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ABSTRACT 
The use of production water (PW) for irrigation in agriculture and forestry purposes is an option for regreening arid and 
semiarid areas. These kinds of projects could be a contribution to the Climate Change mitigation and adaptation, but require a 
complex and detailed analysis beyond requirements of environmental regulation for use or disposal PW in the land surface. 
The identification of polar organic compounds not currently regulated (i.e., Naphthenic Acids (NAs)) that are associated with 
petroleum production processes are one of the possible substances to be considered. A case study where the initiative is reuse 
PW had complied with the water quality variables stablished in the local regulation, but this project was used for applying a 
rigorous water quality analysis considering evaluation of the presence of polar organic compounds. Using derivatization 
methods and Gas Chromatography – Mass Spectrometry (GC-MS) to characterize PW samples, a majority of the aqueous-
soluble organic compounds were found to be acyclic and cyclic aliphatic monocarboxylic acids, i.e. traditional NAs. The 
absolute concentration of organic compounds in the two produced water samples after primary filtration treatment was not 
quantified, but the relative concentrations of the identified compounds in each sample were similar. Due to NAs represent a 
potential risk for the environmental quality, ecological health and human health, was necessary realize this kind of analysis to 
water and sediments samples taken in seeps inside the creek located in the oil field. NAs was not found in the samples and 
there was no correlation between NAs present in the PW and not present in the natural disposal. Geologic information and 
crude oil characterization was used for understanding where come from the NAs.    
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INTRODUCTION 
Desertification, the spread of desertlike conditions as a 
result of a combination of climatic fluctuations and human 
impacts, is a form of land degradation that occurs in and 
around the world's drylands (Goudie 2011). According with 
the United Nations Convention to Combat Desertification 
(UNCCD 2015), the limited availability of water will 
generate degradation of 3600 million hectares in semiarid 
areas, equivalent to 25% of the earth’s surface. The 
petroleum industry can offer a new source of water due to 
the industry has an excess of water produced in the mature 
oil field. Around the world there are several experiences 
with the use of PW for irrigation purposes (Hirayama et al. 
2002) and is an increasing practice driven by competing 
demands for water sources and limited options for produced 
water disposal (Mueller 2015). The effects of the use this 
kind of water for irrigation non-food crops has been 
assessment with focus in general variables like salinity and 
organic content because this might affect directly the plant 
physiology (Pica et al. 2017), but not toxicology aspects 
beyond of environmental regulation. In general, for PW 
reuse the oil companies must comply the environmental 
regulation where the physical and chemical variables for 
discharge PW in surface are specified and variables list and 

maximum level can vary according with the requirements of 
each country. 

In the south of Colombia there are several oil fields located 
in semiarid zone where the water scarcity is a critical 
limitation for develop social and agro-environmental 
projects. The petroleum industry in these zones has an 
excess of 125.000 barrels of water per day (BWPD) and 
could be an important opportunity of new water source for 
the irrigation of non-food biodiesel crops according with the 
local environmental regulation (Farfan et al. 2010). But 
before to use PW, more laboratory analysis were required 
due to the strong deterioration of oil-water facilities, this 
factor induced to questioning ¿what other substances are 
present in this type of waters? Polar organic compounds 
(i.e., organic acids and naphthenic acids (NAs)) are naturally 
in crude oil, produced water, corrode steel are known to be 
toxic (Clemente and Fedorak 2005). NAs are the most 
water-soluble organic components found in the Athabasca 
oil sands in Alberta, Canada, and these acids are released 
into aqueous tailing waters as a result of bitumen extraction 
(Young, Wismer, and Fedorak 2008). NAs are a complex 
mixture, poorly characterized of compounds which 
mechanism of toxicity are not well understood (Goff et al. 
2013). NAs have been found toxic for microorganisms, 
aquatic algae, aquatic organisms like a fish, invertebrates, 
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vegetation, birds y mammals (Kindzierski, El-Din, and Jin 
2012). Field observations indicate that the NAs toxic power 
decline with the time, but the cyclin structures are strong 
and more resistant to biological degradation (Lo, Brownlee, 
and Bunce 2006). 
 
