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Analysis of petroleum-polluted water absorption spectral properties
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Abstract: Petroleum pollutions exist in waters in various forms, which impacts its apparent optical properties and inherent
optical properties. Field works has been carried out in the rivers in Panjin city, Liaoning province of China in May 2008 in order
to understand this impact. The absorption coefficient data of yellow substance, De-pigment particles and phytoplankton pig-
ments and the corresponding water samples for laboratory measurements of chlorophyll, petroleum pollutions, and suspended
material were collected. Firstly, absorption spectral features of yellow substance, De-pigment particles and phytoplankton pig-
ments in Case II water were analyzed. Secondly, the absorption spectral properties of yellow substance and phytoplankton pig-
ments with petroleum pollutions were discussed. Finally, the impact of petroleum pollutions on water absorption properties was
analyzed using the method of algebraic difference. The results showed that (1) whether there is petroleum substance or not in
water body, the absorption spectra of yellow substance and de-pigment particles all follow e-exponential attenuation trend in the
research region; (2) with the presence of petroleum pollution, the absorption coefficients of yellow substance and phytoplankton
pigments are both increased; (3) the absorption spectral feature of petroleum pollution appears similar to those of the yellow
substance and de-pigment particles by following an e-exponential attenuation trend. However, it is feasible to distinguish them
because their spectral exponential slopes have obvious difference.
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1 INTRODUCTION

Facing the increasingly serious problems of environmental
pollution, all the countries in the world are making greater
effort at environmental improvement and instituting laws and
regulations. Among the various pollution problems, the impact
of water pollution is the most serious. Water pollutions, caused
by human activities related to petroleum, such as oil field
exploration, oil field accidents, oil spills and discharge of
channel oil sewage, are becoming prominently obvious. It is
imperative to have the information about the spatial distribution
of the petroleum polluted water body due to the outburst of
petroleum pollutions in a timely manner in order to better
monitor it. The remote sensing technology can be used as one
of these measurement methods because it has the advantages of
large scale, dynamic and low-cost access to regional informa-
tion, which are not comparable for those traditional observation
methods. Currently, the remote sensing technology is mainly
applied to oil spill detection in the field of oil-contaminated
waters. The researches on mechanisms and models of remote
sensing have made a great progress, and the operational moni-
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tor system of marine oil spill has been established in China,
Canada, America, Germany and some other countries (Liu,
2005; Otremba, 2000; Otremba & Piskozub, 2003; Zielinski,
2003). However, the related research reports about the case of
petroleum-polluted water without forming a visible or detect-
able film have not yet been seen domestically or internationally.
The researches on the detection mechanism and identification
models by using remote sensing technology are of great scien-
tific significance and application value (Huang et al., 2007).
Ocean color remote sensing is an important branch of re-
mote sensing technology. In the monitoring of ocean color fac-
tor and chlorophyll in Case I water, the application of remote
sensing technology has already been in operational stage of
business. In the monitoring of chlorophyll, yellow substances
and suspended particles of ocean color factor in Case II water,
the researches on mechanisms and models of remote sensing
are very comprehensive, and the research results are serving the
society. The primary composition of the petroleum substances
is hydrocarbon, including the alkane, the cycloalkanes and the
aromatic hydrocarbon. In water, they exist in the forms of sus-
pended oil, dispersion oil, emulsified oil and decomposition oil,
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and they become a source of the water pollutions, posing direct
influence on ocean color. So in the situation where detected
obvious oil film has not been formed, they can be considered as
one of the factors of ocean color. As regards the main factors of
ocean color in Case II water, such as the monitoring of pig-
ments (chlorophyll), de-pigment particles (inorganic suspended
solids), yellow substance and the inherent optical properties
(absorption and backscattering coefficient) of pure water,
scholars around the world have done a lot of researches on dif-
ferent types of water bodies and have established parametric
models (Pope & Fry, 1997; Smith & Baker, 1981; Gallegos &
Neale, 2002; Gallie & Murtha, 1992; Yu ez al., 2003; Song &
Tang, 2006; Zhou et al., 2005; Wang et al., 2004). To apply
remote sensing semi-analytical models to quantitatively inverse
the concentration of petroleum pollution in water, we must
firstly ascertain the inherent optical properties of petroleum
substance (Otremba & Krol, 2002). This paper focuses on ab-
sorption coefficient properties of petroleum-polluted water in
order to provide reference to the establishment of quantitative
inversion of the petroleum-polluted concentration in water
based on the model of remote sensing semi-analysis.

