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ABSTRACT

Pharmaceuticals and personal care products (PPCPs) are biologically active,
organic chemicals that are introduced into the environment through wastewater streams.
These chemicals are being found in the environment in trace concentrations and are of
concern due to their unknown potential for harm to the health and welfare of the
environment. The hypothesis is that during the course of wastewater treatment in a
municipal lagoon system from a small community, PPCPs are seeping into ground water
resulting in chronic low exposure in the environment. The objective of this work was to
study a specific wastewater lagoon treatment system in Mountain Home, Idaho and the
surrounding ground water for PPCPs. Water samples were taken from influent, lagoons,
and surrounding ground water wells to look for presence of PPCPs. A conceptual model
of the ground water flow was developed in order to link lagoon seepage to surrounding
ground water wells. The ground water flow model combined with the sampling data was
used to show that PPCPs are present in the lagoons and seeping into the ground water in
very low yet detectable concentrations. PPCPs were detected in the samples from the
headworks, in the storage lagoon, and in a monitoring well downgradient of the lagoon.
Twelve PPCPs were tested and eleven were found in the headworks in concentrations up
to 7,920 ng/L. Seven PPCPs were found in the storage lagoon in concentrations up to
880 ng/L. Six PPCPs were found in a downgradient monitoring well in concentrations up

to 82 ng/L.
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INTRODUCTION AND HYPOTHESIS

Pharmaceuticals and personal care products (PPCPs) are biologically active,
organic chemicals found in the environment at trace concentrations (Daughton 2004;
Kummerer 2004; Heberer 2002; Ternes and Joss 2006; EPA 2008; USGS 2002). Due to
their unknown potential for carcinogenicity, biological activity, and promotion of
antibiotic resistance in certain organisms, PPCPs are an emerging concern (Daughton
2004; EPA 2008; USGS 2002). PPCPs are introduced into wastewater streams through
household drains and subsequently enter municipal wastewater treatment systems (EPA
2008; Richards 1996; Bound and Voulvoulis 2005). Subsequently, wastewater enters the
environment through seepage from all types of treatment facilities or direct discharge of
treated water to the environment (EPA 2008; Kummerer 2004; Ternes and Joss 2006).
This transmission of water from household to treatment system to ground water
represents a major potential pathway for PPCPs to enter the environment (EPA 2008;

Dingman 2002; Domenico and Schwartz 1998; USGS 2008a).

While a number of studies have been performed on large municipal treatment
systems to understand the interactions of PPCPs with the environment, little work has
been performed to investigate the lagoon style wastewater treatment systems that are
prevalent throughout the United States (EPA 2002). It is possible that PPCPs are seeping
into ground water from the wastewater treatment lagoons or land application of treated

wastewater; however, studies to date linking PPCPs and lagoon seepage are limited
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(EPA 2007b). It has been hypothesized for this study that during the course of wastewater
treatment in a lagoon system and subsequent land application of the effluent, some
PPCPs are seeping into ground water in a form or concentration that can be detected
using currently available analytical techniques. In addition, wastewater treatment lagoons
and land application of wastewater form part of the exposure route of trace chemicals in
the environment. Grab samples of wastewater and area ground water in the vicinity of a
selected lagoon system have been collected and evaluated for both presence and trend
analysis of PPCP concentrations as they relate to the site-specific conditions. The results
will provide information about possible exposure routes of trace chemicals in the

environment from wastewater treatment lagoons.

Scope of Thesis

There are approximately 200 wastewater land application sites permitted by the
Department of Environmental Quality (DEQ) throughout the state of Idaho; these
wastewater reuse permits were examined to identify a suitable project site that used
facultative lagoons as the wastewater treatment process. Once identified, the site was
researched for historical information on wastewater treatment (flow, lagoon specification,
detention time, and land application), population base, and site geology (soils, vadose
zone, aquifer systems, ground water recharge, ground water flow direction, and existing
wells). The presence and concentrations of PPCPs are known to be influenced by
economic and demographic structure (Trapp and Matthies 1998) and thus were important

criteria in the site selection. Water samples were collected before and after wastewater
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treatment, as well as from ground water. Sample sites included a municipal wastewater
lagoon and water bodies downgradient from wastewater treatment. Samples were
analyzed for PPCPs and changes in PPCP concentration from influent to effluent to the
local ground water system and were evaluated to develop a conceptual model for fate and
transport of PPCPs. Oxygen and deuterium isotope data were used to determine linkages
between treatment system sources of the chemicals and the concentrations found in the
local and regional ground water. These data, along with concentration gradients, were
used to establish hydraulic connectivity between the wastewater lagoon seepage and
ground water. A qualitative analysis was performed, excluding a quantitative analysis of
the transport of the PPCPs from the lagoon due to the limited budget and to limit the

scope of research.

Background

Environmental Pathways for Pharmaceuticals and Personal Care Products

Trace chemicals that are biologically active in humans and other vertebrates are
found around the world in very low concentrations in ground water, rivers, lakes and
coastal waters (EPA 2008; Kummerer 2004; Ternes and Joss 2006). This thesis will focus
on a subset of these contaminants that includes both pharmaceuticals and personal care
products (PPCPs). As shown in Figure 1, PPCPs are introduced into wastewater streams
through household and hospital drains and subsequently enter municipal wastewater

treatment systems (Richards 1996; Metcalf and Eddy 1991; Bound and Voulvoulis 2005).
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Pharmaceuticals and Personal Care Products:
medicines, soaps, fragrances, sunscreens, shampoos

— | T

Excretion Excretion Solid waste disposal
(Hospital effluent) (private household) (unused medicine)
™ / Y
Wastewater collection system —> | Waste disposal site
Sewage Treatment Sewage Sludge

l
Surface Water Ground Water <—‘

l V
Drinking Water

Figure 1 Pathways for PPCPs (adapted from EPA 2008; Kummerer 2004;
USGS 2002; Ternes and Joss 2006; Garg and Jha 2005; Heberer 2002)

Many current wastewater treatment methodologies were not designed to remove
PPCPs (EPA 2007b; Heberer 2002; Gobel et al. 2007; EPA 2008). Some studies indicate
that secondary wastewater treatment processes (i.e., activated sludge and membrane
bioreactors) only partially remove PPCPs (EPA 2007b; Heberer 2002; Gobel et al. 2007;
EPA 2008). Studies indicate that post-treatment effluents from these processes contain
PPCPs (EPA 2008; USGS 2008b; Snyder et al. 2004). Information is more limited on the
fate and transport of PPCPs from facultative treatment lagoons. Because there are over
7,000 facultative lagoons in use in the United States located in less populated cities and
towns (EPA 2002), their design and use has led to wastewaters entering the environment
through seepage from the treatment facilities or direct discharge of treated water to the

environment (EPA 2008; USGS 2008b). The cycling of water from household to
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treatment system to ground water represents a major potential pathway for PPCPs to
enter the environment (Heatwole and McCray 2007; Garg and Jha 2005; Hai-long and
Zu-xin 2006; Connell and Van den Dael 2003; Marshall et al. Jaffe, 2000; USGS 2007).
However, limited information now exists on the fate of these chemicals in soils and
ground water from any treatment source, especially from wastewater lagoon systems
(EPA 2008; USGS 2008b). In order to explore the environmental fate and transport of
PPCPs, this study considered the topics of pharmacodynamics, wastewater treatment by
facultative lagoons, ground water hydrology, ground water chemistry and stable isotopes

for identification of respective PPCPs.

PPCPs enter wastewater in three primary ways. In urine and feces, humans
excrete small quantities of the pharmaceuticals they consume (EPA 2008; Drug
Information Online 2008). While the metabolism of pharmaceuticals varies by individual,
the principal means of elimination is generally through the urine stream (Hughes 1996;
Drug Information Online 2008; EPA 2008). Additionally, unused pharmaceuticals enter
wastewater when flushed into the sewer system, as has commonly been recommended as
a means of disposal (EPA 2008). Finally, personal care products, such as shampoo and
soap, enter wastewater when they are washed off any part of the body (EPA 2008). The
following section describes wastewater treatment processes involving municipal
wastewater lagoons and land application of treated wastewater, both of which are

possible sources of PPCPs to the environment.
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Wastewater Treatment

Facultative Lagoons

Wastewater treatment methods impact the amount of and potential for specific
PPCPs to be present in effluent (EPA 2008; Heberer 2002; Conn et al. 2006; Matamoros
et al. 2005). PPCPs are organic compounds and to date, limited data exist on the fate of
PPCPs in facultative lagoons (EPA 2008; EPA 2007b). The most important removal
pathways of organic compounds during wastewater treatment are:
biotransformation/biodegradation, adsorption by the sludge (excess sludge removal), and
stripping by aeration (volatilization) (Richards 1996; Metcalf and Eddy 1991; Qasim
1999). Lagoons have primarily been studied as a source for nitrogen loading to ground
water (DeSutter et al. 2005). Knowledge of how facultative lagoons work is fundamental

for understanding the potential fate of PPCPs in this thesis.

Facultative lagoons are ponds designed to hold and treat wastewater through a
combination of physical, biological (aerobic and anaerobic degradation reactions), and
chemical processes (Figure 2) (EPA 2002; Harris 2003). Each zone has the potential to
degrade organic compounds, including PPCPs. Lagoons can remove settleable solids,
biochemical oxygen demand, pathogens, fecal coliform, and ammonia (EPA 2002).
Lagoons are a treatment system relying on complex biochemistry to degrade organic
wastes present in wastewater as contained in an earthen berm constructed tank
environment (EPA 2002; Qasim 1999; Richards 1996; Metcalf and Eddy 1991).
Detention time allows solids to settle and aerobic, facultative and anaerobic zones are

created in the ponds (EPA 2002; Qasim 1999; Richards 1996; Metcalf and Eddy 1991).
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As Figure 2 shows, each of these zones is biologically and physically active and different

chemical processes treat the wastewater (Harris 2003).

Lagoon

Y

Above Lagoon Surface: Wind (aeration) and Sunlight (UV)

Aerobic Zone
Odor control, pathogen kill, metal precipitation, nitrogen and
phosphorus removal, aeration, BOD reduction.

Facultative Zone

Odor control, denitrification, BOD removal and phosphorus
removal.

Anaerobic Zone
Sludge digestion, nutrient storage, metal retention,
denitrification, sludge storage, BOD/chemical oxygen
demand reduction and suspended solids removal.

Figure 2 Wastewater Treatment Zones in a Facultative Lagoon (adapted from
Metcalf and Eddy 1991; Harris 2003)

Lagoon systems are prevalent in use in the United States (EPA 2002), and there
are more than 400 lagoon treatment systems in Idaho according to the Idaho Rural Water
Association (2008). The simple design, operations, and low capital costs make them a
cost effective wastewater treatment method (Army Corps of Engineers; Muga and
Mihelcic 2008; Zhang 2001). Compared to mechanical wastewater treatment systems,
lagoon systems can cost four to five and a half times less (Muga and Mihelcic 2008),

which makes them a viable option for many communities, and socio-economic
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considerations. Lagoon systems also have the potential to contribute PPCPs to the

environment, making this current study of them timely and important.

Lagoons seep liquids, which percolate into the subsurface. This thesis considers
wastewater seepage from lagoons as a potential path for PPCPs to enter into the
environment. Lagoon seepage could provide a major source of PPCPs to enter into the

environment (see Figure 3).

¢

Water from well

Seepage

¢
ON0S

Ground water flow direction

Figure 3 Lagoon Seepage Into Ground Water (adapted from Dingman 2002;
Freeze and Cherry 1979)

The current Idaho Wastewater Rules (IDAPA 58.01.16.493) specify design

standards for a maximum seepage rate of five hundred gallons per acre per day for new
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lagoon construction. In contrast to the design standards, the rules also require seepage
testing to show that existing lagoons constructed after April 21, 2007 seep less than 0.125
inches (3400 gallons) per acre per day. Existing lagoons constructed before April 21,
2007 may seep up to 0.250 inches (6800 gallons) per acre per day. Lagoons must be
tested every ten years for seepage to ensure compliance with the rules. After evaluating
lagoon seepage testing reports from 2005 through 2008 (DEQ 2009), the results indicated
that all municipal lagoons tested to date seep to some extent. Lagoons may be designed to
have minimal seepage, but during the course of use operational and maintenance issues
(such as membrane punctures, weeds, slope stability, or cleaning) can create conditions
where seepage occurs or increases (Harris 2003). Nitrates and ammonia are two possible
drinking water contaminants that can seep from lagoons into ground water. The EPA has
set maximum contaminants levels (MCL) for nitrates and ammonia in drinking water,
which in turn limits how much of each parameter may seep from a lagoon. The EPA has
not, however, established MCLs for the PPCPs under consideration in this thesis, leaving

PPCPs currently unregulated (EPA 2008; Idaho Department of Administration 2008).

Wastewater Land Application

After lagoon treatment, wastewater effluent may still contain PPCPs and, if land
applied, could contribute additional PPCPs to ground water after percolating through the
soils. Applying wastewater to land is a way to naturally treat wastewater through soil
filtration, biological activity, and plant uptake of nutrients; provide aquifer recharge; and,
eliminate the need for wastewater discharge directly into a surface water body (DEQ

2007; Heatwole and McCray 2007). Land application of treated wastewater allows for
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water reuse, as it can provide a source of irrigation water and nutrients for crops (DEQ
2007; Coppola et al. 2004). A natural treatment system, wastewater land application is
generally constituent limited (i.e., hydraulics, nutrients, salts, etc) and considers
agronomic rates of nutrient uptake when crops are grown using the wastewater (DEQ
2007). Wastewater land application is managed to address where the water travels, its
surface residence time, its subsurface flow paths, water quality impacts to ground water,
and the amount of crop cover uptake for both water and its nutrients (DEQ 2007).
Wastewater land application with a crop system, as seen in Figure 4, is considered a

treatment system, not a disposal mechanism (DEQ 2007).

A
\ X4
\
UV radiation

é é ¢

Crops grown: nutrient uptake and evapotranspiration.

Groundwater or Saturated Zone: recharge.

Figure 4 Potential Treatment of Wastewater from Land Surface to Ground
Water (adapted from DEQ 2007)
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Because land application of wastewater is a treatment system, the additional
treatment processes may be important when evaluating the PPCP contribution in the land
applied water. In addition to the typical wastewater processing in the soil layers, there are

potential PPCP-specific processing mechanisms that are shown in Figure 5.

A
\ X4
- >
»,« %;
UV radiation ‘ ‘ ‘

Crops grown: PPCP uptake or crop residue or degradation.

Groundwater or Saturated Zone: seasonal recharge of PPCPs to
aquifer or sorption or degradation.

Figure S Potential for PPCPs Treatment in Subsurface (adapted from
EPA 2008; Hai-long and Zu-xin 2006; Muller et al. 2007; Kummerer 2004)

The goal is to apply wastewater at a rate and manner that will allow the site-
specific crop system to assimilate the wastewater constituents such that minimal amounts
will leave the site through leaching or runoff (DEQ 2007). Wastewater land application
and treatment may be analogous to a controlled precipitation event because the goal is to

apply wastewater at a rate and manner for optimizing crop uptake of constituents
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(DEQ 2007). Wastewater land application is a seasonal land use system (DEQ 2007) that
relies on site-specific design and operation to prevent hydraulic overloading, ground
water contamination, and impacts to surface water (such as from runoff) at the
application site (DEQ 2007; Hai-long and Zu-xin 2006). Parameters currently monitored
at Idaho wastewater re-use sites are site- and system-specific for system design and
operation and include hydraulic and constituent loading (i.e., nitrogen, total dissolved
solids, phosphorus, and chemical oxygen demand) (DEQ 2007). The fate and transport of
PPCPs is not regulated and thus not monitored in wastewater treatment lagoons,
wastewater reuse sites, or subsequently in the receiving ground water (EPA 2008; Idaho
Department of Administration 2008). It is now being recognized that, after treatment,
wastewater still contains trace PPCPs that are biologically active (EPA 2008; USGS
2002; USGS 2008a; Drewes 2007; Snyder et al. 2004). The fate and transport of these
emerging contaminants involves a variety of complex processes, and further
understanding of the potential pathways is needed (EPA 2008; USGS 2002; USGS

2008a; Snyder et al. 2004).

Environmental Pathways and Fate of PPCPs in Wastewater

Throughout the wastewater treatment process, air, water, soil, and biota present
multiple potential pathways for PPCPs present in wastewater to enter the environment
(Metcalf and Eddy 1991; Qasim 1999; Richards 1996; Fetter 1999). Three factors
influence fate and transport of PPCPs: 1) the unique physiochemical properties of PPCPs,
2) the transport properties of the receiving environment (see Figure 2 and 3), and

3) chemical transformations of PPCPs along the transport process, which are important in
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interface dynamics (Domenico and Schwartz 1998; Kinney et al. 2006; Fetter 1999;
Crosby 1998). In the dynamic and variable environment that PPCPs encounter during
wastewater treatment, PPCPs partitioning coefficients may be important for predicting
what will occur during vapor/solid, vapor/liquid, liquid/liquid, or liquid/solid stages in
treatment and in the environment (Kummerer 2004; Fetter 1999; Crosby 1998). The
tendency of PPCPs to be in water versus sorbed can provide information about where it
might exist in the wastewater treatment system. The octanol-water distribution coefficient
(Kow) will “indicate the tendency of an organic chemical to partition to lipids or fats, sorb
to particulates such as soils, sorb to biomass or sludge or distribute among the various
environmental compartments” (Kummerer 2004; Fetter 1999). For example, sorption
affinity will be influenced by the molecule’s Ky, its aqueous solubility and its molecular
structure (Kinney et al. 2006; Kummerer 2004). The less polar a chemical or PPCP is the
more potential for hydrophobic partitioning to organic matter to occur (Kinney et al.
2006). The greater the hydrophobicity of the chemical, the greater will be the tendency
for the PPCPs to partition into the hydrophobic organic phase (Kinney et al. 2006). The
greater the chemical’s K, the greater will be the tendency for low water solubility, a
large soil/sediment adsorption coefficient, and a large retardation factor (Kinney et al.
2006; Lissemore et al. 2006; Kummerer 2004). A flow path relationship has been shown
to exist with PPCP concentrations (Lissemore et al. 2006). Past studies indicate that
water-soluble chemicals follow water flow paths and chemicals with high K, values
tend to be found in soils with high total dissolved organic carbon (Lissemore et al. 2006).

