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Pharmaceuticals and personal care products (PPCPs) are a class of emerging 

contaminants that include, but are not limited to, prescription and non-prescription drugs, 

perfumes, detergents and soaps, body lotions and sun block.  PPCPs reach the environment 

primarily through two routes, the release of treated waste via wastewater treatment plants’ 

effluent stream and through agricultural run-off.  Since the 1980s, PPCPs have been 

recognized as having the potential to cause adverse effects in the environment and are 

identified by the US EPA as potentially hazardous compounds, even at low parts-per-billion or 

parts-per trillion concentrations.  Among other effects, studies have linked PPCPs to antibiotic 

resistance in bacteria and viruses and to the feminization of certain fish species.  Unfortunately 

there is a significant limit in the peer reviewed literature on both the occurrence of these 

compounds and their effects in the environment.   

One reason for this information gap is the lack of analytical equipment/protocols with 

sensitivities low enough to detect these compounds at their environmental concentrations.  The 

purpose of this study was to establish a reliable method to detect four PPCPs in aquatic 

samples within the state of New Hampshire, and to pilot test the method on environmental 

samples from rivers, lakes and private septic systems in Central New Hampshire.   

The method this study adapted was originally established by the US Geological 

Survey’s (USGS) National Water Quality Lab in Denver, CO.  It uses solid phase extraction 

(SPE) and high performance liquid chromatography coupled with mass spectroscopy 

(HPLC/MS) to identify and quantitatively measure 14 different PPCPs.  Generally, SPE 

separates compound targets from the sample of water, while HPLC separates the target 

compounds from each other and MS produces a signal from each compound that is 

proportional to its concentration.  This study adapted the USGS method to use methanol 

instead of acetonitrile as the HPLC mobile phase and limited the detection to four PPCPs, 



 
 
each from different therapeutic drug classes: acetaminophen (a common analgesic), caffeine (a 

stimulant), carbamazepine (an anti-epileptic, mood stabilizer) and trimethoprim (an 

antibiotic).    

As a result of these adaptations, many instrumental parameters were optimized for 

instrument sensitivity.  The adapted method has interim reporting levels ranging between 8 

and 100 ng/L for the targeted compounds while the USGS reports detection limits of 25 ng/L 

to 40 ng/L for these compounds.  The adapted method demonstrates fair accuracy; mean 

percent recovery of compounds in reagent-free water was within 20% of the true value, while 

fortified environmental samples had mean percent recoveries within 35% of the true value. A 

standard operating procedure for this method was written and is on-file with the NH 

Department of Environmental Services.   

A pilot study used this adapted method to document the occurrence of these four 

compounds in water resources in Central New Hampshire, US.   A total of 16 samples were 

collected: 6 lake samples were collected along with 7 river samples, 2 samples from 

wastewater treatment plants’ wastewater effluent stream and 1 from the distribution box of a 

private septic system.  None of the compounds were detected in any of the lake samples.  One 

river sample had 79 ng/L caffeine.  One wastewater treatment plant was found to have 

acetaminophen (720 ng/L), caffeine (1200 ng/L) and carbamazepine (280 ng/L) while the 

other was found to have only carbamazepine (330 ng/L).  The private septic system’s 

distribution box was found to have >2,000ng/L of both acetaminophen and caffeine.  The most 

commonly occurring PPCP was caffeine (three occurrences: 19%), followed by 

carbamazepine and acetaminophen (two occurrences each: 12.5%), trimethoprim was not 

detected in any of the 16 samples collected. 
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1.0 Introduction to Pharmaceuticals and Personal Care Products  
 

Since the 1950’s, the investigation of the impact of chemical pollution has focused 

primarily on conventional priority pollutants, namely those with known acute 

toxicity/carcinogenic effects, like pesticides, insecticides, heavy metals and polycyclic 

aromatic hydrocarbons (Daughton and Ternes, 1999; Jjemba, 2008).  However these 

chemicals represent only a small piece of the broad spectrum of chemical pollutants in the 

environment.  Human/animal pharmaceuticals and personal care products (collectively 

referred to as PPCPs) are one class of environmental pollutants that have received relatively 

little attention as potential environmental pollutants. This thesis reviews the occurrences and 

sources of pharmaceuticals and personal care products-focusing on their ecotoxicity to the 

environment, their potential to affect human health, their removal from wastewater effluent 

and some important implications relating to PPCPs and policy.  This project then documents 

the development of a new analytical method for four pharmaceutical compounds in water 

samples and reports on the application of this method to surface waters of Central New 

Hampshire, US.    

 

1.1 Occurrence of Pharmaceuticals and Personal Care Products in the Environment 

 

The occurrence of PPCPs in the environment was first reported in 1984 when clofibric 

acid, a metabolite of an antihyperlipidaemic drug, and the antibiotics erythromycin and 

tetracycline were identified in surface water samples from the UK (Barcelo and Petrovic, 

2007).  Research and advances in instrumentation throughout the 1990s led to the publication 

of additional occurrence data.  Occurrence data indicating the presence of PPCPs in the 

environment has raised concern because of their potential to induce adverse biological effects, 

especially in aquatic environments (Daughton and Ternes, 1999; Barcelo and Petrovic, 2007; 

Caliman and Gavrilescu 2009; Farre et al., 2008, Fent et al., 2006).   

Pharmaceuticals and personal care products have been described as ‘emerging’ or 

‘new’ contaminants in the environment.  However, PPCPs have existed throughout the 

environment acrss the world for several decades and some occur naturally in the environment 

(Daughton and Ternes, 1999; Jjemba, 2008;).   Perhaps a more accurate portrayal is that our 

attention to the presence of PPCPs in the environment is new or just emerging.  Furthermore, 

our attention to their presence in the environment is likely stimulated by the fact that PPCPs 
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are produced, used and disposed of in increasing quantities each year.  A 2005 survey in the 

United Kingdom found that 98% of the people interviewed had at least one pharmaceutical 

product in their home, with only half of those responding that they routinely finished their 

prescriptions, leaving none to be disposed of in some manner (Jjemba, 2008).  Accurate 

statistics about the production and consumption of pharmaceutical products are not readily 

available due to privacy and industry competition issues, but crude estimates can be made 

based on the number of prescriptions issued by doctors.  For example, in the US, which uses 

more than half the world’s medication, the 200 most dispensed drugs registered 2.13, 2.82 and 

2.32 billion prescriptions in 2003, 2004 and 2005 respectively (Jjemba, 2008).     

Thousands of different PPCPs have been detected throughout the aquatic and 

terrestrial environment.  Samples from surface water, ground water, soil water, drinking water, 

wastewater, plants, insects and animals have all been found to contain PPCPs (Barnes et al., 

2008; Kolpin et al., 2002; Halling-Sorensen, 2000; Stackelberg et al., 2004; Sanderson et al., 

2004; Furlong et al., 2008; Herberer, 2002, Daughton and Ternes, 1999; Jjemba, 2008; Fent et 

al., 2006).  Even as the awareness of the occurrence of these compounds in the environment 

continues to increase, the ecotoxicity of PPCPs (their fate and effects on an entire ecosystem) 

is still not well documented in the scientific literature.  It was not until a number of reviews 

published throughout the 1990s and early 2000s documented the adverse effects of PPCPs that 

their presence in the environment began to capture the attention of the scientific and popular 

press, some believe it is only a matter of time before they join the list of major aquatic 

contaminants (Daughton and Ternes, 1999; Sanderson et al., 2004; Cunningham et al., 2006; 

Herberer et al., 2002; Jones et al., 2005; Barcelo and Petrovic, 2007).   

 

1.2 Sources of PPCPs 

 

Pharmaceuticals and personal care products have four major sources, effluent from 

wastewater treatment plants, leakage from septic tanks or landfills, run-off, and direct 

discharge to waters.   

 

1.2.1 Wastewater Treatment Plant Effluent  

 

Pharmaceuticals and personal care products are introduced to wastewater treatment 

plants through disposal of unwanted drugs by drain or toilet and through excretion via human 
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waste.  PPCPs are discarded for many reasons including discontinued use due to side effects, 

changes in dosages, changes in prescriptions, medications reaching their expiration date and 

the death of the person to which the medication was prescribed.  Traditionally, we have been 

told to dispose of unused/unwanted pharmaceuticals in a manner that would make them 

inaccessible to children or populations that may abuse them.  In practical terms, this often 

involves flushing the pharmaceuticals down the toilet, carrying them directly to a municipal 

wastewater treatment plant.   

Under regular therapeutic or sub-therapeutic dosages in humans and animals, some 

pharmaceutical compounds are metabolized by the body before they are excreted.  However, it 

is apparent that a good fraction of administered pharmaceuticals are excreted in their parent 

form and end up in the environment (Herberer, 2002; Daughton and Ternes, 1999; Kolpin et 

al., 2002; Kummerer, 2004).  Generally, low to moderately low proportions (<5-39%) of 

analgesics, anti-inflammatory drugs, cardiovascular drugs and sedatives are excreted while 

relatively high proportions (40->79%) of reproductive drugs are excreted by the body (Jjemba, 

2008).  As examples, a relatively high proportion of trimethoprim (60%) is excreted un-

metabolized, compared to only 1-2% of carbamazepine (Jjemba, 2008).  All of these 

compounds have been detected in the environment, including those with low excretion rates 

reflecting the importance of noting the persistence of these compounds (Daughton and Ternes, 

1999).    

 

1.2.2 Runoff  

 

Another significant source of PPCPs to the environment includes terrestrial run-off at 

concentrated animal feeding operations (CAFOs) (Daughton and Ternes, 1999).  Many 

CAFOs administer sub-therapeutic levels of antibiotics to prevent illness or steroids to 

stimulate growth.  When these drugs are excreted they are directly accessible to the terrestrial 

environment and hydrologic patterns of the region.  PPCPs can infiltrate into groundwater, be 

swept into surface water as runoff or can be evaporated into the atmosphere only to be 

redistributed across the landscape in weather events (Herberer, 2002; Jjemba, 2008).  A study 

in Taiwan showed that animal husbandry practices contributed 27.9% of pharmaceutical 

compounds found in the environment (Caliman and Gavrilescu, 2009). 
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 Some PPCPs are removed during municipal wastewater treatment, by adsorption to 

sludge, which is often disposed of in landfills or is applied to the land to be used as fertilizer 

(Cunningham et al., 2006).  In the latter case, PPCPs can be re-introduced to the environment. 

It has also been 

documented that plants 

have the ability to up-take 

PPCPs in soil, making 

them available to plant-

eating organisms (Jones et 

al., 2004; An et al., 2009; 

Jjemba, 2008). 

 

1.2.3 Direct Discharge to 
the Environment  

In rural settings, 

where municipal 

wastewater treatment 

systems are not 

established, drugs that are 

excreted and/or flushed 

down the toilet reach the 

environment through septic 

tank discharge (Matamoros et al., 2009; Caliman and Gavrilescu, 2009).  Unwanted drugs may 

also be discarded through household waste and transported to landfills, where they may leach 

into groundwater.  In some cases, the leachate from landfills is collected and sent to 

wastewater treatment facilities for treatment, where PPCPs can be released through effluent 

(Daughton and Ternes, 1999; Jjemba, 2008).     

In the US alone, more than one million homes do not have wastewater treatment 

systems, and rely on direct discharge of waste into the environment.  In this case, excreted and 

flushed drugs are released directly into surface or groundwaters (Daughton and Ternes, 1999; 

Jjemba, 2008). 

 

 

 

Figure 1.1: Occurrence of PPCPs in three common end points; 
wastewater treatment plant (WTP) effluent, the environment and 
drinking water. The green field represents the range of PPCP 
concentrations found in environmental samples collected as a part 
of this study, Chapter 2. Other data references found in Table 1.1.   
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1.3 Ecotoxicity of PPCPs 

 

Advances in sample extraction and analytical methods along with the development of 

new monitoring projects have improved the detection of PPCPs in the environment.  

Improvements in methods, however, must be accompanied with better understanding of 

PPCP’s fate and transport along with their potential ecological impacts.   

The field of ecotoxicology studies the fate and effects of toxic substances on an 

individual, population, community or ecosystem using laboratory methods, field studies and 

an understanding of ecological principles and theories.  Ecotoxicology relies on 

interdisciplinary scientific exploration encompassing a variety of topics relating to the toxicity 

of compounds on various ecological levels (Cunningham et al., 2006; Struck et al., 2008; 

Jjemba, 2008).   

Field studies provide useful tools to study ecotoxicology but are expensive and 

involve many variables; laboratory studies can define a compound’s impact on individual 

organisms and can be interpreted using controlled experiments not feasible in natural settings.  

Integrating both field and laboratory research increases the likelihood that ecotoxicological 

testing will generate relevant data, although the limitations of ecotoxicology studies are many.  

For example, laboratory studies may evaluate the concentrations at which specific responses 

or mortality occurs over a short time period, but the concentrations needed to induce effects 

over timeframes relevant to laboratory studies are always much greater than those found in the 

real world.  Conclusions about toxic concentrations are based on dilution of laboratory 

concentrations to achieve ‘acceptable’ toxicity levels in the real world.  These conclusions are 

based on subjective assumptions of acceptable risk and further assume that biotic responses 

are linear, unlike reality.  

