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Introduction 
A total of seven samples were received from Greenpeace Mexico for analysis at the Greenpeace 
Research Laboratories on 8th February 2016, including three wastewater samples and four associated 
sediment samples, all of which were collected on the 29th January 2016. 

A sample of wastewater (MX16001) was collected from a wastewater sump in the vicinity of a Sanmina 
SCI facility, together with an associated sediment sample (MX16004) from the same location.  It has 
not been confirmed that wastewater in the sump originates from the Sanmina SCI facility.  Similarly, 
a wastewater sample (MX16002) and an associated sediment sample (MX16005) were collected from 
a channel into which wastewater is discharged from a Siemens facility and separately from a 
Flextronics facility.  No other inputs to this channel from other sources were observed.  In addition, a 
sample of treated wastewater (MX16003) was collected from the outfall of the El Ahogado 
Wastewater treatment plant (WWTP), together with two associated sediment samples; one of which 
(MX16006) was collected from within the discharge pipe and the other (MX16007) from the El 
Ahogado river immediate downstream of the outfall.  A summary of the samples received is provided 
in Table 1a, with GPS coordinates for the sample collection locations in Table 1b.   

All samples were analysed quantitatively for the presence of a range of metals and metalloids.  For 
wastewater samples, concentrations of metals/metalloids in both whole and filtered water were 
determined in order to distinguish between metals associated with suspended matter and those 
present in dissolved form in the water.  All samples were also analysed qualitatively for the presence 
of semi-volatile (solvent-extractable) organic compounds, and separately for the presence of volatile 
organic compounds (VOCs).  In addition, for the three wastewater samples, the concentrations of a 
range of perfluorinated chemicals (PFCs), which cannot be identified using the technique employed 
for organic compounds qualitative analysis, were determined at an accredited independent 
laboratory. 
 

Sample 
code type Description 

Close to Sanmina SCI  (Electrical manufacturer) 
MX16001 wastewater  

collected from an open sump located 910m from official discharge point 
MX16004 sediment 

Siemens/Flextronics  (Electrical manufacturers) 
MX16002 wastewater  collected from an open channel into which wastewater from both Siemens and 

Flextronics is discharged, via separate pipes from each facility MX16005 sediment 
El Ahogado Wastewater treatment plant (WWTP) 

MX16003 wastewater  Collected from a pipe discharging treated water to the El Ahogado river 
MX16006 sediment Collected from within the discharge pipe at its outfall to the El Ahogado river 
MX16007 sediment Collected from the El Ahogado river immediate downstream of the outfall 

Table 1a: details of wastewater and sediment samples collected in Guadalajara, El salto, Jalisco, Mexico 
 
 

Sample  N E 
 code degree (º) minutes (') degree (º) minutes (') 

MX16001 20° 30'39.0 103° 15'36.36'' 
MX16002 20° 34'50.31'' 103' 26'27.6'' 
MX16003 20° 30'41.7 103° 15'14.2'' 
MX16004 20° 30'39.4' 103° 15'36.6'' 
MX16005 20° 34'50.31'' 103' 26'27.6'' 
MX16006 20° 30'41.7 103° 15'14.2'' 
MX16007 20° 30'42.8'' 103° 15'14.0'' 

Table 1b: GPS coordinated of sample collection locations 
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Materials and methods 

All samples were collected in pre-cleaned glass or polypropylene bottles and kept cold and dark before 
shipment to our laboratory in the UK for analysis. 

Each wastewater sample consisted of three subsamples collected in different types of bottles 
depending on the subsequent analyses to be carried out on each subsample. In all cases, the first 
subsample was collected in a 0.5 litre screw-cap glass bottle, for use in the quantitative analysis of 
metals and metalloids, as well as the qualitative analysis of solvent extractable (semi-volatile) organic 
compounds. In addition, a second sub-sample was collected in a separate 50 ml amber glass bottle 
with a ground-glass stopper (filled to leave no headspace) to be analysed for volatile organic chemicals 
(VOCs). All glass bottles had been pre-cleaned, including soaking in nitric acid and being rinsed 
thoroughly with analytical grade pentane in order to remove all heavy metal and organic residues. A 
third sub-sample was collected in a 500 ml polypropylene bottle previously rinsed with analytical 
grade methanol, for use in the quantification of a range of perfluorinated chemicals (PFCs) in the 
water.  Each sediment sample was collected in a 100 ml screw-cap glass bottle, for use in the 
quantitative analysis of metals and metalloids, as well as the qualitative analysis of solvent extractable 
(semi-volatile) organic compounds. 

All samples were analysed qualitatively for semi-volatile organic compounds (sVOCs) and volatile 
organic chemicals (VOCs), and quantitatively for metals.  Semi-volatile organic compounds were 
isolated from samples using solid phase extraction (SPE) with ethyl acetate, pentane and toluene (for 
water samples) or Accelerated Solvent Extraction (ASE) with a mixture of pentane and acetone (for 
sediment samples).   Extracted compounds were subsequently identified as far as possible using gas 
chromatography/mass spectrometry (GC/MS) operated in both SCAN and SIM modes.  Volatile organic 
chemicals (VOCs) were identified in all wastewater samples as received (with anhydrous sodium 
sulfate added to partition VOCs into headspace) using GC/MS with HeadSpace sample introduction 
technique.  Metal concentrations were determined for all samples by ICP mass spectrometry (ICP-MS) 
following acid digestion and using appropriate intra-laboratory standards or certified reference 
materials.  For water samples, both the total concentrations in the whole (unfiltered) sample and the 
concentrations of dissolved forms in a filtered sample were determined separately for each sample.  
Hexavalent chromium concentrations in filtered water samples were determined colourimetrically 
using a diphenylcarbazide method.  More detailed descriptions of the sample preparation and 
analytical procedures are presented in the Appendix 1.   

PFCs in wastewater samples were quantified at an accredited independent laboratory using liquid 
chromatography-mass spectrometry (LC-MS/MS), employing appropriate  quality control procedures, 
including the use of certain 13C labelled PFCs as internal and recovery standards. 

Results and Discussion 

The results for the samples are outlined in the following sections, divided into the three areas in which 
the samples were collected.   

The semi-volatile (solvent extractable) organic chemicals identified in individual samples are 
summarised in Table 2.  A full list of semi-volatile organic chemicals identified in each sample is 
provided in Appendix 2.  A summary of volatile organic compounds (VOCs) identified in the samples 
are listed in Table 3.  PFCs identified in the wastewater samples are given in Table 4, with a full list of 
PFCs quantified given in Appendix 3.  In addition, the concentrations of metals and metalloids in 
sediment samples and in both filtered (dissolved metals) and in whole waters (dissolved and 
suspended metals) are reported Table 5.
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Location Sanmina 
SCI 

Sanmina SCI Siemens/ 
Flextronics 

Siemens/ 
Flextronics 

El Ahogado 
WWTP 

El Ahogado 
WWTP pipe 

El Ahogado 
River 

sample type WW Sed WW Sed WW Sed Sed 
Sample code MX16001 MX16004 MX16002 MX16005 MX16003 MX16006 MX16007 
Number of compounds isolated 30 225 28 96 101 178 147 
No. of compounds identified to >90% 3 102 7 28 56 46 39 

phenols:        
octylphenol        
nonylphenol  13 isomers  5 isomers 8 isomers   
bisphenol-A        
butylated hydroxytoluene (BHT)        
2,4-di-tert-butyl phenol        
phenol & other alkyl-phenols  2  2 3   

phthalates & related chemicals:        

phthalate esters 

 
DBP 
 
 
 
DEP 

DEHP 
DBP 
DiBP 

  

 
 
 
 
 
DEP 

DEHP 
DBP 
  
BBP 
DiNP 
   

DBP 
  
 DiBP 
  
 
DEP / DMP 

DEHP 
DBP 

 
 

DEHP 
DBP 
DiBP 

 
 

di(2-ethylhexyl) terephthalate           
phosphate esters:        

triphenyl phosphate (TPP)        
phenyl phosphate        
tris(2-butoxyethyl) phosphate (TBEP)        
tris(1-chloro-2-propyl) phosphate         

other chlorinated chemicals        
dichlorobenzene                       
chlorocresol        

quinones, benzophenones & related:        
2,6-di-tert-butylbenzoquinone        
Quantacure ITX        
oxybenzone (benzophenone-3)        

other oxygenated chemicals        
benzyl ether        
diphenyl ether        
Surfynol 104H        
4-tert-butylcyclohexanol        
benzoic acid        

amines & related:        
tributylamine        
1H-indole & derivatives  2   2   

others:        
Benzothiazole derivatives        
fragrance chemicals  2   2   
alkyl benzenes  8   2   
polycyclic aromatic hydrocarbons (PAHs)    3    
aliphatic hydrocarbons  34  3  34 29 
long chain fatty acids & derivatives  12   7 3  
other ketones    1 1 2  
dicyclopentadiene derivatives     2   
sewage associated chemicals                      9  3   3 
chemicals of plant based origin   12  7 12  2 

Table 2: summary of organic contaminants for each wastewater (WW) and sediment (Sed) sample in which 
semi-volatile (solvent extractable) organic compounds were identified (to >90% reliability) 



Page 5 of 38                                                                                                                GRL-AR-2016-03 

Location Sanmina 
SCI 

Siemens/ 
Flextronics 

El Ahogado 
WWTP 

Sample code MX16001 MX16002 MX16003 
Number of VOCs isolated 21 1 4 
No. of VOCs identified to >90% 13 0 4 

halomethanes:    
dichloromethane                      
trichloromethane (chloroform)               
bromodichloromethane    

other chlorinated chemicals:    
benzene, 1,4-dichloro-                 

others:    
monoterpenes 4   
monoterpene alcohols/ethers 5   
alkyl benzene    
carbon disulfide    

Table 3: Volatile organic contaminants (VOCs) identified (to >90% reliability) in the wastewater samples. 
 
 
 

Location Sanmina SCI Siemens/ 
Flextronics 

El Ahogado 
WWTP 

Sample code   MX16001 MX16002 MX16003 
PFC (ng/l) (ng/l) (ng/l) 
perfluorooctanoate (PFOA) < 10,0 82.6 12.7 
Perfluorobutane sulfonate (PFBS) 23.0 < 15,0 < 15,0 
perfluorobutanoate (PFBA) < 10,0 17.3 < 11,5 
perfluoropentanoate (PFPA) 11.1 14.5 < 10,0 
perfluorohexanoate (PFHxA) < 10,0 26.6 < 10,0 
perfluorodecanoate (PFDA) < 10,0 13.5 < 10,0 

Table 4: Concentrations of PFCs identified in the wastewater samples (ng/l), full details provided in Appendix 3 
 

3.1 Sanmina SCI 

3.1.1 Organic chemical contaminants   

Analysis of the wastewater collected near to the Sanmina facility (MX16003) identified two phthalate 
esters, namely di-n-butyl phthalate (DBP) and diethyl phthalate (DEP), together with a phosphate 
ester; triphenyl phosphate (TPP). 

Phthalate esters have numerous industrial uses.  DBP is toxic to reproduction in both animals and 
humans (Mylchreest et al. 2002, Swan et al. 2005) and within the EU has been listed as a “substances 
of very high concern” under the REACH Regulation (ECHA 2010). For more information see Box A. 

 

BOX A.  Phthalate esters 
Phthalates (or, more accurately, phthalate diesters) are a group of chemicals with a diversity of uses, 
dominated by use as plasticizers (or softeners) in plastics, especially PVC. Other applications included uses as 
components of inks, adhesives, sealants, surface coatings and personal care products. Phthalates have been 
detected in components of electronic products (Brigden et al. 2007a) and in wastewaters from electronic 
manufacturing facilities (Brigden et al. 2007b). 
Some phthalates are discrete chemicals, such as the well-known di(2-ethylhexyl) phthalate (DEHP), while 
others are complex mixtures of isomers, such as diisononyl phthalate (DINP) and diisodecyl phthalate (DIDP). 
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All uses of phthalates, especially the major use as PVC plasticisers, result in large-scale losses to the 
environment (both indoors and outdoors) during the lifetime of products, and again following disposal, 
principally because phthalates are not chemically bound but only physically associated to the polymer chains.  
Phthalates have been found to leach from food packaging materials (Fierens et al. 2012, Fasano et al. 2012); 
and from medical materials (Jenke et al. 2006, Ferri et al. 2012). Moreover, it has been shown that bacteria, 
which may grow on PVC plastics in wet conditions, may enhance DEHP leaching from plastic (Latorre et al. 
2012). Thus, phthalates are widely found in the indoor environment, including in air and dust (Langer et al. 
2010, Otake  et al. 2001, Butte & Heinzow 2002, Fromme  et al. 2004) at concentrations which commonly 
reflect the prevalence of plastics and certain textiles within the rooms sampled (Abb  et al. 2009). Once plastic 
products are disposed to municipal landfills, phthalates may continue to leach, finally reaching groundwater 
(Liu et al. 2010).  
Phthalates are commonly found in human tissues, including in blood, breast milk and, as metabolites, in urine 
(Colon et al. 2000, Blount et al. 2000, Silva et al. 2004, Guerranti et al. 2012), with reports of significantly 
higher levels of intake in children (Koch et al. 2006). In humans and other animals, they are relatively rapidly 
metabolised to their monoester forms, but these are frequently more toxic than the parent compound 
(Dalgaard et al. 2001). 
Substantial concerns exist with regard to the toxicity of phthalates to wildlife and humans. For example, DEHP, 
one of the most widely used to date, is known to be toxic to reproductive development in mammals.  DEHP 
is capable, in its monoester form MEHP, of interfering with development of the testes in early life, thought to 
be mediated through impacts on testosterone synthesis (Howdeshell et al. 2008, Lin et al. 2008). Even at low 
doses, exposure to mixtures of phthalates can result in cumulative effects on testicular development in rats 
(Martino-Andrade et al. 2008).  In addition, adverse impacts on female reproductive success in adult rats and 
on development of the young have been reported following exposure to this chemical (Lovekamp-Swan & 
Davis 2003, Grande et al. 2006, Gray et al. 2006).  A more recent study (Abdul-Ghani et al. 2012) has shown 
that both DEHP and DBP can induce gross malformations, damage to DNA and changes in behavioural 
development when administered to developing chick embryos. Butylbenzyl phthalate (BBP) and dibutyl 
phthalate (DBP) have also been reported to exert reproductive toxicity (Ema & Miyawaki 2002, Mylchreest et 
al. 2002, Aso et al. 2005).  The review of Caldwell (2012) highlights recently discovered impacts of DEHP 
including chromosomal damage, increased cancer progression and changes in gene expression at increasingly 
lower concentrations. DEHP, DBP DiBP and BBP are all classified as “toxic to reproduction” within Europe. 
Other research has revealed a correlation between phthalate exposure during pregnancy and decreased ano-
genital index (distance from the anus to the genitals) in male children (Swan et al. 2005), though it is clearly 
not possible to establish a cause-effect relationship from such studies.   
Other commonly used phthalates, including the isomeric forms DINP and DIDP, are of concern because of 
observed effects on the liver and kidney, albeit at higher doses. DINP has also been found to exhibit anti-
androgenic effects on reproductive development of Wistar rats (Boberg et al. 2011), though less prominent 
than DEHP, DBP and BBP. 
At present, globally there are relatively few controls on the marketing and use of phthalates, despite their 
toxicity, the volumes used and their propensity to leach out of products throughout their lifetime. Of the 
controls that do exist, however, probably the best known is the ban on the use of six phthalates in children’s 
toys and childcare articles in a number of countries, including the EU-wide which was the first to be 
implemented (EU 2005).  More recently, the EU has included four phthalates (DEHP, BBP, DBP and DiBP) in 
the regulation that restricts hazardous substances in electrical and electronic equipment (RoHS), such that 
the sale of such equipment with components containing these phthalates above 0.1% will be banned from 
22nd July 2019 (EU 2015).  While these address two important exposure routes, exposures through other 
consumer products have so far largely escaped regulation.  Furthermore, certain phthalates, including DEHP, 
DBP, DiBP and BBP, have been listed as Substances of Very High Concern (SVHC) under the EU REACH 
Regulation (ECHA 2013). 