These trends suggest that hydrophilic PPCPs may not attenuate during lagoon treatment.
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Therefore, understanding a PPCP’s known chemistry with particular emphasis on Koy
will provide clues for defining pathways to degradation, sorption, or transport. A sorption
guide has been proposed (Drewes 2007; Rogers 1996) that refers to a chemical’s octonal
water partitioning coefficient where a log K,y less than 2.5 will have low sorption
potential (Drewes 2007; Rogers 1996). A log K,y between 2.5 and 4 will have medium
sorption potential and a log K, greater than 4 will have a high sorption potential

(Drewes 2007; Rogers 1996).

In evaluating wastewater treatment systems and PPCPs, the log K., provides
predictive evidence for understanding the pathway a PPCP will take, i.e. water or soil
(sludge). For PPCPs in wastewater, it has been suggested that the concentration
difference between the influent and effluent provide the clearest indicator of total

removal efficiency when based upon a mass balance change (Aga 2008).

PPCP Pharmacodynamics

Understanding PPCP pharmacodynamics, the reactions between drugs and living
systems, is needed for proper evaluation of the sampling results. The chosen PPCPs were
designed to be biologically active chemicals that target end users, so that their direct
effects, which include their mode of action and side effects, are primarily understood
(Drug Information Online 2008). The chemistry of the chosen PPCPs is variable and little
is known about chronic low dose exposure, effects on non-target organisms, and/or
environmental fate and transport (Aga 2008; Drug Information Online 2008;

Crosby 1998; Jjemba 2008; Snyder et al. 2004). As a group, a homogeneous set of
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characteristics both in vivo and in the environment is not expected (Aga 2008; Drug
Information Online 2008; Crosby 1998; Jjemba 2008; Bateman 2001). Pharmaceutical
metabolism generally occurs in vivo and involves chemical changes that most often
convert PPCPs into more readily excreted polar products, thus making them water
soluble (Kummerer 2004; Jjemba 2008; Bateman 2001; Snyder et al. 2004). In general,
most drugs are lipophilic chemicals (Nowak 2005) and their metabolites become more
hydrophilic for elimination (Kummerer 2004; Drug Information Online 2008). This is an
important characteristic in the discussion on environmental fate and future study needs.
Another general point is that pharmaceuticals and their metabolites in addition to being
biologically active are often resistant to degradation. PPCPs may be excreted as the
original ‘parent’ compound, as a conjugate, as metabolite(s) or a combination of the three
(Aga 2008; Crosby 1998; Kummerer 2004; EPA 2008; Jjemba 2008). The wastewater
collection system as discussed earlier, collects PPCPs as they are washed off of the body,
flushed down household drains, or passed out of the body through elimination. The target
PPCPs for this study are in Table 1 and the following discussion of carbamazepine,
gemfibrozil, sulfamethoxazole, and estrogens is needed for further understanding of this

study.

Table1  PPCP Physiochemical Properties (adapted from Snyder et al. 2004)

Molecular Lo
PPCPs Use Woight [Kogw]
Caffeine Stimulant 194.2 -0.07
Carbamazepine Anti-seizure 236.3 2.45
Esterone Estrogen 270.4 3.13
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Molecular Lo

PPCPs Use Woight [wa]

Estradiol Estrogen 272.4 4.01
Ethinyl Estradiol 17 alpha Synthetic Estrogen 296.4 3.67
Gemfibrozil Anti-cholesterol 250.3 4.77
Ibuprofen Analgesic 206.3 3.97
Iopromide X Ray Contrast 791.1 -2.05
Progestrone Estrogen 314.5 3.87
Sulfamethoxazole Anti-biotic 253.3 0.89
Testosterone Androgen 288.4 3.32
Trimethoprim Anti-biotic 290.3 0.91

Carbamazepine

Carbamazepine, an anti-psychotic, anti-epileptic, anti-neuralgic, and anti-diuretic
drug (Drug Information Online 2008; RxList 2009), is one of the most frequently
detected PPCPs in surface waters and not naturally present in ground water (Clara et al.
2005; Miao et al. 2005; Metcalfe et al. 2004; Godfrey et al. 2007; Gagne et al. 2006).
Carbamazepine is a highly polar molecule, (Aga 2008; Daughton 2007; Drewes 2007; Jos
et al. 2003), about 3% is excreted unchanged in the urine (Daughton 2007; Drewes 2007;
Jos et al. 2003) and limited studies indicate that less than 10% is removed during sewage
treatment (Ternes et al. 2004; Hernando Guil et al. 2007; Miao et al. 2005).
Carbamazepine has been found in ground water with no degradation shown in travel
times of more than 6 years (Heberer 2002; Godfrey et al. 2007; Aga 2008;

Snyder et al. 2004). These characteristics have led to speculation that carbamazepine may
be considered as an ideal tracer and could serve as an indicator of wastewater seepage
(Clara et al. 2004; Haack et al. 2009). Ideal tracers are chemicals where there is no

sorption or reactions that will occur with it in the system of study (Dingman 2002; Trapp
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and Matthies 1998). Ideal tracers can be a chemical that is present at measureable levels,

and is not attenuated in the vadose zone or impacted by vegetation (Dingman 2002).

Sulfamethoxazole

Sulfamethoxazole is a sulfonamide-based drug. Sulfonamides are generally used
as antibacterial agents and are the most used class of antimicrobials in the world for
humans and livestock (Kummerer 2004; Metcalfe et al. 2004). Their mode of action is
through competitive inhibition of bacterial folate biosynthesis, which is needed for
nucleic acid synthesis and thus cellular division (Ternes and Joss 2006). This is a process
that may have important implications to biological (aerobic and anaerobic) degradation
reactions in facultative lagoons. The overall biodegradation in wastewater treatment may
be slowed down by antibiotics deactivating the microbial degraders. Since antibiotics are
included in the wastewater mixtures, there may be plant operation and treatment issues
that occur as a result of deactivating microbial degraders in treatment (Jjemba 2008). This
could be important to the discussion of the results if antibiotics are found in the lagoons.
Additionally, as antibiotic resistant bacteria can be found in wastewater (Volkman et al.
2004), the antibiotics found in wastewaters may have a potential role in the spread and
maintenance of multi-resistance of bacterial pathogens (Ternes and Joss 2006; Boreen et

al. 2004; Gobel et al. 2005).

Sulfonamides are generally metabolized by acetylation in humans and only about
15-20% of the active drug appears in the urine (Aga 2008; Ternes and Joss 2006; Gobel
et al. 2005). Sulfonamide residues are potentially carcinogenetic, and one form,

sulfamethazine, is a thyroid carcinogen (Metcalfe et al. 2004), necessitating the
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evaluation of concentrations in wastewaters as an important factor for risk assessment in
future studies. During wastewater treatment, there is potential for retransformation back
to the parent compound (Gobel et al. 2007; Gobel et al. 2005). Sulfonamide removal in
activated sludge and membrane bioreactor (MBR) treatment has been shown to be
variable but overall incomplete so that it is detectable in the effluent (Karthikeyan and
Meyer 2006; Gobel et al. 2007). Secondary treatment methods generally reduce
sulfonamides via sorption and transformation processes (Karthikeyan and Meyer 2006;
Gobel et al. 2007). Sulfamethoxazole is hydrophilic (refer to Table 1) and the mostly
commonly detected form in a study looking at sulfonamides (Gobel et al. 2005).
Sulfamethoxazole has been found in ground water samples (Focazio et al. 2004) and in
shallow ground water wells hydraulically downgradient from a community septic tank
drainfield (Godfrey et al. 2007). When considering its environmental fate in a lagoon, a
study on sulfamethoxazole showed that it may undergo slow photo-degradation in lakes

(Boreen et al. 2004).

Gemfibrozil

Gemfibrozil is an antihyperlipidemic drug that reduces triglycerides and increases
cholesterol carried in high density lipoprotein (Drug Information Online 2008).
Gemfibrozil forms metabolites that are eliminated in urine and feces. Six percent of the
dose can be accounted for in the feces and approximately seventy percent of the
administered human dose is excreted in the urine, with less than 2% excreted as the
unchanged parent compound (Drug Information Online 2008). Gemfibrozil has a high

hydrophobicity (refer to Table 1) and with this tendency to partition into the hydrophobic
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organic phase, it has also been found in treated effluent from wastewater systems with
removal efficiencies ranging from 6 to 50% (Quinn et al. 2008; Gagne et al. 2006;
Daughten and Ternes 1999). Studies also suggest it may be one of the ten most abundant
PPCPs found in wastewater effluent (Gagne et al. 2006). Studies with gemfibrozil
indicate a concern for embryonic effects in mammals and that its toxicity rating should be
reclassified (Quinn et al. 2008). This makes its environmental presence important for

evaluation.

Estrogens
Estrogens occur in males and females during their entire lifetime and have

different biological effects on the different target tissues (EPA 2008; Raftogianis et al.
2000; Okayasu et al. 2005). In addition to reproductive organs, estrogens act on the brain,
bone, liver, and heart (Raftogianis et al. 2000; Okayasu et al. 2005). Estrogens are
eliminated from the body by conjugation whereby a hydrophilic side chain is attached
(glucuronic acid or sulfate) making it more soluble to enter the urine stream (Raftogianis
et al. 2000; Okayasu et al. 2005; Johnson and Williams 2004). Studies suggest that
de-conjugation can occur through enzymatic hydrolysis in the wastewater collection
system or treatment process (Drewes 2007; Snyder et al. 2004; Okayasu et al. 2005;
Johnson and Williams 2004). It is suggested that estrogens have high potential to be
adsorbed to sewage sludges and that longer solids retention times may result in better
removal efficiency of estrogens (Drewes 2007). This may be important at the study site
with a 22 day detention time traveling through the lagoons and an even longer detention

in the storage lagoon. It has been shown that there is a 60 to 90% removal efficiently of
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estrogens from wastewater using MBRs and conventional activated sludge wastewater
treatment methods (Hernando Guil et al. 2007). The bioavailability of estrogens to
influence the environment makes estrogens an important choice for evaluation in
wastewaters (Aga 2008; Clara et al. 2005; Conn et al. 2006; Drewes 2007; Snyder et al.
2004; Daughten and Ternes 1999; Jos et al. 2003; Daughton 2007; Gagne et al. 2006).

Nitrogen

Nitrogen is often used as an indicator for fecal contamination of ground water and
is being studied to determine if there is a correlation between monitoring parameters and
PPCPs (Jjemba 2008; Haack et al. 2009). As such, there may be a correlation between
PPCPs and nitrogen transport through the vadose zone and into ground water. Many
studies have shown that nitrogen transport from surface water sources into ground water
occurs (EPA 2008; Heatwole and McCray 2007; Garg and Jha 2005; DeSutter et al.
2005; Haack et al. 2009). Elevated nitrogen concentrations in ground water have been
implicated with wastewater treatment systems and agricultural operations (Heatwole and
McCray 2007; Garg and Jha 2005) and shallow aquifers may be vulnerable to nitrate
contamination (Garg and Jha 2005). Nitrogen removal from this wastewater treatment
lagoon system may also correlate with some of the chosen PPCPs. If nitrogen is found in
the ground water with PPCPs, the total removal efficiency of the PPCPs and nitrogen at

each sampling location can be evaluated.

www.manaraa.com



21

Oxvygen and Deuterium Isotopes

Isotopes of oxygen and deuterium, a hydrogen isotope, have been shown to
provide a line of evidence toward establishing hydraulic connectivity, between surface
water and ground water (Domenico and Schwartz 1998; Freeze and Cherry 1979;
SAHRA 2005). The fractionation of the stable isotopes of oxygen ('*0) and deuterium
(*H) in atmospheric water vapor is subject to changes when water evaporates and
condenses (Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA 2005). A
linear correlation can be inferred as it relates to water that has not undergone evaporation
(Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA 2005). Therefore,
water with different evaporative histories can have unique isotopic fingerprints
(Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA 2005). Oxygen and
deuterium ratios can be plotted and compared to the Meteoric Water Line (MWL) (see
Figure 6), which is the annual average isotope composition of precipitation at locations
around the globe (Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA
2005). The relationship between 'O and *H in meteoric waters is as follows:

8H = 8 8'%0 +10%0 (SAHRA 2005).

Water that has been unaffected by physio-chemical processes (evaporation)
should fall on the MWL line as it should contain more of the lighter oxygen, as seen in

Figure 6 (Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA 2005).
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Figure 6 Summary of How Hydrological Processes Affect Oxygen and
Hydrogen Isotopic Composition of Water (SAHRA 2005)

As water becomes more depleted in the lighter isotopes through evaporation, it

will deviate from the MWL (Domenico and Schwartz 1998; Freeze and Cherry 1979;
SAHRA 2005). The greater the evaporation the farther away the sample will be from the
MWL (Domenico and Schwartz 1998; Freeze and Cherry 1979; SAHRA 2005). The
same or similar isotopic signatures suggest hydraulic connectivity between surface water
sources and ground waters (SAHRA 2005; Coplen et al. 2000). In this study, oxygen and
deuterium isotope ratios are used to provide evidence to evaluate the connectivity of
lagoon effluent seepage to ground water (SAHRA 2005; Coplen et al. 2000), because
wastewater is subject to evaporative processes during its travel time through a lagoon

(Metcalf and Eddy 1991). The same or similar isotopic signature found in lagoon effluent

www.manaraa.com



23

and ground water may suggest that the effluent, which may contain PPCPs, is recharging

ground water.

Study Location

In order to provide a basis for understanding PPCP contamination contributions
from wastewater to ground water, a study location was needed that could be searched for
pharmaceuticals in the environment, and assessed for hydrology with respect to
movement of pharmaceuticals to the ground water. A specific study site was chosen from
the Idaho Wastewater Reuse permitted sites list. The chosen study location was the City
of Mountain Home Idaho due to its wastewater lagoons, existing monitoring wells and
permitted wastewater land application site. The City of Mountain Home is located in

Elmore County, in southwestern Idaho (Figure 7).

The city had a population of 11,143 according to the 2000 census. The population
has grown to more than 12,500 according to the 2004 estimated census. The 2000 census
indicated that the population base is distributed in age with 29.6% under the age of 18,
9.8% between the age of 18-24, 32.8% between the age of 25-44, 18.1% between the age
of 45-64, and 9.7% over the age of 65. The median age was 32 years (Mountain Home
Economic Development 2004). This residential population contributes the PPCP loading

to the wastewater stream.
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Figure 7 Mountain Home Study Area Showing City of Mountain Home, and
Wastewater Treatment Facility and Extent of Irrigated Agricultural Area East of
Wastewater Treatment Facility (adapted from Baldwin et al. 2009)
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City of Mountain Home Wastewater Treatment

The wastewater treatment facility is located approximately 2 miles south of the
city in Elmore County, in sections 1, 2, 11 and 12, Township 4S Range 6E (Keller
Associates 2006). The location is north of Hamilton Road and is shown in Figure 8. The
general area land use is open range and agricultural fields, with some rural residential
surrounding the municipal wastewater treatment site. The site has been permitted by the
state since 1989 (Idaho DEQ Land Application Permit LA-000037) to land apply its
treated wastewater (DEQ 1996). The waste streams currently collected are from the
primarily residential population base; businesses do not contribute any known unusual
waste and there are no significant industrial discharges to the treatment system (DEQ
1996). Wastewater treatment consists of a nine cell facultative lagoon system (see Figure

9) that operates in series.

The wastewater treatment system was designed for an average daily flow of 1.71
MGD and a peak hourly flow of 4.9 MGD (DEQ 1996). The lagoons overall occupy 205
acres with a total volume when full of approximately 406 million gallons (DEQ 1996;
Keller Associates 2006). The first six clay lined lagoons are treatment lagoons with a
22 day detention time through the system (Keller Associates 2006; DEQ 2009).The last
three lagoons store the treated wastewater for up to 214 days during the winter months
(Keller Associates 2006; DEQ 2009). Storage lagoons seven (7) and eight (8) are clay
lined on the bottom with membrane liner on the sides and storage lagoon nine (9) is fully
membrane lined (DEQ 1998; Keller Associates 2006). Storage is followed by disinfection

using a chlorine solution directly injected into the pipe through a diffuser; treated effluent
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is then sent to be land applied on 260 acres during the growing season of April 1 through
October 31 (DEQ 1996; Keller Associates 2006). Irrigation pumps apply effluent by
sprinkler in accordance with Irrigation Water Requirements throughout the growing
season to fields that historically were planted with small grain, alfalfa, and sugar beets
(DEQ 2009; Keller Associates 2006). The permit requires that constituent loading to the
site for COD is limited to 50 pounds/acre-day for the growing season and the maximum

nitrogen loading is 150% of crop uptake.

In 2005, approximately 500 MG of wastewater entered the treatment system and
286 MG were land applied (Keller Associates 2006). The system was designed for lagoon
seepage to occur (Keller Associates 2006) and during this study seepage was estimated to
be 200 million gallons per year (Keller Associates 2006; DEQ 2009). Only eight lagoons
were in operation during sampling as lagoon six was taken offline in 2002 due to lagoon
seepage in excess of the state rule limit of 0.250 inches (6800 gallons) per acre per day

(DEQ 1998).