PPCPs, in general, do not exhibit a high acute ecotoxicity; the vast majority do not 

exhibit lethal effects on life at concentrations less than 1 mg/L (Figure 1; Table 1).  In fact, 

more than 90% of compounds have acute EC50 values greater than 1 milligram  per liter, while 

median and mean environmental concentrations are generally in the nanogram per liter range, 

six orders of magnitude smaller (Cunningham et al., 2006).    It is now generally recognized 

that the potential for chronic effects, rather than acute effects, warrants further attention.   
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Table 1.1  Toxicity and Occurrence of acetaminophen, caffeine, carbamazepine and trimethoprim 

Compound/Species Effect Concentration 

Documented 
Environmental 

Occurrence Reference 

Acetaminophen   
1 ng/L - 0.0060 

mg/L 

Kolpin et al., 2002; 
Daughton and Ternes, 
1999; Stackelberg et al., 
2004; Daughton, 2008 

Brown Tree Snake EC50 40 mg (dose)  Jones et al., 2007 

Trout Liver Cells EC50 7.5 mg/L  Jones et al., 2007 

 Water Flea EC50 6 mg/L  
Jjemba, 2008, Kolpin et al., 
2002 

Caffeine   
1 ng/L - 0.037 

mg/L 

Siegener and Chen, 2002; 
Daughton, 2008; Snyder, 
2008 

 Plankton LC50 4 mg/L  Kolpin et al., 2002 

Carbamazepine   
24 ng/L to 0.0063 

mg/L 

Daughton and Ternes, 
1999; Jones et al., 2005; 
Nentwig et al., 2004 

24-hr 
EC50 370 µg/L  

Jos et al., 2003 

48-hr 
EC50 332 µg/L  

Jos et al., 2003 Marine Bacteria 

72-hr 
EC50 272 µg/L  

Jos et al., 2003 

24-hr 
EC50 469.5 µg/L  

Jos et al., 2003 

Carline Thistle 
48-hr 
EC50 155 µg/L  

Jos et al., 2003 

Onion Cell 
72-hr 
EC50 447 µg/L  

Jos et al., 2003 

Water Flea 
48-hr 
EC50 >100 mg/L  

Cleuvers, 2003 

Grean Algae 
3-day 
EC50 74 mg/L  

Cleuvers, 2003 

Duck Weed 
7-day 
EC50 25.5 mg/L  

Cleuvers, 2003 

Black Worm 
96-hr 
LC50 >4 mg/L  

Nentwig, 2004 

 Midge 
24-hr 
LC50 >4 mg/L  

Nentwig, 2004 

Trimethoprim   
17 ng/L - 0.004 

mg/L 
Choi et al., 2008; Hirsch et 
al., 1999; Fick et al., 2009 

5-min 
IC50 165.1 mg/L  

Choi et al., 2008 

Marine Bacteria 
15 min  

IC50 176.7 mg/L  
Choi et al., 2008 

Cyanobacteria 
EC50 112 mg/L  

Holten-Lutzhoft et al., 
1999 

 

Freshwater Algae 
EC50 130 mg/L  

Holten-Lutzhoft et al., 
1999 
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EC50 110 mg/L  Halling-Sorensen, 2000 

 
Algae EC50 16 mg/L  

Holten-Lutzhoft et al., 
1999 

Water Flea 
48-hr 
EC50 123 mg/L  

Halling-Sorensen, 2000 

48-hr 
EC50 167.4 mg/L  

Choi et al., 2008 
Water Flea 
(different species) 48-hr 

EC50 54.8 mg/L  
Choi et al., 2008 

Japanese Killifish 
48-hr 
EC50 >100 mg/L  

Choi et al., 2008 

96-hr 
LC50 >100 mg/L  

Choi et al., 2008 

Fish 
72-hr 
EC50 >100 mg/L  

Halling-Sorensen, 2000 

 

1.3.1 Toxicity Assessments  

During the early stages of assessing PPCP toxicity, studies are typically done in vitro 

using established cell lines.  However, cell studies do not reflect the overall effect that PPCPs 

may have on tissues or organs.  In vivo toxicity studies, on the other hand, are typically limited 

to a single sex, a single species or a single route of administration, also failing to reveal the 

entire risk that PPCPs exhibit.   During regulatory toxicology studies, toxicity is typically 

determined at high doses, which have contributed to the collection of acute toxicity data for 

various PPCPs (Fent et al., 2006; Christen et al., 2010; Jjemba, 2008).  However, since PPCPs 

mostly occur at low, sub-lethal concentrations, such data do not address the question of the 

full effects these compounds have in the environment.  Assessing the risk that these 

compounds pose at low concentrations takes strategies that identify the compounds’ adverse 

effects on enzyme, immune and reproductive systems (Fent et al., 2006; Jones et al., 2004; 

Jjemba, 2008).  These effects may not result in immediate mortality, but instead can affect 

fertility and reproductive success, which in turn affect population dynamics and individual 

growth rate and body size. Determining the effects of PPCPs at low concentrations is 

important to assessing the risk that they pose in an environment.   

Of particular concern to the environment is not necessarily the concentration of these 

compounds but their potency (Daughton and Ternes, 1999; Jones et al., 2007; Jjemba, 2008).  

Some compounds can be very potent at low concentrations.   A compound’s potency is often 

characterized by its IC50, that is, the concentration at which it inhibits 50% of a particular 

function/condition.  Ideally, the IC50 is determined by testing a range of concentrations starting 

at one in which there is no inhibition and increasing to a concentration resulting in 100% 
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inhibition.  Less ideally, the IC50 can also be modeled and predicted using known chemical 

characteristics of the compound (Daughton and Ternes, 1999; Jones et al., 2007; Jjemba, 

2008).   

Toxicity is determined using the LC50 or LD50, the concentration or dose that is lethal 

to 50% of a population.  Generally, the LC50 or LD50 is used during studies determining the 

acute toxicity of a compound, while the IC50 is often used to determine long-term or chronic 

toxicity (Jjemba, 2008).   

 

1.3.2 Modeling Environmental Risk 

Recently, the predicted environmental concentration (PEC) has been used to assess 

the risks associated with PPCPs in the environment (Christen et al., 2010; Schwab et al., 2005; 

Cunningham et al., 2006; Jjemba, 2008).  The PEC of a compound is used to determine 

environmental risk and includes information on the use of the particular PPCP, the efficiency 

with which the compound is removed from wastewater and the dilution factor of the final 

effluents to the receiving water. However, the PEC assumes that the application rate of a 

compound is uniform during usage, an assumption that is not defendable since PPCP 

concentrations can be highly variable across regions and at different times (Jjemba, 2008).     

By definition, pharmaceutical compounds are developed with the intent of causing a 

biological effect (antibiotic, 

analgesic, antiepileptic, 

antidepressant, etc.).  Generally, 

the therapeutic and toxic effects 

PPCPs have on target organisms 

are understood, but their 

presence in the aquatic 

environment has potential, 

unexpected effects on non-target 

organisms (Cunningham et al., 

2006; Daughton and Ternes, 

1999; Herberer, 2002; Jjemba, 2008).  As listed in Table 2, the effects of PPCPs on 

microorganisms, invertebrates, aquatic organisms, wildlife and livestock as well as humans 

are varied and organism specific for the most part. 

   

Table 1.2  The effects of serotonin neurotransmitter 5-HT, 
analog of Prozac, Paxil and Luvox, on target and non-
target organisms. (Jjemba, 2008) 
Organism Reported effect 
Humans (target) Regulates appetite; controls 

depression, disorder, sleep, 
sexual arousal 

Fish (non-target) Stimulates the synthesis of sex 
steroids that control the 
production of eggs 

Crustaceans (non-target) Regulates ovarian growth 
Protozoa (non-target) Affects the reaction and 

regeneration of cilia     
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1.3.3 PPCPs and Microorganisms 

The impact that PPCPs have on microorganisms and microbial processes is 

demonstrated by the case of antibiotic resistance.  Antimicrobial agents have played an 

important role in the control of infectious diseases since the 1940s.  However, the worldwide 

increase in antibiotic-resistant bacteria has led to both social and scientific concerns about the 

widespread use of antibiotics in human medicine and agriculture, which accounts for 70-80% 

of antibiotic use (Kummerer, 2004).  These concerns are not unwarranted since antibiotics are 

often prescribed improperly and in the livestock industry are used in constant doses as growth 

promoters and to prevent disease, rather than cure it (Jjemba, 2008).  Most antibiotics are 

poorly metabolized by both humans and animals, resulting in relatively high excretion rates of 

these agents in to the waste stream (in the case of humans) or directly into the environment (by 

livestock).  Wastewater treatment plants (WTPs) and streams receiving effluent from WTPs 

have been cited as hot spots for selection of antibiotic resistance genes among aquatic bacteria 

(Lefkowitz and Duran, 2009; Kummerer, 2004; Szczepanoski et al., 2009; Jones et al., 2004). 

Increased antibiotic resistance has also been observed at fish farms where antibiotics are added 

to the water as medicated feed and where livestock manure is added to fish ponds to fertilize 

and stimulate the growth of photosynthetic organisms to serve as food for the fish.  If manure 

from livestock treated with antibiotics (or other PPCPs) is used in fish farms, compounds in 

that manure can be transferred to the ponds and fish (Jones et al., 2004).  Resistance of fish (or 

fish pathogenic bacteria) to ciprofloxacin (a commonly used antibiotic) in a pond treated with 

livestock manure ranged from 5% to 80%, while resistance to oxytetracycline and 

sulfamethoxazole was observed at 100% (Jones et al., 2004).   

The occurrence of antibiotic-resistant bacteria may be associated with increased 

concentrations of synthetic antibiotics and antimicrobial agents in the environment.  

Additionally, some biogeochemical processes, like nitrification and nitrogen fixation, are 

mediated by microorganisms that can be impeded by antimicrobial PPCPs (Kim et al., 2007; 

Herberer, 2002; Kolpin et al., 2002; Ellis, 2006; Jjemba, 2008: Wu et al., 2009).   

 

1.3.4 PPCPs and Invertebrates 

After microorganisms, invertebrates have been found to be heavily impacted by 

PPCPs in biosolids and manure.  Mollusks, rotifers, oysters, arthropods, annelids and 

nematodes are the most widely used invertebrates in toxicological studies with PPCPs.  
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Primarily, invertebrates are exposed to these compounds by ingesting contaminated media.  

Mollusks have highly integrated neuroendocrine systems, making them prime candidates for 

studying the effects of endocrine disrupting compounds and antidepressants in the 

environment (Jjemba, 2008).  A study by Nice et al. (2003) demonstrated changes in oyster 

(crassostrea gigas) sex ratios in favor of both females and hermaphrodites a week after 

exposure to 1-100 µg/L (microgram per liter) of nonylphenols, found in detergents as a 

surfactant.  Similarly, exposure of the amphipod Gammarus pulex to 17α-estradiol (a common 

sex hormone) led to a significant increase in the proportion of females while  it led to the 

delayed emergence of males compared to females in the freshwater midge Chironomus 

riparius (Nice et al., 2003).  Phenomena like these, where sex ratios are influenced by toxins 

to favor females, occur with continued frequency in the laboratory and the field and may have 

significant impacts on the reproductive success and dynamics of many populations (Jones et 

al., 2007). 

 

1.3.5 PPCPs and Aquatic Species    

PPCPs are continually introduced to the aquatic environment; therefore aquatic 

organisms (including aquatic invertebrates or invertebrates with aquatic larval stages) can be 

exposed to low doses of PPCPs throughout their entire life, resulting in potential chronic 

toxicities (Jones et al., 2007).  Studies on the chronic toxic effects of PPCPs are limited in the 

scientific literature, a major hindrance to the risk assessment of pharmaceuticals in the 

environment, but their potential threat to the health of aquatic organisms has long been 

documented (Fent et al., 2006; Jones et al., 2007; Jjemba, 2008).  These threats, however, have 

traditionally been attributed to a whole range of organic compounds, including PPCPs, and 

conventional contaminants- polycyclic aromatic hydrocarbons and heavy metals.    

Unlike terrestrial dwellers, aquatic organisms are exposed to PPCPs through their 

permeable bodies.  Fish and amphibians are particularly susceptible to damage by PPCPs as 

their eggs lack a protective shell or amniotic membrane.  Sanderson et al. (2004) found that a 

third of the nearly 3,000 PPCPs they reviewed have the potential to be very toxic to aquatic 

organisms and that antibiotics have the greatest potential for environmental toxicity, followed 

by sex hormones, cardiovascular drugs and antineoplastics.    

Many ecotoxicological studies conducted on fish have found that endocrine disrupting 

compounds have the potential to have very serious effects on them.  For example, Snyder 

(2008) found that, like the case of mollusks, the natural hormone 17α-estradiol or the synthetic 
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hormone 17α-ethinylestradiol can cause changes in reproduction in fish at concentrations as 

low as 2 ng/L (nanogram per liter) over 96 hours.   

The production of the egg-yolk protein precursor called vitellogenin (VTG) is a 

widely-used parameter to measure estrogenic activity in fish.  VTG is present in both female 

and male fish, but is not expressed in the latter due to their low levels of estrogen.  When 

estrogen levels rise, however, as is the case when exposed to elevated concentrations of 

natural or synthetic estrogenic compounds, male fish begin to exhibit female characteristics 

(feminization), making VTG an excellent marker for detecting endocrine disrupting 

compounds in aquatic environments (Jjemba, 2008).   

 

1.3.6 PPCPs and Wildlife 

The hazards that PPCPs pose to wildlife are not well known.  However, acute toxic 

effects seem doubtful, unless an organism is exposed to an extremely high concentration of a 

drug (or drugs), which is unlikely to happen short of a spill at a manufacturing plant (Jones et 

al., 2007).  Even so, it is impossible to rule out acute effects entirely without further testing.  

For example: the oriental white-backed vulture, the long-billed vulture and the slender-billed 

vulture populations in India and Pakistan declined more than 95% from 1997 to 2007 (Jones et 

al., 2007). At first, the population decline was thought to be attributed to a pathogen, but 

further investigation eventually tracked the cause to the increased use of diclofenac (a pain-

killer and anti-inflammatory) in cattle.  Vultures feeding on unburied carcasses of cattle 

treated with diclofenac ingested the drug, which resulted in renal failure, visceral gout and 

eventually death among the vultures (Jones et al., 2007).  Though the vultures were not 

exposed to a particularly high dose of diclofenac, the drug caused major population damage 

over a large geographic area and threatened the species with extinction (Jones et al., 2007; 

Fent et al., 2006). 

A previous section of this chapter (1.3.3 PPCPs and Microorganisms) discussed the 

effects of antibiotic resistance in microorganisms, a study by Gulland and Hall (2007) found 

an increased ability of PPCP-resistant pathogenic microorganisms (bacteria, protozoa and 

algal toxins) to act as agents of unusual disease in marine mammals.  Occurrences of mass 

mortality have been attributed to human interactions and exposure to biotoxins and viruses.  In 

a number of cases, the actual cause of death has not been identified: PPCPs (antibiotics in 

particular) may be indirectly contributing to mortality by increasing organisms’ susceptibility 

to diseases.   
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Many studies have been conducted to evaluate the potential risk of PPCPs; however 

ecotoxicological data are available for less than one percent of human pharmaceuticals in the 

peer-reviewed literature (Jones et al., 2007, Sanderson et al., 2004).   Limited resources in this 

emerging field of research have led to the prioritization of compounds based on their potential 

for environmental harm.  An extensive review of the environmental risks of PPCPs in surface 

waters by Sanderson et al. (2004) provides an example of a PPCP ranking model.  Sanderson 

et al. (2004) divided approximately 3000 PPCPs into 51 drug classes based on their 

therapeutic use/desired biological effect and ranked those drug classes based on their 

environmental risk. Risk is defined as the probability of a compound (or situation) causing a 

hazardous effect at a defined level or percent (Struck et al., 2008).  Risk assessments identify 

potential hazards along with their likelihood and potential severity.  In practice, risk 

assessments begin with identifying and quantifying the potential hazards in a system, 

determining their toxicity, and characterizing the overall risk.  Simply put, risk assessments 

estimate the probability of realizing harm as a result of exposure to a given hazard.   

 

1.3.7 Mixtures of PPCPs 

Pharmaceuticals and personal care products exist as mixtures in the environment, 

which results in unpredictable effects and may have effects that cross generations.  It is 

important that we focus on risk associated with the long-term exposure to PPCPs in the 

environment (Herberer, 2002; Jjemba, 2008).  The combined effects of PPCP mixtures have a 

greater potential for environmental toxicity than the effect of a single PPCPs alone (Jos et al., 

2003; Cleuvers, 2003).  Aquatic organisms can be exposed to potentially an infinite number of 

different PPCPs at any given moment (Jones et al., 2007). Some compounds, which have no 

inherent risk on their own, can contribute to the toxicity of other compounds (Jones et al., 

2007).  For example, any array of chemicals can inhibit efflux systems, which work to protect 

aquatic organisms from harmful pollutants, thereby allowing toxins to cause adverse effects at 

lower concentrations than normal (Jones et al., 2007).   

 

1.3.8 Toxicity of Drug Classes 

To establish lists of priority potential contaminants, based on their predicted toxicity, 

their removal efficiencies, their potential to bioaccumulate and their relative 

volume/occurrence in the environment, it is not uncommon to group PPCPs based on their 
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therapeutic use.  As demonstrated in Table 3, the overall ecotoxicity of different classes of 

pharmaceuticals is variable.   