The experimental field work was conducted in Shuangtaizi
River and Raoyang River in Panjin city (the area of Liaohe oil
field), Liaoning province of China. Liaohe oil field is the third
largest oil field in China, whose products are mainly crude oil
and natural gas. The oil exploration activities will inevitably
have side effects on the water environment. It becomes a typical
experimental field of inherent and apparent optical properties in
the petroleum-polluted water (Huang et al., 2007).

2 THE MEASUREMENTS OF ABSORPTION
COEFFICIENT

2.1 Field samples collection

Field samples collection consisted of two parts, which were
experiment of mixing-ratio in water tank and collecting water
samples in situ. All samples of the water were divided into two
portions, one was directly poured into the sample bottle, which
was kept in liquid nitrogen. It was then filtered in laboratory in
order to get prepared for the measurement of yellow sub-
stance’s absorption coefficient; the other portion was trans-
ferred into a clean container to make it particles with filtration.
The particle samples were used for the measurement of absorp-
tion coefficient of particle substance.
2.1.1 Experiment with water tank

The water tank for the experiment is self-made U-PVC plas-
tic container with the diameter of 50cm and the height of 30cm.
The inner walls of the water tank should be blackened with
Ethyl polypropylene. The refined Thin Oil and Thick Oil from
Liaohe oilfield were taken as standard samples for the mixing
test. In addition, the used sewage in Facultative pond at the
sewage treatment plants is also taken in the experiment. For
getting water samples polluted by petroleum product with dif-
ferent concentration, the samples were gotten onsite from Rao-

yang River during the experiment, totally producing 10 results
of different water samples.
2.1.2  Collecting water samples in the field

All of 24 water samples were collected per 1000m along
Shuangtaizi River and Raoyang River within the testing area. In
addition, three water samples were collected separately at drain
outlet of three different sewage treatment plants at Liaohe oil-
field.

2.2 Measurement in laboratory

Measurement of absorption coefficient in laboratory covers
testing of 3 components of ocean color, namely yellow sub-
stance, de-pigment particles and pigment.

2.2.1 Measurement of absorption coefficient of yellow sub-
stance

Firstly we used 0.45um GF/F filter to filter 75mL water
sample, secondly filtered the filtered sample from first step with
polycarbonate membrane with 0.22um filter, the resultant sam-
ple was the yellow substance for experiment. Put 10cm long
reference cuvette and sample cuvette in spectrophotometer,
both full filled with pure water, into two different light paths of
spectrophotometer (model: U-3010, made in Hitachi Japan), for
measuring ODy, (1) of reference water. Pull the sample cuvette
out of spectrophotometer and empty it, again full filled cuvette
with sample to measure OD; (4) of yellow substance relative to
pure water.

According to NASA's specification of marine optics meas-
urement (Mitchell et al., 2000), the calculating formula of ab-
sorption coefficient of yellow substance is:

35(2) = 222(10D, () - 0Dy ()] -ODu] (1

where, [ is the optical path of photometer cuvette (normally
0.1m); OD, (1) is the optical density of sample relative to refer-
ence pure water (dimensionless); ODy, (4) is the optical density
of blank pure water (dimensionless), which is after being proc-
essed through sample processing program, relative to reference
pure water; OD,,is apparent remained optical density in con-
dition of supposing no dissolved substances absorption within
long wave band or close infrared wave band of visible light,
which refers to remained absorption in long wave band visible
light or close infrared wave band (dimensionless). During the
procedure of measuring absorption coefficient of yellow sub-
stance with spectrophotometer, the datum must be inspected in
order to find out appropriate range of wavelength to be as null
point for rectifying, for the reason that big differences exist in
absorbing spectrum of pure water according to different tem-
peratures, especially at 650—750nm. While Case I water is