The wastewater treatment site has five monitoring wells (MW) and is shown in
Figure 10. The wells were all drilled to depths of less than 20 feet where basalt rock was
encountered (Keller Associates 2006; Mountain Home 1991). MW 1, MW 4, and MW 5
have all been dry as they have never encountered ground water (Mountain Home 1991).
MW 1 is 20 feet below the ground surface, MW 4 is 12.5 feet below the ground surface,
and MW 5 is 10.5 below the ground surface (Mountain Home 1991). MW 2 and MW 3
both have had water present since being drilled, MW 2 is 14 feet deep and MW 3 is 12

feet deep (Mountain Home 1991). The Mountain Home Land Application site
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Engineering Reports on file with DEQ and potentiometric contours maps of the regional
and perched water table show a south to southwesterly direction of ground water flow
(Figure 11 and 12) (Keller Associates 2006; Arney et al. 1984; Bendixsen 1994; Shervais
et al. 2002; DEQ 2009; Young et al. 1992). The contours support that MW 1 is
upgradient from the lagoons; MW 2 and MW 3 are downgradient from the lagoons and

upgradient of MW 4 and MW 5 (Figure 10).
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Overlay Showing City of Mountain Home Wastewater Treatment Lagoons (adapted
from Baldwin et al. 2009)
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Figure 9 City of Mountain Home Wastewater Treatment Facility Lagoons
(adapted from Google Earth 2007)
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Figure 10 Monitoring Wells at Mountain Home Wastewater Treatment Facility
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Figure 11 Potentiometric Contours on the Regional Water Table, Mountain
Home Area (adapted from Young et al. 1992); Black Outline Shows General
Location of Mountain Home Wastewater Treatment Facility (adapted from Baldwin
et al. 2009)
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Figure 12 Potentiometric Contours on the Perched Water Table, Mountain
Home Area (adapted from Young et al. 1992); Black Outline Shows General
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Geology
The City of Mountain Home and the wastewater treatment site are on a southwest
sloping broad flat plateau that lies at an elevation of about 3,140 feet above mean sea
level on the northeast margin of the western Snake River Plain as shown in Figure 13

(Shervais et al. 2002; Arney et al. 1984).
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Figure 13 Regional Map of the Western Snake River Plain Showing Mountain
Home, the Danskin Mountains to the North and the Mount Bennett Hills to the
Northeast (original source Shervais et al. 2002 and adaption taken from Baldwin et
al. 2009)
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The geological framework of the area provides a context for recharge to the local

and regional aquifer system (Baldwin et al. 2009). Rhyolite lavas from volcanic activity

form the base layer on which sediments and basalts were deposited (Shervais et al. 2002)

(Figure 14).
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Figure 14 Interpretative Cross Section Across the Western Snake River Plain in

the Vicinity of Mountain Home; Line of Section A-A’ is Shown on Figure 13

(original source Shervais t al. 2002 and adaption taken from Baldwin et al. 2009)

Shield volcanoes located southwest of Mountain home created a basalt cap over

underlying sediments (Shervais et al. 2002; Wood and Clemens 2002). This basalt cap,

represented by QTrs on Figure 15, surrounds a topographic low that includes the City of

Mountain Home and the wastewater treatment site (Baldwin et al. 2009).
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taken from Baldwin et al. 2009)

Well drillers logs from wells located south of Mountain Home show that the

uppermost basalt is from about 460 to 540 feet thick and is overlain by deposits of clay,
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silt, sand and gravel, referred to as Quaternary Alluvium (Qal) on the map (Baldwin et al.
2009). The thickness of the alluvium (ranging up to about 80 feet) reveals the relief of the
underlying basalt surface (Baldwin et al. 2009) and was determined from drillers’ logs for

wells located within the outline of the alluvial deposits as shown in Figure 16 (Baldwin et

al. 2009).
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Figure 16 Map Showing Outline of Qal in the Mountain Home Area and
Alluvium Thickness, in Feet, from Selected Wells (original source Shervais et al.
2002 and adaption taken from Baldwin et al. 2009)

This area forms the moat where the perched aquifer exists surrounded by basalt
(Shervais et al. 2002; Baldwin et al. 2009). A cross-sectional area of the Qal formation in

Figure 17 shows alluvial material that lies over the basalt.
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Figure 17 Cross Sectional Area of Study Site (derived from Baldwin et al. 2009)

Ground water

A shallow perched aquifer and a deep regional aquifer exist in this study area
(Norton et al. 1982; Bendixsen 1994; Baldwin et al. 2009). The localized perched aquifer
is within the shallow alluvial material mentioned above with the potentiometric contours
previously shown in Figure 12. This area underlies about 38,000 acres (Young et al.
1992) that includes the wastewater treatment site area. This aquifer has a depth to ground
water of 2 to 40 feet within the shallow sediments and is found mainly in the clay, silt,
sand, and gravel of the Quaternary Alluvium (Qal) (Norton et al. 1982). Recharge to the
perched aquifer occurs from local creeks, irrigation canals, and a reservoir located north
of the study area (Norton et al. 1982; Bendixsen 1994; Baldwin et al. 2009). Seepage
from the wastewater treatment lagoons also provides some recharge to the perched
aquifer (Norton et al. 1982; Bendixsen 1994). Ground water contour maps from multiple
studies of the area between 1968 and 1990 indicate that the direction of ground water
movement in the perched aquifer is towards the southwest (Norton et al. 1982; Keller

Associates 2006; DEQ 2009; Bendixsen 1994; Young et al. 1992), which includes the
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area at the wastewater treatment site as seen in Figure 12. An evaluation of data sets and
elevation contours for this perched aquifer from studies from 1968 to 1990 indicates that
no significant changes to flow direction or gradient have occurred over this time
(Bendixsen 1994). It is assumed that the sources of recharge water and the discharge area
remain similar to the conditions from 1968 to 1990. This area according to IDWR was
targeted for further hydrological study and due to budget constraints action toward the

study is on hold.

Depth to ground water in the deeper regional aquifer is from 200 to 400 feet
below land surface. The water is found primarily in basalts and poorly consolidated
detrital material (Norton et al. 1982; Bendixsen 1994; Baldwin et al. 2009; Young et al.
1992). The regional aquifer has permeable zones of highly fractured basalt that occur
within dense, relatively impermeable flow units. Recharge to the regional aquifer occurs
through precipitation in the mountains north of Mountain Home, percolation from
ephemeral streams on the plateau, and through percolation from the perched aquifer
(Norton et al. 1982; Bendixsen 1994). Ground water flow in the regional aquifer is in a
south to southwest direction (Norton et al. 1982; Keller Associates 2006) as shown in

Figure 11.

Conceptual Model

In order to evaluate the potential migration of the wastewater into the perched
aquifer a conceptual model of the underlying ground water flow regime is necessary. The

geological formations in the study area provide a context for discussion of the
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hydrogeologic conditions present at this site and are needed to develop a qualitative
conceptual model of ground water flow paths. Further, several historic studies of ground

water flow within the area are discussed.

Model Boundaries

The hydrogeologic conditions of the site combined with several dry wells around
the periphery of the perched aquifer establish boundary conditions where ground water is
not present. As a consequence, boundary conditions can be clearly defined to establish
ground water flow paths within the perched aquifer on a qualitative basis. A one box
model as outlined in Figure 18 was chosen, as there is not enough available quantitative
information to apply an analytical solution for contaminant transport (such as the
Domenico and Schwartz model) (Schnoor 1996). The goal of the conceptual model is to
describe in some qualitative manner flow characteristics and associated ground water

flow paths in the perched aquifer.
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Figure 18 Aerial View of One Box Model of Site System Boundary

The boundaries of the model have been chosen to correspond with known
boundary conditions where possible. Water flow in and out of the model boundaries is
used to characterize flow within the one box model. A three-dimensional box of the

boundaries is shown in Figure 19.
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The boundaries are described below.

Northerly No Flux Boundary
The northerly no flux boundary is a flow line that is dictated by the Potentiometric

Contours on the Perched Water Table, Mountain Home Area (Figure 12). The northerly
no flux boundary is a physical boundary associated with flow paths and extends through
Monitoring Well 1 where no ground water is present and follows the south west flow

path of the perched aquifer to the extent of the perched aquifer (Figure 18 and 19). This
boundary extends vertically from the ground surface approximately 20 feet to the basalt

cap. Dry wells, which extend to the basalt layer underlying the perched aquifer, lie along
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this boundary. As a consequence, it is assumed that no ground water flows across this

boundary.

Southerly No Flux Boundary

The southerly no flux boundary is a flow line that is dictated by the
Potentiometric Contours on the Perched Water Table, Mountain Home Area (Figure 12).
The southerly no flux boundary is a physical boundary associated with flow paths and
extends through Monitoring Well 4 (Figure 10), where no ground water is present and
follows the south west flow path of the perched aquifer to the extent of the perched
aquifer (Figure 18 and 19). This boundary extends vertically approximately 10 feet from
the ground surface to the basalt cap. As a consequence, no ground water flows in the

alluvium of the perched aquifer across this boundary.

Up gradient In-Flux Boundary

The eastern boundary extends horizontally from the eastern edge of the northern
boundary to the eastern edge of the southern boundary (Figure 19). Based upon the large
scale ground water gradients, of approximately 60 ft per mile (Young et al. 1992), ground

water flows into the perched aquifer of the conceptual model along this boundary.

Downgradient Boundary

The downgradient boundary (Figure 18 and19) exists to the western edge of the
alluvial deposits and thus the western extent of the perched aquifer (Shervais et al. 2002;
Baldwin et al. 2009). It extends horizontally from the western edge of the northern no
flux boundary to the western edge of the southern no flux boundary. This downgradient

boundary extends from the ground surface to the basalt cap. As a consequence of the
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alluvium material deposition ending, there is no ground water present as the alluvium of
the perched aquifer does not exist along this boundary. It is assumed that no flow exists

across this boundary.

Lower Boundary

The lower boundary is defined by the basalt cap underlying the perched aquifer
(Figure 20). At the western edge of this boundary, the basalt cap rises to the surface and
the alluvial sediment ends (Shervais et al. 2002; Baldwin et al. 2009). Based on this
information, it is assumed that flows through this boundary, if present, are downward

under the influence of gravity since it is not under confining conditions.

Upper Boundary

The upper boundary is defined by the ground surface as shown in Figure 20.
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Excluding wells, water crossing this boundary is from evaporation, precipitation,
lagoon seepage, and land applied wastewater. As discussed earlier, the 205 acres of
lagoons seep approximately 200 million gallons per year into the alluvium of the perched

aquifer. This represents a defined inflow into the conceptual model.

Flow Paths
The flow paths across the boundaries of the conceptual model characterize the

flow paths for water and PPCPs (Figure 20). Water flowing into the system could be from
precipitation, the upgradient perched aquifer, and the headworks. Water flowing out with
PPCPs could go to the downgradient perched aquifer (through the sludge of the lagoon),

be applied on the land application site, and flow from the perched aquifer into the basalt
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layer. Based upon the descriptions of the boundary conditions that are defined in the
conceptual model, MW 2 exists within the perched aquifer downgradient of seepage from
the lagoons. Based upon the descriptions of the boundary conditions that are defined in
the conceptual model, MW 3 is not downgradient of the lagoons. The conceptual model
and flow paths indicate that MW 2 has the potential to be impacted by PPCPs from the
lagoon if PPCPs exist in the perched aquifer. The conceptual model and flow paths
indicate that MW 3 exists in the perched aquifer but should not be impacted by any

PPCPs originating from the lagoons.
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MATERIALS AND METHODS

In this section, the general approach to determine if PPCPs can be contributed to
ground water at the City of Mountain Home Municipal Wastewater Lagoon Treatment
site will be discussed. This provides a basis for understanding PPCP contamination

contributions from wastewater to ground water at the study site.

Local studies on the issue of PPCPs must focus on reconnaissance, which
includes collection of baseline data examining PPCP use patterns and related population
densities (Focazio et al. 2004). As studies of specific wastewater sites grow, the data may
expose relevant trends in PPCP fate and transport over the range of wastewater treatment
and hydrologic conditions across the United States. Concentration differences of PPCPs
found at this study site in the influent (the headworks) and the effluent (storage lagoon)
were evaluated for total removal efficiency. Additionally, concentration differences of
PPCPs found in ground water at monitoring wells at this study site were evaluated for

total removal efficiency.

Sampling Parameters

The sampling parameters will be discussed, followed by the sampling methods.
The target PPCPs for this study are in Table 1 and were chosen based upon analytical

capabilities, costs, occurrence data from previous studies (Aga 2008; Clara et al. 2005;
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Conn et al. 2006; Drewes 2007; Snyder et al. 2004; Daughten and Ternes 1999; Jos et al.

2003; Daughton 2007), and physio-chemical properties.

The target list includes primarily pharmaceuticals and was initially limited to
evaluating carbamazepine, gemfibrozil, sulfamethoxazole, and the estrogens
Progesterone, Esterone, Estradiol, and Ethinyl Estradiol 17alpha. Upon evaluation of
analytical laboratories capable of testing for these parameters, the list was expanded to
include twelve that were part of an analytical panel offered by the chosen lab. The

remaining PPCPs were only evaluated for presence or absence in analytical results.

Carbamazepine

Carbamazepine was reviewed to determine its flow through the system and
potential as an indicator PPCP. It is unknown if the demographics of the area around the
Mountain Home site are such that carbamazepine is used enough to be detectable in the
headworks; however, it was chosen due its detection in other studies and low octanol-

water partitioning coefficient.

Sulfamethoxazole

Because studies have shown that sulfamethoxazole may be degraded in lakes, it
may be correlated to the storage lagoon water at this site. Based upon the limited
analytical data and the variance of fate and transport data, it was unknown if
sulfamethoxazole could be found in the treatment system or the ground water system in
the study area. The prevalence of its use worldwide suggested that it could be found in

the headworks if there was enough used in this community.
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Gemfibrozil
Since gemfibrozil has a high hydrophobicity and is found frequently in

wastewater effluent, it was chosen as a sampling parameter. It is unknown if gemfibrozil
will be detectable from this small population in the headworks. If it is present in the

headworks, the high hydrophobicity suggests that it may just go directly into the sludge.

Estrogens
Based upon the incomplete removal efficiency of estrogens reported, there is the

potential to find estrogens in the headworks and discharge effluent at this site. Four
estrogens were tested for in the samples; Progesterone, Esterone, Estradiol, and Ethinyl
Estradiol 17alpha (refer to Table 1). Each has a hydrophobicity, which influences a
tendency to partition into the hydrophobic organic phase, which suggests presence in the

sludge.

Isotopes in Wastewater Treatment Lagoons

The wastewater lagoon treatment is subject to evaporative processes during the
time it takes for water to travel through the series of nine lagoons, and as it remains in the
ponds for winter storage. Ground water within the site boundary impacted by the lagoons
should contain water with a similar isotopic signature as the lagoons, or be representative
of water that was mixed with evaporative water from the lagoons (Baldwin and Cook
2004; Baldwin et al. 2009). The oxygen and deuterium isotope results may provide
evidence for hydraulic connectivity between surface and ground water based on
evaporation (Crosby 1998; Baldwin and Cook 2004; Schnoor 1996; Baldwin et al. 2009).

It is expected that the ground water in the regional aquifer would not have been exposed
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to evaporative processes and that the headworks for the wastewater treatment system
water would have an isotopic signature similar to the regional aquifer since the regional
aquifer is the source of water to the city and thus to the wastewater treatment collection
system (Baldwin et al. 2009). It is also expected that if water from the lagoons
contributes to the perched aquifer, the perched aquifer should have an isotopic signature
similar to lagoon water (Baldwin and Cook 2004; Baldwin et al. 2009). A public water
system (PWS) well upgradient of the lagoon system was sampled. Water from this well
should be similar in isotopic signature to the water in the headworks since evaporative

processes are limited as water travels from the well to the wastewater treatment site.

Sampling Methods

Based upon expectation of flow paths (Figure 20), four sampling locations were
chosen to be sampled in series from the site that is assumed to have the least potential of
PPCPs to the site that had the greatest potential for high concentrations of PPCPs. Grab
water samples were taken November 2007, following the experimental plan as follows.
Samples were taken from Monitoring Well 2, then Monitoring Well 3. Afterward,
samples of wastewater were collected from the last wastewater lagoon in series and then

near the headworks or influent to the first lagoon.

All personnel on the water sampling team reviewed procedures for using EPA
Method 1669 (i.e., “clean hands/dirty hands” procedures) for Sampling Ambient Water
for Trace Metals. This protocol was modified for sampling trace PPCPs with appropriate

considerations for the ability to contaminant water samples with the PPCPs of interest.
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The intent is to maximize the ability of the field sampling team to collect samples reliably
and eliminate sample contamination. The collection of samples included a duplicate and
field blank for the first four samples taken. The duplicate consisted of sample containers
filled with the same composite water from the same sampling site. The duplicates
determine both field and laboratory precision. The field blank sample was used to
determine the integrity of the field sampling events, the condition of the sample
containers supplied by the laboratory, and the accuracy of the laboratory methods. Both
the duplicates and blank samples are stored and handled with the normal sample load for
shipment to the laboratory. MWH Laboratories (Table 2) was used for PPCP sample
testing as it met the Unregulated Contaminant Monitoring Regulations (UCMR)
Laboratory Approval Program application and Proficiency Testing (PT) criteria. MWH
Laboratories is an EPA Approved laboratory for sampling UCMR using EPA 527, 529,

521, 525.2, and 535 methods for PPCP analysis.

Table2  Laboratories
Laboratory List Parameters Address
Idaho Bureau of TKN, NH4, NO3-N, Cl, | 2220 Old Penitentiary Rd

Laboratories

SO4, TDS, Total P

Boise ID 83712

U of Arizona
Environmental Isotope
Laboratory

Isotopes: 18O, D, 5N

Dept. of Geosciences
Tucson, AZ 852721-0077

MWH Laboratories

PPCPs

750 Royal Oaks Dr, Ste
100, Monrovia, CA
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The laboratory used for testing of general field parameters is the Idaho Bureau of
Laboratories (Table 2), which is certified for the chemical and microbiological testing of
drinking water from public water systems as part of the primacy agreement between the
State of Idaho and EPA. 1t is certified for microbiological, organic chemistry, and

inorganic chemistry analytes and methods.

The laboratory used for isotopes was the University of Arizona Environmental
Isotope Laboratory (Table 2). This laboratory has been used for isotope testing previously
for some of the sample sites and was used for consistency of sample and data evaluation.

At each well, a Geopump Peristaltic Pump was used to draw samples from the
wells. Field parameters for specific conductance, pH, temperature, and total dissolved
solids were measured with a Horiba Water Quality Checker U-10. The pH and
conductivity meters were calibrated to manufacturer specifications, then measurements
taken from each well while purging. Field parameter measurements were considered
stable when three successive measurements taken at intervals of 5 minutes or more
differed by the following: specific conductance 5% or less, pH 0.1 unit or less, and
temperature 0.2 °C or less.