 

Table 1.3 Toxicity of seven major groups of human drugs to the aquatic environment. (Jones et al., 
2007) 

 Extremely 
Toxic 

 
(EC50 < 
0.1mg/L) 

Very Toxic 
 

(EC50 < 0.1-
1mg/L) 

Toxic 
 

(EC50 = 1-
10mg/L) 

Harmful 
 

(EC50 = 10-
100mg/L) 

Non-toxic 
 

(EC50 > 
100mg/L) 

Analgesics   D D, E  
Antibiotics A B    
Antidepressants  D    
Antiepileptics   C   
Cardiovascular 
drugs 

 D   D, E 

Cytostatics  A  A  
X-ray contrast 
media 

    A, B, D, E 

Most sensitive taxonomic groups: A-microorganisms, B- algae, C- cnideria, D- crustaceans, E- fish 

 

The pilot study associated with this report (Chapter 2) targets a set of four PPCPs, 

each from a different drug class: acetaminophen, a common analgesic; the antiepileptic 

carbamazepine; caffeine, classified as a stimulant; and trimethoprim, an antibiotic.  These four 

compounds are highlighted in the following toxicity review. 

 

1.3.8.1 Analgesics: Acetaminophen  

Analgesics are thought to be harmful or toxic to crustaceans and fish at concentrations 

starting at 1 mg/L (Jones et al., 2007).  Typical measured environmental concentrations range 

between 0.3-6,000 ng/L, at least three orders of magnitude smaller (Kolpin et al., 2004; 

Daughton and Ternes, 1999; Stackelberg et al., 2007; Daughton, 2008).  Specifically, 

acetaminophen has been shown to be acutely toxic to brown tree snake species in Guam at a 

dose of 40 mg and has been shown to inhibit vitellogenin production (EC50) in trout liver cells 

at concentrations less than 10 mg/L (Jones, et al., 2007).  The LC50 (lethal concentration for 

50% of the test subjects) of acetaminophen for the sensitive indicator species Daphnia magna 

is 6 mg/L (Jjemba, 2008; Kolpin et al., 2002).   
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1.3.8.2 Antiepileptics: Carbamazepine 

Carbamazepine is one particular PPCP which is frequently identified in the 

environment but at low concentrations and is an example of a PPCP that can be potent at low 

concentrations.  Jones et al. (2007) recognized its potential chronic effect in humans as a 

neuroteratogen, while Nentwig et al. (2004) found that carbamazepine had no effect on 

daphnids and algae at environmentally relevant concentrations and thus has low potential for 

harm.  At concentrations of 1.25 mg/kg-sediment, carbamazepine was shown to reduce the 

emergence of the nonbiting midge Chironomus riparius to 12% and at concentrations of 5 

mg/kg-sediment, carbamazepine eliminated all C. riparius organisms (Nentwig et al., 2004).  

Carbamazepine exhibited an LC50 among C. riparius at concentrations greater than 4mg/L in 

aquatic environments.  Carbamazepine has been shown to have adverse effects at 

concentrations as low as 155 ng/L (ppt) (Jos et al., 2003).   

 

1.3.8.3 Stimulants: Caffeine 

With an LC50 of 4.0 mg/L for Daphnia, caffeine has little potential for environmental 

harm (Kolpin et al., 2002).  However, caffeine is generally used as an indicator of 

anthropogenic inputs to aquatic systems, and thus may serve as a surrogate indictor for other 

PPCPs (Siegener and Chen, 2004; Jjemba, 2008).   

 

1.3.8.4 Antibiotic: Trimethoprim 

Halling-Sorensen et al. (2000) assessed the toxic effects of trimethoprim along with 

two other antibiotics on the aquatic environment.  Based on European consumption data, the 

study found that none of the three compounds exceeded threshold values set in the EU for 

surface waters (0.001 µg/L).  Though typical inhibitive concentrations are near 100 mg/L, 

Holten-Lutzhoft et al., (1999) found that the algae Rhodomonas salina is particularly sensitive 

to trimethoprim with an EC50 of 16 mg/L. As documented in Table 1, however, studies suggest 

that no environmental harm would come from trimethoprim. 

 

1.3.9 Bioaccumulation and Biomagnification 

Many PPCPs are resistant to biodegradation, which results in environmental 

persistence and often contributes to bioaccumulation.  Little is known about the 

bioaccumulation of drugs or their potential for effects across trophic levels, though it has been 
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documented in studies involving the transfer of antibiotics from water fleas to fish (Jones et 

al., 2004). 

1.4 Pharmaceuticals and Human Health 

As previously discussed, the presence and potential effects of PPCPs in the 

environment are inadequately understood.  Even less understood, however, is the potential of 

PPCPs to reach drinking water sources and the effects they may have on human health.  This 

lack of information is partly due to the difficulty of analysis at PPCPs low concentrations and 

the wide variety of compounds to be tested, and may be partly related to a public perception 

that PPCPs are removed by modern water treatment processes.  This perception often goes 

untested; several drug compounds have been shown to be resistant to drinking water treatment 

technologies (Jones et al., 2005; Gibs et al., 2007).   

The threat that PPCPs may pose to human health is multifaceted.  First, PPCPs are 

ubiquitous, having been detected in drinking water throughout the world.  Additionally, the 

increase in antibiotic resistance in bacteria and pathogens may have an effect on human health.  

The mode of pharmaceutical disposal in the household may also have important consequences 

to human health.  For example, some new public awareness campaigns tell citizens to store 

unused pharmaceuticals and discard them at municipal disposal programs, such programs have 

often been described as promoting drug hoarding, in which large numbers of unused drugs are 

collected and may result in accidental use, poisoning or abuse.   

 

1.4.1 Municipal Drinking Water Sources   

There are extremely few data available on the occurrence of PPCPs in drinking water 

(Jones et al., 2005).  Most of those data are limited to public drinking water from drinking 

water treatment facilities and omit samples from private wells.  The limited data is likely 

related to the difficulty of analysis at the low levels in which they occur; parts per billion 

(µg/L) or parts per trillion (ng/L) and by the existing methods and analytical standards in the 

laboratory.  Additionally, there is no regulatory requirement for the monitoring of PPCPs in 

drinking water in the US (EPA, 2009).   

PPCPs reach drinking water through a variety of routes.  PPCPs have been detected in 

effluent from wastewater treatment plants (WWTPs).  In areas with increasing water-use 

demands and limited sources, effluent from WWTPs often make up a large proportion of the 

streamflow, which is subsequently used as source water for downstream drinking water 

treatment plants (DWTPs), a process known as indirect potable water reuse (Gibs et al., 2007).   
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Recent research, however, has found some PPCPs and other organic wastewater constituents 

in finished drinking water supplies (Gibs et al., 2007; Stackelberg et al., 2004, Jones et al., 

2005; Kim et al., 2007).   

 Gibs et al. (2007) spiked finished, chlorinated drinking water samples with 98 

different PPCPs to investigate the effect that residual, free chlorine (a DWTP technology) has 

on PPCPs and other organic compounds as a function of time.  Samples were spiked with 

PPCPs at concentrations in the parts per billion (µg/L) range, environmentally relevant 

concentrations.   After 10 days, the typical residence time that drinking water spends in 

holding tanks before being dispensed into the drinking water system, Gibs et al. found that 52 

of the 98 compounds were still present at nearly the same concentrations to which they were 

amended.  Sixteen of the 98 compounds were reduced by 32%-92% and 22 compounds 

reacted completely within 24 hours (Gibs et al., 2007).  DWTPs that use free chlorine at 1.2 

mg/L, a standard practice and dose in the field, have shown limited success in removing 

PPCPs from drinking water. 

 In a study conducted by the US Geological Survey and the US Centers for Disease 

Control and Prevention, finished drinking water samples from 24 different DWTPs were 

analyzed for 106 different organic wastewater constituents, 47 of which were antibiotic 

compounds and prescription/non-prescription drugs (Stackelberg et al., 2004).  In addition to 

the finished drinking water samples, Stackelberg et al. collected stream water samples, 

samples from the in-flow at a DWTP and samples throughout the selected DWTP.  Forty 

compounds were detected in samples of stream water or raw samples yet to be treated, several 

of which (including carbamazepine and caffeine) were also detected throughout the DWTP 

and in samples of finished drinking water, indicating that they are resistant to removal through 

conventional drinking water treatment technologies (Stackelberg et al., 2004). Some 

compounds that were frequently detected in raw water samples, including trimethoprim and 

acetaminophen, were not detected in the finished drinking water, indicating that these 

compounds are effectively reduced to concentrations below detection limits or were 

transformed into un-measureable degradates by this particular treatment process.  The 

concentration of all of the organic wastewater constituents were generally low (93% of 

constituents were less than 0.5 parts per billion), and did not exceed federal drinking water 

standards or health advisories, where they have been set.  The potential health consequences 

associated with long-term, cumulative exposure to these compounds however, are not known 

(Stackelberg et al., 2004). 
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1.4.2 Private Drinking Water Sources 

Drinking water is not always treated before use; even in the US, many households 

draw directly from wells or surface waters for their drinking water (Focazio et al., 2008).  A 

2008 study by the US Geological Survey sampled 25 ground and 49 surface water sources of 

untreated drinking water for 100 organic wastewater contaminants, including 38 

pharmaceutical compounds (Focazio et al., 2008).  With their low analytical detection levels, 

40% of the targeted pharmaceuticals were detected in samples.   Samples containing 

pharmaceuticals were typically within the sub-parts per billion to low parts per trillion range, 

and were lower than all previously published maximum concentrations for each compound 

(Focazio et al., 2008).   

A recent study by Fick et al. (2009) documented the presence of PPCPs in drinking 

water samples from wells in six villages in India.  The samples were analyzed for 12 different 

PPCPs (including trimethoprim) and all were found to have concentrations of several of the 

targeted PPCPs in the parts per trillion to parts per million range, concentrations below which 

PPCPs are considered to pose a significant threat to human health.  It has been demonstrated 

that some PPCPs can pass through the bottom sediments of lakes and rivers and mix with 

groundwater (Herberer, 2002). Fick et al. (2009) found that the contamination of drinking 

water wells in India was likely due to groundwater flow from nearby rivers and lakes into 

which effluent from a wastewater treatment plant receiving industrial waste from 

approximately 90 bulk drug manufacturers was being released, though the exact fate of the 

contaminants in this effluent stream is not fully understood (Fick et al., 2002).   

Direct exposure to pharmaceuticals at levels less than 100 ng/L is generally not 

considered to pose a risk to human health (Fick et al., 2009).  However, as demonstrated in 

Table 4 (PPCPs in drinking water supplies worldwide), concentrations exceeding this threshold do 

exist in sources of drinking water.  Nonetheless, general consensus among the literature is that 

pharmaceuticals and personal care products are not likely to pose a significant risk to human 

health, but the potential for adverse effects should not be overlooked (Nentwig et al., 2004; 

Fick et al., 2009; Cunningham et al., 2006; Jones et al., 2005; Schwab et al., 2005).  Though 

the ingestion of two liters of PPCP-contaminated water every day over a lifetime would not 

cumulatively deliver the equivalent of a single prescribed dose of any single compound 

present in drinking water sources, it is impossible to say that the risk associated with the 

combined and long-term effects of low dose chronic exposure to these compounds is zero.   
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Table 1.4 PPCPs in drinking water supplies worldwide. 

Compound Drug Class 

Maximum 
Concentration 

(ng/L) Location Reference 
Bezafibrate Lipid Regulator 27 Germany Jones et al., 2005 

Bleomycin Anti-neoplastic 13 UK Jones et al., 2005 

Clofibric Acid Lipid Regulator 70 Germany Jones et al., 2005 

  165 Germany Jones et al., 2005 

  270 Germany Jones et al., 2005 

  170 Germany Jones et al., 2005 

  5.3 Italy Jones et al., 2005 

Carbamazepine Anti-epileptic 24 Canada Jones et al., 2005 

  258 Drinking water 
treatment plant, USA 

Stackelberg et al., 
2004 

Diazepam Psychiatric drug 10 UK Jones et al., 2005 

  23.5 Italy Jones et al., 2005 

Diclofenac Analgesic  6 Germany Jones et al., 2005 

Ibuprofen Analgesic  3 Germany Jones et al., 2005 

Phenazone Analgesic  250 Germany Jones et al., 2005 

  400 Germany Jones et al., 2005 

Tylosine Antibiotic and 
growth promoter 
in livestock 

1.7 Italy Jones et al., 2005 

Trimethoprim Antibiotic 55 Drinking water well in 
India 

Fick et al., 2009 

  21 Drinking water well in 
India 

Fick et al., 2009 

  21 Drinking water well in 
India 

Fick et al., 2009 

  22 Drinking water well in 
India 

Fick et al., 2009 

  17 Drinking water well in 
India 

Fick et al., 2009 

  ND Drinking water 
treatment plant, USA 

Stackelberg et al., 
2004 

Caffeine Stimulant 119 Drinking water 
treatment plant, USA 

Stackelberg et al., 
2004 

Acetaminophen Analgesic  ND Drinking water 
treatment plant, USA 

Stackelberg et al., 
2004 

 

1.5  PPCP Removal  

 

1.5.1 Municipal Wastewater Treatment Plants 

Municipal wastewater treatment plants (WTPs) have the potential to release a large 

amount of PPCPs into the environment through their effluent stream.  Generally, WTPs are 
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designed to remove contaminants other than PPCPs, like pathogens, nutrients, heavy metals 

herbicides and pesticides from wastewater and were developed in response to adverse water 

quality conditions caused by the discharge of raw sewage into rivers and streams.  Different 

WTP technologies have varying efficacy in the removal of these traditional contaminants as 

well as PPCPs from wastewater matrices (Jjemba, 2008; Matamoros et al., 2009).   Many 

factors contribute to the efficiency with which PPCPs are removed from wastewater, including 

the compounds’ chemical structure, properties, and reactivity; environmental effects like pH, 

temperature, UV; the type and amount of organic content available; the abundance of 

microbial degraders present; and the treatment technologies being used (Jjemba, 2008).  

Most US municipal WTPs use preliminary, primary and secondary treatment 

technologies.  Some WTPs also use tertiary treatment processes to treat effluent before its 

release.  In preliminary treatment, large material and debris are removed from wastewater, the 

wastewater then moves to primary treatment, where suspended solids are allowed to settle into 

sludge.  During primary treatment, some PPCPs sorb onto both settled and suspended solids.  

When the sludge is removed, sorbed PPCPs are removed with it.  PPCPs undergo some 

microbial degradation during primary treatment (Jjemba, 2008).   

After the wastewater has been allowed to settle, it flows into secondary treatment 

where most organic matter, including some PPCPs, is removed, usually through one of three 

main designs: lagoons, fixed filter systems or suspended filter systems. Most secondary 

systems are powered by aerobic reactions, but some WTPs (those designed to treat industrial 

waste, like that from pharmaceutical plants) use anaerobic reactions to remove organics.    

Lagoons are small, shallow, human-made basins that hold wastewater and allow for 

aerobic and/or anaerobic (at depths) biodegradation of wastewater constituents.  Lagoons 

designed in a ‘raceway’ layout (where separate lagoons are organized linearly, directing waste 

from one lagoon to the next) maximize PPCP degradation by increasing aeration rates.  Fixed 

filter systems separate contaminants from effluent based on size and are often built in tandem 

with lagoons (Matamoros et al., 2009; Matamoros and Bayona, 2006).   

