estimate the total content of petroleum hydro-
carbons by 3DEEM fluorescence spectroscopy tech-
nique on the use of PARAFAC and ATLD. For this
purpose, the methods of fluorescence spectra correc-

tion were investigated.

2 Experimental methods

A 3DEEM fluorescence spectrometer (Hitachi,
HITACHI F-7000) was used for fluorescence detec-
tion. For F-7000 was designed to detect transmis-
sion fluorescence spectra and suitable for liquid, to
get the fluorescence spectra of petroleum hydrocar-
bons in soils, the soil powder was packed into a
plastic cube which has the same size of the sample
container of F-7000, the surface of the soil sample
was smooth and at a 45 degree angle with the xen-
on light source, which ensured that the soil sample
was full contacted with the light source and we
could detect the fluorescence spectra of solid.

The base soils in this experiment were collec-
ted from a farmland and measured by chromato-
graphy to choose the one without petroleum hydro-
carbons. They were dried, grinded and sieved
through 100-mesh to remove roots for reserve.
Three commonly observed petroleum hydrocarbons
(machine oil, 5Sw-40 lubricating oil and 0# diesel
oil) were selected to represent the petroleum pollut-
ants. 64 soil samples labeled 1# to 64# were pre-
pared in the laboratory, and the contents of petro-

leum hydrocarbons configured are listed in Table 1.

3 Results and discussion

In this experiment, the width of the excitation
slit and emission slit of the instrument were both ad-
justed to 5 nm, the corresponding spectral resolu-
tion was 2 nm. The integral time was fixed at 0.5 s,
and the voltage of the photomultiplier tube was set
to 600 V. The range of fluorescence excitation

wavelength was from 200 nm to 400 nm, and the

Tab.1 Contents of mixed petroleum in the configured soil samples(%)

(a) The soil samples with the mixture of two types of petroleum

calibration set Machine oil lubricating oil Test set Machine oil lubricating oil
1# 0.11 0.21 17# 0.42 0.41
2# 0.32 0.50 18# 0.61 0.72
3# 0.51 0.52 19# 1.00 1.02
A# 0.52 0.21 20# 0.41 0.23
St 0.22 0.79 21# 0.64 0.43
6t 0.83 0.52 22# 1.02 5.03
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(a) The soil samples with the mixture of two types of petroleum

calibration set Machine oil lubricating oil Test set Machine oil lubricating oil
T# 0.82 1.54 23# 2.01 0.52
8# 1.33 2.60 24# 1.50 1.12
o# 1.51 1.12 25# 1.01 10.2
10# 3.14 5.81 26# 2.12 241
11# 5.02 4.08 27# 2.52 4.11
12# 3.44 4.47 28# 423 3.52
13# 6.78 2.10 29# 6.54 1.12
14# 2.93 5.52 304 4.61 1.72
15# 7.82 422 31# 7.32 223
16# 4.13 7.88 32# 8.11 1.12

(b) The soil samples with the mixture of three types of petroleum

calibration set Machine oil lubricating oil Diesel oil Test set Machine oil lubricating oil Diesel oil
33# 0.10 0.11 0.13 49# 0.42 0.44 0.43
34 0.22 0.21 0.24 50# 0.71 0.51 0.62
35# 0.52 0.54 0.49 S1# 0.63 0.48 0.32
36t 0.21 0.12 0.54 52# 0.22 1.31 0.42
37# 0.52 0.51 0.11 53# 0.43 1.83 0.62
38t 0.72 0.64 0.72 54 0.51 1.02 8.01
394 1.12 4.23 0.84 55# 1.04 8.00 0.52
40# 0.82 0.24 0.49 56# 1.02 1.01 1.01
41# 3.02 4.45 1.03 57# 1.51 0.78 1.18
42# 0.51 5.22 1.47 58# 2.42 5.19 2.11
43# 4.94 0.79 2.33 59# 4.21 1.31 1.51
44# 3.04 3.0 2.45 60# 4.41 2.98 0.64
45# 1.10 1.8 4.41 61# 2.13 0.84 5.20
46# 4.12 2.0 3.30 62# 2.04 0.82 6.41
AT# 1.04 0.8 5.51 63# 2.81 0.54 6.05
48# 2.14 1.12 6.70 64 8.01 0.51 1.03

step length was 2 nm. Meanwhile, the emission
wavelength range was set from 200 nm to 500 nm,
and the step length was 2 nm.
3.1 Spectral pretreatment