comparative “clean”, the absorption coefficient of yellow sub-
stance follows an e-exponential attenuation, and normally spec-
trum value approaches to null at 600nm, therefore NASA's
specification of marine optics measurement recommends to
take average value between 590nm and 600nm for OD,y. The
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Series 1 in Fig. 1 is the absorption spectrum of yellow sub-
stance which had not been calibrated in the research region, i.e.,
without considering the result of OD,y when using Eq. (1).
Accordingly it is obvious that the absorption coefficient of yel-
low substance still follows an e-exponential attenuation, but
after 600nm it does not obviously approaches to zero. The
Series 2 in Fig. 1 shows the absorption coefficient curve of
yellow substance while taking 590—600nm as remnants cali-
bration following Eq. (1). It is obvious that when use 590—
600nm as remnants calibration wave band for measuring
muddy Case II water following NASA’s specification of marine
optics measurement recommendation, it “underestimate”s the
absorption coefficient of yellow substance mainly because the
strong absorption of dissolved materials in heavy muddy Case
II water still exists in 590—600nm wave band.

For the unclean or muddy water, Bricaud er al. (1981) gave

Absorption coefficients/m™'

out another formula to do scatter calibration by using absorp-
tion coefficient of the yellow substance at 750nm. In details,
use Eq. (2) to calculate absorption coefficient of each wave-
length, and use Eq. (3) to make scatter correction.

a(A)=2.303D(A)/ r (2)
a(A) =a(A) - a(750)4/750 3)
where, D(A) is the absorbance, equal to [OD,(4) - OD\(4)], r

is optical path(m), a(A) is the uncorrected absorption coeffi-

cient of wavelength 4 (m™), a(4) is absorption coefficient of
wavelength A (m™). The Series 3 in Fig. 1 shows the absorption
coefficient curve of yellow substance, by using Eq. (2) and Eq.
(3). It appears reasonable to choose 750nm as the scatter cor-
rection. Therefore 750+10nm was used in this paper to be the
method of scatter calibration for the absorption coefficient of
yellow substance.

------- Series |
— == Series 2
Series 3

400 460 520 580

Fig. 1 Comparion of two remnants calibration methods to yellow substance absorption coefficients

2.2.2  Measurement of absorption coefficient of total particles

Filtered enough water through GF/F filter paper with 0.7um
aperture at low light level and low vacuum degree (approximate
to 125mm mercury), and record the datum about diameter of
effective area with numerous particles and filtered volume.
Then respectively put filter paper covered with numerous parti-
cles and fully soaked blank filter paper of the same specifica-
tion, into two optical paths in spectrophotometer, to measure
the ODg,(4) of total absorption coefficient. Afterwards, calcu-
lated ay(4) of particles.

After acquired the optical density, the absorption coefficients
of particles were calculated with the following Eq. (4):

23034,
By

where, Ay is the actual area which was covered by;samples on

ap(A) = [ODg,(4) - ODpy] @

sample membrane; V; is the corresponding filtered volume of
samples; B is the coefficient of optical path scale effect due to
numerous particles on sample membrane(dimensiconless); and
0D,y is the mean of optical density within 790—800nm range
of waveband. “f”, the correction factor of optical path scale
effect in this study introduced the result of Mitcehll (1990):

B =[0.392+0.655(0Dg, (4) ~ OD, )] ®)

2.2.3 Measurement of absorption coefficient of de-pigment
particles

To remove the pigment through extraction with methanol on
the filter paper used for measuring the absorption coefficient of
particles. After that, to measure ODyy(1) of de-pigment particles
using the same method as what's used for measuring the ab-
sorption coefficient of particles, namely calculated de-pigment
absorption coefficient, a4(1). Use Eq. (4) and (5) to do thecal-
culation with replacement of, ODy,(4) by and OD4(4), and ay(A)
by a4(4).
2.2.4  Calculation of pigment particles absorption coefficient