Sand filters, activated carbon filters and membrane filters are examples of fixed filter 

systems.  Some sorbed PPCPs are removed from wastewater based on simple sieving; as 

suspended solids are filtered from the wastewater, those PPCPs sorbed to them are also 

removed.  Microorganisms in rock and sand filter systems establish biofilms throughout the 

system that are capable of converting PPCPs into biomass, which is removed from wastewater 

and discarded.   
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Activated sludge systems have shown to be very effective in removing PPCPs and 

other contaminants (Jjemba, 2008).  Activated sludge systems are similar to primary treatment 

holding tanks, but instead of discarding the settled sludge, a proportion of it is routed back to 

the beginning of the treatment system in order to capitalize on the capacity of the active 

microbes’ and bacterium within it to biodegrade additional wastewater constituents.  This 

results in the cycling of any PPCPs sorbed to the sludge back into the system, but eventually 

the activated sludge and associated PPCPs are allowed to settle out of the effluent and are 

manually removed and disposed of in landfills or used as fertilizer, which provides a source of 

PPCPs to the environment.  Overall, the reactions that occur in activated sludges enhance the 

removal of PPCPs from wastewater, particularly steroids (Jjemba, 2008).  Over 75% of the 

WTPs in the United States use activated sludge technology, many of which release the effluent 

from this secondary treatment process directly into rivers and stream, without further 

treatment (Jjemba, 2008).  Some WTPs include a final, tertiary step of treatment before 

effluent is released to the environment. 

Examples of tertiary systems include membrane filters, powdered and granulated 

activated carbon treatments, chlorination, UV treatment and, ozonation.   All of these systems 

remove some PPCPs, but the extent of the removal depends on the method, the compound, the 

flow and even the season as it changes the nature of the influent to the plant.  Combining 

tertiary treatment systems can increase PPCP removal rates (Wilcox et al., 2009; Babu et al., 

2009).   

Membrane filtration systems often use activated sludge (a secondary treatment 

technology) to remove PPCPs but instead of using settlement tanks to remove the 

contaminated sludge, membrane filtration systems filter out the activated sludge.  The use of 

filters to remove activated sludge increases the systems removal rate of suspended solids, 

pathogens, viruses and nutrients.  Membrane filtration systems have shown themselves to be a 

promising new technology for the removal of PPCPs.  Their efficacy, however, depends on the 

membrane filters’ pore size and configuration, the size of the PPCPs, the membrane’s 

electrical charge, the presence of grease and oils in the wastewater and the use of oxidizers; 

like bromine, iodine and ozone (Jjemba, 2008).  Besides the increased PPCP removal rates, a 

major advantage of including membrane technologies in WTPs include decreased sludge 

production.   

Activated carbon systems use either packed columns of activated carbon or loose 

powdered activated carbon to remove contaminants from wastewater.  Activated carbon is a 
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form of carbon that has been processed to make it very porous, increasing its surface area on 

which sorption and chemical reactions can occur. Contaminants, including PPCPs, sorb to 

activated carbon and then can be removed from effluent.  Activated carbon efficacy depends 

on the surface area and charge of the activated carbon, the pore size of carbon surface (if using 

an activated carbon column) and the hydrophobicity of the contaminants (the degree to which 

the oil, fat, alkane - all non-polar material is repelled by water and thus can be more easily 

collected and removed).  Activated carbon systems are relatively effective at removing non-

polar compounds like carbamazepine and surfactants from wastewater, but are ineffective at 

removing charged compounds like ibuprofen, clofibric acid and sulfamethoxazole, and are 

expensive (Jjemba, 2008).  

Chlorination, UV treatment, and ozonation are primarily disinfectant technologies that 

remove or destroy bacteria, pathogens and viruses in wastewater.  According to a 2009 Water 

Environment Research Foundation report (Kuo and Tang, 2009), of these disinfection 

technologies, ozonation presents a number of advantages over chlorination and UV treatment, 

including a better ability to remove endocrine disruptors and other PPCPs.  However, of the 

three technologies, it is also the least used for wastewater disinfection (Kuo and Tang, 2009).   

  

1.5.2 Private Waste Treatment Systems 

A large portion of the New England population lives in rural areas not connected to a 

public sewage system.  In these areas, decentralized wastewater treatment systems are used to 

treat household wastewater.  An estimated 26 million US households use private septic 

systems or cesspools to treat more than a trillion gallons of wastewater each year (Wilcox et 

al., 2009).  Other examples of decentralized treatment systems include compact biofilters, 

biological sand filters and constructed wetlands (Matamoros et al., 2009).   

To date, there is little information on the occurrence and removal of PPCPs in small 

scale, household wastewater treatment facilities, but Seiler et al. (1999) detected caffeine and 

three other PPCPs in ground water beneath a residential area in Nevada.  Godfrey and 

Woessner (2004) and Godfrey et al. (2007) detected organic wastewater contaminants 

(OWCs) in a high school septic system, in groundwater beneath the leach field and in single-

family septic tanks.  Conn et al. (2006) detected OWCs in residential and commercial septic 

systems.  Hinkle et al. (2009) measured OWCs in samples collected from septic systems, soil 

water and shallow monitoring wells in Oregon and on Cape Cod, Massachusetts, Standley et 

al. (2008) traced the migration of select OWCs from a septic system. 
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Wilcox et al. (2009) measured occurrence and removal efficiencies of thirteen PPCPs 

in three different decentralized wastewater treatment systems; septic tank only, septic tank and 

sand filtration, and aerobic treatment unit.  The study showed PPCP concentrations were 

significantly lower in effluent collected from systems that used sand filters or aerobic 

treatment systems than effluent collected from systems using septic tanks only.  Sand filters 

and aerobic treatment units appear to be equally efficient at removing the targeted PPCPs 

(Wilcox, 2009).  Wilcox et al. (2009) also found that effluent collected from systems that did 

not use sand filtration or aerobic treatment had concentrations of PPCPs comparable to those 

measured in raw influent to municipal wastewater treatment facilities in previous studies.  The 

septic systems that also used either sand filtration or aeration technologies had PPCP 

concentrations comparable to those measured in the effluent of municipal wastewater 

treatment of other studies (Wilcox et al., 2009).  Matamoros et al. (2009) found that compact 

biofilters, biological sand filters and constructed wetlands appear to be feasible technologies 

for the removal of PPCPs from residential or commercial wastewater in sparsely populated 

areas, where municipal treatment is not an available service.   

 

1.5.3 Removal Rates of Drug Classes  

Generally, wastewater treatment facilities that efficiently remove conventional 

wastewater constituents also have relatively good PPCP removal rates despite not being 

designed for this purpose (Matamoros et al., 2009).   A number of studies have reported 

removal rates of many different pharmaceuticals and personal care products (Strumm-

Zollinger and Fair, 1965; Matamoros et al., 2009; Babu et al. 2009; Snyder, 2008; Matamoros 

and Bayona, 2006; Jjemba, 2008).  This review, however, focuses on the four PPCPs targeted 

in the associated pilot study; acetaminophen, caffeine, carbamazepine and trimethoprim.  

Table 5 outlines recent reports of removal efficiencies of different treatment systems on the 

four targeted PPCPs.   

 

1.5.3.1 Acetaminophen 

Acetaminophen is effectively removed (>90% removal) by membrane bioreactors and 

activated sludge while ozonation and chlorination have been shown to be only moderately 

effective at removing acetaminophen from wastewater (30-70% removal).  UV is relatively 

ineffective at removing acetaminophen from wastewater (>30% removal) (Snyder, 2008; 

Radjenovic et al., 2007).  
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1.5.3.2 Caffeine  

Caffeine is effectively removed (>90% removal) by many different treatment systems, 

including constructed wetlands, activated sludge, ozonation, and private septic systems.  

Biofilters and sand filters are only moderately effective in removing caffeine from wastewater 

(~60% removal) and chlorination and UV treatment are relatively ineffective in removing 

caffeine (>30% removal) (Snyder, 2008, Matamoros et al., 2009, Hinkle et al., 2009; 

Matamoros and Bayona, 2006; Herberer 2002).   

 

1.5.3.3 Carbamazepine 

Of the four targeted PPCPs, carbamazepine has the lowest removal rates in both 

municipal and private wastewater treatment systems.  Along with many other pharmaceuticals 

and personal care products, carbamazepine is an example of a recalcitrant compound; one that 

is not biodegradable, which may explain its low removal rate in conventional wastewater 

treatment systems (Matamaros and others, 2009; Snyder, 2008; Radjenovic et al., 2007; 

Paxeus, 2004). 

 

1.5.3.4 Trimethoprim  

Studies on the removal of trimethoprim are less available, but chlorination has been 

shown to have moderate removal efficiencies (>70% removal), while activated carbon is 

relatively ineffective at removing trimethoprim from wastewater (<10% removal) (Snyder, 

2008; Paxeus 2004).  
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Table 1.5  Removal efficiencies of different wastewater treatment system. 

Compound 

Removal 
%  (standard 
deviation) Treatment System Reference 

>70 ozone, ozonation (2.5 mg/L dose) Snyder, 2008 

>70 free chlorine, chlorination (3.5 mg/L 
dose) 

Snyder, 2008 

30-70 UV  (40 mJ/cm2) Snyder, 2008 

99.6 (0.299) membrane bioreactor Radjenovic et 
al.,2007 

98.4 (1.72) conventional activated sludge Radjenovic et 
al., 2007 

Acetaminophen 

100 external loop airlift membrane 
bioreactor (2-days) 

Shariati et al., 
2010 

67 (42) biofilters Matamoros et 
al., 2009 

68 (27) sand filters Matamoros et 
al., 2009 

97 (3) horizontal flow constructed wetland Matamoros et 
al., 2009 

99 (1) vertical flow constructed wetland Matamoros et 
al., 2009 

94-99 horizontal flow constructed wetland Matamoros and 
Bayona, 2006 

99 vertical flow constructed wetland Matamoros et 
al., 2007 

99 activated sludge, STP Heberer, 2002 

>90 septic system Hinkle et al., 
2009 

<30 free chlorine, chlorination (3.5 mg/L 
dose) 

Snyder, 2008 

<30 UV  (40 mJ/cm2) Snyder, 2008 

Caffeine 

>70 ozone, ozonation (2.5 mg/L dose) Snyder, 2008 

<30 free chlorine, chlorination (3.5 mg/L 
dose) 

Snyder, 2008 

<30 UV  (40 mJ/cm2) Snyder, 2008 

>70 ozone, ozonation (2.5 mg/L dose) Snyder, 2008 

<10 membrane bioreactor Radjenovic et 
al., 2007 

<10 conventional activated sludge Radjenovic et 
al., 2007 

<10 sewage treatment Jos et al., 2003 

Carbamazepine 

<10 primary settling and activated sludge Paxeus, 2004 

>70 free chlorine, chlorination (3.5 mg/L 
dose) 

Snyder, 2008 Trimethoprim 

<10 primary settling and activated sludge Paxeus, 2004 
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1.6 Pharmaceutical and Personal Care Product Regulations 

 Though they have been found in both the environment and in drinking water across 

the world, pharmaceuticals have very few regulations.   No maximum concentrations or 

loading limits have been established for either endpoints, partly because their effects are still 

largely unknown and partly due to the cost of regulation, which would include long-term 

monitoring.  The cost of regulation can be described as a positive feedback loop of sorts.  

PPCPs are not regulated because too little is known about their effects, little is known about 

their impact on the environment/human health because there are so few sources of funding, 

and there are few sources of funding to research PPCPs because they are largely unregulated 

etc.   

 

1.6.1 Environmental Regulations in America 

Pharmaceuticals in the US environment have been regulated by the Food and Drug 

Administration since 1977 under the Environmental Protection Act (EPA) of 1969 (Jones et 

al., 2004).  Regulation occurs through a two-stage environmental review process for new drug 

applications (NDAs), required for all new drugs before they are to be manufactured and sold.  

First, drug manufacturers estimate the expected introductory concentration (EIC) of a drug 

entering the environment based on five-year production estimates.  If the EIC of the drug or 

any of its metabolites is less than 1 part per billion (µg/L) at the point of entry in the aquatic 

environment (i.e. wastewater treatment facilities), the drug is given environmental “category 

exclusion” status and no further assessments or environmental monitoring are necessary and 

the drug is manufactured and sold.  In accordance with the EPA, an EIC exceeding 1 part per 

billion requires a formal environmental risk assessment to be conducted by the drug 

manufacturer.  This risk assessment includes data on the drug’s environmental fate and a 

tiered set of ecotoxicity tests, including acute toxicity effects on at least one algal, invertebrate 

and fish species.  Chronic testing only needs to be considered under certain circumstances, for 

example, if the drug has the potential to bioaccumulate (Jones et al., 2004).  An evaluation of 

the data submitted under this act during the 1990s led the FDA to revise the regulations in 

1997 to minimize the scope of environmental risk assessments as part of NDAs.  

Environmental risk assessments are only now considered as part of the drug review for 

prescription medicines (Rogers, 2005). 

In 1996, the US Environmental Protection Agency delegated the development of the 

Endocrine Disruptor Screening Program (EDSP) to the Endocrine Disruptor Screen and 
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Testing Advisory Committee.  The EDSP was then designed to establish testing methods for 

contaminants with endocrine-disrupting effects and to regulate these types of chemicals 

(Caliman and Gavrilescu, 2009).  Though some PPCPs act as endocrine disruptors, the EDSP 

has only identified pesticides as chemicals under the regulation of this program (EPA, 2009).     

 State agencies around the country have also taken a stance on PPCPs.  In 2008 The 

New Hampshire Department of Environmental Services (NH DES) made an announcement 

that, though they are working with regional and federal agencies to research PPCPs in the 

environment, the agency does not consider the issue of PPCPs in the environment to be “a 

reason for panic nor does it represent breaking news to the staff” (Burack, 2008).  Instead of 

taking a regulatory position, the NH DES focuses its resources on educating the public on the 

issue of PPCPs in the environment and promotes their proper use and disposal 

 

1.6.2 Environmental Regulations in Europe  

 The European Medicines Agency (EMEA), which plays a role similar to that of the 

US Food and Drug Administration, has also taken the first steps in limiting the number and 

amount of pharmaceuticals that reach the environment.  In December of 2006, the EMEA 

expanded the environmental testing requirements for the approval of new drugs to include the 

submission of reports on the effects of low-dose drug exposure on invertebrate reproduction, 

fish growth and development and growth rate of algae (Everts, 2010).   

 

1.6.3 Drinking Water Regulations Worldwide 

 The World Health Organization (WHO) is “the directing and coordinating authority 

for health within the United Nations system. It is responsible for providing leadership on 

global health matters, shaping the health research agenda, setting norms and standards, 

articulating evidence-based policy options, providing technical support to countries and 

monitoring and assessing health trends” (WHO, 2007).  The Water Sanitation and Health 

(WSH) program of the WHO has set guidelines for drinking water quality, which are used as 

the basis for regulation and standard setting worldwide.   These standards provide guideline 

values for chemicals that are of health significance in drinking-water but also list other 

chemicals for which guidelines values have not been established.  PPCPs do not occur in 

either of these lists, as chemicals with set guidelines or as chemicals of concern for which 

guidelines have not been set, nor are PPCPs listed among the WHO’s emerging issues in water 

(WHO, 2010).   
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The issue of pharmaceutical disposal does not go unaddressed with the WHO, 

however.  In 1999, the WHO published guidelines for the safe disposal of unwanted 

pharmaceuticals in and after emergencies.  During conflicts and natural disasters, large 

quantities of pharmaceuticals are often donated as part of humanitarian assistance.  Many of 

these pharmaceuticals save lives, but some donations may cause problems.  For example, 

pharmaceuticals may arrive past or near their expiration date, may not fit the needs, may be 

unrecognizable because they are labeled in a foreign language of may have been sent in large 

quantities.  The WHO recognizes the accumulation of unwanted or unusable pharmaceuticals 

as both an environmental and public health risk and published the 1999 disposal guidelines in 

order to minimize both (WHO, 1999).   