 

Triaryl phosphates, including TPP, are used as flame retardants, and have been used in electronic 
products (IPCS 1991).  TPP is the most acutely toxic to aquatic life of all the triaryl phosphates in 
common use (IPCS 1991). For more information see Box B.  
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BOX B.  Triaryl and tri-alkyl phosphates 
Triphenyl phosphate, TPP.  Triaryl phosphates, including TPP, are used as flame retardants, including in 
electronic products (IPCS 1991).  TPP is the most acutely toxic to aquatic life of all the triaryl phosphates in 
common use (IPCS 1991). 
TPP has been reported as a contaminant in human blood (Jonsson et al. 2001) and is a strong inhibitor of a 
key enzyme (monocyte carboxyl esterase) in human blood cells (Amini & Crescenzi 2003). Research has also 
indicated an ability to inhibit human androgen hormone reception in vitro (Honkakoski et al. 2004). Contact 
dermatitis following exposure to TPP has been reported by several authors, with some cases dating back to 
the 1960s (Carlsson et al. 1997 and Sanchez et al. 2003). 
 
Tris(1-chloro-2-propyl) phosphate is one of a number of tris(monochloropropyl) phosphates (TMCPP), a 
group of chemicals used as flame retardants (NRC 2000).  TMCPP mixtures are sold under various trade 
names, including Antiblaze 80, Amgard TMCP, Fyrol PCF and Hostaflam PO 820. 
Tris(1-chloro-2-propyl) phosphate is not readily biodegraded under conventional wastewater treatment, 
though it is rapidly metabolised by certain fish (IPCS 1998). Traces of tris(1-chloro-2-propyl) phosphate have 
been detected in industrial and domestic effluents, but not in surface waters and sediments (IPCS 1998). The 
uptake of tris(1-chloro-2-propyl) phosphate has been demonstrated in a number of living organisms, including 
humans (Sundkvist et al. 2010, Greaves & Letcher 2014, Van den Eede et al. 2015), and bioaccumulation has 
been suggested in the benthic food web (Brandsma et al. 2015). 
In mammals, tris(1-chloro-2-propyl) phosphate is of low to moderate acute toxicity by oral (LD50 in rats is 
101-4200 mg/kg body weight), dermal (LD50 in rats and rabbits is > 5000 mg/kg body weight) and inhalation 
routes (LD50 in rats is > 4.6 mg/litre) (IPCS 1998).  However, acute toxicity values for other organisms in the 
environment are available, with LD50 values ranging from 3.6 to 180 mg/litre. Aquatic toxicity information 
shows no observed effect concentrations (NOEC) for algae, daphnids and fish are 6, 32 and 9.8 mg/litre, 
respectively (IPCS 1998). Little is known about the possible effects on human health of chronic exposure to 
phosphorus flame retardants  like TCIPP (Van den Eede et al. 2015).  Despite the lack of information on the 
carcinogenic potential of the TMCPPs identified, studies on a very similar compound, tris(2-chloroethyl) 
phosphate, showed that is possesses carcinogenic properties when tested on mice and rats (IPCS 1998) and 
recently it has been added to the list of candidates as ‘substances of very high concern’ under the REACH 
Regulation (ECHA 2013).      

Tris(2-butoxyethyl) phosphate (TBEP) is used as a flame retardant as well as a solvent in some resins, a 
viscosity modifier in plastics, and also as a plasticiser in synthetic rubber, plastics and lacquers (WHO 2000).  
TBEP is not readily biodegraded under conventional wastewater treatment.   
In the aquatic environment, TBEP is harmful to fish, with a LC50 of 24 mg/L for rainbow trout (Rhodia 2016).  
Studies in laboratory animals have shown that the liver is the target organ for TBEP toxicity; however, the 
long-term toxicity and carcinogenicity of TBEP have not been investigated (WHO 2000).             

 
In addition, 21 volatile organic chemicals (VOCs) were isolated from this sample, of which 13 were 
identified, including chloroform and 1,4-dichlorobenzene. 

Chloroform has industrial uses as a solvent, but can also be generated as a by-product of the 
disinfection processes commonly used in wastewater treatment plants, from the reaction between 
the disinfectant (usually chlorine or chlorine-containing chemicals) with natural organic matter 
present in the source water (US EPA 2012).  This may be the source of chloroform for this sample.  
Chloroform is a hazardous chemical, and has been listed by the International Agency for Research on 
Cancer (IARC) in Group 2B as possibly carcinogenic to humans (IARC 2012). 

Similarly, 1,4-dichlorobenzene is a well-known environmental contaminants largely due to widespread 
use as a deodoriser and disinfectant in sanitary products, which may be a contributory source at this 
location. This chemical has some hazardous properties; it is toxic to the liver and kidneys following 
repeated exposures (EURAR 2004) and has been listed by IARC in Group 2B as possibly carcinogenic 
to humans in relation to inhalation exposure (IARC 2012). 
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In addition, quantitative analyses were carried out for a range of PFCs in the wastewater.  The only 
PFCs detected were perfluorobutane sulfonate (PFBS, 23.0 ng/l) and perfluoropentanoate (PFPA, 11.1 
ng/l).  The concentrations of PFBS and PFPA in this sample are within the range reported in municipal 
waste water treatment plant effluents (Ahrens et al. 2009, Schultz et al. 2006)).  Similar concentrations 
have been reported in some surface waters, though reported concentrations in surface waters are 
commonly slightly lower than those found in this sample (Eschauzier et al. 2011, Heydebreck et al. 
2015).  The concentrations of these two PFCs could indicate use of these PFCs within this facility, 
though the somewhat low concentrations for industrial wastewaters, together with all other 
quantified PFCs being below detection limits, does not provide strong evidence for this. 

 
Sediment sample (MX16004) 

A broad range of additional organic chemicals were identified in the sediment (MX16004) collected 
from the sample location from which the wastewater (MX16001) was collected.  Their presence in 
sediment, but not in the wastewater, is likely to have arisen from their historic presence in 
wastewaters previously discharged via this location.  Key substances amongst these included 
phthalate esters and 13 isomers of nonylphenol. 

In addition to DBP, a phthalate which was identified in both the wastewater (MX16001) and the 
associated sediment (MX16002), two additional phthalates, di-iso-butyl phthalate (DiBP) and di(2-
ethylhexyl) phthalate (DEHP), were identified in the sediment, together with a related compound, 
di(2-ethylhexyl) terephthalate (DEHT).  As for DBP, DEHP and DiBP are toxic for reproduction and have 
been listed as Substances of Very High Concern (SVHC) under the EU REACH Regulation (ECHA 2013); 
see Box A for more information.  In common with ortho-phthalates such as DBP, DiBP and DEHP, di(2-
ethylhexyl) terephthalate (DEHT) is predominantly used as a plasticizer and softener for plastics.  
Unlike the ortho-phthalates, however, adverse effects on reproduction have not been reported for 
DEHT (Wirnitzer et al. 2011).  

Nonylphenol is a group of well-known persistent environmental contaminants with hormone 
disrupting properties.  A common source of nonylphenol is the use of nonylphenol ethoxylates (NPEs) 
as a detergent or surfactant, which subsequently degrades to nonylphenol either within a wastewater 
treatment facility or following release into the aquatic environment.  In addition to being highly 
resistant to further degradation and therefore persistent within the environment, nonylphenol is able 
to bio-accumulate and is toxic, primarily due to its hormone-disrupting properties that can lead to 
altered sexual development in some organisms, most notably the feminisation of fish in contaminated 
waters (OSPAR 2004, Jobling et al. 1995, 1996).  As a result of their hazardous properties, the 
manufacture, use and release of nonylphenol NPEs are regulated in some regions (OSPAR 1998, EU 
2003). Additional information on nonylphenol, including hazardous properties, is available in Box C. 

Other compounds identified in the sediment sample included butylated hydroxytoluene (BHT), 
diphenyl ether, indole, long chain fatty acids and their derivatives, alkyl benzenes, a PAH, and aliphatic 
hydrocarbons.  

Butylated hydroxytoluene (BHT) has been commonly used as an antioxidant in a wide range of 
products, including plastics and other petrochemical products, cosmetics and food products (Jobling 
et al. 1995). BHT has been classified under the Globally Harmonized System of Classification and 
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Labelling of Chemicals (GHS)1 as toxic to aquatic life with long lasting effects (H411), and irritating to 
the skin and eyes (H315, H319). 

Diphenyl ether, also known as diphenyl oxide, has a variety of uses including in pesticide and other 
agricultural chemical manufacturing, other basic organic chemical manufacturing, soap and cleaning 
compound manufacturing, chemical product and preparation manufacturing and food manufacturing. 
This chemical is classified under GHS as toxic to aquatic life with long-lasting effects (H411), but has 
shown low inhalation and oral toxicity in experimental animals (US EPA 2010).  

Indole has various industrial uses, but is also used as a fragrance chemical (Sullivan & Gad 2014).  It 
has been classified under GHS as harmful if swallowed (H302), toxic in contact with skin (H311) and 
very toxic to aquatic life (H400).  

Long chain fatty acid esters, which are present in animal or vegetable fats, oils, or waxes, are used in 
a variety of manufacturing processes, but can also originate from natural sources.  These, and other 
fatty acid derivatives, can undergo partial degradation to give rise to the fatty acids themselves (IPPC 
2003).  Fatty acids and their derivatives are generally not of particular environmental concern due to 
their low toxicity and being readily biodegradable. 

The occurrence of alkyl benzenes, PAHs and aliphatic hydrocarbons in the environment is often due 
to their presence in crude oil and petroleum products (Overton 1994).  Alkylbenzenes are also 
produced following the degradation of the linear alkylbenzene sulphonate (LAS) detergents.  Many 
alkylbenzenes and PAHs are highly resistant to degradation and may accumulate in sediments (Preston 
& Raymundo 1993).  Alkylbenzenes are also useful sewage markers (Chalaux et al. 1995). 

Also identified were two isomers of the synthetic musk fragrance chemical Galaxolide, and a number 
of cholesterol derivatives, which are commonly found in sewage (Homem et al. 2015), as well as a 
number of chemicals likely to be of plant origin. 

 

3.1.2 Metals 

The wastewater collected close to the Sanmina SCI facility (MX16001) contained concentrations of 
dissolved chromium (70 μg/l) and dissolved nickel (47 μg/l) somewhat above levels typically found in 
in uncontaminated surface freshwater, in which median values for chromium are commonly around 
10 ug/l (ATSDR 2012) and concentrations of nickel are commonly below 20 μg/l (ATSDR 2005, 
Salomons & Forstner 1984).  Concentrations of copper and nickel for the whole (unfiltered) sample 
were approximately double the respective dissolved concentrations, indicating a similar quantity of 
these metals associated with suspended matter as was present in dissolved forms. 

In addition, a number of other metals were present at concentrations in the whole (unfiltered) sample 
notably higher than the respective dissolved concentrations, including copper, iron, lanthanum, 

                                                           

1 The Globally Harmonized System of Classification and Labelling of Chemicals (GHS), a system set up under the 
UN, provides a way of assessing the hazardous properties of chemicals through the use of hazard statements 
(UN 2015). The hazard statements used for individual substances are a composite of information drawn from a 
number of sources, including material safety data sheets (MSDSs) supplied by Sigma-Aldrich 
(http://www.sigmaaldrich.com); Landolt-Börnstein (http://lb.chemie.uni-hamburg.de); Merck Millipore 
(http://www.millipore.com); Alfa (http://www.alfa.com); ACROS (http://www.acros.be) 
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neodymium, tantalum, tin and zinc indicating their presence as part of the suspended matter within 
the water. 

The sediment collected at the same location (MX16004) contained some metals, including cadmium, 
copper, tin and zinc, at concentrations between 2-5 times higher than the upper end of the ranges 
typically found in uncontaminated surface freshwater sediments (Salomons and Forstner 1984). 

 
sample type wastewater (µg/l) sediments (mg/kg) continental 

crust * 
(mg/kg) 

location Sanmina SCI Siemens/ 
Flextronics 

El Ahogado 
WWTP 

Sanmina 
SCI 

Siemens/ 
Flextronics 

El 
Ahogado 
WWTP 

pipe 

El 
Ahogado 

River 

 

Sample code MX16001 MX16002 MX16003 MX16004 MX16005 MX16006 MX16007  
 filt. wh filt. wh filt. wh - - - - - 

Antimony 0.6 0.9 0.5 0.5 0.6 0.6 2.2 0.4 0.4 0.5 0.2 
Arsenic 7 10 13 13 7 7 7.2 1.2 4.3 3.4 1.8 
Barium 69 98 61 66 29 36 123 16 511 133 425 
Beryllium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.56 0.25 5.60 1.4 2.8 
Cadmium 0.17 0.39 0.06 0.06 0.06 0.25 1.15 0.21 0.13 0.08 0.2 
Chromium 70 175 0.79 0.82 3.63 5.59 47.8 2.83 17.9 8.51 100 
Chromium (VI) <50 <50 <50 <50 <50 <50 - - - -   
Cobalt 0.5 1.0 0.3 0.3 <0.1 1.2 6.26 0.85 12.6 6.69 25 
Copper 9 38 5 6 6 10 140 7.0 13.0 12.0 55 
Erbium 0.02 0.08 <0.01 <0.01 0.01 0.02 0.54 0.50 4.12 1.85 2.8 
Gadolinium 0.03 0.13 <0.01 0.01 0.01 0.02 0.93 0.91 6.18 3.33 5 
Gallium <0.2 0.4 <0.2 <0.2 <0.2 <0.2 3.5 2.2 23.7 6.6 15 
Holmium <0.01 0.03 <0.01 <0.01 <0.01 <0.01 0.19 0.18 1.38 0.65 1.2 
Iron 119 727 286 329 145 202 12600 4220 22250 12800 50000 
Lanthanum 0.03 0.56 0.04 0.05 0.01 0.07 5.37 5.83 22.8 15.4 30 
Lead 1.2 4.1 1.6 2.0 0.5 0.5 17 13 17 12 13 
Lutetium <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 0.06 0.55 0.22 0.5 
Manganese 145 167 42 43 126 140 116 52 659 232 950 
Mercury <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.4 <0.1 <0.1 <0.1 0.08 
Neodymium 0.03 0.45 0.03 0.05 0.02 0.07 4.52 4.82 24.0 15.9 28 
Nickel 47 76 <2 <2 19 20 62 1 17 11 75 
Praseodymium <0.01 0.12 <0.01 0.01 <0.01 0.02 1.23 1.39 6.33 4.26 8.2 
Samarium <0.01 0.11 <0.01 <0.01 <0.01 0.02 0.96 1.00 5.90 3.55 6 
Selenium <1 <1 <1 <1 <1 <1 0.8 0.5 3.9 1.9 0.05 
Strontium 404 411 141 140 367 371 63.2 8.5 54.9 36.9 375 
Tantalum <2 22 <2 <2 <2 3.15 <0.5 <0.5 <0.5 <0.5 2 
Thulium <0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.08 0.07 0.62 0.27 0.5 
Tin 2 9 1 1 2 4 37 8 3 2 2 
Vanadium 4.5 10.3 2.8 2.7 8.2 8.3 27.9 6.6 41.2 33.8 135 
Yttrium <20 <20 <20 <20 <20 <20 8 7 49 21 33 
Zinc 35 166 26 27 11 13 323 61 46 32 70 

Table 5: Concentrations of metals and metalloids in filtered (filt.) and whole (wh.) wastewater samples (g/ l), 
and in sediment samples (mg/kg dry weight), *together with reported average concentrations for the Earth's 

continental crust (Krauskopf & Bird 1994). 
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3.2 Siemens/ Flextronics 

3.2.1 Organic contaminants   

For the sample of wastewater from the channel that receives inputs from Siemens and Flextronics 
(MX16002), 29 organic chemicals were isolated (28 semi volatile compounds and 1 volatile organic 
compound), of which 7 could be identified.  These included three organophosphate compounds, a 
decynediol derivative and the phthalate ester diethyl phthalate (DEP). 