Total particles contains pigment and de-pigment particles,
therefore the absorption coefficient of pigment particles equals
to the difference between the one for the total particles and the
one for de-pigment particles which can be expressed in Eq. (6)
as following,

aph (l) = ap(’l)_ad (/1) (6)

where ay(4) is the absorption coefficient of pigment particles.
2.2.5 Absorption coefficient of petroleum substance
Petroleum substance exists in the water in the form of float
oil, decomposed oil, dispersed oil or emulsified oil. The float
oil shows as oil film, the decomposed and dispersed oil appear
as yellow substances, while the emulsified oil in particle mainly
attaches on the suspended particles in water. Thus the meas-
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urement of yellow substance involved petroleum optics proper-
ties. In the total particle’s absorption coefficient measurement,
it also contains effect of petroleum substance. After removing
the pigment with methanol in the total particle samples, the
absorption coefficient of de-pigment particles is determined
because the petroleum substance can be dissolved in methanol,
during pigment removing they were taken away at the same
time. The way of getting the absorption coefficient of pigment
particles is to deduct the total particles’ absorption coefficient
by the de-pigment particles’ absorption coefficient. Obviously
in the water with petroleum pollution, the pigment particles’
absorption coefficient includes the properties of petroleum
absorption coefficient. Here the crucial question becomes how
to separate the petroleum absorption coefficient from the
absorption coefficients of yellow substance and pigment.

3 ANALYSIS AND DISCUSSION

3.1 Absorption properties of the three-component
factors in testing Area

Fig. 2 (a) and (b) are two representative absorption spectrum

water from all observing sites in the experimental area. Table 1
tells the concentration of three comresponding factors and
petroleum pollution of which concentration of yellow substance
is expressed by concentration parameter ag (440nm).

According to Fig. 2, the following conclusions about the
general characteristics of absorption coefficient of three factors
in the water of the experimental area can be drawn. (1) Within
the range from 400nm to 800nm, absorbing of water in study
area was effected together with pigment particles, de-pigment
particles and yellow substance. (2) The absorption coefficients
of de-pigment particles and yellow substance are following an
e-exponential attenuation law. (3) On the absorption spectrum
of pigment particles of the water in study area, there were typi-
cal pigment absorbing peaks at 440nm and 675nm because
mainly of chlorophyll, and there was absorption peak of caro-
tenoid at 490nm. There are a few Chinese scholars who have
already studied about water absorption coefficient for offshore
area such as Huanghai and Donghai seas, as well as Taihu and
Qinghaihu Lakes. Because of the complexity of Case II water
and flexible regional character of absorption coefficient, the
general distribution trend of the three factors in this study is
basically consistent with those of Case II water in the zones

diagrams of three-component factors extracted out of natural mentioned above.
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Fig. 2 Natural water absorption sperctal curves of three-component in the experiment fields

Table 1 Analysis result of optical active constituents in the

water samples listed in Fig. 2
Concentration of water constituents (a) (b)
Pigment panicles/(g/m’) 68.67902 74.83208
De-pigment particles/(g/m®) 18 10.66667
Yellow substance/(1/ m) 2.820446 2.167398
Petroleum substance/(mg/L) 0.38 0.66

3.2 Analysis of absorption properties of petroleum
substance

3.2.1 The influences of petroleum substance on absorption
feature of yellow substance

From the analysis about the properties of petroleum sub-

stance, it is known that in petroleum-polluted water, the absorp-

tion coefficients of yellow substance are the ones affected by

the petroleum substance. To prove it, the mixture ratio experi-

ment in water tank were conducted. Fig. 3 reveals the absorp-

tion coefficient spectrum of yellow substance of four samples
which were acquired from sink mixture ratio test of the same
aquatic system (to assure consistency of other constituents’
value in other aquatic system) by using sewage from the water
treatment plants. The graphic symbol in the spectrum is con-
centration of petroleum substance.

The following conclusions can be drawn according to the
curves of absorption coefficient of yellow substance from Fig. 3:
(1) with the increase of petroleum substance concentration
(from curve “a” to “b”, the concentration is increased from
0.31mg/L up to 4.09mg/L), the numerical value of yellow sub-
stance absorption coefficient is increased accordingly. It is
proved that in petroleum-polluted water, the yellow substance
measurement contains the influence from petroleum optics
properties. (2) With the increase of the concentration of petro-
leum substance in the polluted water, the absorption spectrum
of the yellow substance is kept the same shape in terms of fol-
lowing the e exponential attenuation while the slopes of their
exponential functions were diversified obviously. The analysis
about the slope of exponential functions will be discussed later
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on.