Fig.1 (a) (color online) and Fig.1 (b) (color on-
line) depict the soil fluorescence spectra of diesel
oil and the pure soil fluorescence spectra obtained
from the experimental scanning, one can observe

from Fig.1 (a) that the fluorescence peak of diesel

oil is significantly influenced by the soil organic
matter, Rayleigh scattering, Raman scattering, etc.
This affects the measurement accuracy of petro-
leum hydrocarbon. In order to eliminate the influ-
ence of the soil background effect and scattered
light, background correction method and Eemscat
function method were used in the pretreatment of
the 3DEEM fluorescence spectra. Fig.1 (c) (color

online) and Fig.1 (d) (color online) show the fluor-
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escence spectra of diesel oil after background cor-
rection and scatter correction. It is clarified that

fluorescence spectral information of diesel oil can
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(a) Actual spectra of diesel oil
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Fig. 1

The matrixes of soil samples are too complic-
ated, it is difficult to ensure that the soil back-
ground signals in each trial are completely consist-
ent, just as shown in Fig.1 (d), after the spectral pre-
treatment of diesel oil, there are a lot of spectral
background noises in the fluorescence spectra.
Therefore, weighted mean filter was adopted to
eliminate the random noise spread on the 3DEEM
fluorescence spectra. Fig.2 (color online) shows the
fluorescence spectra of the three pure petroleum hy-
drocarbons before and after smooth filtering.

As shown in Fig.2, compared with the original

spectra, the smooth filter can efficiently preserve the

be better highlighted after background correction

and scatter correction.
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The 3DEEM fluorescence spectral pretreatment of diesel oil in soil.

spectral information and eliminate noise error. Since
each type of petroleum is a mixture of various fluor-
escent substances in a certain proportion, their fluor-
escence spectra are the spectral superposition of all
the fluorescent substances, and their specific com-
ponents form their own unique characteristics of
fluorescence spectra. The coordinates of peak posi-
tions in three petroleum hydrocarbons are shown in
Table.2. Fig.2 and Table.2 indicate that different
types of petroleum hydrocarbon have different
fluorescence peak positions and intensities, which

can be used as the basis of identification.



GU Yan-hong, ef al. : Algorithmic Study of Total Petroleum Hydrocarbons in ------

857

500

450
400

350

Fluorescence intensity

EM/(Anm™)

300 °

250 +

200 R —
200 220 240 260 280 300 320 340 360 380 400
EX/(Anm™)
(a) Spectra of diesel oil before smoothing

500 -
450 B
400

350 B

Fluorescence intensity

EM/(A:nm™)

300 [

250

200 P e e e
200 220 240 260 280 300 320 340 360 380 400
EX/(Anm™)
(c) Spectra of lubricating oil before smoothing

450
400

350

Fluorescence intensity

EM/(Anm™)

300 iD=

250 |

200 P o
200 220 240 260 280 300 320 340 360 380 400
EX/(Anm™)
(e) Spectra of machine oil before smoothing

500

450

400

350

Fluorescence intensity

EM/(Anm™)

300

250

200 T T Ty —
200 220 240 260 280 300 320 340 360 380 400
EX/(Anm™)
(b) Spectra of diesel oil after smoothing

500

450

400

350 +

Fluorescence intensity

EM/(A-nm™)

300 +

250

200 e
200 220 240 260 280 300 320 340 360 380 400
EX/(Anm™)
(d) Spectra of lubricating oil after smoothing

500

450

400

350 +

Fluorescence intensity

EM/(Anm™)

300

250

200 T
200 220 240 260 280 300 320 340 360 380 400
EX/(A'nm™)
(f) Spectra of machine oil after smoothing

Fig. 2 The typical fluorescence spectra of three kinds of pure petroleum in soils

Tab. 2 The coordinates of peak positions in three petro-

leum hydrocarbons

Types Left area (EX, EM) Right area (EX, EM)
Diesel oil (232,334) (288,334)
Lubricating oil (236,336) (290,348)
Machine oil (238,346) (270,372)