The three organophosphate esters identified were all triarylphosphates, namely triphenyl phosphate 
(TPP), which was also identified in the wastewater associated with Sanmina SCI (MX16001), as well as 
tris(2-butoxyethyl) phosphate (TBEP) and tris(1-chloro-2-propyl) phosphate.  TBEP and tris(1-chloro-
2-propyl) phosphate are known to be used as flame retardants.  They are not readily biodegraded 
under conventional wastewater treatment, and can cause impacts on aquatic organisms at relatively 
low concentrations.  For more information on these organophosphate esters, see Box B. 

The decynediol derivative was 2,4,7,9-tetramethyl-5-decyne-4,7-diol, also known as TMDD, which is 
produced and used in large quantities, primarily as an industrial defoaming surfactant under the trade 
name Surfynol 104 (NZ 2016).  TMDD has been found to be toxic to aquatic organisms in laboratory 
experiments on fish (fathead minnows), aquatic invertebrates (Daphnia magna), and green algae 
(Selenastrum capricornutum) (NZ EPA 2016). 

Separately, the quantification of PFCs in the wastewater (MX16002) detected five compounds.  The 
predominant compound was perfluorooctanoic acid (PFOA, 82.6 ng/l), with four other PFCs at 
concentrations between 13.5-26.6 ng/l, namely PFBA, PFPA, PFHxA, and PFDA.  The concentrations in 
the samples were somewhat higher than concentration commonly reported in surface waters 
(Eschauzier et al. 2011, Heydebreck et al. 2015), though are within the ranges reported in municipal 
waste water treatment plant effluents (eg, Ahrens et al. 2009, Schultz et al. 2006).  These data may 
indicate uses of PFCs within one or both of these facilities, though notably higher concentrations of 
PFCs have been reported in other industrial effluents. 

A number of additional organic chemicals were identified in the sediment sample collected from this 
sample location (MX16005), which are likely to have arisen from their presence in historic discharged 
wastewater, or within ongoing periodic discharges at other times.  These included four phthalates, 
nonylphenol, and two photoinitiator related chemicals, as well as other chemicals likely to have arisen 
from sewage inputs or of plant origin. 

The four phthalates identified included DEHP, which was also identified in the wastewater, together 
with di-n-butyl phthalate (DBP), butyl benzyl phthalate (BBP) and di-isononyl phthalate (DINP), as well 
as the related chemical di(2-ethylhexyl) terephthalate (DEHT).  DBP and DEHT are discussed above in 
section 3.1.   BBP has been reported to exert reproductive toxicity (Ema & Miyawaki 2002, Aso et al. 
2005), and within the European Union BBP has been listed as a Substance of Very High Concern (SVHC) 
under the EU REACH Regulation (ECHA 2013).  DINP is of concern because of observed effects on the 
liver and kidney, albeit at higher doses, and DINP has also been found to exhibit anti-androgenic 
effects on reproductive development of Wistar rats (Boberg et al. 2011).  DiNP has recently been 
proposed as a reproductive toxicant within the EU (Denmark 2015).  See Box A for more information. 

Nonylphenol, of which 5 isomers were identified, is a well-known toxic and persistent environmental 
contaminant.  Additional information on nonylphenol, which was also identified in sediment 
associated with the Sanmina SCI facility (MX16004), is given in Section 3.1 and in Box C. 
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Box C. Alkyl phenols (AP); Nonylphenol (NP) and Octylphenol (OP) 
Nonylphenol (NP) is a group of related (isomeric) chemicals that are manufactured primarily for use in 
producing nonylphenol ethoxylates (NPEs), a group of non-ionic surfactants. NP is also used directly for a 
range of specialised industrial uses. NPEs are the most widely used type of a broader group of substances 
known as alkylphenol ethoxylates (APEs). Similarly, the APE octylphenol (OP) has direct uses but is also used 
to manufacture octylphenol ethoxylates (OPEs). 
NPEs and OPEs have been used as surfactants, emulsifiers, dispersants and/or wetting agents in a variety of 
industrial and consumer applications. Assessments in the early 2000s noted that the largest share were then 
used in industrial and institutional cleaning products (detergents), with smaller amounts used as emulsifiers, 
textile and leather finishers, and as components of pesticides and other agricultural products, and water-
based paints (OSPAR 2004, Guenther et al 2002).   
Once released to the environment, APEs can degrade back to the parent alkylphenol (e.g. NP or OP), which 
are persistent, bio-accumulative, and toxic to aquatic life. APs, especially NP, are widely distributed in fresh 
and marine waters, and – in particular – sediments, in which persistent APs tend to accumulate (Ying et al. 
2002, Jonkers et al. 2005, David et al. 2009, Shue et al. 2010). Because of their releases to water, APEs and 
APs are also common components of sewage effluents and sludge (Micic & Hofmann 2009,  Ying et al 2009, 
Yu et al 2009), including that applied to land. NP has been detected in rain and snow in Europe (Fries & 
Püttmann 2004, Peters et al. 2008), and residues of both NP and OP have been reported as contaminants in 
house dust (Butte & Heinzow 2002, Rudel et al. 2003) and indoor air (Rudel et al. 2003, Saito et al. 2004).   
Research into levels in wildlife remains limited, although there have been reports of significant levels in both 
invertebrates and fish in the vicinity of sites of manufacture and/or use of APEs, and close to sewer outfalls 
(Lye et al. 1999, Rice et al. 2003, Mayer et al. 2008). Both NP and OP are known to accumulate in the tissues 
of fish and other organisms, and have been found as common contaminants of seafood in some locations 
(OSPAR 2004, Basheer et al. 2004, Brigden et al. 2010b). NPs have also been reported as contaminants in 
human tissues (Lopez-Espinosa et al. 2009). 
The most widely recognised hazard associated with APs (both NP and OP) is their estrogenic activity, i.e. their 
ability to mimic natural estrogen hormones. This can lead to altered sexual development in some organisms, 
most notably the feminisation of fish (Jobling et al. 1995, 1996). Atienzar et al. (2002) described direct effects 
of NP on DNA structure and function in barnacle larvae, a mechanism that may be responsible for the 
hormone disruption effects seen in whole organisms.  In rodents, exposure to OP caused adverse effects on 
male and female reproductive systems, including lower sperm production and increased sperm abnormalities 
(Blake et al. 2004).  Chitra et al. (2002) and Adeoya-Osiguwa et al. (2003) describe effects on mammalian 
sperm function, while DNA damage in human lymphocytes has also been documented (Harreus et al. 2002), 
although some have challenged the significance of these findings. Impacts on immune system cells in vitro 
have also been described (Iwata et al. 2004). NP is classified under the GHS for classification and labelling of 
chemicals as ‘toxic to reproduction, category 2’ (H361FD), and both NP and OP are classified as very toxic to 
aquatic life, with the potential for long-lasting effects (H400, H410).   
In Mexico, the manufacture, use and release of NP and NPEs, and the related OP/OPEs are not currently 
regulated. Outside Mexico, regulations addressing the manufacture, use and release of NP and NPEs, together 
with certain other APE/APs, do exist in some regions. More than 15 years ago, the Ministerial Meeting under 
the OSPAR Convention agreed on the target of cessation of discharges, emissions and losses of hazardous 
substances to the marine environment of the north-east Atlantic by 2020, and included NP/NPEs on the first 
list of chemicals for priority action towards this target (OSPAR 1998). Subsequently, in 2000, OP was also listed 
under this category (OSPAR 2006). Since then, NP has been included as a “priority hazardous substance” 
under the EU Water Framework Directive, such that action to prevent releases to water will be required 
throughout Europe within 20 years of adoption of the regulation (EU 2001). OP has been designated as a 
“priority substance” under the Water Framework Directive. Even before their listing under this Directive, 
however, the widely recognised environmental hazards presented by NP and OP and their ethoxylates have 
led to some long-standing restrictions on their use in many countries. Among these, a Recommendation 
agreed by the Paris Commission (now part of the OSPAR Commission) in 1992, required the phase-out of NPEs 
from domestic cleaning agents by 1995 and industrial cleaning agents by the year 2000 (PARCOM 1992). 
Furthermore, since January 2005 within the EU, products (formulations used by industry) containing greater 
than 0.1% NP or NPEs may no longer be placed on the market within Europe, with some minor exceptions 
principally for “closed loop” industrial systems (EU 2003). In addition, both NP and NPEs have been listed as 
Substances of Very High Concern (SVHC) under the EU REACH Regulation (ECHA 2013). 
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The two photoinitiator related chemicals identified were 2-isopropylthioxanthone (Quantacure ITX) 
and 2,6-di-tert-butylbenzoquinone (DBQ).  Photoinitiators are additives that use ultraviolet (UV) or 
visible light to induce polymerisation, or to cure materials, for example in coatings and inks. 
Photoinitiators have extensive applications in the manufacture of printed circuits, encapsulation of 
electronic components, decorative coating, surface coating, etc.  Photoinitiators are sold under 
various trade names including Quantacure, Irgacure, Darocure, Photocure, Vicure and others.  

Quantacure ITX has been widely used as a photoinitiator in inks in the flexographic printing industry 
(USEPA 2002).  There is little information available on the properties of this chemical, though it has 
been shown that thioxanthone-based compounds, including isomers of isopropylthioxanthone, are 
known to be of high aquatic hazard and capable of causing long-term effects in aquatic organisms 
even at relatively low concentrations of less than 0.1 mg/l (USEPA 2002).  Thioxanthones, the chemical 
group to which Quantacure ITX belongs, are often used in conjunction with other photoinitiators to 
design cost effective synergistic photoinitiator blends (Cho et al. 2003, Segurola et al. 1999, Andersen 
et al. 1996).  

Benzoquinone derivatives, including DBQ, can be used as photoinitiators in various industrial 
processes (van der Graaf et al. 1991). DBQ has also been found among semi-volatile chemicals emitted 
during heating of certain plastics (Watanabe et al. 2007). There is some evidence for the toxicity of 
DBQ to mammalian cells from in vitro tests, in that congeners of p-benzoquinone, including 2,6-di-
tert-butyl-p-benzoquinone (DBQ), have been found to express cytotoxicity in primary rat hepatocyte 
and PC12 cell cultures tests (Siraki et al. 2004). DBQ is classified under the GHS as irritating to eyes 
and skin (H315, H319). 

In addition, chemicals were identified in the sediment that can arise from their presence in petroleum 
products, or be generated as products of incomplete combustion.  These were the polycyclic aromatic 
hydrocarbons (PAHs) fluoranthene, naphthalene and pyrene (Overton 1994).  Other chemicals 
included those commonly found in sewage, including squalene and cholesterol derivatives, as well as 
some chemicals of plant origin. 

 

3.2.2 Metals 

The wastewater from the channel into which discharges from the Siemens facility and the Flextronics 
facility are discharged (MX16002), and sediment from the same location (MX16004), did not contain 
any of the quantified metals/metalloids at concentrations above levels typically found in 
uncontaminated surface freshwater & associated sediments.   

 

3.3 El Ahogado WWTP 

3.3.1 Organic contaminants   

Compared to the other wastewater samples, a greater number of organic chemicals were isolated 
from the wastewater collected from the El Ahogado WWTP wastewater outfall, as it discharges to the 
El Ahogado River (MX16003).  101 compounds were isolated, of which 56 were identified, consisting 
of a wide range of different chemical groups. 

Key substances amongst these included nonylphenol and octylphenol, four phthalates, three 
phosphate esters, bisphenol-A, two chlorinated chemicals and a number of petroleum derived 
chemicals (alkyl benzenes and a PAH).  Other chemicals detected included diphenyl ether, 



Page 14 of 38                                                                                                                GRL-AR-2016-03 

tributylamine and indole, as well as chemicals likely to have arisen from sewage inputs or of plant 
origin. 

Eight isomers of the persistent environmental contaminant nonylphenol were identified, together 
with a single isomer of octylphenol.  Nonylphenol was also identified in sediment associated with the 
Sanmina SCI facility (MX16004) and that associated with the Siemens/ Flextronics facilities (MX16005), 
and is discussed in section 3.1 and Box C.  Octylphenol is a closely related chemical with similar 
hazardous properties (See Box C). 

The phthalates identified were DBP, DiBP, DEP & dimethyl phthalate (DMP).  For information on these 
see sections above and Box A. 

The three phosphate esters were triphenyl phosphate (TPP) and tris(2-butoxyethyl) phosphate (TBEP),  
both of which were also identified in the wastewater from Siemens/ Flextronics wastewater 
(MX16002) and discussed in Section 3.2, together with phenyl phosphate, which is an irritant but of 
lesser concern. 

Bisphenol-A (BPA) is a high production chemical predominantly used in the manufacture of 
polycarbonate plastic and epoxy resins, including for use in components in electronic equipment 
(Huang et al. 2012, Michałowicz 2014).  BPA is an endocrine disrupting chemical that can cause 
adverse effects on reproduction in animals (Oehlmann et al. 2009) and is suspected of being 
detrimental to reproduction and development in humans (Rubin & Soto 2009, Michałowicz 2014).  For 
more information see Box D. 

Amongst the other chemicals detected, tributylamine is used in a wide variety of industrial processes 
and has been classified under GHS as toxic to aquatic life (H401) and toxic in contact with skin (H311).  
Diphenyl ether has industrial uses, including as a heat transfer fluid, and has been classified under GHS 
as toxic to aquatic life with long lasting effects (H411). Indole has various industrial uses, but is also 
used as a fragrance chemical (Sullivan & Gad 2014).  It has been classified under GHS as harmful if 
swallowed (H302), toxic in contact with skin (H311) and very toxic to aquatic life (H400).  

As discussed above, alkyl benzenes and PAHs may be present due to their presence in crude oil and 
petroleum products, though alkylbenzenes are also produced following the degradation of the linear 
alkylbenzene sulphonate (LAS) detergents, and have been used as markers of sewage pollution 
(Chalaux et al. 1995, Overton 1994, Preston & Raymundo 1993).   

The two chlorinated chemicals were dichlorobenzene (See Section 3.1) and chlorocresol, the latter of 
which is used as a preservative in skin ointments (Gómez de la Fuente et al. 2013), and so may arise 
from sewage inputs.  Other chemicals identified, and which are commonly found in sewage, included 
squalene, the two synthetic musks Galaxolide and Versalide (Homem et al. 2015), and a 
benzophenone derivative (oxybenzone), which is used as UV stabiliser in sunscreens/cosmetics 
(Garcia et al. 2011).  

The only PFC detected in the wastewater (MX16003) was perfluorooctanoic acid (PFOA) at a trace 
concentration (12.7 ng/l, 0.012 µg/l).  As noted above, the concentration of PFOA in this sample is 
with the range commonly reported in surface waters in several parts of the world (Ahrens 2011, Loos 
et al. 2009, Jin et al. 2009, So et al. 2007). This presence of this relatively low concentration of PFOA, 
and the fact that all other quantified PFCs were below detection limits, means that we have no strong 
evidence for specific use of PFCs within facilities that discharge their wastewater for treatment at this 
WWTP. 