To further confirm the impact of petroleum substance on the
absorption coefficient of the yellow substance, the analysis was
also carried out for the absorption coefficient of yellow sub-
stances using different waters at different observing sites. With
the 0.2mg/L testing limitation of the infrared spectrophotometer,
basically it could be said there is no petroleum substance if the
measured value is lower than the testing limitation. Taking the
half of the testing limitation as the benchmark, the samples with
concentration of petroleum pollution lower than 0.1mg/L were
classified into petroleum-unpolluted water, those with concen-
tration more than 0.Img/L, petroleum polluted water. Fig. 4
illustrates the absorption coefficient of the yellow substances in
the petroleum-unpolluted water samples from different aquatic
systems. Table 2 lists the constituents concentrations in the
water samples corresponding to Fig. 4.

Table 2 Analysis result of optical active constituents in the water

samples listed in Fig. 4
Concentration of water constituents Series | Series 2 Series 3
Petroleum substance/(mg/L) 0.1 0.1 0.1
D2-pigment particles/(g/m®) 48 101.33 34.67
Chlorophyll-a/(mg/m’) 12.17 58.84 13.45
Yellow substance/(1/ m) 0.74 1.01 1.02

As illustrated in Table 2, the concentrations of the yellow
substance in the water samples represented by a; (440nm)
were respectively 0.74, 1.01, 1.02 and the concentrations of
petroleum substancec were all under 0.1mg/L. According to
Fig. 4 and Table 2, it showed that there was little difference
among the concentrations of yellow substance in the petro-
leum-unpolluted water.

Fig. 5 describes the yellow substance’s absorption coeffi-
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Fig.3 Yellow substance absorption spectra in the same water with difference petroleum concentration
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cients of the petroleum-polluted water samples from different
aquatic systems. The corresponding compositions’ concentra-
tion of each water sample was captured in Table 3. According
to Table 3 and Fig. 5, the same result as what implied by Fig. 3
can be acquired, i.e., with the increase of the concentration of
petroleum substance (from curve “a” to “e”, the concentration
was increased from 0.6mg/L up to 125.3mg/L), the value of the
yellow substance’s absorption coefficient was increased
accordingly and the yellow substance’s absorption spectrum
was holding the same shape by following the exponential at-
tenuation while the slopes of the exponential functions were
obviously varied.

Table 3 Analysis result of optical active constituents in the water
samples listed in Fig, §

Concentration of water

constituents b ¢ d ¢
Petroleum substance/(mg/L) 0.6 0.82 1.39 2.1 125.3
De-pigment particles/(g/m*) 174.67 5600 4933 2133 26,67
Chlorophyl)-a/(mg/m’) 4004 3825 12175 7212 191.56
Yellow substance/(1/ m) 1.54 1.87 2.55 296 5T

Taking the yellow substance’s absorption coefficient at
440nm as the concentration of the yellow substance, the corre-
lation coefficient between the concentration aforementioned
and the concentration of the petroleum pollution was calculated
with the result of 0.8263 (with 37 samples). It also indicated
that the measured absorption coefficients of yellow substance
were directly bound up with the concentration of petroleum
substance.

3.2.2 The influence of petroleum substance on absorb proper-
ties of pigment

The petroleum substance in the water would be attached to
suspended particles in the form of emulsified oil, so when it
was being measured, the absorption coefficient of the total par-
ticles actually contained that of the de-pigment particles, the
pigment and the petroleum substance. Because it is very easy
for the petroleum substance to be dissolved in benzene, carbon
tetrachloride, chloroform, petroleum ether, alcohol and other
organic solvents, during the measurement of de-pigment parti-
cles, petroleum substance would be taken away while we

Absorption coefficients/m-'

removed pigment particles with methanol. This made it possible
that the measurement of the absorption coefficient of
de-pigment particles did not contain the petroleum substance.
However if we obtained the absorption coefficient of pigment
particles using the difference method, the absorption coefficient
of pigment particles would contain the impact of the petroleum
substances.