Prior to donning personal protective equipment and obtaining any sample, field
personnel designated roles and responsibilities for the sampling and discussed the
modified procedures that needed to be used during sampling events. Care was taken not
to spill any contaminants (e.g., water, etc.) on or near the sampling site, or to let any
sampling equipment come into contact with potential contaminants. Field personnel wore

powder-less nitrile laboratory gloves during sampling and processing and changed to
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clean gloves with each change in activity or potential glove contamination. They avoided
breathing directly over open samples/equipment and avoided direct contact between
themselves (including clothing) and the sample, sampling device, and processing
equipment. On the day of sampling activities, they avoided contact with or consumption
of the products listed below:
e Wastewater compounds such as soaps and detergents, including antibacterial
cleansers.
e Pharmaceutical compounds such as prescription drugs, medications, and
hormonal substances that are in the list of PPCPs.
Upon arrival at the sampling sites, one member of the two person sampling team was
designated as “dirty hands” and the other “clean hands.” The persons assumed the “dirty
hands” and “clean hands” roles wearing Tyvek coveralls and powder-less nitrile
laboratory gloves, and surgical masks with sampling equipment and containers
appropriately staged nearby. The dirty hands sampler observed techniques employed by
clean hands personnel and to notify the field team immediately in the event that any
possible contamination was observed or suspected, or if incorrect sampling techniques
were utilized.

The clean hands sampler touched the sample container and transferred the sample
from the sample collection device to the sample container. The dirty hands sampler was
responsible for the operation of the machinery and other activities that did not involve
direct contact with the sample. “Clean hands” placed the clean empty sample containers,

removed the lids of the containers, and placed the end of the tubing into the containers.
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“Dirty hands” started the pump. “Clean hands” moved the tubing to a clean container.
“Dirty hands” stopped the pump. “Clean hands” replaced the lid on the container and
returned the container to the designated place. “Dirty hands” placed the bottle into the
cooler. Gloves were changed between samples and sample sites. Samples were collected
as quickly as is reasonably possible, while carefully preventing any contact between the
containers and any surface other than the sampling surface. Lagoon samples were
collected by using a grab sampling technique, through immersion into the water by a
certified clean amber glass bottle and transferring that into the laboratory prepared
bottles. The water in the monitoring well samples was pumped to the surface and the
sample containers filled directly. Collected samples were stored in ice chests with freezer
packs to maintain 4°C from the time of the sampling event until sample custody was
transferred to the lab. After leaving the field, samples going to MWH laboratory were
packed for shipment and sealed in ice chests with refrigerated packs, with the required
chain of custody forms. Samples going to Idaho Bureau of Laboratories were dropped off
by field personnel and samples going to U of Arizona Environmental Isotope Laboratory
were shipped.

Some additional isotopes were collected May 2008 from the lagoons for additional
verification of isotopic evidence. Laboratories analyzed samples as shown in Table 3.
The sample containers were provided by the laboratories in order to ensure that they were
clean, uncontaminated, and suitable for the analysis methods used (Table 4).

The details are further described in the Quality Assurance Plan (QAPP) that is found

in Appendix A and is included within this thesis. The QAPP was based on the EPA
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guideline methods available at the time of the original sampling (EPA 2007a; EPA

2007c). The purpose of the QAPP was to ensure that the sample collection and testing

was performed appropriately. As fieldwork was conducted, the QAPP document was

referenced to maximize the ability of the field sampling team to collect samples reliably

and eliminate sample contamination.

Table 3  Laboratory Analysis Method

Parameters Test Method Lab

Caffeine USGS 2 mod MWH Laboratories
Carbamazepine USGS 2 mod MWH Laboratories
Esterone USGS 2 mod MWH Laboratories
Esteradiol USGS 2 mod MWH Laboratories
Ethinyl Estradiol USGS 2 mod MWH Laboratories
Gemfibrozil USGS 2 mod MWH Laboratories
Ibuprofen USGS 2 mod MWH Laboratories
Topromide USGS 2 mod MWH Laboratories
Progestrone USGS 2 mod MWH Laboratories
Sulfamethoxazole USGS 2 mod MWH Laboratories
Testosterone USGS 2 mod MWH Laboratories
Trimethoprim USGS 2 mod MWH Laboratories
6180% IRMS University of Arizona
oD% IRMS University of Arizona
i;)(t;l Kjeldahl Nitrogen, SM 4500-Norg D Idaho Bureau of Laboratories

Ammonia as N

SM 4500 NH3 H.

Idaho Bureau of Laboratories

Nitrogen, Nitrate+Nitrite | EPA 353.2 Idaho Bureau of Laboratories
Chloride EPA 300.0 Idaho Bureau of Laboratories
Sulfate EPA 300.0 Idaho Bureau of Laboratories
Total Dissolved Solids SM 2540C Idaho Bureau of Laboratories
Total Phosphorus 10-115-01-1-F Idaho Bureau of Laboratories
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Table4  Sampling Locations and Containers Used
U of Arizona
St Location Idaho Burfeau of | Environmental MWH Labs
Laboratories Isotope
Laboratory
Collect 3
2 1-liter 1 125 mL Samples: 1
Well H,O Monitoring Well 2 | Polyethylene Polyethylene Liter Glass
Cubitainers Container Amber
Bottles
Collect 3
2 1-liter 1 125 mL Samples: 1
Well H,O Monitoring Well 3 | Polyethylene Polyethylene Liter Glass
Cubitainers Container Amber
Bottles
Collect 3
2 1-liter 1125 mL Samples: 1
Effluent H,O WW Lagoon 8 Polyethylene Polyethylene Liter Glass
Cubitainers Container Amber
Bottles
Collect 3
2 1-liter 1 125 mL Samples: 1
Influent H,O ?eadworks/Lagoon Polyethylene Polyethylene Liter Glass
Cubitainers Container Amber
Bottles
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RESULTS AND DISCUSSION

PPCPs were detected in the samples from the headworks, in the storage lagoon
and in a monitoring well downgradient of the lagoon. Twelve PPCPs were tested and
eleven were found in the headworks. Seven PPCPs were found in the storage lagoon. Six
PPCPs were found in downgradient MW 2. Water isotopes from these samples were

examined to further evaluate flow paths.

The sampling results indicate detection of PPCPs in both wastewater and ground
water and a summary of the data from the sampling events are found in Table 5, 6, and 7.
The raw data can be found in Appendix B. The results indicate that PPCPs are present in
detectable and varying concentrations in the samples.

The QAPP defined guidelines for differences within duplicate samples and
allowed concentrations in field blanks. These guidelines, when met, provide a measure of
accuracy, consistency, and validity of the test results. The results were compared with the
QAPP guidelines. Per the QAPP, duplicate samples should be within 30% of each other
in order to be valid. All samples, except Caffeine and Esterone, complied with the
maximum relative standard difference of 30% as specified in the QAPP. Further
discussion of Estrogen related compounds are presented in a section specific to these
compounds. Additionally, the QAPP specifies all field blank samples should contain

below acceptable values for PPCPs. The field blank samples, except Caffeine, were no-
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detect and thus fall within the guidelines specified within the QAPP. As a consequence of
the above analysis, all PPCPs test results, except for those of Caffeine and Esterone, are
considered accurate.

The PPCP data and isotopic data for all samples will now be discussed to provide
a more complete picture of the results. Where connectivity is present between the lagoons

and monitoring wells, PPCP concentrations are evaluated for total removal efficiency.

Table 5  Results for Field Parameters and Major Ions from November 2007

Sampling Event

Temp (degC) | 18.6 12.5 14.8
£ pH (units) 8.6 6.93 7.24
2 Sp Cond (uS/cm) | 401 1100 750
g g D.O. (mg/L) 0.07 2.67
& & turbidity | NTU 0 0
Ammonia
e (mg/L) | 0.01 19 8.1 0.03 0.01
Cl (mg/L) | 16 33.5 67.8 101 31.70
Nitrogen,
Nitrate- (mg/L) | 2.5 0.27 0.58 | <0.01 6.00
Nitrite
Nitrogen,
Total (mg/l) | 02 27 14 0.62 0.30
Kjeldahl
UWettzl (mg/L) | 2.7 27.27 1458 | 0.63 6.3
2 Nitrogen ' ' ' ' '
= | Total
5 | Phosphorus (mg/L) | 0.02 3.8 4 0.13 0.27
= | Sulfate (mg/l) | 42 2.7 469 | 197 | 1110
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Dissolved 260 516 673 523.0
Solids
Table 6  Results for PPCPs from November 2007 Sampling Event

Caffeine 5 ND 7920 48 12 36 2.6 ND
Carbamazepine 5 ND 92 64 77 82 ND | ND
Esterone 1 ND 16 450 120 ND ND | ND
Estradiol 1 ND ND 49 ND ND ND | ND
f;'gl'llﬁfs“adm 5 ND | ND 62 9 |ND ND | ND
Gemfibrozil 1 ND 440 880 ND ND ND | ND
Ibuprofen 1 ND 1820 ND ND ND ND | ND
Iopromide 5 ND 17 ND 6.8 ND ND | ND
Progestrone 1 ND 520 ND ND ND ND | ND
Sulfamethoxazole | 1 ND 158 87 1.1 5.8 ND | ND
Testosterone 1 ND ND ND ND ND ND | ND
Trimethoprim 1 ND 40 ND ND ND ND | ND
ND: Non Detect
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Table 7  Isotope Data

PWS well Nov-07 -15.5 -124
Headworks Nov-07 -16.0 -124
Lagoon 8 Nov-07 -7.0 -79
MW-2 Nov-07 -7.6 -83
MW 3 Nov-07 -14.5 -116
Lagoon 7 May-08 -1.5 -56
Lagoon 4 May-08 -8.7 -93
Lagoon 3 May-08 -9.9 -99
Lagoon 2 May-08 -11.3 -106
Lagoon 2 May-08 -11.3 -106
Headworks May-08 -15.9 -125
Isotopes

Isotope data of oxygen and hydrogen (**0 and *H) are listed in Table 7 and

plotted in Figure 21. The data show an evaporative trend from the headworks through the

series of lagoons.
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Figure 21 Oxygen Versus Deuterium Isotopes for Samples Collected, Plotted

Against the MWL

The headworks and PWS have comparable isotopic values. This confirms that the

water from the regional aquifer has undergone little evaporation as it travels from the

well head through the distribution system and to the wastewater treatment system. The

samples from wastewater treatment lagoons 2, 3, and 4 show a progressive increase in

concentration of the heavier isotopes of oxygen and deuterium. This indicates that the

water in the lagoons has evaporated as it has passed through the successive lagoons as

more '°0 and 'H has entered the vapor phase. The storage lagoons contain treated water
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that is entering for storage, and water that has been accumulating in the lagoon for
storage over the winter (or non-irrigation season). The water samples collected from
these lagoons show additional evaporative effects and plot in the upper-right part of the
graph. The range in oxygen and deuterium values reflects evaporative effects of
seasonality and detention time. The storage lagoons are designed so that Lagoon 7 is
filled first and then drawn down last, as water is pumped for irrigation in the summer.
The isotopic evidence also supports this as shown in Figure 21. The results show that the
most evaporation has occurred in Lagoon 7, which has the longer detention time. Lagoon
9 should be the last to fill and the first to empty in the series of three storage lagoons, thus
it will have the shortest detention time for all three storage lagoons. The data confirms
that lagoon 9 has less evaporative effects than lagoon 7 and 8. MW 2 also shows
evaporative effects indicative of surface water from lagoon 9. MW 2 is downgradient of
lagoon 9, and isotope results from the lagoon water and the ground water at MW 2 are
similar. The isotope evidence indicates that ground water at MW 3 does not contain water
that has been exposed to evaporative effects to the same extent as the wastewater
treatment and storage lagoons. This is a line of evidence for establishing that the water
from MW 3 is not hydraulically connected to water seeping from the pond system. These
isotopic data corroborate the ground water flow direction derived from measurement of
ground water level in the perched aquifer (shown in Figure 12) and show that ground
water cannot flow from MW 2 to MW 3. The isotopic results from MW 3 indicate that
ground water at this well is primarily from sources that are not lagoon surface water.

Thus, the ground water flow direction in the perched aquifer is to the west or southwest
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from the lagoons and MW 3 is cross gradient to ground water originating from the lagoon

system. This isotope data is in agreement with conceptual model.

Carbamazepine

Carbamazepine data (Table 8) represented in the column chart shown in Figure 22

indicates that carbamazepine was found in six sampling locations, including MW 2 in the

perched aquifer.
Table 8 Carbamazepine Concentrations from Collected Samples
Lagoon | MW | MW 2 MW | Field
Analyte LA GRS 8 2 duplicate 3 Transfer
ng/l. | ng/L ng/L. ng/L. | ng/LL ng/L. | ng/LL
. ND 92 64 77 82 ND ND
Carbamazepine
100
90
B0
70
m Headwaorks
G0
W Lagoons
ngfL 50 - w2
40 - ® W2 duplicate
30
20 -
10 -
|:| -

Figure 22 Carbamazepine Concentrations from Collected Samples
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The average concentration found from all six samples taken was 79.2 ng/L. The
carbamazepine concentrations show comparable values (an average of 78 ng/L) through
the wastewater treatment process from the headworks to lagoon eight. The total removal
efficiency of the wastewater treatment system indicates approximately 30% treatment
removal of carbamazepine from the headworks to the storage lagoon. The data from the
samples taken from MW 2 indicate an average concentration of 79.5 ng/L. The isotopes
and the carbamazepine data indicate that the lagoon water is impacting the local perched
aquifer at MW 2. These findings support that carbamazepine shows little attenuation
during ground water recharge. The log [K,w] of carbamazepine (Table 1) is less than 2.5,
which, as discussed earlier, would be predictive of having low sorption potential. This
data supports the premise that carbamazepine sorption is very low. These findings may
also support that carbamazepine can be used as an indicator parameter, to identify and

perhaps quantify domestic waste impact to ground water.

There was no detection of carbamazepine in the blank water field transfer and
MW 3. The carbamazepine data along with the isotope data further suggests that MW 3 is

not downgradient to the lagoon system, and is in agreement with conceptual model.
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Sulfamethoxazole

Sulfamethoxazole data (Table 9) represented in the column chart shown in Figure
23 indicates that sulfamethoxazole was found in the headworks, the storage lagoon, and

MW 2 in the perched aquifer.

Table 9 Sulfamethoxazole Concentrations from Collected Samples

PWS | Headworks Lagoon | MW | MW 2 MW | Field

Analyte 8 2 | duplicate | 3 | Transfer
ng/L. | ng/L ng/L. ng/L. | ng/L ng/L | ng/L
Sulfamethoxazole | " 158 87 1.1 5.8 ND |ND
120
158
1&0
140 A
. m Headworks
100 4 W Lagoon s
et 80 1 m w2
W MAW2 duplicate
(ST
40 -
20 1
n 4

Figure 23 Sulfamethoxazole Concentrations from Collected Samples

Sulfamethoxazole shows a decreasing concentration from process order in the
wastewater treatment lagoons. The trend in concentration from the headworks to the

storage lagoon indicates attenuation during treatment, and then further attenuation from
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the lagoons to MW 2. Utilizing the supporting evidence that MW 2 is connected to the
lagoons based on the information referenced in Figure 21, the sulfamethoxazole data
indicates that sulfamethoxazole attenuation occurs from the storage lagoon during
transport to MW 2. There was no detection of sulfamethoxazole in the blank water field
transfer or in samples from MW 3. The carbamazepine and sulfamethoxazole data along
with the isotope data further suggests that MW 3 is not downgradient to the lagoon
system and is in agreement with the conceptual model. Sulfa drug removal, as discussed
earlier, is shown to be variable and detectable in effluent and this data supports that
incomplete removal is occurring. Only about 15-20% of the active drug appears in the
urine and this population base of 11,000 provides enough sulfamethoxazole to be
detected in the headworks. These data also suggest, approximately 55% total removal
efficiency from the headworks to the storage lagoons.

These data show low dose concentrations of the antibiotic sulfamethoxazole in the
storage lagoon. As discussed earlier, there is concern over low dose antibiotics in
wastewater lagoons and the potential for the spread and maintenance of multi-resistance
bacterial pathogens.

Sulfamethoxazole is seeping from the lagoons into the perched aquifer in very

small but detectable concentrations that average 3.5 ng/L.
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Gemfibrozil

Gemfibrozil data (Table 10) represented in the column chart shown in Figure 24

indicates that gemfibrozil was found in the headworks and the storage lagoon but not in

the perched aquifer.
Table 10 Gemfibrozil Concentrations from Collected Samples
Analyte PWS | Headworks Lagsoon MZVV 1(;/fl‘;)vliiate Mi’avV gi:z:gsfer
ng/L. | ng/L ng/L ng/L | ng/L ng/L | ng/L
Gemfibrozil | ND | 440 880 ND | ND ND |ND
1000
200 BED
200
700
G800
B Headwoarks
hefL 500 B Lagoons
400
300 -
200 -
100 -
0

Figure 24 Gemfibrozil Concentrations from Collected Samples

Gemfibrozil is found in treated effluent from various wastewater treatment
systems and these data show an increasing concentration trend from process order in the

wastewater treatment lagoons from the headworks to the storage lagoon. Since
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gemfibrozil is excreted as a metabolite, which was not tested for in this study, the
increased concentration can plausibly be explained by transformation of metabolites to
gemfibrozil in the storage lagoons. Additionally, evaporative effects within the storage
lagoons may lead to increased concentration of gemfibrozil. Analysis of total removal
efficiency does not apply, as the data shows an apparent increase in concentration during
the lagoon treatment process. Gemfibrozil has a high hydrophobicity (Table 1) with a log
[Kow] 0f 4.77 and its preference to partition to sludge could be explained by this data.

There was no detection of gemfibrozil in the blank or monitoring wells.

Estrogens

There were four estrogens analyzed in the sampling and the data (Table 11) is

shown in the column chart in Figure 25.