 



Page 15 of 38                                                                                                                GRL-AR-2016-03 

Box D. Bisphenol A (BPA) 
Bisphenol A (BPA) is a very high production volume chemical (one of the highest global production volumes 
of any man-made chemical), manufactured globally for a variety of uses, which are dominated by the 
manufacture of polycarbonate plastic and various epoxy resins and including widespread use in food-contact 
applications (Michałowicz 2014).  Despite its polymeric form, repeated use and wear of polycarbonate 
plastics, especially at high temperatures, can result in significant hydrolysis of the plastic, releasing free 
bisphenol A (Brede et al. 2003, Kubwabo et al. 2009).  As a result of the widespread use of polycarbonate and 
other bisphenol A-derivatives, human exposure to bisphenol A is ubiquitous (Michałowicz 2014).  The US 
Centre for Disease Control (CDC) reported detectable ‘conjugated’ residues of BPA in 93% of human urine 
samples (Calafat et al. 2008).  Furthermore, its occurrence in more biologically-active ‘unconjugated’ form in 
human blood also appears to be common, at levels which are thought already to exceed the presumed ‘safe 
daily exposure’ dose (Vandenberg et al. 2007), challenging long-held assumptions that BPA is rapidly 
metabolized and, therefore, detoxified in the human body. 
Bisphenol A was recognized as a potent synthetic oestrogen (and therefore potential endocrine disruptor) as 
long ago as the 1930s, well before the polymerization to epoxies and polycarbonate became commercially 
significant (Dodds 1936).  Observed impacts of low dose BPA exposure in animals include decreased daily 
sperm production in rats (Sakaue et al. 2001), changes in maternal behaviour in mice (Palanza et al. 2002) 
and anomalous brain development in both rodents and primates (MacLusky et al. 2005, Leranth et al. 2007, 
2008), themselves linked to aspects of sexual differentiation.  Soto et al. (2008) summarise evidence for low 
dose BPA effects on the development of reproductive organs in rodents.  Low dose exposure has also recently 
been found to interfere with insulin secretion in mice (Ropero et al. 2008), raising the concern that BPA 
exposure could be a contributory factor in the rise in type 2 diabetes in some parts of the world.  Associations 
have also been reported between BPA levels in urine and the prevalence of certain other common medical 
conditions in humans in the US (Lang et al. 2008).  Other useful reviews of the mammalian toxicology of BPA 
are provided by Wellshons et al. (2006) and Crain et al. (2007), and, more recently, Michałowicz (2014) 
recently reviewed sources, toxicity and biotransformation of bisphenol-A.  Another recent review concluded 
that, based on emerging research since 2007, BPA should be classified as a reproductive toxicant on the basis 
that can impact on female reproduction and has the potential to affect male reproductive systems in animals 
and possibly in humans (Peretz et al. 2014).  Other recent studies indicate that BPA could impair the immune 
system of foetuses and young children at lower exposure levels than previously considered (Menard et al. 
2014a & b, RIVM 2015).   
Bisphenol A is also of great concern in the aquatic environment, to which it is estimated around 90% of 
emissions to the environment primarily occur (whether from industrial operations, discharges via sewers or 
leachates from landfills and waste dumps).  BPA is widely distributed in freshwater systems (Fromme et al. 
2002, Rodriguez-Mazaz et al. 2004, RIVM 2015), at concentrations which, though generally low away from 
industrial point sources, are nonetheless toxicologically relevant to a range of aquatic organisms, including 
through mechanisms of endocrine disruption (Kang et al. 2007, RIVM 2014, 2015).  Although degradation of 
the parent compound can occur quite rapidly under aerobic conditions, some of its partial breakdown 
products are more environmentally persistent and can themselves show some oestrogenic activity (Suzuki et 
al. 2004).  Furthermore, under conditions of low oxygen tension, including in sediments, degradation of BPA 
is considerably slower, allowing the compound to accumulate to higher levels (Planelló et al. 2008).  Endocrine 
disrupting effects of BPA, often at environmentally relevant concentrations, have been reported in reptiles 
(Stoker et al. 2003), amphibians (Levy et al. 2004) and fish (Sohoni et al. 2001, Jurgella et al. 2006), as well as 
in molluscs (Oehlmann et al. 2006) and a range of other invertebrates (see Segner et al. 2003, Michałowicz 
2014 and RIVM 2015 for review).  In the sediment-dwelling larvae of chironomid flies, for example (a keystone 
species in many aquatic systems), BPA interferes with the hormone ecdysone, which controls moulting and 
structural development (Planelló et al. 2008), indicating that impacts on steroid hormone systems may be 
common across much of the animal kingdom. 
In recent years a number of regulatory measured have been introduced or proposed.  Canada was the first 
country to introduce controls on the use of BPA in consumer goods (Health Canada 2009), in response to the 
concerns relating to human exposure to BPA through use of polycarbonate products, though other have now 
followed this example.  Within the EU, BPA has recently been classified as toxic for reproduction (category 
1B) (EU 2016). As a result of the recent reports by the Dutch National Institute for Public Health and the 
Environment (RIVM 2104, 2015), the European Food Safety Authority (EFSA) has announced that it will 
reassess the hazards of BPA (EFSA 2016).  In addition, France has proposed BPA as a substance of very high 
concern (SVHC) under the EU REACH regulations due to its reproductive toxicity (ECHA 2016) and there have 
also been calls for a total ban on BPA in all food contact materials within the EU (Häusling 2016). 
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A similar range of chemicals was identified in each of the two sediment samples; the sediment 
collected from within the discharge pipe at its outfall to the El Ahogado River (MX16006) and the 
sediment collected from the El Ahogado River itself (MX16007), immediately downstream from the 
outfall. 

Amongst the chemicals detected in these two sediment samples were examples that were also 
identified in the wastewater from the El Ahogado WWTP (MX16003), including two phthalates (DEHP 
and DBP).   

Overall, the chemicals identified in both sediment samples were dominated by aliphatic hydrocarbons, 
as well as long chain fatty acids and their derivatives.  As in the case of the wastewater, chemicals 
likely to have arisen from sewage inputs or of natural origin were also identified in both sediment 
samples.  As discussed in section 3.1, the occurrence of aliphatic hydrocarbons in the environment 
often arises from their presence in petroleum products, while long chain fatty acids and their 
derivatives can originate from natural sources, though some are used in a variety of manufacturing 
processes. 

 

3.3.2 Metals 

The wastewater from the El Ahogado WWTP (MX16003) did not contain any of the quantified 
metals/metalloids at concentrations above levels typically found in uncontaminated surface 
freshwater. 

The sediment collected within the WWTP discharge pipe (MX16006) and that collected from El 
Ahogado River immediately downstream of the WWTP discharge pipe (MX16007) did not contain 
notable concentrations of metals, with the possible exception of barium and beryllium and selenium 
which were present at concentrations slightly elevated over levels typically found in freshwater 
sediments. 

 

Conclusions 

The results of this study demonstrate the complexity of industrial wastewater discharges from parts 
of the electronics manufacturing sector.  These discharges are acting as point sources of a number of 
chemicals of clear concern for the environment and human health. 

The complexity of the wastewaters was illustrated by the presence of a broad range of organic 
chemical contaminants in the samples collected and analysed in this study.  For both the wastewater 
samples, that collected close to the Sanmina SCI facility, and that from a channel which receives 
wastewater from both Siemens and Flextronics, only a relative small fraction of the isolated chemicals 
could be reliably identified; 10% for the wastewater associated with Sanmina SCI, and 25% for the 
Siemens / Flextronics wastewater.  The identity and properties of the unidentifiable chemicals remain 
unknown. 

Some of the chemicals identified in wastewaters from both these locations are known to be used by 
the electronics manufacturing sector. Due to the locations from which the latter sample was collected, 
however, it is not possible to know whether each of the chemicals identified arose from the Siemens 
or from the Flextronics facility (or both).  Similarly, without confirmation that the wastewater collected 
from a sump close to the Sanmina SCI facility did originate from that facility, it is clearly not possible 
to determine whether the chemicals identified also arose from the Sanmina SCI facility. 
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A greater number, and even broader range, of organic chemicals were identified in the treated 
wastewater from the El Ahogado Wastewater treatment plant (WWTP), which may reflect the 
multiple sources that send their wastewaters to this facility for treatment. 

For all three locations, but especially for the Sanmina SCI and Siemens / Flextronics outfalls, additional 
organic chemicals were identified in the sediment sample which were not found in the wastewater 
sample collected from the same location.  The presence of these chemicals in sediment, but not in the 
associated wastewater, indicates their less frequent or perhaps historic discharge within wastewaters 
at each location.   

For some of the chemical pollutants identified in either wastewater samples or associated sediments 
(especially nonylphenol and octylphenol), the use of conventional wastewater treatment is unable to 
address effectively their presence within wastewaters.  At best such treatment can scavenge 
persistent substances into treatment plant sludges, thereby creating an additional contaminated 
waste stream. 

Taken together, the results from this study indicate that parts of the electronics manufacturing sector 
act as point sources of hazardous chemicals to the wider environment via the discharge of 
wastewaters. 

 

References 
Abb, M.; Heinrich, T.; Sorkau, E. and Lorenz, W. (2009) Phthalates in house dust.  Environment International 

35(6): 965-970 
Abdul-Ghani, S., Yanai, J., Abdul-Ghani, R., Pinkas, A. & Abdeen, Z. (2012) The teratogenicity and behavioral 

teratogenicity of di(2-ethylhexyl) phthalate (DEHP) and di-butyl phthalate (DBP) in a chick model. 
Neurotoxicology and Teratology 34(1): 56-62 

Adeoya-Osiguwa, S.A., Markoulaki, S., Pocock, V., Milligan, S.R. & Fraser, L.R. (2003) 17-beta-estradiol and 
environmental estrogens significantly effect mammalian sperm function.  Human Reproduction 18(1): 100-
107 

Ahrens, L. (2011) Polyfluoroalkyl compounds in the aquatic environment: a review.  Journal of Environmental 
Monitoring 13:20-31 

Ahrens, L., Felizeter, S., Sturm, R., Xie, Z. & Ebinghaus, R. (2009) Polyfluorinated compounds in waste water 
treatment plant effluents and surface waters along the River Elbe, Germany.  Marine Pollution Bulletin 58: 
1326-1333 

Amini, N. and Crescenzi, C.  (2003)  Feasibility of an on-line restricted access material/liquid 
chromatography/tandem mass spectrometry method in the rapid and sensitive determination of 
organophosphorus triesters in human blood plasma. Journal of Chromatography B 795(2): 245-256 

Amini, N. and Crescenzi, C. (2003) Feasibility of an on-line restricted access material/liquid 
chromatography/tandem mass spectrometry method in the rapid and sensitive determination of 
organophosphorus triesters in human blood plasma. Journal of Chromatography B 795(2): 245-256 

Anderson,  D.G.,  Davidson, R.S. & Elvery, J.J (1996)  Thioxanthones: their fate when used as photoinitiators. 
Polymer 37(12): 2477-2484  

Aso, S., Ehara, H., Miyata, K., Hosyuyama, S., Shiraishi, K., Umano, T. and Minobe, Y. (2005) A two-generation 
reproductive toxicity study of butyl benzyl phthalate in rats. Journal of Toxicological Sciences 30(SI): 39-58 

Aso, S., Ehara, H., Miyata, K., Hosyuyama, S., Shiraishi, K., Umano, T. and Minobe, Y. (2005) A two-generation 
reproductive toxicity study of butyl benzyl phthalate in rats. Journal of Toxicological Sciences 30(SI): 39-58 

Atienzar, F.A., Billinghurst, Z. & Depledge, M.H. (2002) 4-n-nonylphenol and 17-beta-estradiol may induce 
common DNA effects in developing barnacle larvae.  Environmental Pollution 120(3) 735-738 

ATSDR (2005) Toxicological profile for nickel. Agency for Toxic Substances and Disease Registry, US Public 
Health Service, August 2005 

ATSDR (2012) Toxicological profile for nickel. Agency for Toxic Substances and Disease Registry, US Public 
Health Service, September 2012 

Basheer C., Lee H.K & Tan K.S. (2004) Endocrine disrupting alkylphenols and bisphenol-A in coastal waters and 
supermarket seafood from Singapore. Marine Pollution Bulletin 48(11-12): 1145-1167 



Page 18 of 38                                                                                                                GRL-AR-2016-03 

BEUC (2012) Chemicals in EURO 2012 shirts.  The European Consumer Organisation (BEUC), 
http://www.beuc.org/custom/2012-00422-01-E.pdf;  http://www.beuc.org/custom/2012-00421-01-E.pdf 

Blake C.A., Boockfor F.R., Nair-Menon J.U., Millette C.F., Raychoudhury S.S. and McCoy G.L. (2004) Effects 
of 4-tert-octylphenol given in drinking water for 4 months on the male reproductive system of Fischer 344 
rats. Reproductive Toxicology 18(1): 43-51  

Blount, B.C., Silva, M.J., Caudill, S.P., Needham, L.L., Pirkle, J.L., Sampson, E.J., Lucier, G.W., Jackson, R.J. 
& Brock, J.W. (2000) Levels of seven urinary phthalate metabolites in a human reference population. 
Environmental Health Perspectives 108(10): 979-982 

Boberg, J., Christiansen, S., Axelstad, M., Kledal, T.S., Vinggaard, A.M., Dalgaard, M., Nellemann, C. & Hass, 
U. (2011) Reproductive and behavioral effects of diisononyl phthalate (DiNP) in perinatally exposed rats. 
Reproductive Toxicology 31( 2): 200-209 

Boberg, J., Christiansen, S., Axelstad, M., Kledal, T.S., Vinggaard, A.M., Dalgaard, M., Nellemann, C. & Hass, 
U. (2011) Reproductive and behavioral effects of diisononyl phthalate (DiNP) in perinatally exposed rats. 
Reproductive Toxicology 31( 2): 200-209 

Brandsma ,S.H., Leonards, P.E., Leslie, H.A., deBoer,J. (2015) Tracing organophosphorus and brominated flame 
retardants and plasticizers in an estuarine food web. Science of the Total Environment 505: 22–31 

Brede, C., Fjeldal, P., Skjevrak, I. & Herikstad, H. (2003) Increased migration levels of bisphenol A from 
polycarbonate baby bottles after dishwashing, boiling and brushing. Food Addit. Contam. 20, 684–689 

Brigden, K., Labunska, I., Santillo, D.,Walters, A. (2007b) Cutting edge contamination: A study of environmental 
pollution during the manufacture of electronic products. Greenpeace Research Laboratories Technical Note 
01/2007 

Brigden, K., Webster, J., Labunska, I. & Santillo, D. (2007a) Toxic chemicals in computers reloaded Greenpeace 
Research Laboratories Technical Note 06/2007 

Butt, C.M., Muir, D.C., Mabury, S.A. (2013) Biotransformation pathways of fluorotelomer-based polyfluoroalkyl 
substances: A review. Environmental Toxicology & Chemistry, doi: 10.1002/etc.2407. [Epub ahead of print]  

Butte, W. & Heinzow, B. (2002) Pollutants in house dust as indicators of indoor contamination.  Reviews in 
Environmental Contamination and Toxicology 175: 1-46 

Calafat, A. M., Ye, X.,Wong, L. Y., Reidy, J. A. & Needham, L. L. (2008) Exposure of the U.S. population to 
bisphenol A and 4-tertiary-octylphenol: 2003–2004. Environ. Health Perspect. 116, 39–44 

Caldwell, J.C. (2012) DEHP: Genotoxicity and potential carcinogenic mechanisms—A review. Mutation 
Research/Reviews in Mutation Research, In Press, Corrected Proof, Available online 3 April 2012 

Carlsson, H., Nilsson, U., Becker, G. and Ostman, C. (1997) Organophosphate ester flame retardants and 
plasticizers in the indoor environment: Analytical methodology and occurrence. Environmental Science & 
Technology 31(10): 2931-2936 

Carlsson, H., Nilsson, U., Becker, G. and Östman, C. (1997) Organophosphate ester flame retardants and 
plasticizers in the indoor environment: Analytical methodology and occurrence. Environmental Science & 
Technology 31(10): 2931-2936 

Chalaux N., Takada H., Bayona J.M. (1995) Molecular markers in Tokyo Bay sediments – sources and 
distribution. Marine Environmental Research 40(1):77-92 

Chitra, K.C., Latchoumycandane, C. & Mathur, P.P. (2002) Effect of nonylphenol on the antioxidant system in 
epididymal sperm of rats.  Archives of Toxicology 76(9): 545-551 

Cho, J.-D., Kim, H.-K., Kim, Y.-S., Hong, J.-W. (2003) Dual curing of cationic UV-curable clear and pigmented 
coating systems photosensitized by thioxanthone and anthracene. Polymer Testing 22(6): 633-645 

Colon, I., Caro, D., Bourdony, C.J. & Rosario, O. (2000) Identification of phthalate esters in the serum of young 
Puerto Rican girls with premature breast development. Environmental Health Perspectives 108(9): 895-900 

Crain, D.A., Eriksen, M., Iguchi, T., Jobling, S., Laufer, H., LeBlanc, G.A. & Guillette Jr., L.J. (2007) An 
ecological assessment of bisphenol-A: evidence from comparative biology. Reprod. Toxicol. 24, 225–239. 