 

1.6.4 Drinking Water Regulations in American  

Since pharmaceuticals and personal care products are not regulated internationally, 

each nation must develop its own regulations and/or guidelines.  The Environmental 

Protection Agency (EPA) regulates the quality of drinking water in the US under the Safe 

Drinking Water Act of 1974 (SWDA).  The SWDA and its amendments were designed to 

protect public health by regulating the nation's public drinking water supply including its 

sources: rivers, lakes, reservoirs, springs, and ground water wells.  The SDWA does not, 

however, regulate private wells serving fewer than 25 individuals. (EPA, 2009) 

Currently, neither the EPA nor the SWDA include PPCPs in its list of regulated 

drinking water contaminants (EPA, 2009; Jones et al., 2005).    Six estrogenic hormones one 

progesteronic hormone and one antibiotic used in veterinary and human pharmaceuticals are, 

however, included in the EPAs list of contaminant candidates (CCL 3) (EPA, 2009).  The 

CCL 3 is a list of contaminants that are known or suspected to occur in public water systems 

that are not currently subject to drinking water standards, but which may require regulation 

under the SWDA soon.  Using the best available data and information on occurrence and 

health effects to evaluate thousands of unregulated contaminants, the EPA identified 116 

compounds for the CCL 3, eight of which are pharmaceutical compounds (EPA, 2009). 
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2.0  Occurrence of Acetaminophen, Caffeine, Carbamazepine and Trimethoprim in 
Central NH; a Pilot Study 
 

2.1 Introduction 

The occurrence of pharmaceutical compounds in the environment was first reported in 

1984 when clofibric acid, the metabolite of an antihyperlipidaemic drug, and the antibiotics 

erythromycin and tetracycline were identified in surface water samples from the UK (Barcelo 

and Petrovic, 2007).  Additional research and advances in instrumentation led to further 

occurrence data being published throughout the 1990s and early 2000s.  The presence of 

pharmaceuticals and/or personal care products (PPCPs) in surface waters has raised concern 

because of their potential to induce adverse biological effects, especially in aquatic 

environments (Herberer, 2002; Barcelo and Petrovic, 2007).   

The purpose of this study was to establish an analytical method to identify and 

quantify four PPCPs in aqueous samples and to use the method to determine preliminary 

occurrence data of these compounds in surface water samples in Central New Hampshire, US.  

Without this preliminary occurrence data, we cannot evaluate the potential risk that PPCPs 

pose to human and environmental health. 

The ecotoxicity of PPCPs (their fate and effects on an entire ecosystem) is not well 

documented in the scientific literature even though the awareness of the occurrence of these 

compounds in the environment continues to increase.  Increasing trends in the mortality and 

frequency of abnormalities in some aquatic organisms have been documented for several 

decades, but have traditionally been attributed to more conventional contaminants like heavy 

metals and polycyclic aromatic hydrocarbons (Jjemba, 2008).  Pharmaceutical compounds 

(and now personal care products like detergents, sunscreens and cosmetics) are frequently 

encountered, at low concentrations, in aquatic systems; some believe it’s only a matter of time  
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before they join the list of major contaminants (Jjemba, 2008).   

 

Many thousands of pharmaceutical compounds are used daily (Barcelo and Petrovic, 

2007; Jjemba, 2008) and can be hypothesized to occur in the environment (as their parent 

form or as metabolized by-products) in equally high frequencies.  To analyze environmental 

samples for all of these compounds would be expensive, which has led to a prioritization step 

within the field.  This step targets pharmaceutical compounds posing the greatest risk to the 

environment based on their sources, usage, transformation and ecotoxicity. The analytical 

methods used to detect PPCPs also play a role in the prioritization step.   Many priority lists 

have been developed based on these considerations (Furlong et al., 2008). 

Table 2.1 Pharmaceutically active compounds identified using USGS Method.  Compounds in bold 
were targeted in this study. (Furlong et al., 2008) 
Compound Name Alternative or Common Name Use 
1,7-
Dimethylxanthine 

Paraxanthine  Metabolite of  caffeine 

Albuterol Salbutamol, Proventil Bronchodilator 
Acetaminophen Tylenol Analgesic 
Caffeine  Caffenium; Guaranine; methyltheobromide; 

Methyltheobromine; No-Doz 
Stimulant 

Carbamazepine Epitol; Tegertol; Tegretol; Teril Antiepileptic 
Codeine  Actacode; Calcidrine; Methylmorphine; N-

methyl norcodine; Robitussin AC; Tussar-2; 
Tussi-organidin 

Opiate agonist 

Cotinine  1-Methyl-5-(3-pyridinyl)-2-pyrrolidinone 
(nicotine metabolite) 

Precursor is a naturally 
occurring alkaloid 
stimulant 

Dehydronifedipine Metabolite of nifedipine (Procardia) Precursor is an 
antiangial 

Diltiazem Dilzem, Tiazac, Cardizem, Cartia XT Antihypertensive 
Diphenhydramines Banophen, Benadryl, Diphen Af, Genahist, 

Sleep-eze 
Anntipruritic 

Sulfamethoxazole Bactrim; Fectrim; Gantrim; Septrim; Septrin; 
Sulfotrim; Trisulfam; Urobak  

Antibiotic 

Thiabendazole  Bioguard; bovizole; equizole; lombristop; 
Mintezol; nemapan; omnizole; thiaben 

Anthelmintic, fungicide 

Trimethoprim  Abaprim; Chemotrim; Idotrim; Lidaprim; 
Methoprim; Monotrim; Primosept; 
Ratiopharm; Trimpex; Uretrim; Wellcoprim 

Antibiotic 

Warfarin Coumadin; Dethnel; Panwarfin; Rodex; Sofarin; 
Vampirinip; Zoocoumarin 

Anticoagulant, 
rodenticide 
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In 2008, the Methods Research and Development Program of the US Geological 

Survey (USGS) National Water Quality Laboratory published their method for the 

identification and quantification of 14 PPCPs, or their metabolites, in aqueous samples 

(Furlong et al., 2008; Table 1).   

The USGS method uses solid-phase extraction (SPE) coupled with high-performance 

liquid chromatography/mass spectrometry (HPLC/MS) to sensitively and selectively detect 

the targeted compounds at expected ambient environmental concentrations, which typically 

range between 0.01 and 0.1 microgram per liter (µg/L) (Furlong et al., 2008).  The USGS 

method demonstrated good accuracy and precision, shown by the percent recovery of 95% to 

116%- of the targeted compounds, and the use of surrogates and confirmation ions.  The 

method also uses analytical equipment that is relatively common, making it a good model to 

adapt to this study.  Limited resources forced additional prioritization of the already limited 14 

compounds examined in the USGS method.  Four compounds from different drug classes 

were chosen from the USGS study to investigate in this study (Table 1, compounds in bold 

text).  

 

2.2 Compounds of Interest 

 The compounds targeted in this study are drawn from four different classes of drugs: 

an analgesic (pain killer), a stimulant, an antiepileptic/mood stabilizer and an antibiotic.   

 Acetaminophen is an example of an analgesic or pain killer and can be purchased over 

the counter (Tylenol) or by prescription (Paracetamol, Panadol).  Acetaminophen has been 

found in US surface waters from concentrations as high as 10,000 ng/L, with an average of 

110 ng/L (Kolpin et al., 2002).  The LC50 (lethal concentration for 50% of the test subjects) of 

acetaminophen for the most sensitive indicator species Daphnia magna is 6,000,000 ng/L 

(Kolpin et al., 2002; Jjemba, 2008).    Analgesics comprised about 15% of the top 200 most 
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prescribed drugs in the US in 2003-2005 with acetaminophen accounting for about 1% to 

1.5% of total analgesic prescriptions (Jjemba, 2008).  Acetaminophen is readily degraded and 

removed during normal sewage treatment, but can still be found in environmental samples 

because it is readily reestablished; though the exact mechanism by which acetaminophen is 

reactivated is unknown (Henschel et al., 1997).  This reestablished chemical structure 

resembles several estrogenic compounds and can be linked to the proliferation of certain 

breast cancer cells. Acetaminophen demonstrates agonistic effects on human breast tissue, but 

has also been shown to antagonize protein production in liver cells of trout (Henschel et al., 

1997).  Acetaminophen has two very different ecotoxicities in these two examples, 

demonstrating the unpredictable effects that pharmaceuticals may have on non-target tissues 

and organisms.    

 Caffeine is found in many common substances including energy drinks, coffee, tea 

and soda.  Other, perhaps less obvious, sources includes chocolate, many over the counter 

medications and dietary supplements.  Caffeine also occurs in beans, leaves and flowers of 

many plants where it serves as a natural pesticide (Nathanson, 1984).  In a 2002 study on 

surface waters in the US, caffeine was identified in 70% of samples collected at 84 different 

locations at an average concentration of about 100 ng/L with a maximum of 600 ng/L (Kolpin 

et al., 2002).  Though these concentrations are far below the LC50 (4,000,000 ng/L) of the 

indicator species Daphnia magna, the presence of caffeine suggests the potential presence of 

other PPCPs, most of which require more complex and expensive analytical detection 

methods. Therefore, caffeine is often used as an indicator compound (surrogate) in many 

studies (Kolpin et al., 2002).   

 Carbamazepine is an antiepelitic/anticonvulsant that was initially used to treat 

epilepsy but has since been used to treat schizophrenia, acute mania, and depressive episodes 

of bi-polar disorder (Jjemba, 2008).   In general, polar compounds, like carbamazepine, are 
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relatively easy to detect in environmental samples; their occurrence has, therefore, been more 

widely reported than other PPCPs (Jjemba, 2008).  Carbamazepine is one of the most 

frequently encountered PPCPs in surface water and has been reported at concentrations in the 

range of 100-500 ng/L and in drinking water at concentrations from 180 ng/L to 250 ng/L 

(Barcelo and Petrovic, 2007; Jjemba, 2008; Snyder, 2008). Carbamazepine is shown to have 

carcinogenic effects on rats at a daily intake of 340 ng/kg-day (Snyder, 2008).    

 Trimethoprim is an antibiotic that works primarily by preventing microorganisms like 

bacteria or fungi from growing by antagonizing their metabolic processes.  Trimethoprim has 

been found in surface water samples at concentrations ranging from 17 ng/L to 4,400 ng/L 

(Jjemba, 2008; Fick et al., 2009).  In general, antibiotics are extremely toxic to 

microorganisms and algae (Barcelo and Petrovic, 2007; Choi et al., 2008). Trimethoprim is 

often used to treat a variety of infections in the livestock industry in combination with 

sulfmethaxozole, another antibiotic working through the same mechanism.    

 

2.3 Methodology 

 

2.3.1 Regional Description 

The Squam Lake Region of central New Hampshire, US is the location of this study 

(Appendix 5.3 UNH-GRANIT).  The Squam Lakes are arguably among the most studied lakes 

in New Hampshire with 30 years of water quality data on record.  The Squam Lakes 

Watershed is comprised of over 42,000 acres in five different central NH towns.  Many 

different habitats can be found in the Squam Lakes Watershed, including scrub-shrub swamps 

and bogs, vernal pools, field and meadows, needle-leaf forests and hardwood forests.  

Draining the watershed are Squam Lake and Little Squam Lake, which both feed into the 

Squam River, eventually draining into the Merrimack River.  Squam and Little Squam were 



40 
 

 

formed 10,000 to 15,000 years ago as a result of the recession of glaciers, leaving a highly 

irregular topography (Schloss and Rubin, 1992; Carley, 2004; Davis et al., 2009).  The 

irregularity of the postglacial topography gives Squam Lake its unique feature of being 

comprised of 18 distinct basins, 30 islands and 13 open-water rock reefs (Schloss and Rubin, 

1992).   

Today, Squam Lake (including Little Squam Lake) benefits from the absence of point-

sources of pollution like wastewater treatment facilities, industrial facilities or large 

agricultural operations in close proximity to the shore; however, the role of non-point sources 

of pollution continues to be an issue, as is also true for surface waters throughout the US.  

Potential sources of non-point pollution include agriculture, forestry, grazing, septic systems, 

recreational boating, and runoff, according to the US Environmental Protection Agency 

(1996). A University of New Hampshire study (Schloss et al., 2001) completed a septic 

system density survey of lakeshore property around the Squam Lakes and found that more 

developed coves have a higher risk of being polluted with septic system effluent than less 

developed coves.  Additionally, a study by Standley et al. (2008) found that ponds with more 

developed shorelines had both a greater number and higher concentration of organic 

wastewater compounds than ponds located in lower residential density areas. According to 

their monthly loading estimate, Schloss et al. (2001) estimated that throughout the winter and 

during much of the growing season, septic contribution represented a range of 93-94% and 55-

79% of the relative monthly nutrient load respectively.  Additionally, they estimated that as 

much as 21% of the annual total phosphorous load can be attributed to septic systems (Schloss 

et al., 2001). 

The Pemigewasset River originates from Profile Lake in Franconia, NH and flows 

south through the White Mountains before merging with the Winnipesaukee River to form the 

Merrimack River in Franklin, NH.   The Pemigewasset River is 65 miles long and with its 
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tributaries drains approximately 1,000 square miles (UNH- GRANIT).  During its course to 

the Atlantic Ocean, many municipal wastewater treatment plants (WTPs) release their treated 

effluent into the Pemigewasset/Merrimack River.  

 

2.3.2 Site Selection 

Schloss et al.  (2001) have found that septic systems have significant impacts on the 

water quality of the Squam Lakes.  Pharmaceutically active compounds, if found in the Squam 

Lakes, may be linked back to non-point pollution sources including private septic systems, 

supporting Schloss et al.’s 2001 conclusion.   

In 2001, Schloss et al. conducted a survey of septic systems around the Squam Lakes.  

They found that certain basins were at elevated risk of pollution by septic systems.  This study 

collected environmental samples from five of the basins found to be at high risk for pollution 

and one basin found to be at low risk of pollution by shore side property septic systems 

(Appendix 5.3) (Schloss et al., 2001).   

A sample was collected from the distribution box of a private septic system at the 

Squam Lakes Association (SLA) in Holderness, NH.  The SLA Resource Center has 

restrooms open to the public year-round and also houses 4-5 employees from May to 

November.  The distribution box gives access to a sample after it has left the septic tank but 

before it reaches the leach field.  This sample site was chosen because it was easily accessible 

and because it was predicted to reflect the efficiency of septic tanks to remove PPCPs. 

Surface water samples were also collected along two major rivers in the region to give 

lake samples regional context and allow for comparison between PPCP concentrations in 

water resources influenced by point sources and non-point sources of pollution (Appendix 

5.3).  Many studies have found that frequencies and concentrations of PPCPs are higher in 

rivers immediately downstream from WTPs than upstream (Barcelo and Petrovic, 2007; 
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Kolpin et al., 2002; Furlong et al., 2008; Jjemba, 2008; Daughton and Ternes, 1999).  The 

comparison between PPCP concentrations in water resources impacted by non-point sources 

of pollution (private septic systems impacting lake samples) and point sources of pollution 

(WTPs eluent impacting river samples) may allow a deeper understanding of the threat that 

septic systems have on surface water quality.   