Due to the NAs have high potential toxicity and its 
possibility to migrate from oil to water, it was necessary to 
assess not only industrial PW, but also the natural emerging 
of crude oil in the land surface (seeps) that impact water 
sources and the ecosystem. In the same region where are 
petroleum facilities, natural disposal occurring through 
seeps located inside a creek. The seeps are classified like 
direct and active signal of petroleum in the area and their 
interpretation was primary dismigration (Olaya and 
Gutierrez 2014). The zone where are the seeps is considered 
an important ecosystem due to the high biodiversity and 
show a resilient response to Climate Change. The seeps 
dispose crude oil into the creek and it travels downstream 
until falling to the Bache river and then the Magdalena river, 
the main Colombian river. The water of these rivers is used 
for human consumption and agricultural activities, for this 
reason it is important to identify if NAs are present. 

The seeps transport crude oil from the same geology 
formation where the oil company extract crude oil, for this 
reason, it was necessary to realize a characterization of polar 
organic compounds in a crude oil sample taken in the seeps 
with the purpose of compare the results with the PW sample. 
The crude oil produced is classified like a “Naphthenic 
Base” according to Watson factor characterization (Guzman 
and Mahecha 2010), which is widely used as a parameter for 
correlating properties of petroleum fractions such as 
molecular weight, viscosity, vapor pressure and critical 
properties. Although Naphthenic base is an indicator of the 
NA presence, its characterization is important for estimating 
their potential impacts according with each specific 
molecular structure, but this task is complex because of the 
diverse nature of these substances. NAs comprise a number 
of chemically and physically similar compounds, they are 
difficult to analyze individually (Holowenko, MacKinnon, 
and Fedorak 2002). The challenge of research is the 
development of a cost-effective identification method to 
identify organic components such as NAs, identify their 
toxicity and possible treatment (Brown and Ulrich 2015). 
 
The main objective of this study was to identify the presence 
of not regulated substances (i.e. Naphthenic Acids) in PW 
with potential use for irrigation non-food crops and in 
natural waters affected by seeps that dispose crude oil in the 
land surface, the crude oil coming from the same oil 
production basin. The analysis considered which could be 
the potential environmental implications if PW is used in 
non-food crops for regreening semiarid areas and which 
could be the recommendations for PW use respect to 
specific NAs present or which could be the impact on the 
aquatic ecosystem for the natural crude oil and PW dispose 
in surface. This paper present the method used for 
characterization NAs and the analysis of results comparing 

with other papers with information about the different oil 
production basin in other regions and the risks that NAs 
could have in the enviroment. 

METHODS 
Sample Collection. The samples for this study were 
collected in the following points: A and B SAMPLES: taken 
in the PW Treatment Facilities, two PW samples, each 4-
Liter (L) samples of filtered petroleum process water 
effluent collected from the same production battery. Prior to 
filtration at the refinery, the process water was split to two 
parallel filtration units, each containing walnut shell media 
produced by two different manufacturers. The samples were 
collected immediately after each filtration process; 
SAMPLE C: Fresh crude petroleum 100 ml, taken in the 
wellhead of the Cretaceos oil well; SAMPLE D: Crude oil 
from de seeps, sample of floating hydrocarbon residues and 
sample of the oil coming out immediately from the seeps, 
Sample D1) water sample collected 1 meter downstream 
from the seeps; Sample D2) water sample collected 20, 50 
and 100 meters downstream from the seeps and in river 
mouth into the Bache river; and Sample D3) Sediment 
samples: 200 ml of sediment taken at the same D1 and D2 
sites. 
 
NA Characterization Method. The sample preparation 
includes the extraction process of polar organics and 
hydrophobic neutrals, it was made using a 1-liter aliquot 
from each sample. Then, it was made the Derivatization of 
the organic acids extracted. Finally, it was made the analysis 
of derivatized samples by GC/MS (St. John et al. 1998; D. 
M. Jones et al. 2001). For GC-MS analysis, 1 µl of sample 
was injected using a 10µl glass auto sampler syringe into the 
Agilent 6980 gas chromatograph coupled with a model 5973 
mass selective detector with electrospray ionization. Helium 
was used as the carrier gas at a constant flow rate of 1 
ml/min. The instrument was internally calibrated by using 
perfluorotributylamine (PFTBA). An internal standard, 9-
fluorenecarboxylic acid (9-FCA), was used to measure 
relative retentions times (RRT) of sample peaks. The 
relative concentration of each GC peak was calculated by 
measuring the peak area and dividing this value by the peak 
area of the 9-FCA peak.  
 