CSTEE (2001) EC Scientific Committee on Toxicity, Ecotoxicity and the Environment, Opinion on the results of 
the Risk Assessment of: 4-NONYLPHENOL (Branched) AND NONYLPHENOL - Report version (Human 
Health effects) : November 2000. Opinion expressed at the 22nd CSTEE plenary meeting, Brussels, 6/7 March 
2001: http://europa.eu.int/comm/food/fs/sc/sct/out91_en.html  

Dalgaard, M., Nellemann, C., Lam, H.R., Sorensen, I.K. & Ladefoged, O. (2001) The acute effects of mono(2-
ethylhexyl)phthalate (MEHP) on testes of prepubertal Wistar rats. Toxicology Letters 122: 69-79 

Denmark (2015) Submitted CLH proposal for 1,2-benzenedicarboxylic acid, di-C8-10-branched alkyl esters, C9-
rich; [1] di-''isononyl'' phthalate [2]. https://echa.europa.eu/registry-of-submitted-harmonised-classification-
and-labelling-intentions/-/substance-rev/11718/term 

Dodds, E.C. (1936) Synthetic oestrogenic agents without the phenanthrene nucleus. Nature 137(3476): 996 
ECHA (2013). Candidate List of Substances of Very High Concern for authorization. European Chemicals 

Agency https://echa.europa.eu/candidate-list-table 



Page 19 of 38                                                                                                                GRL-AR-2016-03 

ECHA (2016) Proposal for BPA as a substance of very high concern (SVHC).  European Chemicals Agency 
(ECHA). https://www.echa.europa.eu/web/guest/addressing-chemicals-of-concern/authorisation/substances-
of-very-high-concern-identification/-/substance-rev/14615/term 

EFSA (2016) Bisphenol A immune system safety to be reviewed. European Food Safety Authority (EFSA). 
https://www.efsa.europa.eu/en/press/news/160426a?utm_content=hl&utm_source=EFSA+Newsletters&utm
_campaign=3bd764133f-HL_20160428&utm_medium=email&utm_term=0_7ea646dd1d-3bd764133f-
63626997 

Ema, M. & Miyawaki, E. (2002)  Effects on development of the reproductive system in male offspring of rats 
given butyl benzyl phthalate during late pregnancy.  Reproductive Toxicology 16: 71-76 

Ema, M. & Miyawaki, E. (2002) Effects on development of the reproductive system in male offspring of rats 
given butyl benzyl phthalate during late pregnancy. Reproductive Toxicology 16: 71-76 

Eschauzier, C., de Voogt, P., Brauch, H.J., and Lange, F.T. (2011) Polyfluorinated Chemicals in European Surface 
Waters, Ground- and Drinking Waters. Polyfluorinated Chemicals and Transformation Products, Volume 17 
of The Handbook of Environmental Chemistry, pp 73-102 

EU (2001) Decision No 2455/2001/EC Of The European Parliament And Of The Council Of 20 November 2001 
Establishing The List Of Priority Substances In The Field Of Water Policy And Amending Directive 
2000/60/EC, Official Journal L 249 , 17/09/2002: 27-30 

EU (2002) European Union Risk Assessment Report: 4-nonylphenol (branched) and nonylphenol, Luxembourg: 
Office for Official Publications of the European Communities, 2002 http://ecb.jrc.it/documents/existing-
chemicals/risk_assessment/report/4-nonylphenol_nonylphenolreport017.pdf  

EU (2003) Directive 2003/53/EC Of The European Parliament And Of The Council Of 18 June 2003 Amending 
For The 26th Time Council Directive 76/769/EEC Relating To restrictions on the marketing and use of certain 
dangerous substances and preparations (nonylphenol, nonylphenol ethoxylate and cement) 
http://europa.eu.int/eur-lex/pri/en/oj/dat/2003/l_178/l_17820030717en00240027.pdf 

EU (2003). Directive 2003/53/EC of the European Parliament and of the Council of 18 June 2003 amending for 
the 26th time Council Directive 76/769/EEC relating to restrictions on the marketing and use of certain 
dangerous substances and preparations (nonylphenol, nonylphenol ethoxylate and cement)  
http://europa.eu.int/eur-lex/pri/en/oj/dat/2003/l_178/l_17820030717en00240027.pdf 

EU (2005) Directive 2005/84/EC of the European Parliament and of the Council of 14 December 2005 amending 
for the 22nd time Council Directive 76/769/EEC on the approximation of the laws, regulations and 
administrative provisions of the Member States relating to restrictions on the marketing and use of certain 
dangerous substances and preparations (phthalates in toys and childcare articles): [http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:344:0040:0043:EN:PDF] 

EU (2015). Directive 2015/863/EU of the European Parliament and of the Council of 31 March 2015 amending 
Annex II to Directive 2011/65/EU as regards the list of restricted substances. http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32015L0863&from=EN 

EU (2016) Regulation 2016/1179 of 19 July 2016 amending, for the purposes of its adaptation to technical and 
scientific progress, Regulation (EC) No 1272/2008 of the European Parliament and of the Council on 
classification, labelling and packaging of substances and mixtures. http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32016R1179&from=EN 

EURAR (2004). European Union Risk Assessment Report 1,4-dichlorobenzene, CAS No: 106-46-7, EINECS No: 
203-400-5. European Communities. 
http://publications.jrc.ec.europa.eu/repository/bitstream/111111111/25730/1/EUR%2021313%20EN.pdf 

Evans S.M., Kerrigan E. & Palmer N. (2000). Causes of imposex in the Dogwhelk Nucella lapillus (L.) and its 
use as a biological indicator of tributyltin contamination. Marine Pollution Bulletin 40(3): 212-219.  

Fasano, E., Bono-Blay, F., Cirillo, T., Montuori, P. & Lacorte, S. (2012) Migration of phthalates, alkylphenols, 
bisphenol A and di(2-ethylhexyl)adipate from food packaging. Food Control 27( 1): 132-138 

Ferri, M., Chiellini, F., Pili, G., Grimaldi, L., Florio, E.T., Pili, S., Cucci, F. & Latini,G. (2012) Di-(2-ethylhexyl)-
phthalate migration from irradiated poly(vinyl chloride) blood bags for graft-vs-host disease prevention. 
International Journal of Pharmaceutics 430( 1–2):Pages 86-88 

Fierens, T., Servaes, K., Van Holderbeke, M., Geerts, L., De Henauw, S., Sioen, I. & Vanermen. G. (2012) 
Analysis of phthalates in food products and packaging materials sold on the Belgian market. Food and 
Chemical Toxicology 50( 7): 2575-2583 

Fries E. & Püttmann W. (2004). Occurrence of 4-nonylphenol in rain and snow. Atmospheric Environment 
38(13): 2013-2016 

Fromme H., Lahrz T., Piloty M., Gebhart H., Oddoy A. & Rüden H. (2004) Occurrence of phthalates and musk 
fragrances in indoor air and dust from apartments and kindergartens in Berlin (Germany). Indoor Air 14 (3): 
188-195 

Fromme, H., Küchler, T., Otto, T., Pilz, K., Muller, J.M. & Wenzel, A. (2002) Occurrence of phthalates and 
bisphenol A and F in the environment. Water Research 36: 1429–1438 



Page 20 of 38                                                                                                                GRL-AR-2016-03 

Garcia, H.A., Hoffman, C.A., Kinney, K.A., Lawler, D.F. (2011) Laccase-catalyzed oxidation of oxybenzone in 
municipal wastewater primary effluent.  Water Research, 45: 1921-1932 

Gómez de la Fuente, E., Andreu-Barasoain, M., Nuño-González, A., López-Estebaranz, J.L. (2013) Allergic 
Contact Dermatitis Due To Chlorocresol In Topical Corticosteroids. Actas Dermo-Sifiliográficas (English 
Edition), 104(1), 90-92 

Government of Canada (2009) Order Adding a Toxic Substance to Schedule 1 to the Canadian Environmental 
Protection Act, 1999, Department of the Environment and Department of Health  Regulatory Impact Analysis 
Statement, Canada Gazette 143(20), May 16 2009  

Grande, S. W., Andrade, A. J., Talsness, C. E., Grote, K. & Chahoud, I. (2006) A dose–response study following 
in utero and lactational exposure to di(2-ethylhexyl)phthalate: effects on female rat reproductive development. 
Toxicol. Sci. 91: 247–254 

Gray Jr, L. E. Laskey, J. & Ostby, J. (2006) Chronic di-n-butyl phthalate exposure in rats reduces fertility and 
alters ovarian function during pregnancy in female Long Evans hooded rats. Toxicol. Sci. 93: 189–195 

Greaves, A.K., Letcher, R.J. (2014) Comparative body compartment composition and in ovo transfer of 
organophosphate flame retardants in North American Great Lakes herring gulls. Environmental Science and 
Technology 48: 7942–7950 

Guenther, K., Heinke, V., Thiele, B., Kleist, E., Prast, H. & Raecker, T. (2002) Endocrine disrupting nonylphenols 
are ubiquitous in food.  Environmental Science and Technology 36(8): 1676-1680 

Guerranti, C., Sbordoni, I., Fanello, E.L., Borghini, F., Corsi, I. and Focardi, S.I. (2012)  Levels of phthalates in 
human milk samples from central Italy. Microchemical Journal, In Press, Corrected Proof, Available online 8 
July 2012 

Harreus, U.A., Wallner, B.C., Kastenbauer, E.R. & Kleinsasser, N.H. (2002) Genotoxicity and cytotoxicity of 4-
nonylphenol ethoxylate on lymphocytes as assessed by the COMET assay.  International Journal of 
Environmental Analytical Chemistry 82(6): 395-401 

Häusling, M. (2016) Motion for a resolution on the Implementation of the Food Contact Materials Regulation, 
A8-0237/2016, 28.9.2016. www.europarl.europa.eu/sides/getDoc.do?pubRef=-
//EP//NONSGML+AMD+A8-2016-0237+009-009+DOC+PDF+V0//EN 

Health Canada (2009) Government of Canada Acts to Protect Newborns and Infants from Bisphenol A in 
Polycarbonate Plastic Baby Bottles.  News Release 2009-106, Ottawa, June 26, 2009 

Herrero, P., Borrull, F., Pocurull, E., & Marcé, R. M. (2013). Efficient tandem solid-phase extraction and liquid 
chromatography-triple quadrupole mass spectrometry method to determine polar benzotriazole, benzothiazole 
and benzenesulfonamide contaminants in environmental water samples. Journal of Chromatography A, 1309, 
22–32. 

Heydebreck, F., Tang, J., Xie, Z., Ebinghaus, R. (2015) Alternative and Legacy Perfluoroalkyl Substances: 
Differences between European and Chinese River/Estuary Systems. Environmental Science and Technology, 
49(14): 8386-8395 

Homem V., Silva, J. A., Ratola, N., Santos, L., & Alves, A. (2015). Long lasting perfume e A review of synthetic 
musks in WWTPs. Journal of Environmental Management, 149(1), 168–192.  

Honkakoski, P., Palvimo, J.J.,  Penttila, L., Vepsalainen, J. and Auriola, S. (2004)  Effects of triaryl phosphate's 
on mouse and human nuclear receptors.  Biochemical Pharmacology 67(1): 97-106 

Honkakoski, P., Palvimo, J.J., Penttila, L., Vepsalainen, J. and Auriola, S. (2004) Effects of triaryl phosphate's on 
mouse and human nuclear receptors. Biochemical Pharmacology 67(1): 97-106 

Howdeshell KL, Wilson VS, Furr J, Lambright CR, Rider CV, Blystone CR, Hotchkiss AK & Gray LE (Jnr) 
(2008). A mixture of five phthalate esters inhibits fetal testicular testosterone production in the Sprague 
Dawley rat in a cumulative dose additive manner. Toxicol. Sci. 105: 153–165  

Howdeshell, K. L., Wilson, V. S., Furr, J., Lambright, C. R., Rider, C. V., Blystone, C. R., Hotchkiss, A. K. & 
Gray Jr, L. E. (2008) A mixture of five phthalate esters inhibits fetal testicular testosterone production in the 
Sprague Dawley rat in a cumulative dose additive manner. Toxicol. Sci. 105: 153–165 

Huang, Y. Q., Wong, C. K. C., Zheng, J. S., Bouwman, H., Barra, R., Wahlström, B., Neretin, L., Wong, M. H. 
(2012). Bisphenol A (BPA) in China: A review of sources, environmental levels, and potential human health 
impacts. Environment International, 42(1), 91–99.  

IARC (2012). Agents Classified by the IARC Monographs, Volumes 1–105, International Agency for Research 
on Cancer (IARC). http://monographs.iarc.fr/ENG/Classification/ClassificationsCASOrder.pdf 

IPCS (1991) Triphenyl Phosphate, Environmental Health Criteria 111, International Programme on Chemical 
Safety. UNEP/ILO/WHO, ISBN 92 4 157111 X 

IPCS (1998) Environmental Health Criteria 209: Flame retardants: Tris(chloropropyl) phosphate and tris(2-
chloroethyl) phosphate. International Program on Chemical Safety (IPCS) Geneva: World Health 
Organization 

IPPC (2003). Reference document on best available techniques for the textiles industry, Integrated Pollution 
Prevention and Control (IPPC), European Commission 



Page 21 of 38                                                                                                                GRL-AR-2016-03 

Iwata M., Eshima Y., Kagechika H. & Miyaura H. (2004).The endocrine disruptors nonylphenol and octylphenol 
exert direct effects on T cells to suppress Th1 development and enhance Th2 development. Immunology 
Letters 94(1-2): 135-139 

Jenke, D.R., Story, J. & Lalani, R. (2006) Extractables/leachables from plastic tubing used in product 
manufacturing. International Journal of Pharmaceutics 315( 1–2): 75-92 

Jin, Y.H., Liu, W., Sato, I., Nakayama, S.F., Sasaki, K., Saito, N. & Tsuda, S. (2009). PFOS and PFOA in 
environmental and tap water in China. Chemosphere 77(5): 605-611 

Jobling S, Reynolds T, White R, Parker MG & Sumpter JP (1995). A variety of environmentally persistent 
chemicals, including some phthalate plasticizers, are weakly estrogenic. Environmental Health Perspectives 
103(6): 582-587 

Jobling S, Sheahan D, Osborne JA, Matthiessen P & Sumpter JP (1996). Inhibition of testicular growth in rainbow 
trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic chemicals. Environmental Toxicology and 
Chemistry 15(2): 194-202 

Jobling, S., Coey, S., Whitmore, J.G., Kime, D.E., van Look, K.J.W., McAllister, B.G., Beresford, N., Henshaw, 
A.C., Brighty, G., Tyler, C.R. & Sumpter, J.P. (2002) Wild intersex roach (Rutilus rutilus) have reduced 
fertility.  Biology of Reproduction 67(2): 515-524 

Jobling, S., Reynolds, T., White, R., Parker, M.G. & Sumpter, J.P. (1995) A variety of environmentally persistent 
chemicals, including some phthalate plasticizers, are weakly estrogenic.  Environmental Health Perspectives 
103(6): 582-587 

Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P. & Sumpter, J.P. (1996) Inhibition of testicular growth in 
rainbow trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic chemicals.  Environmental 
Toxicology and Chemistry 15(2): 194-202 

Jonsson, O.B., Dyremark, E. and Nilsson, U.L. (2001)  Development of a microporous membrane liquid-liquid 
extractor for organophosphate esters in human blood plasma: identification of  triphenyl phosphate and octyl 
diphenyl phosphate in donor plasma.  Journal of Chromatography B 755(1-2): 157-164 

Jurgella, G.F., Marwah, A., Malison, J.A., Peterson, R. & Barry, T.P. (2006) Effects of xenobiotics and steroids 
on renal and hepatic estrogen metabolism in lake trout. Gen. Comp. Endocrinol. 148, 273–281. 