Environmental samples were collected in the headwaters of the Pemigewasset River 

above any town discharges and any known septic systems and immediately upstream and 

downstream of two wastewater treatment plants (WTPs) on the Pemigewasset and Merrimack 

Rivers.  During its course to the Atlantic Ocean, the Pemigewasset/Merrimack River receives 

the effluent of many WTPs.  The specific locations of the river and WTP samples will not be 

reported at the request of the municipal wastewater treatment facilities. 

It was hypothesized that the headwaters would not have detectable concentrations of 

any of the target PPCPs, thus serving as a background reference, and that samples collected 

immediately downstream from WTPs would have higher PPCP frequencies and 

concentrations than those collected immediately upstream from the WTPs.  

   

2.3.3 Temporal Selection  

Aquatic exposure to PPCPs may be increased in receiving waters with low flows, e.g. 

smaller streams during dry weather (Daughton and Ternes, 1999; Jjemba, 2008; Kolpin et al., 

2002).  After a summer of use, private septic tanks receiving waste from homes around the 

Squam Lakes may be at or approaching their capacity.  Therefore, impacts from a septic 

system may be most obvious during late summer and early fall months.  Environmental 

samples were collected in September and October, when flows were at their lowest for 2009 

and when septic systems may have been stressed. 
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2.3.4 Sampling Methodology 

Surface water samples were collected in 1-L HPDE bottles as grab samples and 

filtered either in the field or in the laboratory using a 0.7 -µm pore size glass-fiber filter to 

remove suspended solids.  Filtered samples were refrigerated in 1-L amber glass bottles with 

Teflon screw caps until extraction and analysis.  Samples were stored at or about 4°C until 

extraction and analysis.   

 

2.3.5 Analytical Methods 

 The analytical method used in this study was adapted from the USGS National Water 

Quality Laboratory’s method for pharmaceuticals and personal care products (Furlong et al., 

2008).  This method uses solid phase extraction (SPE) to isolate the compounds of interest 

(acetaminophen, trimethoprim, carbamazepine and caffeine) from filtered aqueous samples.  

The extracted samples are qualitatively and quantitatively analyzed using a high performance 

liquid chromatogram (HPLC) and mass spectrometer (MS).  A detailed sampling and 

analytical procedure can be found in Harvey (2009; Chapter 3). 

 

2.3.5.1 Solid Phase Extraction and Concentration  

 Compound degradation has been found to occur quickly; therefore samples were 

extracted within four days of collection and filtration (Furlong et al., 2008).  Sample extracts 

were analyzed within 35 days of extraction.   

 The filtered 1-L samples were passed through a preconditioned solid phase extraction 

cartridge at a flow rate of approximately 15 mL/min under vacuum.  Cartridges were then 

eluted first with methanol and then with triflouroacetic acidified methanol.  Eluted samples 

were concentrated to approximately 500 µL under a nitrogen vortex stream then diluted to 1-
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mL with a formate buffer solution.  Samples were transferred into 1-mL HPLC vials, stored in 

a refrigerator at 4°C and analyzed within 35 days of extraction.  

 2.3.6 Deviations from the Method  

The method used in this study 

differs somewhat from that developed 

by the USGS (Furlong et al., 2008) due 

to budgetary constraints and the goal of 

using less toxic chemicals (Table 2).  

The USGS method analyzes for a suite 

of 14 different pharmaceuticals and 

personal care compounds (including 

compounds like perfumes, detergents, 

dyes and cosmetics).  The cost of PPCP 

standards limited this study to the 

analysis of four compounds from four classes of drugs.  Additionally, this method uses 

methanol as the mobile phase in the HPLC instrumentation, rather than acetonitrile used in the 

USGS method.   Acetonitrile is a common solvent but is the by-product of acrylonitrile, a 

component of many plastics (Lowe, 2009).  Since 2008, the world has had an extreme 

shortage of acetonitrile.  A number of factors, including the 2008 Olympics in Beijing, 

Hurricane Ike and the economic down-turn have played an important role in the decreased 

production of acrylonitrile and a jump in acetonitrile costs (Lowe, 2009).  In addition, 

acetonitrile is a particularly dangerous solvent, with severe health, contact and flammability 

ratings (Mallinckrodt Baker Chemicals, 2009).  The use of methanol as a solvent instead of 

acetonitrile is consistent with the US Environmental Protection Agency’s 12 Principles of 

Table 2.2. Deviations from USGS Method. 
Parameter USGS Method This Study 
No. of Compounds 
Analyzed for  

14 4 

HPLC Flow Rate 0.2 ml/min 0.4 ml/min 
HPLC Organic 
Phase Acetonitrile Methanol 
Column 
 temperature 27°C 30°C 
 length 150 mm 100 mm 
 pore size 5 µm 3.5 µm 
Time to Complete 65 min 40 min 
Interim Reporting Levels (IRL) 
 Acetaminophen 25 ng/L 8 ng/L 
 Caffeine 15 ng/L 56 ng/L 
 Carbamazepine 30 ng/L 100 ng/L 
 Trimethoprim 40 ng/L 90 ng/L 
Retention Times 
 Acetaminophen 9.73 min 4.97 min 
 Caffeine 17.22 min 22.12 min 
 Carbamazepine 18.57 min 24.04 min 
 Trimethoprim 23.31min  35.01 min 
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Green Chemistry, one of which is the use of safer solvents (Environmental Protection Agency, 

2010).   

The substitution of methanol for acetonitrile causes some disadvantages.  Using 

methanol during the analysis results in a ‘noisier’ baseline that is more difficult to stabilize 

because of a difference in the UV short-wavelength absorption of the two solvents.   When 

using a methanol gradient, ghost peaks are larger than with an acetonitrile gradient (Shimadzo, 

2009).  The elution strength of methanol differs from that of acetonitrile.  Acetonitrile exhibits 

a stronger elution than methanol when using a relatively small ratio of organic solvent.  

Methanol exhibits greater elution strength than acetonitrile when the organic solvent ratio is 

near 100%.  This difference in elution strength results in the need to alter the solvent gradient. 

Separation selectivity can also change when methanol is substituted for acetonitrile 

(Shimadzu, 2009).  In some methods this may change compound elution order and retention 

times.  The pressure applied to the column is greater when methanol is substituted for 

acetonitrile because of methanol’s increased viscosity.  Special care must be used to ensure 

proper instrument performance and to protect against instrument failure or breakage, which 

may result in a need to adjust system flow rate, temperature or organic phase ratio to optimize 

analytical performance (Shimadzu, 2009).  The instrument parameters used in this study are 

described in Harvey (2009; Chapter 3). 

This study used a longer reverse-phase octadecylsilane column with a smaller pore 

size than the USGS method.  This column was used because it was available.  Typically, 

however, substituting a column with a smaller pore size can result in a better, more efficient, 

separation with sharper, more defined peaks, a lower detection limit and a shorter run time but 

also leads to a need to use higher pressures (Harris, 2007).  Increasing column length generally 

results in better compound separation, a longer run time, a need to increase column pressure 
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and the use of more solvent (Harris, 2007).   The differences in pressure, run time and 

resolution were derived during the instrument optimization process. 

During the concentration step, after samples have been eluted and before they are 

analyzed, the USGS method concentrates eluent to 100 µL, this study concentrates eluent to 

~500 µL, which is the smallest volume the laboratory’s concentrating vortex can reach.  It is 

not believed that this deviation compromised the method: however no tests of its effect were 

conducted to confirm this. 

The USGS interim reporting levels (IRLs) ranged from 15 to 40 ng/L for the four 

compounds of interest.  These IRLs were based on eight analyses of spiked blanks at a known 

low concentration (50 ng/L).  This study reports detection limits ranging from 8 to 100 ng/L 

based on 6 replicate analyses of standards at the same concentration (Table 2).   

 

2.3.7 Interferences  

 A wide range of chemical constituents, dissolved organic carbons, and matrix 

components found in water samples are likely to be retained on and eluted from the SPE 

cartridge, resulting in potential interferences to the process of isolating and identifying the 

target PPCPs.  These interferences are described in detail in Furlong et al., (2008).  

Additionally, interferences may be caused by contaminants in solvents, reagents glassware and 

other sample processing hardware.  To minimize interferences, glassware was thoroughly 

cleaned in accordance with laboratory protocols and high purity solvents were used.  
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2.3.8 Quality Control 

 

 An initial display of capability (IDC) was performed to establish the method’s ability 

to generate acceptable accuracy and precision. Four 0.5-L samples were spiked with a 

composite solution containing 10,000 ng/L of all four compounds of interest to a final 

concentration of 2,000 ng/L and were extracted and analyzed according to the sample method.  

Analyte recovery was between +/-20% of the fortified amount (Table 3).  

 

Table 2.4 Recoveries of four PPCPs in environmental samples fortified at ~ 500ng/L. 

 
Acetaminophen 

ng/L 
Caffeine 

ng/L 
Trimethoprim 

ng/L 
Carbamazepine 

ng/L 
     
Environmental Sample 1  0 0 0 0 

SPIKED Environmental Sample 1  435 705 579 616 

Expected Value of SPIKE 500 498 490 493 

Percent recovery 87% 142% 118% 125% 
     
Environmental Sample 2  0 0 0 0 

SPIKED Environmental Sample 2  299 434 362 432 

Expected Value of SPIKE 500 498 490 493 

Percent recovery 60% 87% 74% 88% 
     
Environmental Sample 3  0 0 0 0 

SPIKED Environmental Sample 3  935 883 800 586 

Expected Value of SPIKE 500 498 490 493 

Percent recovery 187% 177% 163% 119% 
     
MEAN PERCENT RECOVERY 111% 135% 118% 111% 

 

Table 2.3 Initial display of capability indicates that recoveries were within pre-determined 20% limits.   

 
True 

Value* 
ng/L 

Mean 
Value** 

(measured) 
ng/L 

Difference 
between 

mean and  
true value 

% 

Standard 
Deviation 

Relative 
Standard 
Deviation 

% 

Measured 
Value within 
20% limit? 

Y/N 

Acetaminophen 2000 1800 89 0.06 3.2 Y 
Caffeine 2000 1800 93 0.04 2.3 Y 
Trimethoprim 2000 1800 89 0.04 2.5 Y 

Carbamazepine 2000 1700 82 0.15 9.2 Y 
* concentration at which reagent free water was spiked with compound, known value 
** Sample size = 4  
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 For each batch of samples, a lab fortified matrix sample (sample duplicate spiked 

with composite solution to 500 ng/L), lab fortified blank (lab blank, equipment blank, sample 

blank) or check standard was run at least every 10% of samples to monitor instrument 

accuracy throughout each run (Table 4).  Check standards were run at 50 ng/L and 500 ng/L.  

PPCPs were identified using their respective target ions and confirmation ions during 

mass spectrometer analysis.  Target ions were used for the initial identification of compounds, 

while a second, confirmation ion was used for each compound to confirm the identity of 

peaks.  The use of confirmation ions limited the report of false positives.   

The interim reporting level (IRL) is defined as twice the method detection limit 

(MDL).  The MDL was determined from six replicate analyses of standards fortified at 50 

ng/mL and was calculated according to the following equation: 

 

 

where  

S    =  standard deviation of replicate analyses 

n   = number of replicate analyses 

t (n – 1, 1 – α = 0.99) =   Student’s t-value for 99 percent confidence level with 

n-1 degrees of freedom.    

  

 The instrument detection limit describes the detection limit of the analytical 

instrument (HPLC/MS) and was in the range of 800 to 1,000 ng/L, three orders of magnitude 

higher than the interim reporting limit.  The interim reporting level includes all steps of the 

entire method, which concentrates samples from 1000 mL to 1 mL (also three orders of 

magnitude).  The entire method is more sensitive than the analytical instrument because of this 

concentration step, allowing for a interim reporting level much lower than the instrument 

reporting level.   
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Results are reported to two significant figures because all standards were made with 

volumetric flasks accurate to three significant figures.  One fewer significant figure was used 

in reporting to give a higher degree of confidence in the results.   

 

2.4 Results 

Acetaminophen, caffeine, carbamazepine and trimethoprim were not detected (IRL: 8 

ng/L, 56 ng/L, 100 ng/L and 90 ng/L respectively) in the samples collected from Squam Lake, 

nor in the sample from the headwaters of the Pemigewasset River (Table 5).  The two samples 

collected from wastewater treatment facilities’ effluent and the SLA distribution box did have 

concentrations of three of the four PPCPs of interest above the reporting level (Table 5).  No 

PPCPs were detected in either of the samples collected upstream or downstream of the 

Pemigewasset WTP, or upstream or downstream of the Merrimack WTP (Table 5).  Both 

samples collected from the WTP effluents had concentrations of one or three target PPCPs and 

one Pemigewasset River sample had 79 ng/L caffeine (Table 5).  Trimethoprim was not 

detected in any of the environmental samples (Table 5).  

 
 

2.5 Discussion  

The data printed within this report is limited to being strictly academic and is not 

intended for any regulatory use; instead it should be used to encourage a more in-depth 

investigation and conversation of the issues at hand.   

The primary goal of this study was to establish a method for the analysis of 

pharmaceutically active compounds in aqueous samples.  The method described above 

effectively identifies acetaminophen, caffeine, trimethoprim and carbamazepine in aqueous 

samples.  The chromatographs resulting from this report had a relatively large amount of 

background noise that led to some initial false positive reports of PPCPs.  The use of methanol 
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instead of acetonitrile as a mobile phase may have caused this. The use of confirmation ions, 

in addition to target ions only, eliminated these false positives.   

Standards of the four targeted PPCPs made in reagent-free water showed fair 

recoveries (+/- 20% of the expected value at 500 ng/L; IDC Table 3) Spiked environmental 

samples had recoveries ranging from 60% to 190% of the expected recovery for different 

compounds (Table 4) while the mean percent recoveries of spiked environmental samples 

ranged from 111% and 135%.  This suggests that there is some degree of interference and/or 

matrix effect.  Concentrations in environmental samples may differ from their true values as 

much as these standards or spiked samples.  The USGS method reported acceptable mean 

percent recovery values of +/- 50% in both lab fortified samples and spiked samples (Furlong 

et al., 2008).  Initially, this method demonstrates the ability to produce comparable percent 

recoveries to those of the USGS method.   

This method was an adaptation of the USGS method for the analysis of 

pharmaceuticals and personal care products in aqueous samples (Furlong et al., 2008).  

Deviations made from the USGS method are discussed above and were not found to be 

inappropriate; they are justified rationally and with good logic.  The deviations reflect a 

laboratory’s ability and need to adjust methods to suit the equipment, expertise and budget 

available.   