RESULTS 
A and B Samples: PW treatment facilities. The 
derivatizing agent reacts with the carboxyl group to form a 
tert-butyldimethylsilyl derivative of the original acidic 
compound. Then in the MS, when the derivatized compound 
fragments in the electrospray ionization process, two major 
fragmentations are produced: [M-57] and [M-15], where M 
is the mass of the derivatized compound. From this data, the 
carbon number “n” and the hydrogen deficiency number “Z” 
can be determined for traditional naphthenic acids. Based 
upon the relative retention time in the GC, and the 
mass/charge (m/z) ratio measured in the MS, each individual 
peak in the GC trace can be characterized. The first 
information from the GC-MS analysis of the two PW 
samples was the GC total ion chromatogram (TIC).  Each 
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peak in the TIC represents an individual compound. For the 
filter A sample, there were 118 peaks with 103 peaks 
identified as organic acids and for the filter B samples only 
116 peaks with 105 of those peaks identified as organic 
acids. Based upon this data, three types of organic acids 

were identified: traditional naphthenic acids, aliphatic 
dicarboxylic acids, and aromatic monocarboxylic acids. Two 
other groups were also present: peaks arising from unreacted 
derivatizing agent and 9-FCA standard by-products, as well 
as a small number of unidentified organic compounds.

 
Figure 1 GC-TIC of A and B samples 

	

In Figure 1, the two TICs from filter A and B are presented 
side by side. All peaks are color-coded based upon their 
chemical identity. There are nine different color indicators. 
The largest peak is the 9-FCA standard and is represented 
with a green diamond.  It elutes at 21.74 minutes for filter A 
and 21.75 for filter B. All corresponding relative retention 
times (RRT) for all peaks are in reference to the 9-FCA 
peak’s retention time. The total area of the filter A sample 
was 1.9X108 intensity units, and the filter B sample had 
2.0X108 intensity units. These values were used to 
determine the relative total area (RTA) of each peak. Since 
the same volume of sample was used and the same amount 

of standard used, the relative peak areas can be compared 
between samples. The total sum of the relative peak areas, 
compared to the 9-FCA standard peak area, for two samples 
are nearly equivalent and therefore it was concluded that the 
relative concentrations of polar organic compounds in the 
two samples are nearly equal. Tables 1 and 2 present the 
percentage of peak areas for traditional naphthenic acids, 
dicarboxylic acid compounds, and aromatic monocarboxylic 
compounds, as a function of the carbon number “n” and the 
hydrogen deficiency “Z”, for the filter A and B samples, 
respectively.

					Monocarboxylic	Acid	with	Z=0	
					Monocarboxylic	Acid	with	Z=-2																
					Monocarboxylic	Acid	with	Z=-4					
					Monocarboxylic	Acid	with	Z=-8	
					Monocarboxylic	Acid	with	Z=-10	
					Dicarboxylic	Acid	with	Z=0									
				Internal	Standard	9-FCA	
					Unidentified	Compound										
					Derivative	and	Standard	by-products	
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Table 1 Percent Relative Total Areas of Naphthenic Acids, Aromatic Monocarboxylic Acids and Dicarboxylic Acids for 
Samples A and B Production Water 

Sample A 
Traditional Naphthenic Acids (% Relative Total Area)  

-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 
0 0.79 2.77 6.43 3.38 3.01 1.90 0.82 0.17 0 0.29 0 2.31 1.84 23.71 
2 0 1.58 10.49 26.99 11.57 6.53 1.89 0.00 0 0 0 0.08 0.90 60.03 
4 0 0 0 0 1.18 1.31 0.42 0.25 0 0 0 0 0 3.16 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0.79 4.35 16.92 30.37 15.77 9.74 3.13 0.42 0.00 0.29 0.00 2.39 2.74 86.91 
Aromatic Monocarboxylic Acids (% Relative Total Area)   

-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 
8 0 0 0.14 0.49 0.71 1.94 2.23 0 0 0 0 0 0 5.51 

10 0 0 0 0 0 0 0 1.98 0 0 0 0 0 1.98 
Total 0.00 0.00 0.14 0.49 0.71 1.94 2.23 1.98 0.00 0.00 0.00 0.00 0.00 7.49 