The absorption spectrum of pigment particles has the feature
that at 440nm and 675nm there are both typical pigment ab-
sorption peaks of chlorophyll and there is the absorption peak
of carotenoid at 490nm. The analysis aforementioned showed
that, the absorption coefficient of petroleum substances fol-
lowed the e exponential attenuation. So in theory, if the absorp-
tion coefficient of pigment particles was affected by the petro-
leum substance, with the same concentration of chlorophyll and
pheophytin, the overlay of these three peaks should be the
absorption coefficient of petroleum substance. In other words,
at these three peaks, there was an increment in the situation of
petroleum substance existence. Especially, that the absorption
of the blue band was increased obviously would lead to a more
apparent increment at the peak of 440nm.

Fig. 6 shows a curve of pigment particles’ absorption coeffi-
cient which changes with the increase of the concentration of
chlorophylls. Table 4 gives the corresponding concentration
value of the water components, from which it can be seen that
from Curve a to Curve d, the concentration of chlorophyll is
gradually decreased. Therefore the absorption peak at 440nm,
490nm and 675nm should be showing as a > b> ¢ > d, but
curves ¢ and d do not follow the rule, which in contract, appears
as d > c¢. From Table 4, the petroleum pollution concentration of
d is 1.39mg/L, one time larger than curve c, 0.66 mg/L. It can
be inferred that this increase is due to the existence of the pe-
troleum substance, and this also indicated that the petroleum
absorption follows the e exponential decay equations.

Affected by the petroleum substance, the value of the
absorption coefficient of the pigment particles in the petro-
leum-polluted water will be increased. So does the absorption
peak. This resulted in an over-estimation of the absorption co-
efficient of the pigment particles. Therefore, to obtain the true
value of pigment particles’ absorption coefficient, the influence
of the petroleum substance must be considered. Because the

390 450 510 570

630 690 750

Fig. 6 Pigments absorption spectra in the same water with petroleum pollution
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Table 4 Analysis result of optical active constituents in the water

samples listed in Fig. 6
Concentrat.ion of water a b c d
constituents .
Petroleum substance
2.1 0.93 0.66 1.39

f(mg/L)

De-pigment particles 49 33334 4533333 26 2133334
H(g/m’)

Chlorophyll-a/(mg/m’) 121.74917  109.30731  99.08238  72.11749

petroleum substance’s absorption coefficient also follows the
rule of an e-exponential attenuation, it will be possible to
remove the quantitative impact of the petroleum substance on
the pigment particles absorption coefficient as long as the for-
mula of petroleum substance absorption coefficient can be
obtained.
3.2.3  Parametrization of petroleum substance absorption
coefficient

According to the analysis above, the existence of petroleum

substances in water would not change the shape of the yellow

substance’s absorption spectrum, yet it would change the value
of absorption coefficient. This indicated that: (1) Petroleum
substance’s absorption spectrum should also follow the e expo-
nential attenuation equation along the change in wavelength.
(2) If a better way could be found to separate the influence of
petroleum pollution from the absorption spectrum of yellow
substance, then the absorption spectrum of petroleum substance
can be represented quantitatively.

Similarly to Section 3.2.1, the samples of which the concen-
tration of the petroleum substance is less than 0.1 mg/L were
regarded as petroleum-unpolluted water. The average value of
yellow substance absorption coefficient was calculated from all
samples of which the petroleum pollution are less than 0.1mg/L
as the benchmark. For those samples with the petroleum sub-
stance being great than 0.1 mg/L, then subtracting each yellow
substance absorption coefficient by the benchmark, the result
would be the absorption coefficient of petroleum pollution. As
showed in Fig. 7, the absorption spectral properties of petro-
leum pollution follow e-exponential attenuation trend.

Absorption coefficients/m™'
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Fig. 7 Petroleum pollution absorption spectra

Now that the absorption spectral properties of petroleum
pollution follow e-exponential attenuation trend, the parame-
terization models of the absorption spectral properties of yellow
substance can be employed. The researches had showed that the
relationship between the absorption spectral properties of yel-
low substance a,(4) (m™") and the wavelength is negative
exponential (Bricaud er al., 1981), so

ag(A)=ay(A)exp[-S(A-4)] (M
where, § is the parameter of Index Spectrum Slop, which has
nothing to do with wavelength and concentration of yellow
substance (shown as @,(440nm)), and represents the act of
spectrum (the shape of spectral curve). If applying Eq. (7) to
petroleum pollution substance, we can gain the e exponential
decay equation of the absorption coefficient.