Kang , J.-H., Aasi, D. & Katayama, Y. (2007) Bisphenol A in the Aquatic Environment and Its Endocrine-
Disruptive Effects on Aquatic Organisms. Critical Reviews in Toxicology 37(7): 607-625 

Koch, H. M., Preuss, R. & Angerer, J. (2006) Di(2-ethylhexyl)phthalate (DEHP): human metabolism and internal 
exposure—an update and latest results. Int. J. Androl. 29: 155–165 

Krauskopf, K.B. & Bird, D.K. (1994) Introduction To Geochemistry, 3rd Edition. McGraw-Hill Book Co.  ISBN 
007113929X 

Kubwabo, C., Kosarac, I., Stewart, B., Gauthier, B.R., Lalonde, K. & Lalonde, P.J. (2009) Migration of bisphenol 
A from plastic baby bottles, baby bottle liners and reusable polycarbonate drinking bottles.  Food Additives & 
Contaminants: Part A, 26(6): 928 - 937  

Lang, I. A., Galloway, T. S., Scarlett, A., Henley, W. E., Depledge, M., Wallace, R. B. & Melzer, D. (2008) 
Association of urinary bisphenol A concentration with medical disorders and laboratory abnormalities in 
adults. JAMA 300, 1303–1310. 

Langer, S., Weschler, C.J., Fischer, A., Bekö, G., Toftum, L. and Clausen, G. (2010) Phthalate and PAH 
concentrations in dust collected from Danish homes and daycare centers. Atmospheric Environment 
44(19):2294-2301 

Langer, V., Dreyer, A., Ebinghaus, R. (2010) Polyfluorinated compounds in residential and nonresidential indoor 
air. Environmental Science & Technology 44(21): 8075-81 

Latorre, I., Hwang, S., Sevillano, M., & Montalvo-Rodríguez, R. (2012) PVC biodeterioration and DEHP leaching 
by DEHP-degrading bacteria. International Biodeterioration & Biodegradation 69:73-81 

Leranth, C., Hajszan, T., Szigeti-Buck, K., Bober, J. & MacLusky, N. J. (2008) Bisphenol A prevents the 
synaptogenic response to estradiol in hippocampus and prefrontal cortex of ovariectomized nonhuman 
primates. Proc. Natl Acad. Sci. USA 105(14) 187–191. 

Leranth, C., Szigeti-Buck, K., Maclusky, N. J. & Hajszan, T. (2007) Bisphenol A prevents the synaptogenic 
response to testosterone in the brain of adult male rats. Endocrinology 149, 988–994.  

Levy, G., Lutz, I., Krüger, A. & Kloas, W. (2004). Bisphenol A induces feminization in Xenopus laevis tadpoles. 
Environ. Res. 94, 102–111. 

Lin, H., Ge, R.-S., Chen, G.-R., Hu, G.-X., Dong, L., Lian, Q.-Q., Hardy, D.O., Sottas, C.M., Li, X.-K. & Hardy, 
M.P. (2008) Involvement of testicular growth factors in fetal Leydig cell aggregation after exposure to 
phthalate in utero. Proc. Natl Acad. Sci. USA 105(20): 7218–7222 

Loos, R., Gawlik, B.M., Locoro, G., Rimaviciute, E., Contini, S. & Bidoglio, G. (2009). EU-wide survey of polar 
organic persistent pollutants in European river waters.  Environment International 157: 561-568 

Lovekamp-Swan T. & Davis B.J. (2003) Mechanisms of phthalate ester toxicity in the female reproductive system. 
Environmental Health Perspectives 111(2): 139-145 



Page 22 of 38                                                                                                                GRL-AR-2016-03 

Lui, J.Y., Li, J.G., Zhao, Y.F., Wang, Y.X., Zhang, L., Wu, Y.N. (2010). The occurrence of perfluorinated alkyl 
compounds in human milk from different regions of China. Environment International 36 (5): 433-438.  

MacLusky, N. J., Hajszan, T. & Leranth, C. (2005) The environmental estrogen bisphenol A inhibits estrogen-
induced hippocampal synaptogenesis. Environ. Health Perspect. 113, 675–679. 

Menard, S, Guzylack-Piriou, L, Lencina C, Leveque, M, Naturel M, Sekkal S, Harkat C, Gaultier E, Olier M, 
Garcia-Villar R, Theodorou V, Houdeau E. (2014a) Perinatal exposure to a low dose of bisphenol A impaired 
systemic cellular immune response and predisposes young rats to intestinal parasitic infection. PLoS One, 
9(11): 1-15 

Menard, S, Guzylack-Piriou, L, Leveque, M, Braniste, V, Lencina, C, Naturel, M, Moussa, L, Sekkal, S, Harkat 
C, Gaultier E, Theodorou V, Houdeau E. (2014b) Food intolerance at adulthood after perinatal exposure to the 
endocrine disruptor bisphenol A. Federation of American Societies for Experimental Biology Journal, 28(11): 
4893-900 

Michałowicz (2014) Bisphenol A – Sources, toxicity and biotransformation. Environmental Toxicology and 
Pharmacology. 37(2): 738-58. 

Mylchreest, E., Sar, M.,Wallace, D.G. & Foster, P.M.D. (2002) Fetal testosterone insufficiency and abnormal 
proliferation of Leydig cells and gonocytes in rats exposed to di(n-butyl) phthalate. Reproductive Toxicology 
16: 19-28 

NRC (National Research Council) (2000) Toxicological risks of selected flame-retardant chemicals. National 
Academy Press. Washington DC, ISBN 0-309-07047-3, 512p. 

NZ EPA (2016) Tetramethyl decyndiol. Chemical Classification and Information Database (CCID).  New Zealand 
Environmental Protection Agency (US EPA). Available at http://www.epa.govt.nz/search-
databases/Pages/ccid-details.aspx?SubstanceID=3889 (Accessed 12-09-2016) 

Oehlmann, J., Schulte-Oehlmann, U., Bachmann, J., Oetken, M., Lutz, I., Kloas, W. & Ternes, T.A. (2006) 
Bisphenol A induces superfeminization in the ramshorn snail Marisa cornuarietis (Gastropoda: Prosobranchia) 
at environmentally relevant concentrations. Environ. Health Perspect. (114) 127–133. 

Oehlmann, J., Schulte-Oehlmann, U., Kloas, W., Jagnytsch, O., Lutz, I., Kusk, O., Wollenberger, L., Santos, E.M., 
Paull, G.C., Van Look, K.J.W., Tyler, C.R. (2009) A critical analysis of the biological impacts of plasticizers 
on wildlife. Philosophical Transactions of the Royal Society B. 364: 2047–62 

OSPAR (1998) OSPAR Strategy with Regard to Hazardous Substances, OSPAR Convention for the Protection 
of the Marine Environment of the North-East Atlantic, OSPAR 98/14/1 Annex 34 

OSPAR (2001) Nonylphenol/nonylphenolethoxylates, OSPAR Priority Subtances Series, OSPAR Convention for 
the Protection of the Marine Environment of the North-East Atlantic, OSPAR Commission, London, ISBN 0-
946956-79-0: 18 pp. 

OSPAR (2004). Nonylphenol/nonylphenolethoxylates, OSPAR Priority Substances Series 2001, updated 2004, 
OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic, OSPAR 
Commission, London, ISBN 0-946956-79-0: 20 pp. 

Otake,T., Yoshinaga, J. & Yanagisawa, Y. (2001) Analysis of organic esters of plasticizer in indoor air by GC-
MS and GC-FPD. Environmental Science and Technology 35(15): 3099-3102 

Overton (1994) Toxicity of petroleum. In: Basic Environmental Toxicology. Cockerham & Shane [Eds], Chapter 
5, pp. 133-156 

Palanza, P., Howdeshell, K. L., Parmigiani, S. & vom Saal, F. S. (2002) Exposure to a low dose of bisphenol A 
during fetal life or in adulthood alters maternal behavior in mice. Environ. Health Perspect. 110, 415–422 

PARCOM (1992) PARCOM Recommendation 92/8 on nonylphenol-ethoxylates, OSPAR Convention for the 
Protection of the Marine Environment of the North-East Atlantic, OSPAR Commission, London: 1 p. 

Peretz, J., Vrooman, L., Ricke, W.A., Hunt, P.A., Ehrlich, S., Hauser, R., Padmanabhan, V., Taylor, H.S., Swan, 
S.H., Vandevoort, C.A., Flaws, J.A. (2014) Bisphenol A and Reproductive Health : Update of Experimental 
and Human Evidence, 2007-2013. Environmental Health Perspectives 122: 775–786 

Planelló, R., Martínez-Guitarte, J.L. & Morcillo, G. (2008) The endocrine disruptor bisphenol A increases the 
expression of HSP70 and ecdysone receptor genes in the aquatic larvae of Chironomus riparius. Chemosphere 
71 (2008) 1870–1876 

Preston, M.R. & Raymundo, C.C. (1993) The associations of linear alkyl benzenes with the bulk properties of 
sediments from the River Mersey estuary.  Environmental  Pollution 81: 7-13. 

Rhodia (2016) Tris(2-butoxyethyl) phosphate REACH Registration dossier.  https://echa.europa.eu/registration-
dossier/-/registered-dossier/14166 

RIVM (2014) Bisphenol A : Part 1. Facts and figures on human and environmental health issues and regulatory 
perspectives, RIVM Report 601351001/2014. Dutch National Institute for Public Health and the Environment 
(RIVM) 

RIVM (2015) Bisphenol A. Part 2. Recommendations for risk management, RIVM Report 2015-0192, Dutch 
National Institute for Public Health and the Environment (RIVM) 



Page 23 of 38                                                                                                                GRL-AR-2016-03 

Rodriguez-Mozaz, S., López de Alda, M.J. & Barceló, D. (2004) Monitoring of estrogens, pesticides and 
bisphenol A in natural waters and drinking water treatment plants by solid-phase extraction–liquid 
chromatography–mass spectrometry. Journal of Chromatography A, 1045: 85–92 

Ropero, A. B., Alonso-Magdalena, P., Garcia-Garcia, E., Ripoll, C., Fuentes, E. & Nadal, A. (2008) Bisphenol-
A disruption of the endocrine pancreas and blood glucose homeostasis. Int. J. Androl. 31, 194–200 

Rubin, B.S. & Soto, A.M. (2009) Bisphenol A: perinatal exposure and body weight. Molecular and Cellular 
Endocrinology. 304:55–62 

Rudel R.A., Camann D.E., Spengler J.D., Korn L.R. & Brody J.G. (2003) Phthalates, alkylphenols, pesticides, 
polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor air and dust. 
Environmental Science and Technology 37(20): 4543-4553 

Saito I., Onuki A. & Seto H. (2004). Indoor air pollution by alkylphenols in Tokyo. Indoor Air 14(5): 325-332 
Sakaue, M., Ohsako, S., Ishimura, R., Kurosawa, S., Kurohmaru, M., Hayashi, Y., Aoki, Y., Yonemoto, J. & 

Tohyama, C. (2001) Bisphenol A affects spermatogenesis in the adult rat even at a low dose. J. Occup. Health 
43, 185–190 

Salomons, W. & Forstner, U. (1984) Metals in the hydrocycle. Springer-Verlag, Berlin, Heidelberg, New York, 
Tokyo, ISBN 3540127550 

Sanchez, C., Ericsson, M., Carlsson, H. and Colmsjo, A.  (2003) Determination of organophosphate esters in air 
samples by dynamic sonication-assisted solvent extraction coupled on-line with large-volume injection gas 
chromatography utilizing a programmed-temperature vaporizer.  Journal of Chromatography A 993(1-2): 103-
110 

Schultz, M.M., Barofsky, D.F. & Field, J.A. (2006) Quantitative determination of fluorinated alkyl substances by 
large-volume-injection liquid chromatography tandem mass spectrometry-characterization of municipal 
wastewaters. Environmental Science & Technology 40: 289–295 

Schultz, M.M., Barofsky, D.F., Field, J.A. (2006) Quantitative determination of fluorinated alkyl substances by 
large-volume-injection liquid chromatography tandem mass spectrometry-characterization of municipal 
wastewaters. Environmental Science and Technology 40: 289–295 

Segner, H., Carroll, K., Fenske, M., Janssen, C.R., Maack, G., Pascoe, D., Schäfers, C., Vanderbergh, G.F., Watts, 
M. & Wenzel, A. (2003) Identification of endocrine-disrupting effects in aquatic vertebrates and invertebrates: 
report from the European IDEA project. Ecotox. Environ. Saf. 54, 302–314. 

Segurola, J., Allen, N., Edge, M., Parrondo, A. & Roberts, I. (1999) Photochemistry and photoinduced chemical 
crosslinking activity of several type II commercial photoinitiators in acrylated prepolymers. Journal of 
Photochemistry and Photobiology A: Chemistry 122(2): 115-125 

Sigma Aldrich (2014) N-Butylbenzenesulfonamide Safety data sheet.  
www.sigmaaldrich.com/catalog/product/aldrich/b90653 

Silva, M.J., Barr, D.B., Reidy, J.A., Malek, N.A., Hodge, C.C., Caudill, S.P., Brock, J.W., Needham, L.L. & 
Calafat, A.M. (2004) Urinary levels of seven phthalate metabolites in the U.S. population from the National 
Health and Nutrition Examination Survey (NHANES) 1999-2000. Environmental Health Perspectives 112(3): 
331-338 

Siraki AG, Chan TS & O’Brien PJ (2004). Application of Quantitative Structure-Toxicity Relationships for the 
Comparison of the Cytotoxicity of 14 p-Benzoquinone Congeners in Primary Cultured Rat Hepatocytes Versus 
PC12 Cells. Toxicological Sciences 81(1): 148-159 

So, M.K., Miyake, Y., Yeung, W.Y., Ho, Y.M., Taniyasu, S., Rostkowski, P., Yamashita, N., Zhou, B.S., Shi, 
X.J., Wang, J.X., Giesy, J.P., Yu, H. & Lam, P.K.S. (2007). Perfluorinated compounds in the Pearl River and 
Yangtze River of China. Chemosphere 68(11): 2085–2095 

Sohoni, P., Tyler, C.R., Hurd, K., Caunter, J., Hetheridge, M., Williams, T., Woods, C., Evans, M., Toy, R., 
Gargas, M. & Sumpter, J.P. (2001) Reproductive effects of long-term exposure to bisphenol A in the fathead 
minnow (Pimephales promelas). Environ. Sci. Technol. (35): 2917–2925. 