Dicarboxylic Acids (% Relative Total Area)   
-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 

0 0 0.16 0 0 0.34 0.09 0 0 0 0 0 0 0 0.59 
Total 0.00 0.16 0.00 0.00 0.34 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.59 

Overall Total                           95.01 
               

 
Sample B 

Traditional Naphthenic Acids (% Relative Total Area)  
-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 

0 1.63 4.67 8.76 4.16 2.81 9.10 0.66 0.12 0 0.13 0 0.70 0.47 33.22 
2 0 2.04 8.37 24.80 11.66 5.97 1.66 0.00 0.12 0 0 0.11 0.15 54.89 
4 0 0 0 0 1.15 0.90 0.34 0.15 0 0 0 0 0 2.54 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 1.63 6.71 17.13 28.97 15.63 15.97 2.65 0.27 0.12 0.13 0.00 0.81 0.63 90.64 
Aromatic Monocarboxylic Acids (% Relative Total Area)   

-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 
8 0 0 0.32 0.66 0.75 1.66 1.59 0 0 0 0 0 0 4.98 

10 0 0 0 0 0 0 0 1.42 0 0 0 0 0 1.42 
Total 0.00 0.00 0.32 0.66 0.75 1.66 1.59 1.42 0.00 0.00 0.00 0.00 0.00 6.39 

Dicarboxylic Acids (% Relative Total Area)   
-Z\n 5 6 7 8 9 10 11 12 13 14 15 16 18 Total 

0 0 0.02 0 0 0.02 0.01 0 0 0 0 0 0 0 0.05 
Total 0.00 0.02 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 

Overall Total                           97.05 
 

Traditional Naphthenic Acids 
The total fraction of organic acids was 95% in sample A and 
97% in sample B. The remaining small fraction of non-
organic acids represents unidentified organic compounds. 
Peaks resulting from products of the derivatization agent 
were not included in the total peak area nor in the peak area 
percentages. The NAs represented 86% and 90% of the total 
peak areas in A and B samples, respectively. Within the 
traditional NA, the most abundant fraction in both samples 
were single ringed systems (Z=-2). The aromatic 
monocarboxylic acid fraction represented 8% and 6% in A 
and B samples, respectively. The dicarboxylic acid fraction 
had the lowest abundance with 0.5% and 0.05% in A and B 

samples, respectively. The term "traditional" naphthenic 
acids (NAs) refers to acyclic or cyclic aliphatic 
monocarboxylic acids.  Traditional NAs have an empirical 
formula of CnH2n+ZO2 where “n” represents the number of 
carbon atoms and “Z” quantifies the hydrogen deficiency 
resulting from cyclic structures. The "traditional" NAs 
identified in the A and B samples ranged from n = 5 to 18 
and Z = 0 to -4. The relative abundance and distribution of 
traditional NAs is graphically presented in a 3-dimensional 
graph with the axial coordinates "n", "Z", and % total peak 
area. Figure 2 shows the distribution of traditional NAs in A 
and B samples, respectively.
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Figure 2 Distribution of Traditional Naphthenic Acids in Samples A and B Production Water based on the carbon number 
(n) and the hydrogen deficiency number (Z). 

Comparison of Figures 2 illustrates that the two samples are 
nearly identical with only a few minor exceptions. The A 
sample has slightly higher relative total areas for n = 16 and 
n = 18 compared to the B sample. The B sample has a NA 
with n=13 and Z=-2 that is absent in the A sample. 
Examining the TIC and comparing the number of NA peaks 
with Z=0 to -4 illustrates that there are more compounds; 
then there are peaks in the 3D distribution figures, thus 
indicating the presence of NA isomers with identical “n” 

and “Z” values. Figure 3 shows bar graphs showing the 
relative abundance of each isomer at a specific “n” and “Z” 
value for A and B samples, respectively. Each bar is divided 
into different colors representing an isomer, with each color 
representing a specific retention time. Thus, for example, the 
green bar for n=6 eluted at the same time in both the A and 
B samples, thereby strongly suggesting that these are the 
same compound.
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Figure 3 Relative Total Area per Traditional Naphthenic Acid Isomer with Z=0 for Samples A and B 

The linear or “normal” traditional NAs are presented as a 
light blue color. These linear NAs were identified based 
upon the GC relative retention time (RRT) and MS spectra 
of linear NA standards. The NA compounds determined to 

be linear in each sample were n=5, 14, 16, and 18. Figure 3 
illustrates that there are up to ten NA isomers for n=7 and 
Z=0.

