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This paper presents the first study focusing on perfluoroalkyl acids (PFAAs) 
found in leachates and their impact on human health. Over the past few 
decades, PFAAs have received increasing attention due to their negative 
effect on human health and their persistence within the environment.  This 
study investigates solid waste-produced leachates that are collected and 
treated by Liquid Chromatography -Tandem Mass Spectrometry (LC-MS/MS). 
In the case of drinking water, the PFAAs are determined using Isotope. 
Dilution Anion Exchange Solid Phase Extraction and LC-MS/MS.The PFAAs 
found in the raw leachate under study reach concentrations of 510 ng/L. In 
surface water near uncontrolled areas of solid waste dumps, the 
concentrations of PFAAs are in the range of 15 ± 1.4 to 120 ± 2.7 ng/L. The 
present study estimates the chronic daily intake of PFAAs in surface water to 
be in the range of 0.77 to 3.6 ng/Kg/day. Based on these findings, further 
investigations are warranted regarding PFAA risk assessment and toxicity .  
 
Keywords: Chronic daily intake, dose, leachate, perfluoroalkyl acids, risk 
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INTRODUCTION  
 
Perfluoroalkyl acids (PFAAs) are a family of perfluorinated 
chemicals consisting of a carbon backbone which is 
typically 4-14 long and includes a charged functional  
moiety that is mainly comprised of phosphonate, sulfonate,  
or carboxylate (Lau et al., 2007). Perfluoroalkyl and 
polyfluoroalkyl, along with polymers and surfactants that 
include these particular substances, are found in a wide 
variety of commercial and industri al applications (Gewurtz 
et al., 2013). Since the mid-twentieth century, 
fluorochemicals have been added toa number ofmechanical  
and business applications, such as surfactants, coatings,  
water anti-agents for cowhide and materials, metal plating,  
and froths for extinguishing fires (Huset et al., 2011; 
Fuertes et al., 2017). The use of fluorochemical materials in 
food is also well-documented (Huset et al., 2011).  

Fluorochemical compounds are non-biodegradable as  
well as being highly persistent and bio-accumulative when 
they contain long alkyl chains (Fuertes et al., 2017).  
According to Fuertes et al. (2017), perfluoroctane sulfonate 
(PFOS) has been classified as a persistent, bio-accumul ative 

and toxic compound, while PFAAs are chemically and 
biologically inert due to their strong carbon-fluorine bonds  
(Perkola and Sainio, 2013). These substances are 
recognized as chemicals of environmental concern due to 
their ubiquitous presence in our environment(Fuertes et 
al., 2017).  

Perfluoroalkyl compounds are classified as persistent 
organic pollutants (PO Ps) with negative potential effect on 
human heal th and the environment. Perfluoroalkyl acids  
have also shown adverse effects in animals. According to 
recent toxicity studies (Perkola and Sainio, 2013), PFAAs 
have an adverse impact on animal health. Landfill leachate 
is frequently a cri tical wellspring of rising natural poisons, 
including PFAAs. Among them are PFO S and 
perfluorooctanoic acid (PFOA). 

In (Hamid et al., 2018), PFAAs were found in short-chain 
(C4-C7) landfill leachates. Hamid et al. (2018) detected the 
continued presence of perfluorooctanoic acid (PFOA) in 
landfill leachates, demonstrating that it comprises one of 
the   primary   PFAAs   at   landfill   sites. Yan   et   al.   (2015)  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/leachate
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reported that, in China, spillage of ∑PFAAs into 
groundwater from landfill leachate averaged around 3,110 
Kg/annually. Such large discharges potentially undermine 
the feasibility of using groundwater in the vicinity of landfill 
sites for drinking water.  

Furthermore, as mentioned previously, perfluoroalkyl 
substances (PFASs) have been identified and quantified in 
surface and groundwater. For example, PFASs have been 
detected in aquatic environments that include drinking 
water (Rahman et al., 2014). According to Rahman et al. 
(2014), the data indicate that PFASs, if present in raw 
water, are not removed by most water treatment processes. 
In related work, (Quinones and Snyder, 2009; Gellrich et al., 
2013) identified and quantified PFOS and PFOA in surface 
water at concentrations ranging from 2.0 to 115 ng/L. 