Table 11 Estrogen Concentrations from Collected Samples
Lagoon | MW | MW 2 MW | Field

Analyte AN | LECEN . 8 2 | duplicate | 3 | Transfer

ng/L | ng/L ng/L ng/L | ng/L ng/L | ng/L
Esterone ND 16 450 120 | ND ND |ND
Estradiol ND ND 49 ND | ND ND | ND
Ethinyl
Estradiol 17 | ND ND 62 9 ND ND |ND
alpha
Progestrone | ND 520 ND ND | ND ND | ND
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Figure 25 Estrogen Concentrations for Collected Samples

There was no clear overall trend with the estrogens. Esterone, Estradiol, and

Ethinyl Estradiol 17alpha show increased concentrations in the storage lagoon. These

data are indicative of Esterone, Estradiol, and Ethinyl Estradiol 17alpha undergoing de-

conjugation of the metabolite during treatment, thus forming the parent compound. There

was no analysis for estrogen metabolites, as a consequence a non-detect in the headworks

of the parent compound (the estrogen), followed by a subsequent detection in the

treatment process, can indicate that metabolites exist. Estimation of a total removal

efficiency of this system for estrogens is not possible without the metabolite data.

Progesterone was only found in the headworks of the treatment system and was not

detected in other samples, which may indicate treatment in that it either breaks down or is

partitioning to the sludge during treatment. The log [K,] of 3.67 (Table 1) predicts a
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medium to high sorption potential and thus partitioning to the sludge during treatment is
likely. The sampling data from MW 2 detected only two estrogens, Esterone and

Estradiol. There were inconsistencies in concentrations analyzed for estrogens in MW 2.
There is no known explanation for this. The sludge or alluvial materials were not studied

to determine if estrogens are preferentially partitioning to sludge or breaking down.

Total Nitrogen

The wastewater treatment system is designed for nitrogen removal and the data
(Table 12) as shown in the column chart in Figure 26 indicates that nitrogen removal is

occurring from the headworks to the storage lagoon.

Table 12 Total Nitrogen from Collected Samples

Lagoon | MW | MW | Field
Analyte PWS | Headworks 8 2 3 Transfer
mg/L | mg/L mg/L mg/L | mg/L | mg/L
Total Nitrogen 2.7 27.27 14.58 0.63 |63 ND

www.manaraa.com



71

30
27.27
25
20 m PW5
W Headworks
mgfL 15 m Lagoonid
W MW 2
10 m W3
5
0

Figure 26 Total Nitrogen from Samples Collected

Ground water at MW 2 has a very low total nitrogen concentration. A significant
decrease in total nitrogen occurs in the vadose zone as seepage moves from the storage
lagoon to the perched aquifer. At this site, there is an unknown mechanism by which
nitrogen is being removed from the ground water going to this well. By comparison,
ground water at MW 3 has a much higher total nitrogen concentration, which indicates
that the attenuation is not the same mechanism. This supports previous discussed trends
with isotope and PPCP data, which support that MW 3 is not connected to the lagoons,
that ground water flow is to the west or southwest from the lagoons, and is in agreement

with the conceptual model. The source of nitrogen must originate from areas to the east

or northeast.
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CONCLUSION

This study confirmed that during the course of wastewater treatment in a lagoon
system PPCPs from a small population base are present in inflow to a lagoon treatment
system and also within the treatment and storage lagoons. Through development of a
conceptual model and isotope sampling data the study provided evidence of hydraulic
connectivity between the lagoons and a downgradient ground water monitoring well.
Furthermore, some PPCPs were shown to have traveled from the lagoons to a
downgradient ground water site, which is in agreement with the conceptual model. The
study also suggests that PPCPs may exist as metabolites within the headworks and
subsequently reform to the biologically active parent compound at later stages of
treatment and in downgradient ground water. This is a critical point when studying
compounds such as estrogens, since the metabolites must also be studied in order to form
a quantitatively accurate study. The transformations of PPCPs makes studying and
quantifying the PPCPs and their metabolites in a treatment system more complicated. The
metabolites and their properties may allow for additional environmental pathways of
transformation. This study did not include metabolites and, as a consequence, limited the
ability of the study to characterize PPCPs, where metabolites may be present. The PPCP
detections at this site can help define exposure and add to the data for development of
models for predicted environmental concentrations and risk assessment. Where

background environmental levels of biologically active PPCPs exist, the impacts from
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chronic low dose exposure are relatively unknown in living organisms. Exposure data
and toxicity data are important pieces of understanding for developing risk and must
include the effects from a specific PPCP and concomitant exposure. Another area for
further study is the unintentional exposure of non-target species of PPCPs developed for
human health benefit and the environmental cascading effects that may occur from those

affected species.

This Idaho study of PPCPs in a municipal wastewater treatment lagoon system
could be expanded. Further studies could be directed in two broad categories. The first
category could be those studies that concern the specific environment that the PPCPs are
traveling within and the second category would be the study of the PPCPs within those

travel pathways.

Within the first category, the hydrogeology of the study area could be mapped in
greater detail to further refine the model of potentiometric ground water flow. This could
be done through the drilling of additional monitoring wells and subsequent monitoring of
ground water levels. Additional well data could be used to further characterize the vadose
zone and geologic formations at the study site. Another potential area of study would be
to examine the plume characteristics within the ground water. This could be
accomplished by increasing the number of sampling sites. Studies within this category
would also substantiate the assumptions about the subsurface conditions below the

lagoons and the ground water flow patterns at this site.

The second category of studies could include a longitudinal study and quantitative

analysis of PPCPs and related metabolites in the various stages of treatment along with
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dye tracer studies to determine the actual mixing that occurs in each lagoon. The lagoon
sludge could be analyzed for PPCPs to further define the assumptions with hydrophobic
PPCPs and partitioning to the sludge. The study of this sludge and its life cycle could
provide important information about PPCP fate and transport. Sludge is often removed
from lagoons and land applied and there is limited research in this area of study to date.
The list of PPCPs studied could also be expanded. The regional aquifer downgradient
from this site could be explored for impacts from PPCPs and other parameters. The
vadose zone below the lagoons could be defined and core samples taken and analyzed for

PPCPs.

Additionally, in this second category of study, the liquid and solid streams of
exposure could be evaluated based upon their use as nutrients for crops, and assimilation
of PPCPs within those crops before and after crop harvest and processing. Human
wastewater has nutrients that become more valuable as land resources become limited
and agricultural needs grow with the growing world populations. The understanding of
risk from the liquid and solid streams generated from wastewater treatment is important
to global sustainability as it applies to wastewater reuse. With wastewater reuse, the

needs for fresh water sources and ground water recharge must be considered.

As PPCPs primarily enter into wastewater treatment systems through the sewers,
reducing the probability of exposure may be an important function of the mitigation
efforts that should be explored. Concerned communities can immediately attempt to

reduce loading to sewer systems of PPCPs through community drug take back programs.
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Studies that begin to identify and quantify the reduced loadings of PPCPs in the sewer
would be another avenue for exploration in mitigation.

This study found PPCPs contributed to the environment through municipal
wastewater lagoon treatment, which adds to the exposure data and supports that further

study of PPCPs is imperative and of concern.
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PROJECT MANAGEMENT

Distribution List

e Joe Baldwin, Project Manager, Idaho Department of Environmental Quality, State

Office

e Tressa Nicholas, Project Manager, Idaho Department of Environmental Quality,

Boise Regional Office

e Ed Hagan, Idaho Department of Environmental Quality, State Administration
Office

e George Murgel, Professor, Boise State University, Engineering Department

e Donald Bledsoe, Quality Director Idaho Department of Environmental Quality
State Administration Office

Project Description and Objectives

This study involves sampling for a selected set of Pharmaceuticals and Personal
Care Products (PPCP’s) in wastewater before and after treatment, and from existing wells
in the vicinity of a wastewater treatment and land application site. Limited information

now exists on the fate of these chemicals in soils and groundwater and this project
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provides a contribution specifically for the state of Idaho that investigates groundwater
impacts from municipal wastewater sources. Groundwater monitoring from this
wastewater treatment and land application site will be a reconnaissance mission to answer
the following questions: Are any of the set of PPCPs present? What concentration are

they present in? Where were they found?

Purpose of This Study

The purpose of this study is to investigate a municipal wastewater land
application site in Idaho to evaluate contributions of Pharmaceuticals and Personal Care
Products to groundwater from treated water. The multiple samples from the path of the
waste water stream will be analyzed for fifteen PPCP’s. These sample data will be used
to further characterize the fate of the selected set of PPCP’s from municipal waste water
effluent. Limited information exists on the fate of these PPCP’s in soils and groundwater
and this project would provide a contribution specifically for the state of Idaho that

investigate impacts of PPCP’s from municipal wastewater sources.

Site Criteria

Sites considered were within the state of Idaho. A site that has a history of
municipal wastewater application and soils and monitoring well sample results is ideal. A
site that has a significant population base, enough to provide a diverse pharmaceutical

and personal contaminant load to a treatment system would also be ideal.
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Wastewater Treatment Methods

Secondary or tertiary treatment with land application is preferred and lagoons are
a common treatment system used prior to land application. There are over 7000
facultative lagoons that serve communities around the United States and a site with
facultative lagoons may provide information about fate and transport with this treatment

method.

Potential Sites Evaluation

The City of Mountain Home located in ElImore County Idaho may be a good site.
The City treats municipal waste water in a series of facultative treatment lagoons and
land applies the treated wastewater to approximately 260 acres of farm ground. There are
two dedicated monitoring wells down gradient of the treatment lagoons. The site has been

permitted for land application since 1989.

The City of Kuna, New Meadows and Calloway Ranch were considered as
potential sites. The population base and location of groundwater wells make the City of

Mountain Home site a better choice over these three other sites.

Site Identification

The City of Mountain Home sits on a southwest sloping broad flat plateau 3140
feet above mean sea level. The city has a population of about 11,200 people and treats
municipal wastewater through lagoon treatment followed by chlorine disinfection and
then slow rate land application during the growing season (April 1 through October 31).
The site is approximately 2.5 miles south of the city. Eight facultative lagoons with a

total volume of 284 million gallons) and an 84 million gallon storage lagoon (s) collect
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and treat the wastewater from the city. The wastewater application area is comprised of
five management units (MU). Irrigation pumps apply effluent in accordance with crop
needs to these fields which are planted with small grain, alfalfa and sugar beets.
Chlorination automatically runs when the pumps are in operation. Effluent flows from the
storage lagoon and a chlorine solution is injected through an across the pipe diffuser. It
then travels about .5 mile to the irrigation pump station. The chlorine contact time is
provided in this travel time. The number of irrigation lines in use at any particular time
varies based on crop needs and acreage. Disinfected lagoon effluent is applied to a 258

acre land application area.

There are a variety of loam soils on site with varying depths. Depth to ground
water in the deep regional aquifer is from 200 to 400 feet below land surface. There is
also a localized perched aquifer in the vicinity of the treatment lagoons that has a depth to
groundwater of 2 to 40 feet below land surface. This perched aquifer occupies about
38,000 acres and is found mainly in the clay, silt, sand and gravel of the Quaternary
Alluvium. The beneficial uses of groundwater in the area are for drinking and agricultural
irrigation. Recharge to the regional aquifer occurs through precipitation in the mountains
north of Mountain Home, percolation from ephemeral streams on the plateau and through
percolation from the perched aquifer. The regional aquifer has permeable zones of highly
fractured basalt that occur within dense, relatively impermeable flow units. Groundwater
flow in the regional aquifer is generally in a south to southwest direction. Recharge to the
perched aquifer occurs from local creeks, irrigation canals and the nearby reservoir.

Seepage from the wastewater treatment lagoons also provides some recharge to the
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perched aquifer. The direction of ground water movement in the perched aquifer at the

wastewater treatment site is believed to be to the southwest.

Project/Task Description

The purpose of this project is to gain a better understanding of PPCP contaminant
contributions from wastewater to groundwater. This monitoring will focus on the water
quality sampling of existing ground water wells and nearby sewer lagoons to further
characterize impacts by a selected set of PPCPs. Water Samples will be collected over
two phases. Phase one will involve taking water samples at four locations to serve as
assessments for contributing concentrations of 15 PPCP’s. Phase two will be determined
after the results have been assessed for phase one. Phase two will involve sampling

existing area wells based upon well location, well depth and permission from landowners.
Specific testing and objectives for both phase one and two are as follows:

e Onsite field parameters measurements will be evaluated at all water collection
sites to characterize water properties and evaluate purging effectiveness. Field
parameters for specific conductance, pH, temperature, and total dissolved solids

will be measured.

e (Cations and anions will be tested from water samples collected at all monitoring
sites to evaluate water chemistry to determine variations of potential source water

and contaminants in the area.

e Nitrate testing will be completed for all collections sites to determined extent and

boundaries of nitrate contamination.

e PPCP sampling for 15 specific analytes will be conducted to determine potential

influence of wastewater streams contribution of PPCP’s to the environment.
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e Stable isotope testing samples will be collected and archived for each ground
water collection site. This testing may provide additional information to delineate
nitrate sources, ground water recharge sources, and variations in isotopic

chemistry across the area.

Quality Objectives and Criteria for Measurement Data

The objectives of quality assurance and quality control (QA/QC) is to assure that
analytical results obtained by sample analyses are representative of actual chemical and
physical compositions of the water samples in the field. Project management will be
responsible for QA/QC associated with collection of samples, this includes a duplicate
and field blank for the first four samples taken in phase one. The duplicate will consist of
sample containers filled with the same composite water from the same sampling site. The
duplicates will be used to determine both field and laboratory precision. The field blank
sample is used to determine the integrity of the field sampling events, the condition of the
sample containers supplied by the laboratory and the accuracy of the laboratory methods.
Both the duplicates and blank samples are stored and handled with the normal sample
load for shipment to the laboratory. Laboratory duplicate samples should be within 30%

of each other. Blank samples should contain below their acceptable values of PPCPs.

Phase two details for this project are yet to be determined, and the data from

phase one will be used for decisions on further sampling.

Project management will provide assurance that the selected analytical
laboratories will use appropriate QA/QC methods. A laboratory that has met the

Unregulated Contaminant Monitoring Regulations (UCMR) Laboratory Approval
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Program application and Proficiency Testing (PT) criteria will be used for assessment of
PPCP’s. The laboratory will be approved for UCMR 2 and can only use EPA Approved
laboratory for sampling UCMR using EPA 527, 529, 521, 525.2 and 535 methods for
PPCP analysis. MWH Laboratories will be used for PPCP sample testing as it has met the

above requirements.

The laboratory used for testing of general field parameters is the Idaho Bureau of
Laboratories which is certified for the chemical and microbiological testing of drinking
water from public water systems as part of the primacy agreement between the State of
Idaho and EPA. It is certified for microbiological, organic chemistry and inorganic

chemistry analytes and methods.

The laboratory used for isotopes will be the U of Arizona Environmental Isotope
Laboratory. This laboratory has been used for isotope testing previously for some of the

sample sites and will be used for consistency.

Special Training Needs/Certification

All personnel on the water sampling team will review procedures for using EPA
Method 1669 (i.e., “clean hands/dirty hands” procedures) for Sampling Ambient Water
for Trace Metals. This protocol will be modified for sampling trace PPCP’s with
appropriate considerations for the ability to contaminant water samples with the PPCP’s
of interest. The intent is to maximize the ability of the field sampling team to collect

samples reliably and eliminate sample contamination.
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Documents and Records

Documentation for this project will include historical data kept on file at DEQ’s
state office, as well as all documents created for the sampling events addressed under this
QAPP. The generated documentation will consist of at least those documents developed
for sample collection procedures, a report summarizing the sampling events and results,
and this QAPP. Field notebooks and field data sheets will also be kept and included in the
project file. This information will be available and reviewed by the project management

for quality control purposes. The data will be recorded using these procedures:

e Project data must be recorded directly, promptly, and legibly.

¢ Field logbook entries must be made in black or blue permanent ink and must be

initialed and dated by the person making the entry.

e Changes or corrections to data must be indicated with a single line through the

original entry.

A dedicated field logbook will be used to document the following information

during each sampling event:

e Purpose of sample event;
e Make and model of all equipment used;
e Name of sampling personnel and/or field crew;

e Identification of the sampling site (e.g., GPS coordinates, benchmark location,

etc.);
e Weather conditions and time of arrival at site;
e Brief description of site conditions, and sampling setup;

e Date and time of sample collection;
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e Sample identification numbers and parameters requested;
e Field parameter measurements and methods;

e All relevant observations pertaining to each sampling event.
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DATA GENERATION AND ACQUISITION

Sampling Process Design (Experimental Design)

Site and Sampling Procedure

The wastewater treatment area for the City of Mountain home was chosen for
Phase One. Four sampling locations were chosen to be sampled in series from the site
that is assumed to have the least potential of PPCPs to the site that may have the greatest
potential for highest concentration of PPCPs. Samples will also be taken from Monitoring
Well 2 then Monitoring Well 3. Afterward, grab samples of wastewater will be collected
from the last wastewater lagoon in series and then near the head-works or influent to the
first lagoon. Based on the data collected from phase one of sampling, additional locations

for sampling will be proposed for phase two, and future revisions to this QAPP.

At each location, field parameters for specific conductance, pH, temperature, and
total dissolved solids will be measured. The pH and conductivity meters will be
calibrated to manufacturer specifications, then measurements will be taken from each
well while purging. Field parameter measurements will be considered stable when three

successive measurements taken at intervals of 5 minutes or more differ by the following:

10
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specific conductance 5% or less, pH 0.1 unit or less and temperature 0.2 °C or less, after

which three sets of samples will be taken to be sent to three different laboratories for each

sampling site.