 

Figure 4 Relative Total Area per Traditional Naphthenic Acid Isomer with Z=-2 for Samples A and B 
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The largest percentage of traditional NAs had Z =-2; these 
NA compounds represent most of the entire sample with a 
relative total area of 60% and 55% in A and B, respectively. 
These compounds are monocyclic carboxylic acids and at 
each value of “n”, are present as multiple isomers. The two 
samples display almost identical relative total area and 
number of isomers with respect to the corresponding carbon 
number. The highest peak in the relative total area per 
isomer with Z=-2 for both samples is n=8, could make more 
than 12 isomers of traditional NAs. The smallest fraction of 
the traditional NAs was the Z=-4 compounds which have 
two cyclic components to their structure. Their fraction was 
3.2% and 2.5% of relative total area of the entire sample A 
and B, respectively. 

Aromatic Acids 
The m/z ratios and the corresponding "n" and "Z" values, 
there were a few compounds that had the "traditional" NA 
m/z ratios with [M-57] and [M-15] fragmentation ions, but 
the corresponding "n" and "Z" would not allow the proposed 
structure or would produce a structure that was highly 
unlikely.  For the A and B samples, these compounds have 

either a Z=-8 or -10, which indicates a four-ring or a five-
ring structure, respectively.  Having this number of rings 
with n = 7–12 produces very unlikely structures. However, 
if instead the multi-cyclic aliphatic ring system was replaced 
with an aromatic ring (which has a hydrogen deficiency of 
Z=-8), very reasonable chemical structures are possible. 
 
Therefore, the MS spectra and relative retention times of the 
suspected aromatic monocarboxylic acid, with n=7, in both 
samples was compared to the benzoic acid standard. Figure 
5 shows that MS spectra of the unknown compound and the 
benzoic acid standard was almost identical, the major 
fragment ions [M-57]=179 m/z and the [M-15]=221 m/z 
were in both spectra and the proportional ratio of the 105, 
77, and 135 m/z ion fragments were exactly the same 
between the two samples.  There were other ions that did not 
match with the standard, but these other ions resulted from 
overlapping peaks or background signal. The MS spectra, 
coupled with the fact that both samples and the standard had 
a RRT of 0.59, suggests that these low "n" and high "Z" 
compounds are aromatic monocarboxylic acids.

  

 

Figure 5 Comparing a n=7 and Z=-8 compound from A Sample to benzoic acid standard 

Sixteen peaks in both samples had "traditional" NA 
identifiers and major fragmentation ions, but were not 
possible to construct possible or reasonable chemical 
structures. Eleven of the compounds had a Z= -8 with n = 7, 
8, 9, 10, or 11.  The other five compounds were isomers 
with n = 12 and Z = -10.  Figure 6 shows the percent relative 
total area, 7.5 % and 6.4% for the total aromatic 
monocarboxylic acid fraction in A and B samples, 
respectively.  

 

Figure 6 shows the percent relative total area of each isomer 
with Z =-8. Considering the actual aromatic monocarboxylic 
isomers possible with an n =7 and Z =-8 compound, the only 
possible compound was benzoic acid. This is interesting 
because the other "traditional" NAs had multiple isomers for 
nearly all the lower "n" and lower "Z" compounds, but only 
one compound was found to have n=7 and Z=-8 in both 
samples, further supporting the hypothesis that this is an 
aromatic NA. The largest fraction of Z=-8 aromatic 
monocarboxylic acids was the n=10 and n=11 compounds, 
both of which were comprised of three to four isomers. 

Peak	at	RRT=0.59	
n=7	and	Z=	-8		

Benzoic	Acid	Standard	
n=	7	and	Z=	-8	
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Figure 6 Distribution of Aromatic Carboxylic Acids in Samples A and B Production Water based on the carbon number (n) 
and the hydrogen deficiency number (Z). 