In other studies, PFAAs and PFASs were detected in 
German surface waters (Lange et al., 2007), while in 
Sweden, Banzhaf et al. (2017) discovered that 
perfluoroalkyls in surface and groundwater had 
concentration values of up to 130 ng/L for PFOS and PFOA,  
respectively. Additionally, in groundwater, PFAA 
concentrations were 19 ng/L, while samples taken from 
groundwater under airports and firefighting training areas  
indicated PFO S concentrations ranging from 2,700 to 
2,910,000 ng/L (Banzhaf et al., 2017).  

Moreover, according to Lau et al. (2007), PFOA and PFOS 
have been identified and measured in a Tennessee 
waterway downstream from a fluorochemical fabricating 
plant, in drinking water sources near generation plants in 
West Virginia and Germany, in the Great Lakes, in 
downpour water in an urban setting in Canada, in seaside 
waters in south China, Japan and Korea, and in stream 
water in China. PFOS has also been detected in sea surface 
water (Lau et al., 2007) and in the twinned metropolitan 
areas of St. Paul-Minneapolis. PFAA mass flows originating 
in storm water runoff measure around 7.86 Kg/annually 
(Xiao et al.,  2012).  

Generally, perfluoroalkyl concentrations and trends in 
groundwater were found to be like those observed in 
surface water (Liu et al., 2016, Sharma et al., 2016).  
According to Sharma et al. (2016), when ground water 
contains perfluoroalkyls, this may indicate several different 
circumstances, including leaching from contaminated 
surface water,  sewage spills, or infiltration of polluted river 
water. The concentrations of ∑ PFAAs found in surface 
water tend to strongly correlate with those found in local 
groundwater (Liu et al., 2016).  

The main objective of the present paper is to identify and 
quantify the perfluoroalkyl acids in leachate and in surface 
water near uncontrolled areas of solid waste dumps.  
 
 
MATERIALS AND METHODS  
 
Leachate samples were collected from municipal solid 
waste (domestic waste) from 15 March to 15 April 2019. A 
quantity  of solid wastes was followed for 30 days, and each 
day 1.5 Kg of solid was te was added  to  the  container.  The  

 
 
 
 
leachate was collected and treated each week.  After the 30-
day period, the four collected samples of leachates  
wereplaced in 25 mL vials and sent to a private 
environmental engineering laboratory to be analyzed. The 
leachate was treated using Liquid Chromatography-
Tandem Mass Spectrometry (LC-MS/MS). This method is 
recommended by the Environmental Protection Agency  
(EPA) for analysing and determining PFAAs in water 
(https://www.epa.gov/water-research/pfas-analytical-
methods-development-and-sampling-research). More 
details can be found in (Huset et al., 2011; Ullah, 2013). 
The chronic daily intake (CDI) was estimated using the 
following equation: 
 

𝑪𝑫𝑰 = 𝒄
𝑪𝑹.𝑬𝑭.𝑬𝑫

𝑩𝑾.𝑨𝑻

     (Eq. 1)
 

  

where  

C = Average concentration of contaminant at exposure (in 
mg/L) 
CR = Contact rate, unit of L/day  
EF = Exposure frequency, unit of day/year 
ED = Exposure duration, unit of years  
BW = Body weight, unit of Kg 
AT = Period over which exposure is averaged, unit of days.  
The EPA default values of these parameters are reported in 
Table 1.  

A family composed of a father, a mother, and their son are 
considered as an example in this study to calculate CDI in 
section 3.3. We assume that: 
 Father and son drink 2 L and 1 L, respectively.  
 Father and son weight 70 and 10 Kg, respectively. 

 
 
RESULTS AND DISCUSSION 
 
Identification and quantification of PFAAs in leachate 
 
Perfluoroalkyl acids are identified and quantified in the 
leachate generated by solid wastes. The mean 
concentration of PFAAs is in the range of 450 ±3.7 to 510 ± 
4.1ng/L. Existing data on fluorochemicals in landfill 
leachate are quite limited (Huset et al., 2011), as are data on 
the presence of perfluoroalkyls in the urban water cycle 
(Pan et al., 2016). The risk presented by PFAAs has been 
estimated in this study. 
 
Perfluoroalkyl chemical compounds in surface water 
 
Four samples of surface water near uncontrolled areas of 
solid waste dumps are taken. The samples are analyzed by  
the methods mentioned in the section on materials and 
methods. The mean concentrations of total PFAAs are in the 
range of 15 ± 1.4 to 120± 2.7 ng/L.  