TABLE 1. LABORATORIES

Laboratory List

Parameters

Address

Idaho Bureau of
Laboratories

TKN, NH4, NO3-N, CI,
SO4, TDS, Total P

2220 Old Penitentiary Rd
Boise ID 83712

U of Arizona
Environmental Isotope
Laboratory

Isotopes: 180, D, 15N

Dept. of Geosciences
Tucson, AZ 852721-0077

MWH Laboratories

PPCP's

750 Royal Oaks Dr, Ste
100, Monrovia, CA

11
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TABLE 2. SAMPLING CONTAINERS

U of Arizona
Idaho Bureau Environmenta
Sample Location of MWH Labs
. 1 Isotope
Laboratories
Laboratory
Monitorin 21- 1125 mL Collect 3
Well H,O g literPolyethyle | polyethylene Samples: 1
Well #2 o . X
ne cubitainers Container Liter each
Monitorin 2 1-liter 1125 mL Collect 3
Well H,O & Polyethylene polyethylene Samples: 1
Well #3 a . X
cubitainers Container Liter each
2 1-liter 1 125 mL Collect 3
Effluent H,O WW Lagoon 8 | Polyethylene polyethylene Samples: 1
cubitainers Container Liter each
Headworks/La 2 1-liter 1125 mL Collect 3
Influent H,O oon 1 Polyethylene polyethylene Samples: 1
g cubitainers Container Liter each
Sampling Methods

The sample procedures described below are designed to very conservatively

minimize the potential for contamination of the samples. The procedures may be changed

based on field experiences and future discussions, and minor deviations from these

procedures will not necessarily invalidate the samples but should be noted within the

field logbook.

All field personnel must be extremely conscientious with respect to field and
sampling techniques while involved with or around collection of samples. Constant care
and consideration must be exercised to avoid any contamination of the sampling sites or
sample containers. Prior to donning personal protective equipment (PPE) and/or

obtaining any sample, field personnel should designate various roles and responsibilities

12
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for each member of the sampling team and discuss procedures to be utilized during
sampling events. Care should be taken not to spill any contaminants (e.g., water, etc.) on
or near the sampling site, or to let any sampling equipment come into contact with the

potential contaminants.

Field personnel will wear powder-less nitrile laboratory gloves during sampling
and processing. They will change to clean gloves with each change in activity or potential
glove contamination. They will avoid breathing directly over open samples/equipment.
They will avoid direct contact between themselves (including clothing) and the sample,
sampling device, and processing equipment. Field personnel have been briefed that
clothing is a source of detergents, fragrances, and fire retardants. On the day of sampling
activities, they will avoid contact with or consumption of the products listed below:

e Wastewater compounds such as soaps and detergents, including antibacterial
cleansers. The laboratory analysis of wastewater includes triclosan, an active
ingredient in most antibacterial soaps. Triclosan is also commonly found in some

deodorants, toothpastes, mouthwashes, skin creams, lotions, laundry detergents,

and dish soaps.

e Pharmaceutical compounds such as prescription drugs, medications, and

hormonal substances that are in the list of PPCP’s.

Upon arrival at the sampling sites one member of the two person sampling team is
designated as “dirty hands” and the other “clean hands.” The personnel assuming the
“dirty hands” and “clean hands” roles will don Tyvek coveralls and powderless nitrile
laboratory gloves, and surgical masks with sampling equipment and containers

appropriately staged nearby. The dirty hands sampler will observe techniques employed

13
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by clean hands personnel and should notify the field team immediately in the event that
any possible contamination is observed or suspected, or if incorrect sampling techniques

are utilized.

The clean hands sampler will touch the sample container and transfer the sample
from the sample collection device to the sample container. The dirty hands sampler will
be responsible for the operation of the machinery and all other activities that do not
involve direct contact with the sample. “Clean hands” places the clean empty sample
containers, removes the lids of the containers and places the end of the tubing into the
containers. “Dirty hands” starts the pump. “Clean hands” moves the tubing to a clean
container. “Dirty hands” stops the pump. “Clean hands” replaces the lid on the container
and returns the container to the designated place. “Dirty hands” places the bottle into the
cooler. Gloves are changed between samples and sample sites. After each sample is
collected, the sample number is documented in the field log along with observations by

“Dirty hands”.

Samples should be collected as quickly as is reasonably possible, while carefully
preventing any contact between the containers and any surface other than the sampling
surface. Lagoon samples are collected by using a grab sampling technique, through
immersion into the water by a certified clean amber glass bottle and transferring that into
the laboratory prepared bottles. The monitoring well samples will be collected using a
peristaltic pump. The water will be pumped to the surface and the sample containers
filled directly. Care will be taken to avoid breathing over the sample containers and
masks will be worn. If any contamination of the sample container occurs or is suspected

prior to, during, or after sampling, the container in question should not be used in the

14
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sampling event, and will be replaced with a new, uncontaminated sample container. Care

will be taken to avoid contaminating the equipment on site.

Collected samples will be stored in ice chests with freezer packs to maintain 4°C
from the time of the sampling event until sample custody is transferred to the lab. MWH
labs will provide ice chests designated for their samples. DEQ ice chests with ice will be
used for samples designated for Idaho Bureau of Laboratories and U of Arizona
Environmental Isotope Laboratory. After leaving the field, samples going to MWH
laboratory will be packed for shipment and sealed in ice chests with refrigerated packs,
with the required chain of custody forms. Samples going to Idaho Bureau of Laboratories
will be dropped off by field personnel and samples going to U of Arizona Environmental

Isotope Laboratory will be shipped.

Sample Handling and Custody

Samples will be directly transported to DEQ headquarters in Boise in coolers with
cold packs that were previously frozen. These coolers will be shipped overnight to MWH
Laboratories. All proper chain of custody forms will accompany samples throughout the

duration of the shipping process.

After the samples have been collected, they will be placed in an ice chest on
freezer packs, and held under chain of custody until they are hand delivered to the
shipping agent. A chain of custody form will accompany each shipment during transport

to the lab. Each ice chest will be sealed just prior to release of custody, with a completed

15

www.manaraa.com



and properly signed chain of custody form affixed to the inside of the ice chest. The chain

of custody form will include the following information:

e Project name/code;

e C(Client’s name and address;

e Laboratory name and address;

e Sample identification number;

e Date and time of collection;

e Type of sample, number of containers, and analysis requested,
e Sample preservation methods;

e Field information and remarks;

e Sample location;

e (alibration information and procedures;
e Signature of sample collector(s);

e Inclusive dates of possession.

The following procedures will be followed to ensure proper chain of custody:

e The sample and seal information checked to verify that they match the chain of
custody form;

e The chain of custody record will be checked for a signature;

e A laboratory sample number will be assigned;

e The sample will be stored in a secure area until it is analyzed.

16
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Three different laboratories will be used to analyze the samples. See the following

tables:

TABLE 3. MWH LABORATORIES PPCP PARAMETERS AND ACCURACY

Analytical Methods

Detection Limit

Analytes Description (ng/L) Test Method
Caffeine CNS stimulant 1 USGS 2 mod
Carbamazepine anticonvulsant 5 USGS 2 mod
Esterone steroid 1 USGS 2 mod
Esteradiol steroid 1 USGS 2 mod
Ethinyl Estradiol steroid 5 USGS 2 mod
Gemfibrozil HDL drug 1 USGS 2 mod
nonsteriod anti
Ibuprofen . 1 USGS 2 mod
inflammatory
Iopromide contrast agent 5 USGS 2 mod
Progestrone steriod 1 USGS 2 mod
Sulfamethoxazole antibiotic 1 USGS 2 mod
Testosterone steroid 1 USGS 2 mod
Trimethoprim bac.te.r 1o'stat1c 1 USGS 2 mod
antibiotic
17

www.manaraa.com




TABLE 4. U OF ARIZONA ENVIRONMENTAL ISOTOPE LABORATORY

Analytes Method

0 Isotope Ratio Mass Spectrometry (IRMS)
D Isotope Ratio Mass Spectrometry (IRMS)

N Isotope Ratio Mass Spectrometry (IRMS)

TABLE 5. IDAHO BUREAU OF LABORATORIES

Analytes Method

Total Kjeldahl Nitrogen, TKN SM 4500-Norg D

Ammonia as N SM 4500 NH3 H.

Nitrogen, Nitrate+Nitrite EPA 353.2

Chloride EPA 300.0

Sulfate EPA 300.0

Total Dissolved Solids SM 2540C

Total Phosphorus 10-115-01-1-F
Quality Control

Quality control checks include internal checks for sampling analysis activities,
duplicate samples and field blanks. Quality Control procedures for the laboratories have
been certified through the US EPA. The following list documents key components of the
QA/QC program for this project.

e Laboratory: The PPCP analytical laboratory will provide appropriate samples
containers, chain of custody forms, sample labels, and any necessary container

seals. A laboratory QA/QC report with continuing calibration checks will
accompany each data report and will be stored in the DEQ state office. DEQ will

18
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provide the sample containers that are approved for use in the other two

laboratories.

e Sample Collection: All QA/QC procedures for sample collection will be followed

by sampling personnel. For this sampling project, the QA/QC procedures will be
fulfilled by adhering to all requirements of Section 2 and such adherence will be
demonstrated through appropriate documentation of sampling procedures within
the field logbook. A standard field logbook, dedicated solely for use in this

project, will be kept for all sampling events and will follow the format described

in Section 2.

e Field Duplicates: A duplicate sample will be collected and prepared at one of the

four sampling sites. All relevant information will be recorded for the duplicates in
the field logbook. The duplicates will allow assessment of repeatability and
accuracy of the sampling procedures and will also be used to assist in assessment
of any cross-contamination issues. Results from the field duplicate analysis will

be presented in the analytical report.

e Field Blank: The purpose of the field blank is to assess the amount, if any, of the
analytes as contaminants that could be collected in sample containers while open
and exposed during sample collection procedures. The field blank will be
prepared with a standard supplied by MWH laboratories and shipped from the lab
with other sample bottles. The field blank will be sent for analysis with other
samples collected for analysis, and results of the field blank analysis will be

included in the analytical report.

Personnel will conduct a field blank procedure at one site, during collection of a
sample. The same procedures and clean hands/dirty hands techniques used for sample
collection will generally be observed in handling and preparing the field blank. It is

critical that the field blank container be isolated from contact with any surfaces or other

19
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possible sources of contamination that would have been isolated from contact or exposure

to the sample containers.

The clean hands sampler will carefully accept an empty sample container,
designated as the field blank container, from the dirty hands sampler, and will then open
and place the container in an appropriate location determined by field personnel. The
actual location to be used will be determined in the field, based on actual site parameters
and conditions. The field blank container will be maintained in the vicinity of the
composite sample collection location, but must be isolated from any situation or location
that might reasonably be expected to skew or invalidate the purpose of the field blank.
The clean hands sampler will fill the field blank container with 1 L of standard water
supplied by MWH Labs prior to collection of the well sample for analysis. The well
sample procedure will then be conducted per required techniques, exercising care to
avoid any unnecessary actions that may cause interference with the field blank
assessment. The field blank container will be kept open throughout the sample collection
procedure. After the sample has been collected and the container closed, the clean hands
sampler will seal and then relinquish the field blank container to the dirty hands sampler.
The identification number of field blank container shall be recorded in the field logbook,

along with all other required sample information.

Instrument/Equipment Testing, Inspection, and Maintenance

Procedures and schedules for preventive maintenance of sampling equipment are

the responsibility of project management. Each instrument or item of laboratory

20
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equipment will be maintained periodically to ensure accuracy. These procedures and

frequency of performance are designated in the individual instrument manuals.

TABLE 6. EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE
REQUIREMENTS

Equipment Type Inspection Frequency Type of Inspection

Physical measurement of
Field parameter meters Daily when in use standardized solution prior
to use in the field.

Tyvek suits, surgical masks

. Daily when in use Visual for cuts, tears, etc.
and nitrile gloves

Visual of PPCP Amber
bottles that they are sealed
Sample Bottles Daily when is use and appear clean.

Visual for other parameters
that they appear clean.

Instrument/Equipment Calibration and Frequency

Each instrument or piece of equipment will be calibrated and maintained to ensure
accuracy within specified limits. The calibration of analysis instrumentation used under
this project will be the responsibility of the technical personnel assigned to the project.
The equipment used to collect samples will be calibrated according to manufacturers'
procedures or internal guidelines at recommended intervals. Calibration sheets that
contain the calibration procedures and the results of each calibration, or the equivalent,
will be kept on file. The calibration sheets will also serve as a permanent record of

maintenance for the sampling equipment.

21

www.manaraa.com



TABLE 7. EQUIPMENT CALIBRATION REQUIREMENTS

Equipment Type Calibration Frequency fﬁzzixgneringratlon
Field parameter meter Prior to sampling round fSltlailclidardlzed calibration

Inspection/Acceptance of Supplies and Consumables

Sample containers, labels and associated preservatives will be provided by MWH
laboratories. Instructions provided by MWH laboratories will be followed throughout the

duration of the project.

Data Management

The sampling team is responsible for collection, storage, and transport of field
data to the office. A standard system for sample labeling and correlation with appropriate
field notes and QC checks will be developed. Laboratory and field data will be compiled

by project management.

Hard copies of all field notes and field data sheets will be kept on record at the
DEQ office. All information pertaining to this project will be stored in the source files,

and electronic copies of all reports will be available for review upon request.
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ASSESSMENT AND OVERSIGHT

Assessments and Response Actions

The purpose of assessment is to ensure that this plan is implemented as

prescribed.

The quality director will have the lead role in assessing the QA and QC measures
employed in this study (e.g. review of sampling procedures). The two project mangers
will work together to determine appropriate QA and QC measures. They will also have

the lead role in data quality review. Both will work together to assure overall project

objectives are met.

23
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Reports to Management
The final field report will be prepared by the project manager and will include:
e A summary of the field work conducted
e The results of the laboratory analyses, including quality assurance measures

e A QA and QC summary

e Conclusions

No specific action will be required by any recipient of the report.
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DATA VALIDATION AND USABILITY

Data Review, Verification, and Validation

The objectives of this project are to provide information to determine if any of the
set of PPCPs present is present in the wastewater and groundwater at this site? What
concentration are they present in? Where were they found? This important information
for validation concerns the sampling methods. Verification requirements concern the
quality of the actual data and interpretation of the data. Compliance with sampling
protocol, record keeping, labeling as defined in this document constitute the requirements

for verification.

Verification and Validation Methods

The project managers will be responsible for reviewing the project, collecting
samples, labeling, storage, transport, sending the samples for analysis and summarizing
the data. They will confirm that the data generated complied with the specifications fo the
procedures and objectives of the proposal. Any deviations will be noted and whether to

reject, accept or qualify the data will be determined. Data will be subject to visual

25
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inspection and any questions as to values or sample identity will be resolved via line-by-

line confirmation with the analyzing laboratory.

Reconciliation with User Requirements

Data and conclusions will be peer reviewed at both at DEQ and Boise State

University. The peer-review process is set up to identify technical and scientific concerns.

26
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MWH Laboratories
750 Royal Oaks Drive, Monrovia, CA 91016
PHONE: 626-386-1100/FAX: 626-3B6-1101

ACKNOWLEDGMENT OF SAMPLES RECEIVED

Idaho Dept of Environmental Quality

Boise Regiocnal Office Customer Code: IDAHODEQ
1445 N. Orchard Group#: 222609
Boise, ID 83706 Project#: EDC

Attn: Tressa Nicholas Proj Mgr: Allen Glover
Phone: 208-373-0116 Phone: 916-374-8030

The following samples were received from you on 11/15/07. They have been
scheduled for the tests listed beside each sample. If this information
is incorrect, please contact your service representative. Thank you for
using MWH Laboratories.

Sample# Sample Id Matrix Sample Date
Tests Scheduled

2711150353 4 (LAGOON 8) Water 14-nov-2007 12:50:00
@EDC2SCR

2711150354 5 (HW) Water 12-nov-2007 13:40:00
@EDC25CR

2711150355 6 (MW2-FT) Water 14-nov-2007 12:30:00
@EDC2SCR

Test Acronym Description

Test Acronym Description

@EDC2SCR EDC screen by LC-MS-MS
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@ mwH Laboratories
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Laboratory Report
for

Idaho Depr of Environmental Quality
Boise Regional Office

1445 N. Orchard
Boise , ID 83706

Attention: Tressa Nicholas
Fax: 208-371-0287

DATE OF ISSUE

DEC 1 E 2007

MWH LABORATORIES

MAG Matthew Allen Glover Reporth: 222609
Project Manager Project: EDC

Laboratory certifies that the test results meet all NELAC requirements unless
noted in the Comments section or the Case Narrative. Following the cover page

are QC Report,QC Summary,Data Report,Hits Report, totaling 7 page(s].
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MWH Laboratories
750 Royal Oaks Drive, Monrovia, CA 91016
PHONE: 626-386-1100/FAX: 626-386-1101

ACKNOWLEDGMENT OF SAMPLES RECEIVED

Idaho Dept of Environmental Quality

Boise Regional Office Customer Code: IDAHODEQ
1445 N. Orchard GroupH: 222605
Boise, ID 83706 Projecté: EDC

Attn: Tressa Nicholas Proj Mgr: Allen Glover
Phone: 208-373-0116 Phone: 916-374-8030

The following samples were received from you on 11/15/07. They have been
scheduled for the tests listed beside each sample. If this information
is incorrect, please caontact your service representative. Thank you for

using MWH Laboratories.