Sample C. The GC-MS analysis of crude oil sample 
shows the compounds from C9 to C29. Although there are 
no carboxylic acids in the sample (i.e. no naphthenic 
acids), there are hydrocarbons substrates with the same 
carbon number “n” as there are naphthenic acids. There 
are the hydrocarbon substrates present that will form the 
naphthenic acids where Z=0 and Z=1. As well, there are 

Z=2 hydrocarbon substrates, there are two ring systems, 
where one ring is fully reduced, while the other ring is an 
aromatic ring (i.e. tetrahydronaphthalene). There are 
monoaromatic and diaromatic hydrocarbons presents 
which can be reduced to the Z=1 and Z=2 naphthenic 
acids, respectively (See Figure 7).  

 
Figure 7 GC-TIC of pristine crude petroleum 
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Sample D. In figure 8 the GC-MS of the sample D is 
shown, there are not carboxylic acids in the sample (i.e. 
naphthenic acids). According with the seeps 
characterizations, they are a primary dismigration, the crude 
oil is weathering during its travel from the oil reservoir to 

the surface losing or degrading the lightweight crude oil 
components. The crude oil in the surface was characterized 
through SARA analysis: Saturated 43.019%, Aromatics 
17.195%, Resins 34.569% and Asphaltenes 5.217%.  

 
Figure 8 GC-TIC of weathered crude petroleum from seep 

 

Samples D1, D2 and D3 not evidence carboxylic acids (i.e. 
naphthenic acids), this contributes to support the results in 
sample D, not presence of NAs. In the sediments nothing 
was detected by the GC-MS, if hydrocarbons are present in 
the sediments, they are large molecular materials that are not 
volatile enough for GC analysis. One would need to use LC-
MS in order to identify such molecules. 

DISCUSSION 
The A and B samples were almost identical in their physical, 
chemical and relative abundances. After analysis with GC-
MS, the chemical components observed were nearly 
identical with only one NA peak not indicated in both 
samples. Once all the sample peaks had been accounted for 
and any other non-relevant peaks (i.e. peaks resulting from 
derivatization by-products) dismissed, the sample's relative 
abundance comparatively were approximately equivalent to 
each other. There were compounds indicated by the GC-MS 
analysis that were not concluded to be any type of organic 
acid or any compound that could be identified, however 
these compounds comprised only 5% or less of the total 
sample.   
The largest portion of the sample was determined to be the 
"traditional" NAs and represented 87% and 91% of the 
entire A and B samples, respectively. There were linear, 

branched, monocyclic, and bicyclic compounds determined 
to range from n=5-18 and Z=0, -2, -4 in both samples. The 
largest fraction of "traditional" NAs were the monocyclic 
compounds comprising up to 60% and 55% of the entire A 
and B samples, respectively. Most samples were small 
compounds with n=5-12 and Z=0, -2. The presence of these 
smaller NAs is similar to what has been detected in process 
waters formed from North Sea petroleum reservoirs and 
formation waters.  The analysis of the organic acids from 
these North Sea process waters ranged from n=6-18 with a 
large percent, approximately 75%, in the n =6-13 range 
(Madsen and Ida 1998). More than just the "traditional" NAs 
were determined to be in the sample. The presence of the 
aromatics was much more a factor in the overall makeup of 
the sample with approximately 7% of each sample being 
aromatic components. Matching MS spectra and GC relative 
retention times together from standard aromatic NA 
compounds identified these aromatic NA compounds. 

With respect to the biological and microbial activity of the 
samples, compounds with n=12, 14, 16, and 18 and Z=0 
were determined in each sample. These compounds were 
also shown to be linear compounds without branching 
structures. Linear compounds within samples, if from 
microbial origins, tend to be either all odd or even. This 
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results from acetogenic lipids and occurs in series of 
compounds differing by two methylene groups (n=2). If the 
compounds have an even carbon number then they were 
synthesized by acetate products, mainly n=14, 16, 18 and 
20. Linear fatty acids (i.e. linear NAs) are essential 
membrane components for the manufacturing of lipid bi-
layers in Eukarya and Bacteria (Summons, Albrecht, and 
McDonald 2008). Therefore, the presence of even carbon 
numbers in the samples suggests the presence of microbial 
activity. 