3.24  Analysis of exponential function slope of yellow sub-
stances, petroleum substances and de-pigment particles

Based on the preceding analysis, the absorption coefficients
of yellow substance, petroleum substance and de-pigment par-
ticles follow the e exponential decay equation, which will make
it difficult to distinguish those three factors. However, if these
three factors have an obvious distinction in exponential func-
tion slope, it is achievable to distinguish them in an optimiza-
tion way.

Taking the following three aspects into consideration: (1)
Exponential function slope S characterizes that the parameter of
the absorption coefficient of matters under study decreases with
the increasing wavelength. (2) The slope § has nothing to do
with concentration, but the composition and selection of the
band. (3) Two main factors have impact on the value of the
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exponential function slope S: One is concerned with the band
selection of fitting and the other with the material composition
and molecular size, we take the reference wavelength at A=
440nm, and calculate separately the exponential function slope
S of the three factors at 400—600nm band. With the 21 samples,

the experience value of absorption exponential function slope S
of petroleum substance was worked out and illustrated in Fig. 7.
It has the minimum of 0.023nm™ and the maximum of
0.089nm™'. With the 8 samples from petroleum-polluted water
to calculation the exponential function slope S of yellow sub-
stances’ e exponential attenuation equation in the study areas,
the results were between 0.016—0.023nm™". With the 26 river

samples to calculate the exponential function slope S of sus-
pended sediment’s e-index equation, the results were between
0.001—0.07nm™",

Usually the yellow substance’s exponential function slope §
of the clean water body in the ocean is between 0.014—

0.019nm™', but in Qinhai Lake the exponential function slopes
S of yellow substance and de-pigment particles were separately
between 0.016—0.024nm™" and between 0.07—0.46nm™" (Cur-

tis, 1994; Zhang, 2006), the mean of de-pigment particles’
exponential function slope in Qinhai Lake was 0.028nm™", the
S-value in Meiliangwan in Tai Lake was varied from 0.014nm™’
to 0.018nm™". Obviously, the exponential function slopes of
yellow substance in the study areas were similar to that in the
clean ocean, Qinghai Lake and Meiliangwan of Tai Lake; the
mean of de-pigment particles’ exponential function slope was
bigger than that in Qinghai Lake, but the maximum of range
was smaller than that in Qinhai Lake.

4 CONCLUSIONS

This paper, based on the experimental data acquired in situ,
through absorption coefficient of yellow substance and pigment
from petroleum-polluted water and petroleum-unpolluted water,
discusses the effects of the petroleum substance on the water
absorption coefficient. The results show that: (1) In the study
area, no matter petroleum-polluted water or petroleum-unpoll-
uted water, the absorption spectrum of de-pigment particles and
yellow substance would always follow the e exponential
attenuation. In pigment’s absorption spectrum there were two
typical pigment absorption peaks of chlorophyll at 440nm and
675nm, and an absorption peak of Carotenoid at 490nm. (2) In
terms of petroleum polluted water bodies, when the absorption
coefficient of yellow substance and pigment particles were
measured, the absorption coefficient of which would be
enlarged, for it contained the influence of petroleum substance.
(3) Petroleum absorption spectrum curve appeared the same as
that of de-pigment particles and yellow substance, both fol-
lowed the e exponential attenuation. But the slope of the three

exponential functions had significant differences, which would
provide feasibility for distinguishing them.

On the other hand, when we calculated the remnants calibra-
tion of yellow substance, it was found that using NASA speci-

fications recommended 590—600nm as a yellow substance

absorption coefficient of the remnants calibration was obvi-
ously unreasonable for a highly turbid Case II water body, but
the use of 750nm scatter correction methods was more appro-
priate.