Sample# Sample Id Matrix Sample Date
Tests Scheduled

2711150353 4 (LAGOOR 8) Water 14-nov-2007 12:50:00
@EDC2SCR

2711150354 S (HW) Water 14-nov-2007 13:40:00
@EDC2SCR

2711150355 & (MW2-FT) Water 14-nov-2007 12:30:00
@EDC2SCR

Test Acronym Description

Test Acronym Description

&EDCZSCR EDC screen by LC-MS5-MS
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MWH Laboratories

A Drwniuter ol MV Argesiil (o

| S8 LARS {1 MO0 S SITT)

Idaho Dept of Environmental Quality
Tressa Nicholas

Boise Regional Office

1445 N. Orchard

Laboratory
Hits Report
#222609

Samples Received
15-nov-2007 14:56:17

Boise , ID Bi708
Analyzed Sample# Sample 1D Result  Federal UNITS MRL
MCL

2711150353 4 (LAGOON 8)
11/27/07 Caffeine 48 ng/l 1.0
11/27/07 Carbamazepine 64 ng/l 5.0
11/27/07 Esterone 450 ng/l 1.0
11/27/07 Estradiol 49 ng/1 1.0
11/27/07 Ethinyl Estradicl -17 alpha 62 ng/l 5.0
11/27/07 Gemfibrozil BBO ng/l 10
11/27/07 Sulfamethoxazole a7 ng/l 1.0

2711150354 5 (HW)
11/27/07 Acetaminophen 17700 ng/l 10
11/27/07 Caffeine 7920 ng/l 10
11/27/07 Carbamazepine 92 ng/1 5.0
11/27/07 Esterone 16 ng/l 1.0
11/27/07 Gemfibrozil 440 ng/l 10
11/27/07 Ibuprofen 1820 ng/l 10
11/27/07 Iopromide 17 ng/l 5.0
11/27/07 Progesterone 520 ng/l 1.0
11/27/07 Sulfamethoxazole 158 ng/1 1.0
11/27/07 Triclosan 43 ng/l 5.0
11/27/07 Trimethoprim 40 ng/l 1.0

2711150355 6 (MW2-FT)
11/27/07 Acetaminophen 1.2 ng/l 1.0
11/27/07 Triclosan 17 ng/l 5.0

SUMMARY OF POSITIVE DATA ONLY.
Hits Report - Page 1 of 1
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Laboratory
Data Report
MWH Laboratories #222609
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Idaho Dept of Environmental Quality Samples Received
Tressa Nicholas 11/15/07
Boise Regional Office

1445 N. Orchard

Boise , ID Bi706
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Laboratory

. Data Report
MWH Laboratories #222609

Idaho Dept of Environmental Quality

(cont inued)
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MWH Laboratories
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Idaho Dept of Environmental Quality

Laboratory

Qc
#222609

QC Ref #400001 - EDC screen by LC-MS-MS

2711150353 4 (LAGOON 8)
2711150354 5 (HW)
2711150355 6 (MW2-FT)

Analysis Date: 11/27/2007

Analyzed by: ali
Analyzed by: ali
Analyzed by: ali

QC Summary - Page 1 of 1
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MWH Laboratories
750 Royal Oaks Drive, Monrovia, CA 91016
PHONE: 626-386-1100/FAX: 626-386-1101

ACKNOWLEDGMENT OF SAMPLES RECEIVED

Idaho Dept of Environmental Quality

Boise Regicnal Office Customer Code: IDAHODEQ
1445 N. Orchard GroupH: 222619
Boise, ID 83706 Project#: EDC

Attn: Tressa Nicholas Proj Mgr: Allen Glover
Phone: 208-373-0116 Phone: 916-374-8030

The following samples were received from you on 11/15/07. They have been
scheduled for the tests listed beside each sample. IFf this informatien
is incorrect, please contact your service representative. Thank you for
uging MWH Laboratories.

Sample# Sample Id Matrix Sample Date
Tests Scheduled

2711150394 1 (MW 3) Water l4-nov-2007 11+106:00
@EDC28CR

2711150402 2 (MW 2) Water 14-nov-2007 12:30:00
@EDC2SCR

2711150404 3 (MW 2) Water 14-nov-2007 12:50:00
@EDC2BCR

Test Acronym Description

Test Acronym Description

@EDC25CR EDC screen by LC-MS-MS

www.manharaa.com




@ mwH Laboratories
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Laboratory Report

for

Idaho Dept of Environmental Quality
Boise Regional Office

1445 N. Orchard
Boise , ID B37086

Attention: Tressa Nicholas
Fax: 208-373-0287

DATE OF ISSUE

DEC 19 2007
la——
MWH LABORATORIES
MAG Matthew Allen Glover Report#: 222619
Project Manager Project: EDC

Laboratory certifies that the test results meet all NELAC regquirements unless
noted in the Comments section or the Case Narrative. Following the cover page
are QC Report,QC Summary,Data Report,Hits Report, totaling 7 pagels].
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MWH Laboratories
750 Royal Oaks Drive, Monrovia, CA 91016
PHONE: 626-386-1100/FAX: 626-386-1101

ACKNOWLEDGMENT OF SAMPLES RECEIVED
Idaho Dept of Environmental Quality

Boise Regicnal Office Customer Code: IDAHODEQ
1445 N. Orchard Group#: 222618
Boise, ID 83706 Projecti: EDC

Attn: Tressa Nicholas Proj Mgr: Allen Glover
Phone: 208-373-0116 Phone: 916-374-8030

The following samples were received from you on 11/15/07. They have been
scheduled for the tests listed beside each sample. If this information
is incorrect, please contact your service representative. Thank you for
using MWH Laboratories.

Sample# Sample Id Matrix Sample Date
Tests Scheduled

2711150394 1 (MW 3) Water 14-nov-2007 11:10:00
@EDC2SCR

2711150402 2 (MW 2) Water 14-nov-2007 12:30:00
®EDC2SCR

2711150404 3 (MW 2) Water 14-nov-2007 12:50:00
@EDC2SCR

Test Acronym Description

Test Acronym Description

@®EDC2SCR EDC screen by LC-MS-MS

www.manharaa.com




@ mwH Laboratories

TH) By e Tet b W

yrreen Catheeus -3
= - e

Fou 50 TS 1

¢ D (N LT

Idaho Dept of Environmental Quality

Tressa Nicholas
Boise Regional Office
1445 N. Orchard

Laboratory

Hite Report
#222619

Samples Received
15-nov-2007 15:39:26

Boise , ID 831706
Analyzed Samplel Sample ID Result Federal UNITS MRL
MCL

2711150354 1(Mw 3)
11/27/07 caffeine 2.6 ng/1 1.0

2711150402 2(Mw 2)
11/27/07 caffeine 12 ng/1 1.0
11/27/07 Ccarbamazepine 77 ng/1l 5.0
11/27/07 Esterone 120 ng/1 1.0
11/27/07 EBthinyl Estradicl -17 alpha 5.0 ng/1 5.0
11/27/07 Ilopromide 6.8 ng/l 5.0
11/27/07 Sulfamethoxazole 1.1 ng/1 1.0

2711150404 I(Mw 2)
11/27/07 Acetaminophen 21 ng/l 1.0
11/27/07 cCaffeine 36 ng/1 1.0
11/27/07 Carbamazepine 82 ng/l 5.0
11/27/07 Sulfamethoxazole 5.8 ng/l 1.0

SUMMARY OF POSITIVE DATA ONLY.

Hits Report - Page 1 of 1
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Laboratory

@ mwH Laboratories Data Report

o W L

P Byl s T Tt 10
ryee Cgpasea Bodld M7

Idaho Dept of Environmental Quality Samples Received
Treesa Nicholas 11/15/07
Boise Regional Office

1445 N. Orchard

Boise , ID B3706

Progaced  Asalyied o Bafl  werhod hnalyes LLT units Rl B lut bon
1(Mw 3) (2711150394) Sampled on 11/14/07 11:10

EDC screen by LC-MS-MS
wAaseY aL/myeT el aseen 1OLE. - | Aeataminophen RO g1 (] | ]
IWA1%/87  IL/77/97 S.8E 40eeNl (= N ] | calluine 1.4 [ Th ] 1
JLAINAET  LLSTRST 0008 seteel | LC-ee-me | Carhans sepine =] L 5.0 H
I/anfe?  1JIvSeT 8. aneldl | L. - | Eaterona L1 gl 1.8 1
ILAARAET 10 /000T S0l abeddi | L e I Estradisl D T 1.8 1
AT /3787 P dEeRl i LN | Bthiny] Estradicl -17 alphs ED T .9 i
1LFie/eY  LL/BVET Bl aBERE 1L -y . I Flecasd Lo KD [ Th] L.e i
MAAIRARTY  BD/RYSRY BR-DE ABRBRI (= B | Gent inressl L] Byl Le i
FLAIRAET N/ IRSeY BB SBEDEY LD .- - I Ibuaproles L2 ngll L e 1
MLAARGET  QNAATIETY DR aDEDEl i Lo-wg-me i Jopr ol Se Ll w1 .0 L
MLSEW/ETY  L/2T/eT pE.eD  afeRRl | LE-mE-NE | Frogestercoe - wgil 18 ]
LAY JL/TTRY 8000 aDEal | L - | Sulfese: hesatole L agsl 1.8 ]
WA /3T davee  adbdli i LC-mE-M | TS - oyl 1.8 i
LAY 1LY eY a0 00 wbbdal |- - I Tric) seas - ngsl S8 i
IAFIWEY  LLFIVI0Y $8.00  #B0d8L | LC-WE-NE I Trimet hoprim - T t | i

| LC-mE-m | Caffeime-C10iTe- 1000 - L
2(Mw 2) (2711150402) Sampled on 11/14/07 12:30

EDC screen by LC-MS-MS
PLFRREY RLSTIRETY Baadl saeel | - - | et el Aophen L=l g L iLa 1
LAFIRSRY  AASIVET La LB adeeel | LO-mE-ES i Caffecns 13 sl W '
ALFAY  GLSTYEY LA BE  408Bel | e - | Carbase pegl te L oyl LN | i
LLFMA8Y  [R/TT/EY fadd 48NSl | uC-NE-NE | Estecrone [+ ] ag/1 i.# 1
BAFIRSWY  LASTVETY 14.LE  ADRE) O B | Eeteadial L= g1l L e i
MAFIRSET  JAJTTRT LaLd  aBEEE] | LC-ER-mE | Ehiayl Estrsdial -17 alphs LR ny/l LN 1
WAFIRS9T  LAFIVET LA 1a  ABEET) [ F . B | Flucast Lo =] sp 1 [ 1
TUFRSET  BASTYIRY La.0d GBEREi 1 L e | Gamfubren ) =] . | (N ] i
10730787 IAFTYEY La.0E anaasy | W | ibeproten [ ] - (9 | i

Data Report - Page 1 of 2
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Laboratory

Data Report
o MWH Laboratories #222619
T P! D et et 18]
M (e B0 M
T D 08 MO0
Fan &0 305 10T
¢ N LA [ 800 W LT
Idaho Dept of Environmental Quality
(continued)
Preparsd Analyred OC Refa  mschod Analyte Fawuit Unite .L bilutios
LS3ESeT 10739507 Adale adene) | LC-ME-ME ) lopromide is g/l .8 1
LS eT  ALSRVART da il adooel | LC-mS-mB I Progesterons L -] g/l L& i
LAF3/97 14717707 L4038 A0000) | LC-mE-mE ) Sulfemethonssole -3 LTy 1.9 1
NE/aRFeY 10737707 14030 4B0DEN I LC-w"--s | Testosterone L] [ T L.e 1
WL/2e/eY 10 F3T/eT 14«18 ab0DEL | LO-uy- ¥ Triclosan =] o1 5.9 1
VE/20007 1373V 0T 14408 400081 | LC-al-m. } Trissthoprie D [~ T L.8 1
1 LT mE- i} Caffeime-C11 (7€ 120) [ Y N Eac
3(MW 2) (2711150404) Sampled on 11/14/07 12:50
EDC screen by LC-MS-NS
/3007 1073007 L4310 deeped 1 LC-mp - | Rpetsminophes 23 [Th 1.8 !
/0T 1/aYeT e e aees 1 LG - | Calfeine M =g 1.0 1
/3RS0 QLI SeT Jea  sbel 1 LT -l - I Ca rtees e i he [ &4 ng/fl 5.0 1
10/08/07  14/07/87 1a00  apeegl T B | Estarone T a1 1.8 1
10738707 Ja/2%F0Y L1a-00  asesen I L - - . | Eetoediol = o] 1.0 i
ALFESSET  ALSEYART LA anaEal t -y | EEbieyl Gstzediol -17 alphs -] ogyl 5.0 1
1 /38/07 1072787 la.b0  aeden) i O -ml - I Pl eanet Lae =] ogfl 1.0 1
1/aefer  11/378Y L abeeel 1L - - - i Sewfiproeil -] gl 1.0 1
L/refeY  11AYeY LanM adbeal 1 LC .- | lrwprofes L= gl i.p 1
LLFan/eY  L177/8Y 1l abaeel | L. | lopromide WT o/l 5.0 1
1373097 ALSIVVET La-3A  400R0L [ "= | Frogest e rone L+ - Th] 1.8 |
LufaeseT LA/ RY JarM aBeDE) "= B ] 1oL f et homa o | ¢ L | og/1 1.8 1
/e se7  LLAAYeT el saeem == = | Testosterone L o1 1.8 1
A/ /RY  IRAAVSEY 180 saedal | L - I Triclosan L] [T ] 5.9 b
BI/a/eY  JLJTVAET LA-D0  aBbbal |- I Trimethopris ] LT 3-8 3
(=B ] | Caffeina-CR)ETE-0001 NA b Rac

Data Report - Page 2 of 2
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@ mwH Laboratories

T80 Pyl Cuma Comen, Suifm 100
urvien, Cutioema B 008006
Tl 0 38 1M

Fan e 6 1001

1 00 388 LASS |7 800 S LT

Idaho Dept of Environmental Quality

Laboratory
Qc
#222619

QC Ref #400001 - EDC screen by LC-MS-MS

2711150394 1({MW 3)
2711150402 2(MW 2)
2711150404 I(MN 2)

Analysis Date: 11/27/2007

Analyzed by: ali
Analyzed by: ali
Analyzed by: ali

QC Summary - Page 1 of 1
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Laboratory
MWH Laboratories EEJ‘;&':“

A DRoames of MWH Lmercas ing

TS0 Foyal Oghs Devm, Sette 100
Uhcsiortih, Cilieon G10163025
Tl 4 306 1100

Fa 628 386 1100

* 800 566 LA {1 B0 586 5227)

Idaho Dept of Environmental Quality

QC Ref #400001 EDC screen by LC-MS-MS

Qoc Analyte Splkad Ascovered Unita ¥isld (%) Limies (%} RPD (%)
N3 Spiked sample Lab # 17 1l0%0521 HONE { 0-0 I
LoEl Acetaaincphen 50 0.5 WaL 121.0 { TR-230 )
LCaz Acatpminophen 50 8.1 WGL 70.2 { T9-130 )
HBLE Acstaminophen i) 1.8 ML

HE Acatandsophen 50 1.7 HOL 1.4 { T8-130 |}
Map Acetaninophen L1 §t.0 WOL 102.0 { 70-130 1
LC8L Caffeine L1 4.3 WOL 23.8 { TO-130 )
LCEZ Caffnine s 50.4 HOL 101.2 { T0-130 )
MBLE Catfuine WD «l.0 MOL

wE Catfeine s 9.0 HaL 8.0 { TO-130 )
WED caffaine L 10.2 WOL $E.4 { TO-130 |
LoEl Carbamsseplos 40 0.4 WL 100.8 { T0-130 |
LCE2 Carbamasepline se 52.4 WGL 105.2 | Te-130 1
MBLE Cacbamasepioe -] 3.8 HOL

Ha Carbamazapins %0 51.) BGL 103.6 { Te-134 )
HAD Carbamazspins %0 so.8 FaL 1816 { Te-130 )
LCEL Ratarons %0 .5 woL 8.8 i Te-130 )
LCE3 Eaterons 50 7.4 WL 4.8 { Te-130 )
HELE Ratarons L] 1.0 ROL

Wi Eutsrons L 51.8% WGL 187.48 i T6-130 §
HED Entscrons 50 51.7 ¥aL 183.4 i 70-138 |}
LoaL Estradiol L1 1.1 woL 1036 { TO-130 )
Lo#2 Estradiol L1 47.5% WL §5.0 i TO-130 )
WL Baezadiol WD cl.0 BGL

L] Batradicl 50 51.2 HOL 103.4 { Te-138
CEL] Barcadiol 50 51.3 WGL 183.6 { TO=138 3
LCEL Ethinyl Estradisl -17 alphs L1 8.4 ®aL ¥E.2 i To-130 )
LCAa2 Ethinyl Eskradicl -17 alphas 50 49.9 B3L 5.8 f 70-138 1
HBLE Echinyl Estradicl -17 alpha HD =5.0 EGL

HE Ethipyl Estradiocl -17 alpha 50 53.8 HEL 1060 i TB-138 )
HED Echinyl Escrediol -17 alpha 50 $2.1 WIL 104.8 f 78-130 )
Lcal FPlucxecine 50 61.2 WOL 122.4 { To-138 )
LER3 Plugzecine 50 4.8 WGL 108.6 { TO-130 }

Spikes which axcesd Limits and Mathod Blarks with posicive results sre highlighted by Underliping.
Oriteria oz M5 and DUP are advisery only, batech control i besed on LCE. Critsrls for duplicatas
are sdvisory only, unless otherwide specifiad in the meched,

QC Report - Page 1 of 3
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Laboratory
Qc re
MWH Laboratories Mo s

A e o WA A

i Pt D Dt Sarm MO0
e o ¥0 M
T 30 YO0
Faa 20 308 10
O S LA (1 RCE W LT

Idaho Dept of Environmental Quality

(cont inued)

HBLE Fluonet ine ND 1.8 woL

L Fluoxet ioe “w (T8 oL 113 .0 { T™-L30 )
MED Flucmet i ne " [+ | woL 1158 i Te-138 |
[ Fe 3 Oeafibrosil 3 s maLl " & i T™@-138 |
LCE2 Qenfibrozil 1] a8 L=t8 9.3 1 Te-130 |
WHLE Genf ibrozil D wl.® -

L] Gemfibrosil “ %1.9 L 1438 i Te-1M0 |
L] Geml ibrosil L 1] 3.4 oL igE. 0 1 7e-1% )
LCEL tbuprofen L1 1 [ -2 8.8 I ™-134 1
LCw2 thuprofen "W LT =3 iil.e i TR-138 )
HALE [huproten L 1.0 [ 8

L1 [buprefen L1 [ ] L 121.4 | Te-100 )
L] bupreten 0 [T 3L a1 .a | Te-1Ma
LCEL lopromide 50 4T % =Gl si.a | ™-130 |
LCS2 topromida 0 i3.4 WGLL B7.3 i T-13% |
HELE topramide ND wh.0 BGL