Due to the PW is a potential source of water in irrigation 
projects for regreening semiarid areas, it is important to 
assess the potential toxicity of the NAs found in PW 
samples. NAs have been found to be toxic to organism, 
aquatic algae, aquatic organisms such fish, invertebrates and 
vegetation, birds and mammals (John V. Headley and 
McMartin 2004) (Kindzierski, El-Din, and Jin 2012). 
Comparing the NAs found in Canada and the A and B 
samples taken in Colombia, there are differences related 
with molecular structure, carbon number and molecular 
weight. Canadian’s NAs show Z value between 0 to -12 and 
the most compounds are in the range -4 to -12 (Holowenko, 
MacKinnon, and Fedorak 2002; Lo, Brownlee, and Bunce 
2006; Scarlett et al. 2012; Brown and Ulrich 2015), the 3D 
plots show the distribution of carbon numbers and Z 
families of NAs mixture extracted and derivatized from oil 
sands in Canada. This imply complex molecular structures 
compose by two or three rings. Otherwise, Colombian´s 
NAs show Z value between 0 to -4 and the most compounds 
are in the range 0 to -2 and the possible molecular structures 
are acyclic and cyclic one-ring (See Table 1 and Figure 2). 
The degree of toxicity is generally related to NA molecular 
weight, with higher molecular weight acids often 
demonstrating acute toxicity in the MicroTox test 
(Holowenko, MacKinnon, and Fedorak 2002). For NAs, 
toxicity decreased with decreasing carbon number, 
decreasing cyclicity (Frank et al. 2010) and increasing 
branching (D. Jones et al. 2011) (Scarlett et al. 2012), this 
characteristics are present on Colombian’s NAs.  

If the PW is used for regreening semiarid areas, this suppose 
that PW will be disposal in unsaturated soils generating an 
aerobic condition for NAs. Aerobic biodegradation studies 
have demonstrated that the lower molecular weight NA 
fractions (< C17 to C22) are biodegradable over a period of 
days to months, while higher molecular weight NAs 
remained undegraded supposedly due to branched or multi-
ring structures that are resistant for up to 10 years in tailing 
pond waters (Biryukova, Fedorak, and Quideau 2007; Del 
Rio et al. 2006; Scott, Mackinnon, and Fedorak 2005; 

Clemente, MacKinnon, and Fedorak 2004). It is important to 
consider that NAs disposed in the soil not only will be 
expose to aerobic conditions in unsaturated porous media, 
but also to adsorption processes due to the interaction with 
the active fraction in the soil. It is apparent that despite the 
varied and complex mixtures of NAs, biodegradation and 
adsorption processes can fractionate and modify NAs 
mixtures (Gervais 2005; John V. Headley and McMartin 
2004). Abiotic factors such as nutrient availability, 
temperature, dissolved oxygen concentration, pH, salinity, 
redox potential, and sunlight may also influence NA 
degradation (J.V. Headley et al. 2002). All these factors 
depend on the environment and soils conditions, which in 
the semiarid areas the soils correspond to inceptisols and 
entisols, hot weather and high intensity of sunlight more 
than 8 hours per day, favorable aerobic and abiotic 
conditions for accelerating the biodegradation of NAs 
present in A and B samples taken in the PW. 
 
Although the biodegradation of NAs is highly probably in 
the conditions mentioned, with the purpose of eliminating 
the risk associated with the direct use of PW for irrigation 
due to NAs toxicity, an additional phase of treatment can be 
implemented in the PW facilities. Biodegradation is 
considered the most cost-effective treatment option for 
mitigating wastewater toxicity (Scott et al. 2008), it is 
necessary to consider other methods for remove organic 
contaminants. Two methods of treatment are being actively 
explored: chemical oxidation by ozone preferentially used 
for high carbons numbers and cyclicity in NAs. The 
limitation is the high cost of implementation for a large 
volume of PW. The other option is constructed wetlands 
(Foote 2012), is optimum for large scale of PW treatment 
facilities, remove pollutants and are built to mimic natural 
wetlands mimic. The cost-effective relationship for this kind 
of treatment is positive for the Oil Companies.  
 