The secondary goal of this study was to apply the adapted method to environmental 

samples in Central NH to establish preliminary occurrence data for the region.  Results were 

reported for samples collected from the Squam Lakes, the Pemigewasset and Merrimack 

Rivers, wastewater treatment facilities’ effluent stream and from the distribution box of a 

private septic system.  These results are from one single sample at each site; the robustness of 

the method with environmental samples was not established.   
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Table 2. 5 Identification of four PPCPs in lake, river and septic samples in central New Hampshire.  
Sampling 

Date Sample ID 
Acetaminophen 

ng/L 
Caffeine  

ng/L 
Trimethoprim 

ng/L 
Carbamazepine 

ng/L 

10/06/2009 
Little Squam; 
Holderness nd nd nd nd 

10/06/2009 Squaw Channel nd nd nd nd 

10/06/2009 
Squam; Cotton 
Cove, 1  nd nd nd nd 

10/06/2009 
Squam; Cotton 
Cove, 2 nd nd nd nd 

10/06/2009 
Squam; Sturtevant 
Bay nd nd nd nd 

10/06/2009 
Squam; Loon Reef 
(control) nd nd nd nd 

      

10/27/2009 

Pemigewasset 
River (near 
headwaters, 
control) nd nd nd nd 

10/06/2009 

Pemigewasset 
River (upstream 
from treatment 
plant) nd nd nd nd 

10/06/2009 
Pemigewasset 
Treatment Plant 
Effluent 720 1200 nd 280 

10/06/2009 

Pemigewasset 
River (downstream 
from treatment 
plant) nd nd nd nd 

      

10/27/2009 
Pemigewasset 
River   nd 79 nd nd 

10/27/2009 
Winnipesaukee 
River nd nd nd nd 

10/27/2009 
Merrimack River  
(upstream from 
treatment plant) nd nd nd nd 

10/27/2009 
Merrimack 
Treatment Plant 
Effluent nd nd nd 330 

10/27/2009 
Merrimack River  
(downstream from 
treatment plant) nd nd nd nd 

      

10/27/2009 
SLA Distribution 
Box >2,000 >2,000 nd nd 

nd: non-detect, compound was not found above interim reporting level (Table 2). 
> 2,000: compound was detected at a concentration exceeding the high end of the calibration range; 
2,000 ng/L. 
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None of the four targeted PPCPs were detected in the samples collected from the 

Squam Lakes suggesting the septic leachate is quantitatively not contributing PPCPs to the 

lake.   Sources of PPCPs to the Lakes include private septic systems and lake recreators, 

which may contribute waste directly to the lakes.  The distribution box at the Squam Lakes 

Association, a shore side property was found to contain high concentrations of two of the 

targeted compounds, and yet these two compounds were not found in the lake samples.  This 

could be explained by (1) that a sample was not collected in close proximity to the SLA septic 

system or (2) it is possible that the leach field efficiently removes the two compounds before 

the effluent reached the lake.  Additionally, Squam Lake is so large (6764 acres) that PPCPs 

being released from septic systems could be diluted below the interim reporting level of the 

method used in this study.   

The SLA distribution box sample was found to have very high concentrations of both 

acetaminophen and caffeine while trimethoprim and carbamazepine were not detected.  

Acetaminophen and caffeine are prevalent PPCPs and are likely to occur in high frequencies 

and concentrations.  The very high concentrations could be the result of waste in the 

distribution box not completely treated (it has not gone through the leach field portion of the 

system yet).    

No PPCPs were detected in the sample collected in the headwaters of the 

Pemigewasset River.  This result was expected as this sample was collected as a background 

reference.   The largest source of PPCPs is anthropogenic via wastewater effluent. Thus, with 

little human impact on the headwaters of the Pemigewasset River it was hypothesized that a 

sample collected here would have either no or a very low concentration of PPCPs compared to 

samples collected from the Pemigewasset in more urban areas.   

The sample collected from the wastewater effluent stream at the WTP on the 

Pemigewasset River had higher concentrations of acetaminophen and caffeine than the 
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effluent stream from the WTP on the Merrimack River.  Effluent from the WTP on the 

Merrimack River had a higher concentration of carbamazepine than effluent from the WTP on 

the Pemigewasset River.  The use of different wastewater treatment technologies or 

differences in influent composition and wastewater volume and flow could provide an 

explanation.   

Overall, caffeine was the most frequently detected PPCP followed by acetaminophen 

and carbamazepine. These results could be explained by caffeine and acetaminophen’s relative 

frequency of use.  Trimethoprim was not detected in this study.   

 

2.6 Conclusions 

The primary goal of this study was to adapt a method for the analysis of PPCPs in 

aqueous samples in New Hampshire waters.  Not only does this method accurately and 

precisely detect carbamazepine, acetaminophen, caffeine and trimethoprim, but it also uses a 

Green Chemistry technique of solvent substitution.  Another goal of this study was to establish 

some preliminary occurrence concentrations of the targeted pharmaceutical compounds.  As 

discussed above, some initial occurrence data for the Squam Lakes and Pemigewasset and 

Merrimack Watersheds have been collected, but are intended for academic use only.   

Where the target PPCPs were detected, they did not occur at concentrations above 

which there is considered an immediate threat to human or environmental health.  However, 

the threat of long-term chronic exposure to the target compounds at the concentrations 

reported cannot be considered to be zero.  The reported concentrations are also similar to those 

published in other regions of the country (Figure 2.1).   
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2.7 Future Studies 

Though this study establishes a method in New Hampshire to detect and measure four 

pharmaceutical compounds, it fills only a small information gap in the literature.  There is still 

limited knowledge on the occurrence of PPCPs in New Hampshire and also on the chronic 

effects of these compounds in the environment.  In addition to studying the acute and chronic 

toxic effects of these specific PPCPs, the toxic effects of this particular combination of PPCPs 

must be better understood.   

Figure 2.1 Occurrence of PPCPs at three common end points; wastewater treatment plant (WTP) 
effluent, the environment and drinking water. Data and references from Table 1.1 

Range of 

PPCPs 

detected in 

this study 
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This method should be developed further to include the analysis of more PPCPs and 

then it should be used in additional field studies to better understand the occurrence, transport 

and fate of PPCPs in New Hampshire.   
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3.0 Using solid phase extraction (SPE) with high performance liquid chromatography 
and mass spectrometry (HPLC/MS) to detect and measure acetaminophen, caffeine, 
carbamazepine and trimethoprim in aqueous samples.   
 
As prepared and formatted for the NH Department of Environmental Services (NH DES) 
Water Quality Laboratory.  Standard operating procedure on file with the NH DES. 
 
3.1 Techniques Used 

Solid phase extraction (SPE) with high performance liquid chromatography (HPLC) 

and mass spectrometry (MS)  

 
3.2 References 

Furlong, E.T., Werner, S.L., Anderson, B.D., and Cahill, J.D., 2008, Determination of 

human-health pharmaceuticals in filtered water by chemically modified styrene-

divinylbenzene resin-based solid-phase extraction and high-performance liquid 

chromatography/mass spectrometry: U.S. Geological Survey Techniques and Methods, book 

5, sec. B, chap. B5, p. 56. 

 
3.3 Purpose and Applicability 

This is a HPLC/MS method for the determination of the selected pharmaceutical 

compounds acetaminophen, trimethoprim, carbamazepine and caffeine in filtered aqueous 

samples.   

 
3.4 Summary 

A 1-L volume of filtered liquid sample is passed through a SPE cartridge at a flow 

rate of 15 mL/min.  The SPE-cartridge is eluted with 6 mLs of methanol followed by 4 mLs of 

triflouroacetic acid (TFA) -acidified methanol.  The extract is concentrated to approximately 

500 µL under a nitrogen vortex and diluted to 1 mL with 10 mM formate buffer solution.  

Analysis is performed using HPLC/MS.   

 

3.5 Interferences 

According to Furlong et al. (2008), a wide range of additional chemical constituents, 

dissolved organic carbons, and matrix components found in environmental samples are likely 

to be retained on and eluted from the SPE sorbent, resulting in potential interferences to the 

process of isolating and identifying the selected pharmaceutical compounds.  These 
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interferences are described in detail in Furlong et al., 2008.  Though the SPE cartridges are 

chosen for their affinity with the pharmaceuticals, interfering compounds compete for sorption 

on the SPE phase during elution, thereby reducing the efficiency of sorption of the target 

pharmaceuticals.  When the final sample extract is analyzed by HPLC/MS, the reported 

pharmaceutical concentration may be lower than the true value.   

The presence of large quantities of interferences in the final extract may result in poor 

compound retention during instrumental analysis and decreased ability to separate closely 

eluting pharmaceuticals on the analytical column.  These interferences can be seen as ‘shifts’ 

in measured retention times from expected retention times.    

Interfering compounds may also suppress the ionization of the pharmaceuticals during 

ionization.  Complex interfering compounds that cannot be removed from the targeted 

pharmaceutical compounds may produce one or two ions that are characteristic of the targeted 

compounds. This interference would result in the false-positive identification of targeted 

compounds.  This interference can be limited with the use of confirmation ions.  

Interfering compounds could also compete for available charge during the 

electrospray ionization of the compound in the HPLC.  This competition could result in an 

apparent enhancement or reduction of compound concentration.   

Additionally, inferences may be caused by contaminants in solvents, reagents 

glassware and other sample processing hardware.  To minimize interferences, glassware is 

thoroughly cleaned and high purity solvents are used.   

 

3.6 Sampling Methodology 

Water samples are collected in 1-L HPDE bottles and filtered either in the field or in 

the laboratory using a 0.7 micrometer (µm) pore size pre-baked glass-fiber filter to remove 

suspended solids.  Some pharmaceutical compounds are chemically degraded by UV light 

(Caliman and Gavrilescu, 2009), so filtered samples are refrigerated at 4°C in 1-L amber glass 

bottles with Teflon screw caps until extraction and analysis.  Based on the sample holding 

time study of Furlong et al. (2008), samples must be extracted within four days of collection 

and filtration; and samples must be analyzed within 35 days of extraction. 

 
3.7 Materials and Apparatus 

1. Agilent Technologies 1100 Series Binary Pump (G13132A) 
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2. Agilent Technologies 1100 Series Autosampler (G1313A)  

3. Agilent Technologies 1100 Series Thermostated Column Compartment (G1316A) 

4. Agilent Technologies 1100 Series Diode Array Detector (G1315B) 

5. Nitrogen driven concentrating vortex 

6. 0.7 µm pore size pre-baked glass fiber filters  

7. Vacuum filtering apparatus  

8. 3M 6-Station Solid Phase Extractor 

9. Vacuum pump 

10. Solid-phase extraction cartridges (Waters® Oasis® HLB, 500mg in 6 mL syringe 

barrel cat. No. 186000115 or equivalent)  

11. Zorbax Eclipse XDB-C18 Narrow Bore 2.1 x 100 mm, 3.5-micron reverse-phase 

octadecylsilane column 

12. Chromeleon Data Acquisition Software 

3.8 Standards Preparation 

Standards are purchased from reputable suppliers.  Expiration dates, when provided by the 

supplier, are adhered to.  Standards Used: 

 

• Acetaminophen: 0.0498 g diluted to 250 mL with 10 mM formate buffer in volumetric 

flask, final concentration = 199 ng/L.  12.5 mL of this solution diluted to 250 ml 

with 10 mM formate buffer in volumetric flask, final concentration = 9.95 ng/L. 

• Caffeine: 0.0492 g diluted to 250 mL with 10 mM formate buffer in volumetric flask, 

final concentration = 196 ng/L.  12.5 mL of this solution diluted to 250 ml with 10 

mM formate buffer in volumetric flask, final concentration = 9.80 ng/L. 

• Carbamazepine: 0.0495 g diluted to 250 mL with 10mM formate buffer in volumetric 

flask, final concentration = 198 ng/L.  12.5 mL of this solution diluted to 250 ml 

with 10 mM formate buffer in volumetric flask, final concentration = 9.90 ng/L. 

• Trimethoprim: 0.0494 g diluted to 250 mL with 10mM formate buffer in volumetric 

flask, final concentration = 197 ng/L.  12.5 mL of this solution diluted to 250 ml 

with 10 mM formate buffer in volumetric flask, final concentration = 9.85 µ = 9.85 

ng/L. 
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12.5 mL of each of the above solutions were added to a 250 mL volumetric flask and diluted 

with 10 mM formate buffer.  Final concentrations in this composite solution are: 

Compound 
~10 ng/L Composite Solution  
Actual Concentration (ng/L) 

Acetaminophen 9.95 

Caffeine 9.80 

Carbamazepine 9.90 

Trimethoprim 9.85 

 

This ~10 ng/L composite solution is used to make all standards and spiking solutions.   

3.9 Reagents Preparation 

Neat Reagents: 

1. Deionized water; particulate, ion exchange and bacterial filtered water 

2. Methanol; HPLC grade 

3. Triflouroacetic acid (TFA) 

4. Ammonium formate- 96 percent minimum assay 

5. Formic acid- 98 percent 

Reagent Solutions: 

1. TFA-acidified methanol SPE cartridge elution solution, 0.1 percent: add 100 µL of 

TFA to 110 mL of methanol. Prepare daily. 

2. 1-M ammonium formate solution: dissolve 65.69 g of ammonium formate in 1 L of 

deionized water. 

3. 1-M formic acid solution: dilute 38.8 mL of formic acid to 1 L with organic free water. 

4. Formate Buffer Solution, 10mM: Dilute 10 mL of 1-M ammonium formate solution 

and 12 mL of 1-M formic acid solution to 1 L with deionized water.  The pH of this 

solution should be about 3.7. 

HPLC Eluents: 
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1. Formate buffer eluent, 10 mM: Made identically to the formate buffer solution; Dilute 

10 mL of 1-M ammonium formate solution and 12 mL of 1-M formic acid solution to 

1 L with deionized water 

2. Methanol; HPLC grade 

3.10 Procedure 

1. HPLC /MS Operating Conditions 
a. The HPLC/MS operating conditions are the same for all sample and standard 

runs and are listed in Section 3.17.  These conditions have been optimized for 

sensitivity using the Chromeleon Data Acquisition Software and a series of 

standard test runs.  

2. Extraction 
a. The surface of the SPE cartridge must be covered with liquid during entire 

conditioning procedure.  If the disk is allowed to dry, the conditioning 

procedure must be started over.   

b. Conditioning Procedure: Elute cartridges by sequentially adding two 5 mL 

aliquots of methanol followed by one 5 mL aliquot of deionized water under 

gravity flow.  A vacuum may be applied momentarily to initiate flow, and 

immediately turned off to allow for elution by gravity. 

c. At no point during the extraction should the extraction cartridge be allowed to 

dry. 

d. Extraction Procedure: Pump water samples through the conditioned cartridges 

at a flow rate of 15 mL/min.  Extraction time is approximately 70 minutes for 

the 1 L samples.   

e. Upon completion of extraction, the SPE cartridges retain a small volume of 

residual sample water.  Minimize this water by drawing room air through the 

cartridges by vacuum for 10 minutes.   

3. Elution 
a. Set-up elution collecting apparatus beneath extraction station.  Elution vials 

should hold 10 mL of eluent.   

b. Add methanol to cartridges in two aliquots of 3 mL.  Allow to elute under 

gravity flow.  The vacuum may be applied briefly to initiate flow. 
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c. Add TFA-acidified methanol in one aliquot of 4 mL.  Allow to elute under 

gravity flow. 

d. After elution is complete, draw room air through cartridges to dry for 3-5 

minutes.   

 
 

4. Concentration and Transfer 
a. Sample extracts are concentrated to approximately 500µL under a nitrogen 

vortex stream of 20 PSI while kept at 40°C in a water bath.  Volume reduction 

takes approximately 45 minutes.   

b. Transfer samples to their own 1 mL volumetric vials. 

c. Dilute each sample to a final volume of 1 mL with 10 mM formate buffer 

solution.  

d. If samples are cloudy or have suspended solids, filter using a 0.45 µm pore 

size hand filter syringe.  

e. Transfer samples into labeled sample vials for analysis using glass pipette, 

cap and store at 4°C until analyzed.  