Soto, A. M., Vandenberg, L. N., Maffini, M. V. & Sonnenschein, C. (2008) Does breast cancer start in the womb? 
Basic Clin. Pharmacol. Toxicol. 102, 125–133 

Stoker, C., Rey, F., Rodriguez, H., Ramos, J.G., Sirosky, P., Larriera, A., Luque, E.H. & Muñoz-de-Toro, M. 
(2003) Sex reversal effects on Caiman latirostris exposed to environmentally relevant doses of the 
xenoestrogen bisphenol A. Gen. Comp. Endocrinol. 133, 287–296. 

Sullivan, D.W., Gad, S.E. (2014) Reference Module in Biomedical Sciences Encyclopedia of Toxicology (Third 
Edition). 1030–1031 

Sundkvist, A.M., Olofsson, U., Haglund, P. (2010) Organophosphorus flame retardants and plasticizers in marine 
and freshwater biota and in human milk. Journal of Environmental Monitoring 12: 943–951 

Suzuki, T., Nakagawa, Y., Takano, I., Yaguchi, K. & Yasuda, K. (2004) Environmental Fate of Bisphenol A and 
Its Biological Metabolites in River Water and Their Xeno-estrogenic Activity.  Environ. Sci. Technol.38(8): 
2389–2396 



Page 24 of 38                                                                                                                GRL-AR-2016-03 

Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM, Mao CS, Redmon JB, Ternand CL, Sullivan S 
& Teague JL (2005). Decrease in anogenital distance among male infants with prenatal phthalate exposure. 
Environmental Health Perspectives 113(8): 1056-1061 

Tan B.L.L. & Mohd M.A. (2003). Analysis of selected pesticides and alkylphenols in human cord blood by gas 
chromatograph-mass spectrometer. Talanta 61 (3): 385-391 

UN (2015). Globally Harmonized System of Classification and Labelling of Chemicals (GHS), 6th revised 
edition. United Nations (UN). http://www.unece.org/trans/danger/publi/ghs/ghs_rev06/06files_e.html 

US EPA (2010). Screening-Level Hazard Characterization Diphenyl Oxide (CASRN 101-84-8).  
US EPA (2012). Disinfection products: a reference resource. 

http://www.epa.gov/envirofw/html/icr/gloss_dbp.html 
USEPA (2002) Flexographic Ink Options: A Cleaner Technologies Substitutes Assessment. EPA/744-R-00-

004A, Vol. 1&2. https://www.epa.gov/saferchoice/flexographic-ink-options-cleaner-technologies-substitutes-
assessment 

Van den Eede, N., Tomy, G., Tao, F., Halldorson, T., Harrad, S., Neels, H., Covaci, A. (2015) Kinetics of tris (1-
chloro-2-propyl) phosphate (TCIPP) metabolism in human liver microsomes and serum. Chemosphere 144: 
1299-305 

Van der Graaf T, Stufkens DJ, Vichová J & Vlcek, A Jr (1991). The mechanisms of the photochemical reactions 
of M2 (CO)10 (M = Mn, Re) with ortho- and para-quinones: a combined EPR and FTIR study. Journal of 
Organometallic Chemistry 401(3): 305-330 

Vandenberg, L. N., Hauser, R., Marcus, M., Olea, N. & Welshons, W. V. (2007) Human exposure to bisphenol A 
(BPA). Reprod. Toxicol. 24, 139–177. 

Watanabe M, Nakata C, Wu W, Kawamoto K & Noma Y (2007). Characterization of semi-volatile organic 
compounds emitted during heating of nitrogen-containing plastics at low temperature. Chemosphere 68(11): 
2063-2072 

Welshons, W.V., Nagel, S.C. & vom Saal, F.S. (2006) Large effects from small exposures. III. Endocrine 
mechanisms mediating effects of Bisphenol A at levels of human exposure. Endocrinology (147): S56–S69. 

WHO (2000) Flame retardants: tris(2-butoxyethyl) phosphate, tris(2-ethylhexyl) phosphate and 
tetrakis(hydroxymethyl) phosphonium salts. Environmental Health Criteria 218. World Health Organization, 
Geneva, 2000. http://www.inchem.org/documents/ehc/ehc/ehc218.htm 

Wirnitzer, U., Rickenbacher, U., Katerkamp, A., & Schachtrupp, A. (2011). Systemic toxicity of di-2-ethylhexyl 
terephthalate (DEHT) in rodents following four weeks of intravenous exposure. Toxicology Letters, 205(1), 
8–14.  

  



Page 25 of 38                                                                                                                GRL-AR-2016-03 

Appendix 1: Details of methodologies 

Analysis for Volatile Organic Compounds (VOCs) 

Methods 

VOCs were analysed using an Agilent 7890B gas chromatograph with a Restek Rxi-624Sil column (30m, 
0.25mm ID, 1.4µm film thickness) connected to an Agilent 7697A Headspace Sampler and linked to an 
Agilent 5977A MSD operated in EI mode. The GC oven temperature program included an initial 
temperature of 430C (held for 4min), rising to 550C at 50C/min, and then to 2100C at 150C/min (held 
for 2.5min). The carrier gas was helium, supplied at 1.5 ml/min.  From each sample, a 10ml portions 
was sub-sampled into a 20ml headspace vial with 3g of anhydrous sodium sulfate (analytical reagent 
grade).  It was analysed with the GC-MS in total ion monitoring (SCAN) mode to identify as many of 
the volatile organic compounds present as possible.  Identification of compounds was carried out by 
matching spectra against the Wiley7N Library, employing expert judgment in order to avoid 
misidentifications.  At the same time, the sample was also analysed with the GC-MS in selective ion 
monitoring (SIM) mode to match against those obtained during GC-MS analysis of standard mixtures 
containing a range of aromatic volatile organic compounds and haloalkanes volatile organic 
compounds. 

Quality control 

A blank of laboratory air capped at the time that sub-sampling had taken place was also analysed, 
alongside a sample of the ultra-pure reagent water with the same amount of anhydrous sodium 
sulfate added. Any background contaminants detected in blanks are subtracted from the 
chromatograms obtained for the samples before mass spectra are interpreted. .  

 

Analysis for extractable organic compounds 

Preparation 

For water samples, 20 µg of deuterated naphthalene was added as an Internal Standard (IS) to each 
portion of sample that was subject to extraction.  Water samples (400ml) were prepared using solid 
phase extraction technique with Dionex AutoTrace workstation, eluting with ethyl acetate followed 
by a mixture of pentane and toluene (95:5). Obtained extracts were concentrated to a volume of 3ml 
with a stream of clean nitrogen and cleaned up prior to analysis. 

For solid samples, approximately 10 g of each sample (wet weight) was extracted employing an 
Accelerated Solvent Extraction (ASE) technique, using a Dionex ASE-350, with a mixture of pentane 
and acetone in a ratio of 3:1, and at a temperature of 100oC. Obtained extracts were concentrated to 
a volume of 3ml with a stream of clean nitrogen and cleaned up prior to analysis. 

For the clean-up stage, each extract was shaken with 3ml isopropyl alcohol and 3ml TBA-reagent 
(mixture of 3% tetrabutylammonium hydrogen sulphate and 20% sodium sulphite in deionised water) 
and left to stand until the aqueous and organic phases had separated.  The pentane phase was 
collected and eluted through a Florisil column, using a 95:5 pentane:toluene mixed eluent, and the 
cleaned extract concentrated to a final volume of 1ml as before. 20 µg of bromonaphthalene was 
added to each extract as a second IS prior to GC-MS analysis. 
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Analysis 

For the total organic compounds screening, samples were analysed using an Agilent 7890B GC with 
Restek Rxi-17Sil column (30m, 0.25mm ID, 0.25 µm film thickness) linked to an Agilent 5977A  MSD 
operated in EI mode and interfaced with an Agilent Enhanced Chem Station data system. The GC oven 
temperature program employed was as follows: an initial temperature of 400C , raised to 2600C at 
100C/min, then to 2950C at 500C/min (held for 15 min), and finally to 3200C at 500C/min (held for 12 
min).  The carrier gas was helium, supplied at 1ml/min. Identification of compounds was carried out 
by matching spectra against both the Wiley 10N11 and Pesticides Libraries, using expert judgment as 
necessary in order to avoid misidentifications.  Additionally, both the spectra and retention times of 
compounds isolated from the samples were matched against those obtained during GC-MS analysis 
of standard mixtures containing a range of chlorinated benzenes, phenols and pesticides, 
polychlorinated biphenyls (PCBs), phthalates, polycyclic aromatic hydrocarbons (PAHs) and aliphatic 
hydrocarbons. 

Quality control 

A number of extraction and solvent blanks were also analysed to ensure the detection of any possible 
contamination resulting from sample handling in the laboratory.  Any background contaminants 
detected in blanks are subtracted from the chromatograms obtained for the samples before mass 
spectra are interpreted. 

 

Analysis for metals  

Preparation 

Water samples: To obtain total metal concentrations, a representative portion of each whole water 
sample was acidified by the addition of concentrated nitric acid to give a final concentration of 10% 
v/v.  Separately, a portion of each whole sample was filtered through a 0.45 micron filter and then 
acidified in the same way to enable determination of dissolved metal concentrations.  25 ml of each 
acidified sample was digested firstly overnight at room temperature, then using microwave-assisted 
digestion with a CEM MARS Xpress system, with a temperature ramp to 180oC over 15 minutes 
followed by holding at 180oC for a further 15 minutes.  Cooled digests were filtered and made up to 
25 ml with deionised water.   

Sediment samples: A representative portion of each sample was dried at 30°C to constant weight, 
homogenised, and then ground to a powder using a pestle and mortar.  Approximately 0.25 g of the 
dried and ground sample was digested with 1 ml concentrated hydrochloric acid and 4 ml 
concentrated nitric acid, firstly overnight at room temperature, then using microwave-assisted 
digestion with a CEM MARS Xpress system, with a temperature ramp to 180oC over 20 minutes 
followed by holding at 180oC for a further 20 minutes.  Following cooling, the digest was filtered and 
made up to 25 ml with deionised water.   

Analysis 

Prepared sample digests were analysed by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
using an Agilent 7900 Spectrometer utilizing a collision cell with helium as the collision gas to minimize 
polyatomic interferences.  Multi-element standards, matrix matched to the samples, at 
concentrations of 1, 10, 100 and 1000 µg/l respectively, other than for mercury (0.5, 5, 50 µg/l 
respectively) were used for instrument calibration.  Analysis employed in-line addition of an internal 
standard mix at 1000 µg/l (Scandium, Germanium, Yttrium, Indium and Terbium). 
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Concentrations of chromium (VI) were determined colorimetric for each water sample following 
filtration.  0.5 ml of a 1,5-diphenylcarbazide testing solution (freshly prepared from 0.4 g of 1,5-
diphenylcarbazide, 20 ml acetone, 20 ml ethanol, 20 ml orthophosphoric acid solution and 20 ml of 
demineralised water) was added to 9.5 ml of each filtered sample.  The solution was mixed and let to 
stand for 10 minutes to allow full colour development.  Concentrations were determined using a 
spectrophotometer at 540 nm, correcting with a blank prepared from deionised water, using 
standards freshly prepared from potassium dichromate at concentrations of 0, 50, 100, 200 and 500 
µg/l respectively.  Any sample exceeding the calibration range was diluted accordingly, in duplicate, 
and re-analysed. 

Quality control 

One water sample and one sediment sample were prepared for ICP analysis in duplicate and analysed 
to verify method reproducibility, along with a blank sample for both water and sediment procedures.  
For water samples, two mixed metal quality control solution of 80 and 800 µg/l for each metal, other 
than mercury at 4 and 16 μg/l, were digested and analysed.  For sediment samples, two certified 
reference material (CRM) sample was prepared in an identical manner; GBW07311, stream sediment 
certified by the China National Analysis Centre for Iron and Steel, Beijing, China; and LGC6187, 
leachable metals in river sediment certified by the Laboratory of the Government Chemist, UK.  All 
control samples were prepared in an identical manor to the samples.   

Calibration of the ICP-MS was validated by the use of quality control standards at 80 µg/l and 800 µg/l 
(4 µg/l and 16 µg/l for mercury) prepared in an identical manner but from different reagent stocks to 
the instrument calibration standards.   

For chromium (VI) determination, one sample was prepared and analysed in duplicate, along with a 
blank sample, and two quality control solutions of 100 and 400 µg/l prepared in an identical manor to 
the samples.   

Further details of the methods employed can be provided on request.   
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Appendix 2: Detailed organic analytical screening data  

Detailed screening data arising from GC-MS analysis of each of the samples are presented below.  
These data list those semi-volatile organic compounds identified following solvent extraction, and for 
wastewater samples also included volatile organic compounds (VOCs) identified through separate 
headspace GC-MS analysis of sub-samples.  Only those substances identified to greater than 90% 
quality match (following verification by expert interpretation) are listed here. 

 
MX16001 
 

 
 
Number of semi-volatile compounds isolated:  30  
 
Compounds identified to better than 90%: 3 
 
CAS#                    Name 
000084-66-2      Diethyl phthalate (DEP)                 
000084-74-2      Di-n-butyl phthalate (DBP)          
000115-86-6      Triphenyl phosphate (TPP) 
 
 
Number of volatile organic compounds (VOCs) isolated:  21  
 
Compounds identified to better than 90%: 13 
 
CAS#                    Name 
000075-15-0     Carbon disulfide  
000067-66-3     Chloroform                             
000000-00-0     Octene, dimethyl- 
000080-56-8     2-Pinene                           
000079-92-5     Camphene                           
000000-00-0     7-Oxabicyclo[2.2.1]heptane, 1-iso    
000138-86-3     Cyclohexene, 1-methyl-4-(1-methyethenyl)-    
000000-00-0     Benzene, 1-methyl-1-methylethyl 

10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

2000000

4000000

6000000

8000000

   1e+07

 1.2e+07

 1.4e+07

 1.6e+07

 1.8e+07

   2e+07

 2.2e+07

 2.4e+07

Time-->

Abundance

TIC: 5.D\data.ms



Page 29 of 38                                                                                                                GRL-AR-2016-03 

000541-73-1     Benzene, 1,4-dichloro-    
000470-82-6     Eucalyptol (Cineole)  
000000-00-0     fenchol                             
000000-00-0     Neomenthol                           
000098-55-5     .alpha.-Terpineol                                     
 
 
 
 
MX16002 
 

 
 
 
Number of semi-volatile compounds isolated:  28 
 
Compounds identified to better than 90%: 7 
 
CAS#                    Name 
000065-85-0      Benzoic acid                        
000126-86-3      2,4,7,9-Tetramethyl-5-decyne-4,7-diol (Surfynol 104H) 
000084-66-2      Diethyl phthalate (DEP)                 
000615-22-5      Benzothiazole, 2-(methylthio)- 
013674-84-5      2-Propanol, 1-chloro-, phosphate (3:1) (Hostaflam OP 820)                    
000078-51-3      Tris(2-butoxyethyl) phosphate   
000115-86-6      Triphenyl phosphate (TPP)     
 
Number of volatile organic compounds (VOCs) isolated:  1  
 
Compounds identified to better than 90%: 0 
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MX16003 

 
 