Respect to C and D samples, not evidence the presence of 
NAs but a few metabolites were detected, along with fatty 
acids, C-16 and C-18 being very prominent and indicative of 
microbes. In Sample C the GC-MS show that is possible to 
generate NAs from the oil compounds through anaerobic 
hydrocarbon biodegradation according to the reduction 
process (See Figure 9). This process could occur in the 
pipeline, storage facilities for the crude oil and PW 
treatment facilities due to the oil production is a closed 
process. Respect to Sample D, the not presence of NAs 
although metabolites that could generate NAs are present in 
the sample, is due to the aerobic conditions in the land 
surface limit the NAs generation.
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Figure 9 Anaerobic production of bicyclic Naphthenic Acids. Taken (Aitken, Jones, and Larter 2004) 

Although NAs are not present in the seeps and in this case 
of study not represent a risk for the aquatic environment, it 
is necessary to considers this kind of substances in the 
environmental regulation, more specific for disposal PW in 
the land surface. The Resolution 631 (Ministerio de 
Ambiente y Desarrollo Sostenible 2015) consider several 
variables and its maximum level for disposal waste water in 
surface water sources, but not consider NAs which are 
widely discussed and reported by scientific literature and 
environmental reports, this kind of compounds have become 
a priority pollutant in the oil sands industry (Brown and 
Ulrich 2015). Consider including NAs in the environmental 
regulation could be a hard work, but countries like Canada is 
exploring this possibility (Government of Canada 2012b, 
2012a). The inclusion of NAs depends of the define the best 
analytical method for measuring these compounds due to 
know the NAs total concentration is not enough. Actually, 
NAs concentrations in petroleum are expressed in terms of 
TAN. This value is determined by titrating the sample with 
KOH, using either potentiometric (ASTM D664) or 
colorimetric detection sample (ASTM D974) (Brient, 
Wessner, and Doly 1995), but determining the total NA 
concentration is insufficient in describing toxic effects 
because molecular structure and composition of the NA 
mixture need to be understood and identified (Clemente and 
Fedorak 2005) (Kindzierski, El-Din, and Jin 2012).  
 
CONCLUSIONS 
The polar organic compounds (i.e., organic acids and 
naphthenic acids(NAs)) are present in two petroleum 
process water samples. Most of organic compounds were 
acyclic and cyclic aliphatic monocarboxylic acids, i.e. 
traditional naphthenic acids. Monocyclic aliphatic 

monocarboxylic acids with carbon numbers n=6-12 was the 
largest group representing 60% of the total organic 
compounds. The second largest fraction, comprising 25% of 
the total organic compounds, were acyclic aliphatic 
monocarboxylic acids with carbon numbers n=5-12. 
Aromatic monocarboxylic acids were identified with carbon 
numbers n=7-12 and comprised 7% of the total organic 
carbon in each sample.  There were also a few chemical 
compounds unidentifiable by GC-MS, however these 
compounds accounted for less than 5% of the total organic 
compounds. According to the scientific literature about the 
NA’s toxicology, the NAs found in the PW samples 
collected in PW facilities in the north of the Huila oil 
production are less toxic than NAs found in Canada. 
 
If the PW is used for irrigation in arid and semiarid areas in 
the north of the Huila Region, according to the soils and 
environment characteristics, unsaturated soils, high 
temperature and sun light, the traditional NAs found in the 
PW samples are quick biodegradable in this aerobic and 
abiotic conditions in comparison with high Z values in NAs 
and high molecular weight. This environment characteristic 
may degrade the NAs found, but with the purpose to 
improve and ensure the biodegradation of NAs found in the 
PW samples before its use for irrigation, is recommendable 
to implement an additional treatment phase like wetlands, 
that is the best cost-effective option due to the large scale of 
the PW treatment facilities.   
 
NAs are not present in crude oil sample, but metabolites 
present can produce NAs. This is coherent respect to seeps 
samples where NAs also are not present. The difference for 
generate NAs is that oil production and PW treatment 
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facilities are in anaerobic conditions where NAs could be 
generated (Aitken, Jones, and Larter 2004). The fact that the 
seeps have none of the lighter hydrocarbons than the 
petroleum pumped directly from the seeps indicates that the 
seep petroleum has experienced extensive weathering and 
that it is probably not a threat for microbial production of 
NAs once it emerges at the surface to aerobic environ. This 
does not mean that it is not a problem, it just means that 
NAs are unlikely to be a problem in surface aquatic 
ecosystems impacted by this highly-weathered seep 
petroleum. 
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