In the literature, perfluoroalkyl substances are identified 
and quantified in aquatic systems, flora, and fauna 
worldwide. Although information onthe presence of 
perfluoroalkyls in the urban water cycle is still very limited  
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Table 1. EPA Default Values for Exposure Assessment Calculations in  
Residents and Workers 

 

Parameter  Resident 

CR 2 L/day drinking water 

EF 350days/year 
ED Actual event duration  

or 30 years (if chronic)  
BW 70 Kg (adult), 15 Kg(child)  
AT Actual event duration (if not carcinogenic)  

or 365 days/year x 70 years (if carcinogenic)  
 

Source:(Lakhouit and Alsulami, 2020) 

 
 

Table 2. Estimation of Chronic Daily Intake 
 

Average Concentration 
(ng/L) 

CDI 
(ng/Kg/day) 

Father  Son 

66 0.77 3.6 

 
 
 
(Pan et al., 2016), perfluoroalkyl chemical compounds are 
classed in the literature as persistent compounds and 
ubiquitous environmental contaminants (Quinones and 
Snyder, 2009; Rahman et al., 2014).These chemical  
substances have a negative effect on human heal th 
(Quinones and Snyder, 2009).  
 
Estimation of chronic daily intake/intake rate 
 
In our case, the concentration of perfluoroalkyls is in the 
range of 15 and 125 ng/L in water. In the literature review,  
the concentration of perfluoroalkyl acids is in the range of 2 
to 130 ng/L. To estimate chronic daily intake, the minimum 
concentration was chosen as 2 ng/L and the maximum 
as130 ng/L. The average concentration of PFAAs is around 
66 ng/L. This value of average concentration of PFAAs will 
be used to estimate the CDI.  

The CDI or intake rate is calculated using Eq.1 from 
section 2. The obtained results of the CDI are reported in 
Table 2.  

In the literature, the daily intake of PFOS and PFOA was  
measured as 1.4 and 0.8 ng/Kg/day, 
respectively(Thompson et al., 2011). In another study, the 
daily intake through tap water consumption ranged from 
<0.01 to 0.73 ng/Kg/day for PFOA and <0.01 to 0.08  
ng/Kg/day for PFO S (Kim et al., 2011). In our case, the 
chronic daily intake is estimated to be in the range of 0.77 
to 3.6 ng/Kg/day, which means that our resul ts are in 
agreement with those found in the literature.  So, for 
instance, in adults, the average exposure levels of  PFOS 
and/or PFOA from drinking water consumption varied 
between 0.16-220.15 and 0.43-12.5 ng/Kg-day, 
respectively, whereasin children, the exposure levels 
ranged from 0.13-354.3 for PFO S and 0.35-20.17 for PFOA 
 

ng/Kg/day(Chimeddulam and Wu, 2013). 
Recent studies have shown that some PFASs are toxic to 
both humans and animals (Banzhaf et al., 2017). For PFO S,  
the tolerable daily intake (TDI) level is 0.17 ng/kg body 
weight/day, while for PFOA, the TDI is 0.21 ng/kg 
bodyweight/day (Gellrich et al., 2013). Overall, studies have 
shown that PFASs found in tap water do not yet pose heal th  
risks for short-term consumption.  So, for example,  PFASs  
found in tap water in Guangzhou, China, would be 
considered safe for human consumption (Pan et al., 2016).  
Similarly, drinking water in Spain, France and Brazil was  
also found not to violate health standards in th e short-term,  
measuring 54.8, 58.0 and 75.6 ng/person per day, 
respectively (Schwanz et al., 2016). 
 
Conclusion and future research directions 
 
The present study is focused on perfluoroalkyl acids. 
Because PFAAs have been so extensively used over the past 
half-century both in industry and in consumer products, the 
chemicals make their way to landfills around the world.  
Once there,  the PFAAs pass into local aqueous  
environments through landfill leachates, which are well-
knownsecondary sources for poly- and perfluoroalkyl 
materials. 

In the present paper, a quantity of municipal solid wastes  
was followed for 30 days, after which the leachate 
generated by the solid wastes was analyzed. According to 
our investigation, the leachate contained PFAAs withmean 
concentrations in the range of 15 to 510 ng/L. The CDI of 
these substances was in the range of 0.77 to 3.6 ng/Kg/day. 
Further investigations are needed to estimate the risk 
assessment and toxicity of these increasingly ubiquitous  
chemical substances.  
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