Number of semi-volatile compounds isolated:  101   
 
Compounds identified to better than 90%:  56  
 
CAS#                    Name 
000000-00-0      p-Menthane, 1,8-epoxy- (Eucalyptol) 
000000-00-0      limonene or bornylene              
000104-76-7      1-Hexanol, 2-ethyl-  
000000-00-0      m-/o-/p-Cymene              
018479-58-8      7-Octen-2-ol, 2,6-dimethyl-         
000000-00-0      Benzene, dichloro-                  
000000-00-0      .alpha.-terpinolene or isoterpimolene  
000102-82-9      Tributylamine 
000078-70-6      1,6-Octadien-3-ol, 3,7-dimethyl- (Linalol) 
0001632-73-1     fenchol  
000000-00-0      Cresol (2 isomers) 
000000-00-0      Cresol, chloro-  
000138-87-4      Cyclohexanol, 1-methyl-4-(1-methylethenyl)- (p-Menth-8-en-1-ol) 
000000-00-0      Menthol                    
000000-00-0      Borneol  or isoborneol                           
000000-00-0      Camphor                              
000000-00-0      Terpineol  (2-isomers) 
000098-52-2      4-tert-Butylcyclohexanol 
000000-00-0      Bornyl acetate  
000334-48-5      n-Decanoic acid  
000089-83-8      Phenol, 5-methyl-2-(1-methylethyl)- (Thymol)    
037275-49-3      4,7-Methano-1H-indenol, hexahydro-   
014888-58-5      4,7-Methano-5H-inden-5-one, 3,3a,4,6,7,7a-hexahydro-  
000120-72-9      1H-indole 
000101-84-8      Diphenyl ether  
000143-07-7      Dodecanoic acid 
000000-00-0      1H-Indole, methyl-                 
000093-04-9      Naphthalene, 2-methoxy-  
000131-11-3      Dimethyl phtalate (DMP)           
000000-00-0      4-Methylindoline or Oxindole or o-Tolyl isocyanate 
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000544-63-8      Tetradecanoic acid 
024851-98-7      Methyl (3-oxo-2-pentylcyclopentyl)  acetate  
000084-66-2      Diethyl phthalate (DEP)  
000057-10-3      Hexadecanoic acid  
000000-00-0      Galaxolide (2 products) 
000084-74-2      Di-n-butyl phthalate (DBP)          
000131-57-7      Oxybenzone 
000078-51-3      Tri(2-butoxyethyl) phosphate  
000080-05-7      Phenol, 4,4'-(1-methylethylidene)bis- (Bisphenol-A) 
000111-02-4      Squalene                         
000115-86-6      Phenyl phosphate  
000000-00-0      Nonylphenol (8 isomers) 
001806-26-4      Octylphenol 
000084-69-5      Diisobutyl phthalate (DiBP) 
000127-51-5      Cetone alpha 
 
Number of volatile organic compounds (VOCs) isolated:  4  
 
Compounds identified to better than 90%: 4 
 
CAS#                    Name 
000075-09-2      Methane, dichloro-                   
000075-27-4      Chloroform                           
000075-27-4      Methane, bromodichloro-              
000106-46-7      Benzene, 1,4-dichloro-             
 
  
MX16004 

 
 
Number of semi-volatile compounds isolated:  225  
 
Compounds identified to better than 90%:  102 
CAS#                    Name 
017829-53-7        .alpha.-Bergamotene 
000495-61-4        .beta.-Bisabolene 
007616-22-0        .gamma.-Tocopherol 
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000117-81-7        1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 
000084-74-2        1,2-Benzenedicarboxylic acid, dibutyl ester 
000084-69-5        1,2-Benzenedicarboxylic acid, diisobutyl ester 
000099-85-4        1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 
003452-07-1        1-Eicosene 
000506-52-5        1-Hexacosanol 
002885-00-9        1-Octadecanethiol 
000112-88-9        1-Octadecene 
000112-72-1        1-Tetradecanol 
000120-72-9        1H-Indole 
000614-96-0        1H-Indole, 5-methyl- 
002922-51-2        2-Heptadecanone 
002345-28-0        2-Pentadecanone 
000000-00-0        S-Methylcholesterol 
000119-13-1        2H-1-Benzopyran-6-ol, 3,4-dihydro- 
013466-78-9        3-Carene 
034303-81-6        3-Hexadecene, (z)- 
035507-09-6        7-Hexadecene, (z)- 
000469-38-5        9,19-Cyclolanost-24-en-3-ol, (3.beta.)- 
000112-80-1        9-Octadecenoic acid (z)- 
022393-85-7        9-Octadecenoic acid (z)-, tetradecyl ester 
000120-12-7        Anthracene 
004537-15-9        Benzene, (1-butylheptyl)- 
002719-63-3        Benzene, (1-butyloctyl)- 
004536-86-1        Benzene, (1-propyloctyl)- 
000101-84-8        Benzene, 1,1'-oxybis- 
000106-46-7        Benzene, 1,4-dichloro- 
000099-87-6        Benzene, 1-methyl-4-(1-methylethyl)- 
000934-80-5        Benzene, 4-ethyl-1,2-dimethyl- 
001077-16-3        Benzene, hexyl- 
000538-68-1        Benzene, pentyl- 
002082-79-3        Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, octadecyl ester 
000076-49-3        Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, acetate, endo- 
006422-86-2        Bis(2-ethylhexyl) terephthalate    
000128-37-0        Butylated hydroxytoluene  
000087-44-5        Caryophyllene 
028338-69-4        Cholest-3-ene, (5.alpha.)-       7 
000747-90-0        Cholesta-3,5-diene 
000080-97-7        Cholestanol 
000057-88-5        Cholesterol 
000294-62-2        Cyclododecane 
000295-65-8        Cyclohexadecane 
000586-62-9        Cyclohexene, 1-methyl-4-(1-methylethylidene)- 
000295-17-0        Cyclotetradecane 
005989-27-5        d-Limonene 
000080-97-7        Dihydrocholesterol 
000629-97-0        Docosane 
000112-40-3        Dodecane 
031295-56-4        Dodecane, 2,6,11-trimethyl- 
061141-72-8        Dodecane, 4,6-dimethyl- 
003658-44-4        Dodecanoic acid, undecyl ester 
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000544-85-4        Dotriacontane 
055527-92-9        Ergost-22-en-3-ol, (3.alpha.,5.beta.)- 
000000-00-0        Farnesol isomer A 
001222-05-5        Galaxolide, 2 isomers 
000629-94-7        Heneicosane 
000630-04-6        Hentriacontane 
000593-49-7        Heptacosane 
000629-78-7        Heptadecane 
000630-01-3        Hexacosane 
000544-76-3        Hexadecane 
002598-99-4        Hexadecanoic acid, octadecyl ester 
000060-33-3        Linoleic acid 
000475-20-7        Longifolene 
001490-04-6        Menthol 
000630-03-5        Nonacosane 
000629-92-5        Nonadecane 
000630-02-4        Octacosane 
000593-45-3        Octadecane 
002778-96-3        Octadecanoic acid, octadecyl ester 
000629-99-2        Pentacosane 
000629-62-9        Pentadecane 
000108-95-2        Phenol 
000106-44-5        Phenol, 4-methyl- 
084852-15-3        Phenol, nonyl-, mix of 13 isomers 
054411-87-9        Pregn-20-en-3-ol, 20-methyl-, (3.beta.,5.alpha.)- 
000111-02-4        Squalene 
019466-47-8        Stigmastanol 
000646-31-1        Tetracosane 
000629-59-4        Tetradecane 
025117-24-2        Tetradecane, 4-methyl- 
000638-68-6        Triacontane 
000638-67-5        Tricosane 
000629-50-5        Tridecane 
000630-05-7        Tritriacontane 
001120-21-4        Undecane 
 
MX16005 
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Number of semi-volatile compounds isolated:  96  
 
Compounds identified to better than 90%: 28 
CAS#                    Name 
000495-61-4        .beta.-Bisabolene 
013877-93-5        .beta.-Caryophyllene 
000117-81-7        Bis(2-ethylhexyl)phthalate  (DEHP) 
000084-74-2        Di-n-butyl phthalate (DBP) 
000085-68-7        Benzylbutyl phthalate (BBP) 
028553-12-0         
071549-78-5        Di-i-nonyl phthalate (DiNP), mixture of 15 isomers 
014103-61-8  
068515-48-0 
006422-86-2        Bis(2-ethylhexyl) terephthalate    
018435-45-5        1-Nonadecene 
006971-40-0        17-Pentatriacontene 
000719-22-2        2,6-Di-tert-butylbenzoquinone 
000141-79-7        3-Penten-2-one, 4-methyl- 
000080-97-7        5.alpha.-Cholestan-3.beta.-ol 
036441-74-4        Baccharane 
000474-62-4        Campesterol 
000057-88-5        Cholest-5-en-3-ol (3.beta.)- 
000297-03-0        Cyclotetracosane 
000206-44-0        Fluoranthene 
000091-20-3        Naphthalene 
000108-95-2        Phenol 
000106-44-5        Phenol, 4-methyl- 
084852-15-3        Phenol, nonyl-, mixture of 5 isomers 
000504-20-1        Phorone 
000129-00-0        Pyrene  
005495-84-1        2-Isopropylthioxanthone (Quantacure ITX) 
000000-00-0        Sitosterol 
000111-02-4        Squalene 
000083-48-7        Stigmasta-5,22-dien-3-ol 
019466-47-8        Stigmastanol 
 
 
MX16006 
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Number of semi-volatile compounds isolated:  178  
 
Compounds identified to better than 90%: 46 
 
CAS#                    Name 
000117-81-7        Bis(2-ethylhexyl)phthalate  (DEHP) 
000084-74-2        Di-n-butyl phthalate (DBP) 
000872-05-9        1-Decene 
001599-67-3        1-Docosene 
002922-51-2        2-Heptadecanone 
000123-42-2        2-Pentanone, 4-hydroxy-4-methyl- 
000141-79-7        3-Penten-2-one, 4-methyl- 
019689-18-0        4-Decene 
002807-33-2        4-Nonene, 5-methyl-, (Z)- 
074685-30-6        5-Eicosene, (E)- 
000100-41-4        Benzene, ethyl- 
000080-97-7        Cholestanol 
000295-65-8        Cyclohexadecane 
016631-62-2        Cyclohexene, 3-ethylidene- 
016631-66-6        Cyclohexene, 4-ethylidene- 
000295-17-0        Cyclotetradecane 
000629-97-0        Docosane 
003891-98-3        Dodecane, 2,6,10-trimethyl- 
061141-72-8        Dodecane, 4,6-dimethyl- 
000544-85-4        Dotriacontane 
000112-95-8        Eicosane 
000629-94-7        Heneicosane 
000630-04-6        Hentriacontane 
000593-49-7        Heptacosane 
000629-78-7        Heptadecane 
007225-64-1        Heptadecane, 9-octyl- 
000630-01-3        Hexacosane 
000544-76-3        Hexadecane 
000112-61-8        Methyl stearate 
000630-03-5        Nonacosane 
000629-92-5        Nonadecane 
000630-02-4        Octacosane 
000557-61-9        Octacosanol 
000593-45-3        Octadecane 
000629-99-2        Pentacosane 
000629-62-9        Pentadecane 
000096-76-4        Phenol, 2,4-di-tert-butyl- 
000504-20-1        Phorone 
000083-48-7        Stigmasterol 
000646-31-1        Tetracosane 
000629-59-4        Tetradecane 
014167-59-0        Tetratriacontane 
000638-68-6        Triacontane 
000638-67-5        Tricosane 
001120-21-4        Undecane 
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000410-61-6        z-5-Nonadecene 
 
 
MX16007 

 
Number of semi-volatile compounds isolated:   147 
 
Compounds identified to better than 90%: 
 
CAS#                    Name 
000084-74-2        1,2-Benzenedicarboxylic acid, dibutyl ester 
000084-69-5        1,2-Benzenedicarboxylic acid, diisobutyl ester 
000117-81-7        1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 
000112-41-4        1-Dodecene 
018435-45-5        1-Nonadecene 
000112-88-9        1-Octadecene 
029833-69-0        1-Pentadecene, 2-methyl- 
001120-36-1        1-Tetradecene 
074685-30-6        5-Eicosene, (e)- 
041446-61-1        6-Tetradecene, (z)- 
035507-09-6        7-Hexadecene 
000057-88-5        Cholest-5-en-3-ol (3.beta.)- 
114174-10-6        Cholesta-5,22-dien-3-ol, 23-ethyl- 
000080-97-7        Cholestanol 
000295-65-8        Cyclohexadecane 
000629-97-0        Docosane 
055401-55-3        Docosane, 11-decyl- 
000544-85-4        Dotriacontane 
000112-95-8        Eicosane 
000629-94-7        Heneicosane 
000593-49-7        Heptacosane 
000629-78-7        Heptadecane 
000630-01-3        Hexacosane 
000544-76-3        Hexadecane 
000112-61-8        Methyl stearate 
000630-03-5        Nonacosane 
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000629-92-5        Nonadecane 
000630-02-4        Octacosane 
000593-45-3        Octadecane 
000629-99-2        Pentacosane 
000629-62-9        Pentadecane 
000096-76-4        Phenol, 2,4-bis(1,1-dimethylethyl)- 
000150-86-7        Phytol 
019466-47-8        Stigmastanol 
000646-31-1        Tetracosane 
000629-59-4        Tetradecane 
000638-68-6        Triacontane 
000638-67-5        Tricosane 
000410-61-6        Z-5-nonadecene 
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Appendix 3: Data for PFCs quantified in wastewater samples 

 
Location Sanmina SCI Siemens/ 

Flextronics 
El Ahogado 

WWTP 
Sample code MX16001 MX16002 MX16003 
 (ng/l) (ng/l) (ng/l) 
Perfluorooctane sulfonate (PFOS) < 10,0 < 10,0 < 10,0 
Perfluorooctanoate (PFOA) < 10,0 82.6 12.7 
Perfluorbutansulfonate (PFBS) 23.0 < 15,0 < 15,0 
Perfluorobutanoate (PFBA) < 10,0 17.3 < 11,5 
Perfluoropentanoate (PFPA) 11.1 14.5 < 10,0 
Perfluorohexane sulfonate (PFHxS) < 15,0 < 15,0 < 15,0 
Perfluorohexanoate (PFHxA) < 10,0 26.6 < 10,0 
Perfluoroheptane sulphonate (PFHpS) < 15,0 < 15,0 < 15,0 
Perfluorheptanoate (PFHpA) < 10,0 < 10,0 < 10,0 
Perfluorooctane-sulfonamide (PFOSA) < 10,0 < 10,0 < 10,0 
Perfluorononanoate (PFNA) < 10,0 < 10,0 < 10,0 
Perfluorodecane sulphonate (PFDS) < 15,0 < 15,0 < 15,0 
Perfluordecanoate (PFDA) < 10,0 13.5 < 10,0 
Perfluoroundecanoate (PFUnA) < 10,0 < 10,0 < 10,0 
Perfluorododecanoate (PFDoA) < 10,0 < 10,0 < 10,0 
Perfluorotridecanoate (PFTrA) < 10,0 < 10,0 < 10,0 
Perfluorotetradecanoate (PFTA) < 10,0 < 10,0 < 10,0 
Perfluor-3,7-dimethyloctanoate (PF-3,7-DMOA) < 20,0 < 20,0 < 20,0 
7H-Dodecafluoroheptanoate (HPFHpA) < 20,0 < 20,0 < 20,0 
1H,1H,2H,2H-Perfluoroctansulfonate (H4PFOS) < 15,0 < 15,0 < 15,0 

Table A3: Concentrations of PFCs (ng/l) quantified in wastewater samples 

 


	Introduction
	Materials and methods
	Results and Discussion
	3.1 Sanmina SCI
	3.1.1 Organic chemical contaminants
	Sediment sample (MX16004)

	3.1.2 Metals

	3.2 Siemens/ Flextronics
	3.2.1 Organic contaminants
	3.2.2 Metals

	3.3 El Ahogado WWTP
	3.3.1 Organic contaminants
	3.3.2 Metals


	Conclusions
	References
	Appendix 1: Details of methodologies
	Analysis for Volatile Organic Compounds (VOCs)
	Analysis for metals

	Appendix 2: Detailed organic analytical screening data
	Appendix 3: Data for PFCs quantified in wastewater samples