Fig.3 (color online) depicts the 3DEEM fluor-

escence spectra of mixed oil in soil, where only few

differences at the central peak positions were ob-

served. Fig.3 (b) was the fluorescence spectra of two

petroleum mixtures and Fig.3 (d) was the fluores-

cence spectra of three petroleum mixtures, they are

extremely consistent. It is clarified that the differ-

ence at the central peak positions of various petro-

leum hydrocarbons in soils was not significant, res-

ulting the 3DEEM fluorescence spectra of mixed

petroleum hydrocarbons remain similar. Therefore,

it is necessary to identify and quantify the 3DEEM

fluorescence spectra of mixed petroleum hydrocar-

bons in soils by using effective algorithms.
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Fig. 3 3DEEM fluorescence spectra of mixed oil in soil (Machine oil:Lubricating oil:Diesel oil)

3.2 Parallel factor analysis

PARAFAC (Parallel factor analysis) is a di-
mensional decomposition analysis which was used
for analyzing 3DEEM or multidimensional data. For
3DEEM fluorescence spectra, it is a trilinear analysis.
In the experiments of 3DEEM fluorescence, assum-
ing that 7 is the number of excitation wavelength, J
is the number of emission wavelength, K is number
of samples, then a 3DEEM data matrix of size
IxJXK can be obtained. The measured fluorescence
intensity y has a relationship with the contents of
petroleum hydrocarbons in samples, the trilinear

model can be expressed as in Eq.1.

Xijk = Z:]:l Ainb juCrn + €
i=1,2,...j=1,2,..J;k=1,2,...K , (1)
where y;; is the element of matrix X, N is the types
of petroleum hydrocarbons, a,, is the element of ex-
citation spectral data matrix A4, b,, is the element of
emission spectral data matrix B, ¢;, is the element of
concentration matrix C, e is the element of resid-
ual matrix. In this paper, the rule of minimum SSR

(Residual Sum of Squares) was used to gain the op-

timum PARAFAC model. Equation 2 shows the ex-

pression.

SSR = Zj:l Z/]‘:I Z::l e"zj" ) 2

CORCONDIA was used to estimate the num-
ber of factors in PARAFAC, which is very sensitive
to the number of factors. Equation 3 shows the ex-

pression.

F F F )
DS
- F F Fo, ’
Zi:l Zj:l Zk:l fijk

where F is the number of factors, g;; is the element

c=100x

(3>

of least squares fitting matrix G, t; is the element of
hyperdiagonal matrix 7, when the chosen number of
factors is less than or equal to the true number, ¢ is
roughly equal to 1, otherwise it is approximately
equal to 0.

For mixtures of two petroleum hydrocarbons,
the soil samples labeled 1#~16# were chosen as the
calibration set and the remaining samples were
chosen for the test set. As shown in Fig.4 (color on-

line), the core consistency coefficient is 98.56%
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when the number of factors was set to 2, which is
close to 100%, and the core consistency coefficient

is 63.82% when the number of factors was set to 3,

Core consistency coefficient=98.56%

a N=2
1.0
© 0.5
5|
Q
0 \ [ » . L
0 2 4 6 8 10 12 14 16 18 20

Core elements (red should be zero/black non-zero)

which is also greater than 60%, then the optimal

number of factors was set as 2.

Core consistency coefficient=63.82%
N=3|

1.2

1.0

0.8

0.6

0.4

Core size

0.2

0.0

-0.2

0 2 4 6 8 10 12 14 16 18 20
Core elements (red should be zero/black non-zero)

Fig. 4 The core consistency diagnosis results for mixtures of two petroleum hydrocarbons. (a) N=2; (b) N=3

In order to avoid the meaningless of negative
value, the non-negative limit was added in the cal-
culation of the three matrixes in the program run-
ning process. Fig.5 (color online) shows the typical
emission spectra and excitation spectra which were
decomposed by PARAFAC, where the emission
spectra and excitation spectra obtained by decom-
position not be that different from the pure petro-

leum spectra at the same concentration, proving that

(a) 1 — Machine oil
5 2000 | 3 2 — Lubricating oil
< 3 — Mixed oil
> 4 ---- Decomposed machine oil
gz 1500 5 ---- Decomposed lubricating oil
£
3 1 000
£
S
2 500
5
=
= 0

300 350 400 450 500
Emission wavelength/nm

200 250

PARAFAC can recover and distinguish the spectra
of the components. The calculation curve was estab-
lished by the concentration scores of target analyst
and the corresponding real contents in the calibra-
tion set, and Table 3 shows the results of predicted
contents using PARAFAC, and recovery rate was
used to estimate the accuracy of the quantitative

method. Equation 4 shows the expression.