5. External Standard Initial Calibration- Prior to the analysis of any samples, a 5-point 

calibration from 0.05 µg/mL to 2.0 µg/mL is performed to determine instrument 

sensitivity and linearity.  The ~10 µg/mL composite standards solution is diluted to 

prepare these calibration standards as follows: 

Volume of ~10 ng/L 

Composite Solution 
Dilution 

Final Concentration of 

Standards Composite* 

1.0 µL Dilute to 2mL with 10 mM formate buffer ~5 ng/L 

10.0 µL Dilute to 2mL with 10 mM formate buffer ~50 ng/L 

100 µL Dilute to 2mL with 10 mM formate buffer ~500 ng/L 

200 µL Dilute to 2mL with 10 mM formate buffer ~1000 ng/L 

400 µL Dilute to 2mL with 10 mM formate buffer ~2000 ng/L 

* The listed concentrations are approximates, calculate and record the exact concentration of the 
final standards composite 
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6. The standards are run on the HPLC from lowest to highest concentration and a 

calibration curve is generated.  The correlation coefficient, r, must be greater than 

0.995.  Chromeleon Software performs the quantitation. 

7. Sample Analysis: Samples are analyzed under the sample conditions as the standards 

analyses. A run log is maintained, listing all samples, standards and quality control 

run on the instrument.  Also listed are any analyst comments.   

3.11 Data Interpretation  

1. Qualitative Identification: The qualitative identification of the target compounds is 

based on a comparison of the compound’s retention time and the mass-to-charge 

ratios (m/z) identified in positive ionization with those of the reference standard.   

2. Quantitation: Data generated by the instrument software is checked by the analyst to 

ensure proper peak integration.  The sample target compound is quantified using the 

linear regression from the initial calibration.  The final result is calculated as follows: 

 

Where V1= initial volume of sample in Ls 
 

3.12 Quality Control  

1. Initial Display of Capability (IDC): To establish the ability to generate acceptable 

accuracy, the analyst performs an initial display of capability. Four 1-L samples 

spiked to 2 µg/L are extracted and analyzed according to the sample method.  Analyte 

recovery should be between +/- 20% of the fortified amount.  If these criteria are not 

met, the test is repeated until an acceptable performance is obtained.  

2. Lab Fortified Matrix Spikes, Lab Fortified Blanks and QC Check Standards: Lab 

fortified blank (LFB) or QC check standards are run at least every 10% of samples to 

ensure instrument accuracy, for each batch of samples a lab fortified matrix spike 

(LFM) is also run.  Spikes are made at ~ 500 ng/L.  Percent recoveries for all 

compounds should be +/- 30%; if they do not fall within this range they should be 

noted.    
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Where: P= Percent Recovery 
 A= Concentration of analyte in spiked solution 
 B= Concentration of analyte in non-spiked solution 
 T= Expected/true value of spiked solution 

 

3.13 Responsibilities 

It is the responsibility of the analyst to adhere to this standard operating procedure or 

to document and support any deviations.   

3.14 Data Usage  

All data generated under this procedure were for academic purposes and were not 

intended to be used for regulatory purposes. 

3.15 Health and Safety 

This method involves the use of hazardous materials and techniques.  Anyone 

following this method should be trained in the correct handling of the materials and 

performance of techniques necessary and should be familiar with the appropriate material 

safety data sheets (MSDS). 

3.16 Pollution Prevention and Waste Management  

In accordance with the principles of green chemistry, sources of pollution from 

analytical activities should be reduced or eliminated as much as possible.  Hazardous wastes 

from sample analysis should be stored in properly marked containers and disposed of 

according to state and federal regulations.  Staff should be trained in the proper handling and 

management of waste as it relates to the work area.  
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3.17 HPLC Instrument Operating Conditions  
 

Compound 
Retention 

Time 
(minutes) 

Quantitation 
Ion 

(m/z) 

Confirmation 
Ion 

(m/z) 

Confirmation 
Ion Relative 
Response 
(percent) 

Fragmentor 
Voltage 
(volts) 

Acetaminophen 4.97 152 110 26 120 

Caffeine 22.12 195 138 16 140 

Trimethoprim 24.04 291 230 5 120 

Carbamazepine 35.01 237 194 40 140 

 
 

• Column: Reverse-phase octadecylsilane column; Zorbax Eclipse XDB-C18 Narrow Bore 
2.1 x 100 mm, 3.5-micron 

• Injection volume: 5 µL 
• Mobile Phase: methanol(organic) /formate buffer (aqueous) gradient  
• Flow rate: 0.400 mL/min 
• Column Temperature: 30°C 

• Polarity: positive 

Eluent Gradient Program  

 

 

 

Time (min) % Formate Buffer 

0.00 95 
10.00 95 
15.00 90 
20.00 85 
25.00 70 
30.00 60 
35.00 0 
40.00 0 
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APPENDICES 



Pharmaceuticals and Personal Care Products (PPCPs) are among a new class of emerging 
environmental contaminants and include products used in daily life;  shampoos, soaps, perfumes,  
lotions and human drugs to name a few.  Though these compounds are likely to have existed in the 
environment for many years, their occurrence in the environment has only recently begun to elicit 
concern among the scientifi c and general public.  

Occurrence and Eff ects of PPCPs

Pharmaceutical compounds are specifi cally designed to have biological eff ects and are not selective 
on the organisms they impact.  Theo Colburn’s 1996 book, Our Stolen Future, brought world-wide 
attention to the fact that common environmental contaminants can act as endocrine disrupters, 
interfering with natural signals controlling fetal development in the womb.  Other scientifi c 
discoveries have linked antibiotic resistance in viruses, bacteria and pathogens to their exposure 
to antibiotic drugs and steroids in the environment and the development of female reproductive 
organs in male fi sh (the feminization of fi sh) to the presence of birth control in the environment. 
Exposure to PPCPs can be classifi ed as either acute or chronic, each with the potential of having 
very diff erent eff ects on organisms.  Acute exposure includes single or limited exposure to relatively 
high concentrations of PPCPs while chronic exposure describes long-term, constant exposure 
to low concentrations of PPCPs.  In the laboratory, acute exposure to diff erent PPCPs has been 

Pharmaceuticals and Personal Care Products in 
the Environment

shown to be particularly lethal to many 
organisms including invertebrates, 
algae, and fi sh.  Short of a drug spill, 
however, concentrations associated 
with acute exposure are not likely to 
occur and do not pose a signifi cant risk 
to environmental or human health.  

The ubiquitous nature of these 
compounds, however, indicates that the  
threat of chronic exposure to PPCPs can 
be real.  Unfortunately, the true chronic 
eff ects of PPCPs are not well understood, 
and thus cannot be quantifi ed.  

In addition to their occurrence in the 
environment, PPCPs have also been 
detected, albeit at low concentrations, 
in human drinking water sources.  Most 
regulatory agencies, including the US 
Food and Drug Administration, the 
World Health Organization, and the 
European Medicines Agency do not 
believe this warrants immediate concern 
for public health.  

Approximate concentrations of PPCPs in most 
common end points.  The green fi eld indicates a 
range of PPCP concentrations found in samples 
collected in New Hampshire as part of this study.
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Routes of Exposure
 
Though there are many different routes of exposure, PPCPs primarily enter the environment 
through two routes:

•  Wastewater Treatment Plants: When you swallow a pill, you’re probably anticipating its effects 
in your body, not thinking about its ultimate destiny.  Yet the drugs we consume, and their 
metabolites, are excreted from our bodies at a relatively high rate and eventually make their 
way to municipal or private wastewater treatment systems, which are relatively ineffective at 
removing PPCPs,  are released to the environment.  Additionally, unwanted or unused drugs are 
often flushed down the toilet or rinsed down the drain, also leading to their ultimate release to 
the environment.  

• Agricultural Runoff: Large-scale agricultural operations and concentrated animal feeding  
operations, where most of our country’s meat comes from, often administer sub-therapeutic 
levels of steroids and antibiotics to their livestock to prevent illness.  Cattle, chicken and pigs 
excrete these drugs just like we do, and the drugs leach into groundwater or are carried directly 
into streams and rivers by runoff.  Although they often are not classified as pharmaceuticals or 
personal care products, pesticides and herbicides also reach the environment primarily through 
agricultural runoff and have been shown to be pharmaceutically active.  

PPCPs in New Hampshire

In 2009, the Squam Lakes Association, the NH Department of Environmental Services, the NH Water 
Resources Research Center, The Squam Lakes Conservation Society, and Plymouth State University 
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collaborated to develop a method in-state to detect and measure for the PPCPs acetaminophen (an 
active ingredient in Tylenol), caffeine (found in soda and coffee), carbamazepine (an anti-seizure 
and mood stabilizing drug) and trimethoprim (an antibiotic).

Using this method, researchers investigated the occurrence of PPCPs in NH water resources.  
Samples were collected from a private septic system and lakes, rivers, and wastewater treatment 
facilities and from across Central New Hampshire.   

Preliminary results indicate that none of the lake samples contained any of the target PPCPs.  Some 
river samples had concentrations of some of the targeted PPCPs on the range of about 80 parts per 
trillion, which is far below the range at which human and environmental health is considered to be 
at immediate risk.   Samples from wastewater treatment plants were found to have concentrations 
of some PPCPs between 280 parts per trillion and 1,200 parts per trillion, also below current human 
and environmental health risk thresholds.  One sample from a private septic tank had concentrations 
of both acetaminophen and caffeine above the instrument’s detection 
limit of 2,000 parts per trillion.  The true concentration could pose a 
significant threat to environmental and/or human health, but it is not 
currently possible to know what that threat truly is.    

Minimizing Your Impact

When you have an allergic reaction to a medication, requiring a new 
prescription, do you know what to do with the old medication?  When 
a loved one has died, do you know what to do with their medicine 
cabinet full of drugs?  What are you supposed to do with expired 
drugs?  It may be news to you that flushing unused or unwanted drugs 
down the drain or toilet is not recommended.  In fact, this disposal 
method releases PPCPs to our environment. 

In 1997, the Food and Drug Administration, working closely with the 
White House Office of National Drug Control Policy, published the 
first consumer guide for the proper disposal of prescription drugs.  
Their guidelines are summarized below:

• Do not flush drugs down the toilet unless specific instructions indicate that you should.  (A 
number of regulated prescription drugs, including Percocet and Oxycontin should be flushed 
down the toilet to limit the risk of drug abuse or accidental poisoning.)

• Place unwanted drugs in a sealable bag with coffee grounds or kitty litter.  This will make the drugs 
less appealing to animals and children, unrecognizable by people who may intentionally go 
through your trash and will prevent the medication from leaking out of the garbage.  Ensuring 
the plastic bag is sealed tightly, throw the package away with your household trash.   

Many state, federal and international organizations promote these same recommendations for the 
disposal of unwanted drugs, including the NH Department of Environmental Services, the U.S. 
Environmental Protection Agency, the U.S. Fish and Wildlife Service, the American Pharmacists 
Association, the Pharmaceutical Research and Manufacturers of America and the World Health 
Organization.

You can also be on the lookout for local take-back programs.  Similar to hazardous waste days, drug 
take-back programs are events to which you can bring unwanted drugs and know that they’ll be 
disposed of properly.  Typically, drugs collected at one of these programs end up being burned in 
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very high-temperature incinerators, thus making them chemically inert.

To prevent collecting unwanted drugs in the first place, don’t fill new prescriptions in three-month 
batches (like most mail-order pharmacies promote).  Until you know that you’re new medication 
works for you, fill prescriptions in monthly intervals.  Also, don’t accept free samples of drugs from 
your doctor you have no intention of using.  

Squam Lakes Association
(603) 968-7336

www.squamlakes.org 
PO Box 204

Holderness, NH 03245

77

Resources and Additional Information:

Environmental Protection Agency, Pharmaceuticals and Personal Care Products: http://www.epa.
gov/ppcp/

NH Department of Environmental Services, Pharmaceuticals and Personal Care Products in the 
Environment: 
http://des.nh.gov/organization/divisions/water/dwgb/dwspp/pharmaceuticals.htm  

New England Interstate Water Pollution Control Commission: http://www.neiwpcc.org/ppcp/

US Geological Survey: http://toxics.usgs.gov/regional/emc/

US Drug Enforcement Agency: http://www.justice.gov/dea/index.htm

SmaRxt Disposal, A prescription for a Health Planet: http://www.smarxtdisposal.net/
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5.2 Wastewater Treatment Technologies 
 

Preliminary Treatment- large materials and debris are screened from wastewater. 
 

Primary Treatment- Wastewater is allowed to sit, suspended solids along with some 
PhACs sorbed to them, settle to the bottom of a holding tank.  The sludge is removed and 
disposed in landfills or spread on agricultural land as fertilizer.  Some microbial 
biodegradation of PhACs also occurs in primary treatment.  The wastewater continues to 
secondary treatment.   
 

 
 
 
 
 
 
 
 
 
 
 

To Secondary Treatment 



79 
 
 
 
Secondary Treatment  
 
Lagooning- Shallow, manmade basins or ponds allow for additional settling of floc (or 
sludge) and the aerobic biodegradation of wastewater.  These lagoons are often colonized by 
native macrophytes, especially reeds, small filter feeding invertebrates such as Daphnia and 
species of Rotifera, which assist in treatment by removing fine particulates. Anaerobic 
biodegradation of wastewater sometimes occurs in deeper lagoon systems, where the bottom 
of the ponds lacks the oxygen needed for aerobic reactions.  Wastewater remains in the 
lagooning systems an average of 2-10 days.  Aerobic biodegradation removes some PhACs. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fixed Filter Systems- Rock, plastic, wood, or 
other natural or synthetic solid material supports 
biomass on its surface and within its porous 
structure.  Wastewater is allowed to filter 
through or over the medium, where the biomass 
biodegrades wastewater constituents, including 
some PhACs, which can also be removed by 
simple sieving. 
 
 
 
 
 
 
 
 
 
 

“Raceway” Lagoon System 

From 
Primary 

Treatment 

To Tertiary 
Treatment or 
Environment 

From 
Primary 

Treatment 

Biomass 
Supporting 
Material 

To Tertiary 
Treatment or 
Environment 
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Suspended Filter Systems- Rock, plastic, 
wood, or other natural or synthetic solid material 
supports biomass on its surface and within its 
porous structure.  Biomass supporting material is 
rotated through wastewater, separating and 
biodegrading wastewater constituents as it is 
pulled through. 
 
 
 
 
 
 
 
 
 
Tertiary Treatment 
 
Activated carbon systems: activated carbon is a form of carbon that has been processed to 
make it very porous, increasing its surface area on which sorption or chemical processes can 
occur.  Activated carbon can be applied to solid surfaces and form columns or can be added to 
wastewater as a powder. 
 
Chlorination: When chlorine (in the form of Cl2, NH2Cl, or ClO2) is added to wastewater, it 
kills many harmful bacteria, viruses and pathogens.  However, the chlorine also has the ability 
to react with other organic compounds, producing harmful disinfection byproducts like 
trihalomethanes and haloacetic acids.   

 
UV Treatment: wastewater is exposed to ultraviolet radiation, which damages the genetic 
structure of viruses, bacterium and pathogens, making them unable to reproduce.  
Maintenance and replacement of UV bulbs is needed often, however, and can be very 
expensive.  

 
Ozonation: Application of ozone gas (O3) severs carbon-to-carbon bonds, killing 
microorganisms and bacteria.   

Biomass 
Supporting 
Material 

To Tertiary 
Treatment or 
Environment 

From 
Primary 

Treatment 



= Wastewater Treatment Plant (WTP)

= Sampling Site = Wastewater Treatment Plant 
Effluent Stream

River Sample Schematic

Exact locations of river samples will not be disclosed, but this figure demonstrates the 
schematic of the river sampling locations.
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= Sampling Site = Wastewater Treatment Plant 
Effluent Stream

Squam Lake Sampling Locations
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