Because of the specificity of the petroleum pollutants, the
sample collection of petroieum-pollutcd water in the field need
to be extracted with carbon tetrachloride. The carbon tetrachlo-
ride is easy to volatile, which is not conducive to the preserva-
tion of samples. In addition, the carbon tetrachloride belongs to
organic solvents, it could not be achieved in laboratory to place
a normal water body and petroleum polluted water into two
different light paths of spectrophotometer, to measure the opti-
cal density of the petroleum substances, and then to calculate
the absorption coefficient of petroleum substance in polluted
water. These are the future experimental studies.

The next step is to focus on the analysis of the absorption
properties of petroleum-polluted water, and ultimately deter-
mine the inherent optical parameters of petroleum-polluted
water, which will provide the basic data for the establishment of
semi-analytical model of quantitative remote sensing inversion
of petroleum pollution concentration in water body.
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0.089nm™"; FIAIEAMAEKE 8 MEXR, HHEAB
REXHECYRN ¢ HEFBHEBEHAES K
0.016—0.023nm™" Z &), FIAMHAE 26 X, it
HBRBRPRDHEHEEAE ¢« BBEHTENIENK
PREAIER S R 0.001—0.07nm ™ Z 6], RIFE A KB
37 (Mobley, 1994; 3Kiztk, 2006), —BFHRT, K
HHEKGEBTOYRNERREFESE 0.014—
0.019nm™' Z[A], HFFHEEYRERMECERBRYH
FEBRBAE S 2 BIFE 0.016—0.024nm™ F1 0.07—
0.46nm™ Z[A), 7 ¥ A3k f  BURL Yy 46 B R Hop R
F-H#{E K 0.028nm ™!, KBIGRE S ERBLTEE N
0.014—0.018nm™" Zfa], BRARXEBAEKPHE
YRR SR A R S KEFHKIK, FREM
KHEREAE, R ERYEBRER RN

WEXTEEY, BRALERAE/NTFESEN.
4 4

RIEHIASERMLREE, EFEamE
MAEMESRKEFECYRACENBRKRELRK,
R 28 15 B 4 R0 K AR WA TR SRR R R I
HMRERER: OAMRRHEA, BLRAMES
Pokik, FRIFEGMAEIFTRKE, FARBRYHN
HEYRNBBOLEEEE ¢ HEERARE £
0% Uk Y6 1% 7E 440nm F1 675nm A LA E R E A
B 8 IR, 7E 490nm A 2SHE DR IR Wi,
QX F A MBI Yok, ERERAYRNAER

RS, TR TAMBEEYNER, <
KEAYHRMERNRERE OAMEYIHK
Bt IR BB . YRS EE
e BEFENE, BE=FNHBRBMEEHAREH
£5, XAB=HFEX TR T T4,

BAMEAYR#TERRARETESN, KX
FREMM 1T 2KE, A NASA REHHERN
590—600nm fE R EEYHERWABHNRRKER
RAEH, A 7500m BHBEHFREHNEE,

mTHEBMSBAKPHAmEYE, KRk
AEHMERMBEAYTRESE YN, KPRR
AN B ER: EBEXAMEE KK, T
B8, RI5AHEAMEEROKEE B AR HRIK
AW EEBERKENECYRERKARE, B2
MR MEYRMRKER, #— P4 RREA
WEYEHTRAR, B THEEERTE, Lk
b, MBEELRER, BEFKERZAMTR
KA BB TR E T B &L L, EdREA
WMYRACEEE, HEERKEP A BTN
WA, REEREBRABEYRRKABN T
¥, {HERTN T M oK R MR, —#&
RR A REKRE, R ANEABRERNTE,
B FEEARERERR, TR TS KK ER
7, BB T AR, fEEERKE
MZ A M RKESFIETHEEE TR L
HEMEAMETLBERARM T ARELHR, X
RAFEH#ITHERHR T,

F— B 0B 5T B AR XA 0275 0 RO AE
HHEFRANMT, RATHEKEAGMETRNOE
S8, R IBRERRFEKEAME
5 e vk B A B IR M R B

B AXHBESAFHERSLREER
PORAEMTAPINRAL, BEREFHRTS
Almid. £S5t FREHMTR, LTH
Wb RELa i gk, AREXRRFH,
A% & LA
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