2500 b)) 3 1 — Machine oil
5 2 — Lubricating oil
<2000+ 3 — Mixed oil o
> 4 ---- Decomposed machine oil
Z 1500 5 ---- Decomposed lubricating oil
81000
=
2
o 500
Q
E [
=0

300 350 400

250
Excitation wavelength/nm

200

Fig. 5 Classifying the mixture of two petroleum hydrocarbons by PARAFAC. (a) Classification of emission spectra; (b) clas-

sification of excitation spectra

Tab.3 The predicted results of two types of petroleum mixture using PARAFAC

Predicted(%) Recoveries(%)
Sample

Machine oil Lubricating oil TPHs Machine oil Lubricating oil TPHs
17# 0.35 0.35 0.70 82.38 85.85 84.10
18# 0.52 0.60 1.12 85.74 83.61 84.59
194 0.87 0.98 1.85 87.00 96.08 91.58
20# 0.34 0.19 0.53 83.90 83.91 83.91
214 0.54 0.42 0.96 84.06 96.88 89.21
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224 0.82 4.41 523 80.00 87.59 86.31
234 1.82 0.54 2.36 90.30 103.77 93.07
244 1.26 0.90 2.16 84.00 80.71 82.60
254 0.92 9.29 10.21 91.29 91.08 91.10
264 1.70 1.84 3.54 80.38 76.35 78.23
27# 224 3.08 5.32 88.97 74.94 80.27
284 3.11 3.04 6.15 73.52 86.42 79.38
294 6.09 1.05 7.14 93.12 94.11 93.26
304 4.13 1.49 5.62 89.61 86.86 88.86
314 6.11 1.80 7.91 83.50 80.54 82.81
324 6.75 0.93 7.68 83.24 83.39 83.26
Average recoveries (%) 85.06+4.80 87.01+7.52 85.78+4.70
Recovery rate = —Predlcted value x100%. (4) line), the core consistency coefficient is 97.05%

Actual value

For mixtures of three petroleum hydrocarbons,

the soil samples labeled 33#~48# were chosen as the

calibration set and the remaining samples were

chosen for the test set. As shown in Fig.6 (color on-

Core size
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when the number of factors was set to 3, and the

core consistency coefficient is 53.75% when the

number of factors was set to 4, then the optimal

number of factors was 3.

1.2

Core consistency coefficient=53.75%
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T
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Fig. 6 The core consistency diagnosis results for mixtures of three petroleum hydrocarbons. (a) N=3; (b) N=4

Fig. 7 shows the typical emission spectra and

excitation spectra which were decomposed by PAR-

AFAC, where the emission spectra and excitation

spectra obtained by decomposition can correspond

with the pure petroleum spectra at the same concen-

tration. Table 4 shows the results of predicted con-
tents using PARAFAC.



54 1 GU Yan-hong, ef al. : Algorithmic Study of Total Petroleum Hydrocarbons in ------ 861
1 — Machine oil 1 — Machine oil
@ % — Il?i%se;l oil q 4000 - % — Ei%sgl oil 0

L (a —— Lubricating oi — Lubricating oi
5 3000 4 4 Mixedoll o 5 3500F 2 Mixedoil - )
s 2500 5 ---- Decomposed machine oil & 5 50| 5 ---- Decomposed machine oil
> 6 ---- Decomposed diesel oil 3 6 ---- Decomposed diesel oil
Bz 7 ---- Decomposed lubricating oil ‘@ 72 500 | 7 ---- Decomposed lubricating oil
£ 2000 5
E 1 500 E 2000
g 8 1500
% 1000 2 1000
g 500 S 500 p
= 0 = 0

. . . . . . -50Q s . . .
200 250 300 350 400 450 500 200 250 300 350 400

Emission wavelength/nm

Excitation wavelength/nm

Fig. 7 Classifying the mixture of three petroleum hydrocarbons by PARAFAC. (a) Classification of emission spectra; (b) clas-

sification of excitation spectra

Tab.4 The predicted results of three types of petroleum mixture using PARAFAC

Predicted(%) Recoveries(%)
Sample

Machine oil Lubricating oil Diesel oil TPHs Machine oil Lubricating oil Diesel oil TPHs
49# 0.35 0.42 0.38 1.151 83.81 95.45 88.14 89.22
50# 0.58 0.49 0.53 1.61 81.83 96.86 86.13 87.45
51# 0.53 0.42 0.26 1.21 83.97 86.67 81.25 84.27
524 0.21 1.12 0.35 1.67 93.64 85.34 82.38 85.64
53# 0.37 1.56 0.48 2.41 85.12 85.36 78.06 83.75
54 0.47 0.86 6.92 8.24 91.18 83.92 86.37 86.36
55¢# 0.99 6.50 0.45 7.94 95.00 81.25 87.31 83.08
56# 0.85 0.74 0.88 2.47 83.73 72.87 87.23 81.28
5T# 1.65 0.71 0.94 3.29 108.94 90.51 79.63 94.83
584 1.97 4.44 1.95 8.36 81.26 85.53 92.54 85.99
59# 3.50 1.01 1.51 6.02 83.16 77.33 100.00 85.69
60# 4.23 2.12 0.57 6.92 96.00 71.14 88.76 86.20
61# 1.55 0.76 4.78 7.09 72.72 90.24 92.00 86.79
62# 1.70 0.83 5.40 7.94 83.43 101.59 84.32 85.65
63# 2.53 0.49 4.97 7.99 90.18 90.30 82.09 84.98
64t 6.70 0.40 0.81 791 83.61 78.43 78.64 82.80

Average recoveries (%) 87.35+8.03 85.80+8.14 85.92+5.60 85.87+2.97

As shown in Table 3 and Table 4, all the aver-
age recoveries are lower than 90%, it could be be-
cause of machine oil and lubricating oil belonging to
a larger category of petroleum, it has been dis-
cussed earlier that machine oil and lubricating oil
have the similar fluorescence spectra in soils, which
weaken the ability of identification and quantitation

of PARAFAC. In order to improving the measure-

ment accuracy, a precise calibration model was re-
quired to establish to qualitatively and quantitatively
analyze the mixed petroleum in unknown samples.
3.3 Alternating trilinear algorithm

ATLD (Alternating trilinear algorithm) is a po-
tential learning algorithm which was adopted to de-
compose 3DEEM matrix basing on Moore-Penrose

generalized inverse calculation through singular
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value decomposition and alternating iteration using
alternating least squares. Comparing with PARA-
FAC, the convergence speed of ATLD is quick, and
it is not sensitive to the number of factors estima-

tion, giving full play to the advantages of second-or-

der correction. The load matrices could be ex-
pressed as in Eq.5.

af = diag(B*X,(C")") i=1.2.....1

bT = diag(C*X,(A")) j=1.2.....0

el =diag(A"X4(B")) k=12...K (5

where + expresses Moore-Penrose generalized in-
verse, and the objective function of ATLD is the
sum squares of residual matrix elements, which can

be posed as in Eq.6.

2

1 J K N b
o= E E g Xijk — g a0 ;,C
i1 =1 =1 ijk et inZn kn | »

(6

where x;; is the element of 3DEEM data matrix, and

the convergence criterion in the iterative solution

can be posed as Eq.7.

o — O_m—l
— | <e&

7

o-m—l

Fig. 8 (color online) depicts the typical emis-
sion spectra and excitation spectra which were de-
composed by ATLD, which shows a good consist-
ent with the real emission spectra and excitation
spectra at the same concentration. Table 5 and
Table 6 show the predicted results using ATLD for
the mixtures of petroleum. As shown in Table 5 and
Table 6, all the average recoveries for the compon-
ents and the total petroleum hydrocarbons are all
above 95% and the results imply that the qualitative
and quantitative accuracy for mixed petroleum in
soils can be obviously improved by ATLD. Then
the ATLD is more effective for rapid petroleum
measurement in soils with sever effects of soil back-

ground fluorescence.

Tab.5 The predicted results of two types of petroleum mixtures using ATLD
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97.30+1.59 97.19+1.74 97.16£1.70

tion of excitation spectra for the mixture of two; (c) classification of emission spectra and (d) classification of excita-

tion spectra for the mixture of three
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4  Conclusions

In summary, this study focuses on the qualitat-
ive and quantitative analysis for mixed petroleum in
soils, estimating the total content of petroleum hy-
drocarbons in soils. Background correction method,
Eemscat function method and weighted mean filter-
ing algorithm were combined to correct the com-
plicated soil background spectra and scattering spec-
tra. PARAFAC and ATLD were applied for the
qualitative and quantitative analysis of mixed petro-
leum in soils. The results demonstrate that the meas-
urement accuracy of recoveries should be improved
because the machine oil and lubricating oil belong

to a larger category of petroleum and have the simil-
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