L2 Lo ronlde e LT ] G 1mi.d i ®0-420 )
L] fopraomide 0 5.0 NGL 111.8 | ™330 )
[T= 1} Progestarons L1 6.3 WAL 112.4 | ®p-130 §
[Ba =] Froge et s rone a0 55.49 oL 111.8 I ™10 §
=Bl Progesterons WD «l.0 HGL

LS Progestarons L 1] B.0 BEL 101 .& | T8-138 |
L] Progesterons L1 9.1 BGL .2 | - |
LCxl #ul famet honasale S0 49.4 WL L ] | Ye-139 |
[Fu 5 Sullamsthosarale L1 4n-2 H3L L] | Te-134 }
LN LR TR T (-1 «1.d NGL

L] Wl famechoassale 50 w9 HGL 8.0 | ™-138 )
R Pl amethosasole 5a 0.3 NOL 120.4 | To-130 )
[S= 3 Testoeterone 50 2.2 wAL i94.4 | "8:108 |
Lows TH#LC8L 6 T One 50 1.9 KoL 103.8 i T@-a0ae |
AL Teatosterors [ 5. 8 NGL

L Test ool e rone L] L5 HGL 103 @ | =138 |
Lt TS SNl @ rone 50 5.9 NGL 104 .8 1 TasaNe
j¥= 1 Traclosan S 5.1 [ 119.3 i Te-10E |
fi= ] Triclosas £ LTI NGL e .8 | Te-ae i
R Tricloses | 3 «5.9 ¥oL

Spihes «nich suceed Limits and dechod Alanks with positive reeslts sre sighlightes by ogerl aung .
Erstaria for M and OUP sve advisory anly, Batch costrol ow Rased as LON Cviteris lor duplocscss

are advisery enly. e=lers siheraise speified rn the Sethed

QC Report - Page 2 of 3

www.manharaa.com




Laboratory
Report
0 WH Lﬂbsmriﬁ w'::j‘l,

TG Pt Oihd Drten Sife 100
Catbris #H0VE-JETS

T 0 2 1 00

a0 a1 W0

D SR LARS, |7 ED0 S LT

Idaho Dept of Environmental Quality

(continued)

L] Triclosan te §3.2 oL 134 .4 I 10-130 b
MSD Triclosas 50 7.3 HOL L34 § i "a-130 b
LCEL Trimschopris L] 4.1 MGL .3 | 10-138 )
LCEl Trimsthoprim LT 5.7 MGL 105.4 i 70108 )
HELK Trimathopris (52 wl.® L

WS Trimcthoprim sa 1.8 HoL 5.1 i 70-130
HED Trimethopeim 50 4.4 [ 8 | B | i To-138 )

Spikes whick exceed Limits &nd Method Blanke with posaitive results are highlighted by Pnderlipang .
Critecia For MG and DUF aré aavisary oaly, batch control is based on LCS. Criter.is lor duplicates
re advigery only, unless othervise spacified in the wethod

QC Report - Page 3 of 3
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Idaho Bureau of Laboratories

2220 Oid Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, idaho B3712

Phone:; (208)334-2235 EPA Lab IDO0O0O18

Fax: (208)334-2382 CLIA Certified Lab

October 25, 2008

Report To Joe Baldwin
Department of Environmental Quality - State Office
1410 N Hilton St
Boise, ID 83708-1255

Sample Submitted by Department of Environmental Quality - Boise Regional Office

RE: Workorder EO80900074 090908
Profile 8403 - Mt Home - Emerging Contaminants

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, September 09, 2008.
Results reported herein conform to the most current EPA standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions conceming this report, please feel free to contact me.

Sincerely,

447.»4%-_.

T RECEIVE]p

OCT 3 0 2008
DEPA
Enclosures ENVIRGA W%Fm
90' - '.H:_”. nmCE
Report ID: 24517 - 303671 Page 1 of 18

CERTIFICATE OF ANALYSIS

This repon shall nol De Morocuced, secect n full,
wilhoul e wriien consent of dans Burseyu of

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, Idaho 83712
Phone: (208)334-2235 EPA Lab 1D0O0018
Fax: (208)334-2382 CLIA Certified Lab
SAMPLE SUMMARY
Lab ID Sample ID Matrix Date Collected Date Received
EO0B0900074-001 30 Water 9/8/2008 00:00 9/9/2008 11:33
E080900074-002 31 Water 9/8/2008 00:00 9/9/2008 11:33
EO0B0900074-003 32 Water 9/8/2008 00:00 ©/9/2008 11:33
EOB0900074-004 35 Water 9/8/2008 00:00 9/9/2008 11:33
EOB80900074-005 36 Water 9/8/2008 00:00 9/9/2008 11:33
EOB0900074-006 37 Water 9/8/2008 00:00 9/6/2008 11:33
EO0B0900074-007 38 DUP Water 9/8/2008 00:00 ©/9/2008 11:33
E080900074-008 40 Water 9/8/2008 00:00 9/9/2008 11:33
E080900074-009 41 Water 9/8/2008 00:00 9/9/2008 11:33
E080900074-010 43 Water 9/8/2008 00:00 9/9/2008 11:33
EO80900074-011 44 Water 9/8/2008 00:00 9/9/2008 11:33
E080900074-012 42 Water 8/8/2008 00:00 9/9/2008 11:33
CASE NARRATIVE
Workorder Comments
Sample Comments
Lab ID: E080900074-001 Sample ID: 30 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: E080900074-002 Sample ID: 31 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: EO080900074-003 Sample ID: 32 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: EO080900074-004 Sample ID: 35 Sample Type: SAMPLE
Report 1D: 24517 - 303071 Page 2 of 16
CERTIFICATE OF ANALYSIS

This repon shal nol be reoroduced, sxosol n full,
withou! the wrillan consent of idaho Bureau of Laboraiones.

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, Idaho 83712
Phone: (208)334-2235 EPA Lab IDO0018
Fax: (208)334-2382 CLIA Certified Lab
CASE NARRATIVE
Lab ID: E080900074-004 Sample ID: 35 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected,
Sample Comments
Lab ID: E080900074-005 Sample ID: 36 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: EO080900074-006 Sample ID: 37 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: EO80900074-007 Sample ID: 38 DUP Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: EO080900074-008 Sample ID: 40 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: E080900074-009 Sample ID: 41 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Commants
Lab ID: E080900074-010 Sample ID: 43 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Lab ID: E080900074-011 Sample ID: 44 Sample Type: SAMPLE
Sample was ran for total dissolved solids past expiration date, results may be affected.
Sample Comments
Report ID: 24517 - 303971 Page 3 of 16

CERTIFICATE OF ANALYSIS

This recon shad nol be reproduced. axcepl in ful,
without the writtan consent of icaho Bureau of Laboralories

A

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, Idaho 83712
Phone: (208)334-2235 EPA Lab ID00018
Fax: (208)334-2382 CLIA Certified Lab
CASE NARRATIVE
Lab ID: E080900074-012 Sample ID: 42 Sample Type: SAMPLE

Sample was ran for total dissolved solids past expiration date, resuits may be affected.

Report 10: 24517 - 303871 Page 4 of 16

CERTIFICATE OF ANALYSIS

This repart shall not be reproduced, excapd in fiul,
without the writtan consent of ideho Bureau of Laborateries.

www.manharaa.com




Idaho Bureau of Laboratories

ANALYTICAL RESULTS

2220 OId Penitentiary Richard F. Hudson, PhD, Chief
Boise, Idaho 83712

Phone; (208)334-2235 EPA Lab ID0O0018

Fax: (208)334-2382 CLIA Certified Lab

Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

LabiD:  E080900074-001 Date Received:  9/9/2008 Matrix: Water
Sample 30 Date Collected: ~ 09/08/2008 00:00
Location: LAGOON 9
Parameters Results Units Report Limit Analyzed By Qual MCL
- General Chemistry -
Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0
Chiloride 73mg/L 2.0 93072008 E!
Sulfate 49mg/L 2.0 93072008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1
Ammonia as N 0.75mg/L 0010 9/19/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2
Total Kjeldahl Nitrogen 5.3mg/L 020 9/18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2
Nitrogen, Nitrate-Nitrite 0.99mg/L 0.010 9724/2008 B0
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1
Total Phosphorus 5.3mg/L 0.10 9/22/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C
Total Dissolved Solids 560mg/L 10 9/17/2008 SH
Report (D: 24517 - 303971 Page 5of 18
CERTIFICATE OF ANALYSIS

This report shall nat be reproduced, except in full,
withgut the writien consent of idaho Buregy of Laboratories,

www.manaraa.com



Workorder:  E080900074 090508

Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, Idaho B3712

Phone: (208)334-2235
Fax: (208)334-2382

ANALYTICAL RESULTS

Richard F. Hudson, PhD, Chief

EPA Lab ID00018
CLIA Certified Lab

Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Lab ID: E080900074-002
Sample 31
Location:. LAGOON 8

Date Received:  9/9/2008

Matrix: Water
Date Collected: ~ 09/08/2008 00:00

Parameters

Results Units

Report Limit Analyzed By Qual MCL

-- General Chemistry —
Analysis Desc: EPA 300.0

Analytical Method: EPA 300.0

Chioride 83mg/L 2.0 ©/30/2008 EI
Sulfate 52mg/L 2.0 9/30/2008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1

Ammonia as N 0.41mg/L 0.010 9/15/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2

Total Kjeldahl Nitrogen 4. 7Tmg/L 0.10 9/M18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2

Nitrogen, Nitrate-Nitrite 0.16mg/L 0.010 9/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1

Total Phosphorus 2.2mg/L 0.050 9/22/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C

Total Dissolved Solids 500mgfL 10 9M17/2008 SH

ID: 24517 - 303871 Page 6 of 16
CERTIFICATE OF AHAL‘!’S&S

Thiis report shad not be reprduced, excagt
mhwwwmmﬁm

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, Idaho 83712

Phone: (208)334-2235
Fax: (208)334-2382

Richard F. Hudson, PhD, Chief

EPA Lab ID00018
CLIA Certified Lab

Workorder:  E080200074 090908

ANALYTICAL RESULTS
Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Lab ID: E080900074-003 Date Received: 9/9/2008 Matrix: Water

Sample 32 Date Collected:  09/08/2008 00:00

Location: LAGOONT

FParameters Results Units Report Limit Analyzed By Qual MCL

— General Chemistry —
Analysis Desc: EPA 300.0

Analytical Method: EPA 300.0

Chloride 100mg/L 10  5/30/2008 EI
Sulfate 93mg/L 10 9/30/2008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 3501

Ammonia as N 0.10mg/L 0.010 9/19/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2

Total Kjeldahl Nitrogen 16mag/L 0.40 9/18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2

Nitrogen, Nitrate-Nitrite 0.074mg/L 0.010 9/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1

Total Phosphorus 7.1mg/L 0.10 9/25/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C

Total Dissolved Solids 170mg/L 10 9/17/2008 SH
Report 1D: 24517 - 303971 Page 7 of 16

CERTIFICATE OF ANALYSIS

This report shall not be reprodusad, except in full,
without the written consent of Idaho Bureau of Laboratodes.

www.manaraa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, Idaho 83712

Richard F. Hudson, PhD, Chief

Phone: (208)334-2235 EPA Lab ID00018
Fax: (208)334-2382 CLIA Certified Lab
Workorder:  E080900074 090908
ANALYTICAL RESULTS
Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.
LabID:  E080800074-004 Date Received:  9/9/2008 Matrix: Water
Sample 35 Date Collected: =~ 09/08/2008 00:00
Location: LAGOON 4
Parameters Results Units Report Limit Analyzed By Qual MCL
= General Chemistry —

Analysis Desc: EPA 300.0
Chiloride

Sulfate

Analysis Desc: EPA 350.1
Ammonia as N

Analysis Desc: EPA 351.2
Total Kjeldahl Nitrogen
Analysis Desc: EPA 353.2
Nitrogen, Nitrate-Nitrite
Analysis Desc: EPA 365.1
Total Phosphorus
Analysis Desc: SM 2540C
Total Dissolved Solids

Report I0: 24517 - 303871

Analytical Method: EPA 300.0

57mg/L
26mg/L
Analytical Method: EPA 350.1
9.7mglL 0.10
Analytical Method: EPA 351.2
19mg/L 0.80

Analytical Method: EPA 353.2

0.077mgiL 0.010

Analytical Method: EPA 365.1

6.5mg/L 0.10

Analytical Method: SM 2540C
240mg/L

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, excepd in full,

without the writhen consant of idaho Bureau of Laboratonies,

9/19/2008

9/18/2008

9/24/2008

8/17/2008

El
El

BO

El

SH

Page 8 of 16

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, |daho 83712

Phone: (208)334-2235
Fax: (208)334-2382

ANALYTICAL RESULTS

Richard F. Hudson, PhD, Chief

EPA Lab ID00018
CLIA Certified Lab

" Chemistry samples are disposed of after 45 days uniess the laboratory is notified otherwise.

Lab ID: E080900074-005
Sampie 36
Location: LAGOON 3

Date Received:  9/9/2008

Matrix: Water
Date Collected:  09/08/2008 00:00

Parameters Results Units Report Limit Analyzed By Qual MCL

~ General Chemistry -

Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0

Chionde 53mgiL 9302008 €I

Sutfate 28mglL 9302008 EI

Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1

Ammonia as N 14mg/L 0.10 9192008 BO

Analysis Desc: EPA 3512 Analytical Method: EPA 351.2

Total Kjekdahi Nitrogen 24mgiL 9182008 BO

Analysis Desc: EPA 3532 Analytical Method: EPA 353.2

Nitrogen. Nitrate-Nitrite 0.045mg/L 0010 9242008 BO

Analysis Desc: EPA 365.1 Anatytical Method: EPA 3651

Total Phosphorus 6.3mgL 0.10 292008 EI

Analysis Desc: SM 2540C Analytical Method: SM 2540C

Total Dissolved Solids 140mgL 91772008 SH

Report ID: 24517 - 303671 Page 5 of 16
CERTIFICATE OF ANALYSIS

Thes reoon shal nol be reproduced. sxcect n full,
el P s Consend of Kano Bursao of Laboratonss

www.manharaa.com



Idaho Bureau of Laboratories

2220 Old Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, ldaho 83712
Phone: (208)334-2235 EPA Lab ID00018
Fax: (208)334-2382 CLIA Certified Lab
Workorder:  E080900074 090908
ANALYTICAL RESULTS
Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.
Lab ID: E080900074-006 Date Received: 9/9/2008 Matrix: Water
Sample 37 Date Collected: 09/08/2008 00:00
Location: LAGOON 2
Parameters Results Units Report Limit Analyzed By Qual MCL
-- General Chemistry — o
Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0
Chloride 49mg/L 9/30/2008 EI
Sulfate 28mg/L 9/30/2008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1
Ammonia as N 15mg/L 9/19/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2
Total Kjeldahl Nitrogen 26mg/L 9/18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2
Nitrogen, Nitrate-Nitrite 0.026mg/L 0.010 9/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1
Total Phosphorus 5.8mg/L 0.10 9/29/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C
Total Dissolved Solids 470mg/L 10 9M7/2008 SH
Report ID: 24517 - 303971 Page 10 of 16
CERTIFICATE OF ANALYSIS

This repon shall not be reproduced. except in fiull,
withaut the writhen consant of idaho Bursau of




Idaho Bureau of Laboratories

2220 Oid Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, Idaho 83712
Phone: (208)334-2235 EPA Lab ID0O0018
Fax: (208)334-2382 CLIA Certified Lab
ANALYTICAL RESULTS

“Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Lab ID: EOQB09000T4-007
Sample 38 DUP
Location: LAGOON 2

Date Received:  9/6/2008

Matrix: Waler
Date Collected: 09/08/2008 00:00

Parameters Results Units Report Limit Analyzed By Qual MCL
- General Chemistry —
Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0
Chioride S50mg/L 10 9/30/2008 EI
Sulfate 28mglL 10 93072008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1
Ammonia as N 15mgiL 0.10 9192008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2
Total Kjeldahl Nitrogen 26mg/L 1.0 9182008 BO
Analysis Desc: EPA 3532 Analytical Method: EPA 353.2
Nitrogen, Nitrate-Nitrite 0.026mg/L 0.010 8/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1
Total Phosphorus S5.0mglL 0.10 &28/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C
Total Dissolved Solids 400mg/L. 10 SMTR2008 SH
Report 1D: 24817 - 303971 Page 11 of 16
CERTIFICATE OF ANALYSIS

This report shall nol be reproduced, axcept in full,
withoud the written consent of idaho Bureau of

www.manharaa.com



Workorder:  E080900074 090908

Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, Idaho 83712
Phone: {208)334-2235
Fax: (208)334-2382

Richard F. Hudson, PhD, Chief

EPA Lab ID00018
CLIA Certified Lab

ANALYTICAL RESULTS

Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Lab ID: E080900074-008

Sample 40
Location: HEADWORKS

Date Received:  9/9/2008

Matrix: Water
Date Collected: ~ 09/08/2008 00:00

Parameters Results Units Report Limit Analyzed By Qual MCL
- General Chemistry —
Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0
Chioride 42mg/L 10 9/30/2008 EI
Sulfate 36mg/L 10 9/30/2008 EI
Analysis Desc: EPA 3501 Analytical Method: EPA 350.1
Ammonia as N 23mg/L 1.0 9/19/72008 BO
Analysis Desc: EPA 3512 Analytical Method: EPA 351.2
Total Kjeldahl Nitrogen 39mg/L 20 9NMB/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2
Nitrogen, Nitrate-Nitrite 0.018mg/L 0.010 9/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1
Total Phosphorus 49mgiL 0.050 9/22/2008 EI
Analysis Desc: SM 2540C Analytical Method: SM 2540C
Total Dissolved Solids 330mg/L 10 9/19/2008 SH
Report ID; 24517 - 303971 Page 12 of 16
CERTIFICATE OF ANALYSIS

This rapon shall not be reproduced, excapt in full,
without the written consent of idaho Bureau of Laboratosies.

www.manharaa.com



Workorder:  E080900074 090908

Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Boise, Idaho 83712

Phane: (208)334-2235
Fax: (20B8)334-2382

ANALYTICAL RESULTS

Richard F. Hudson, PhD, Chief

EPA Lab IDD0018
CLIA Certified Lab

Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

LabID:  E080900074-009
Sample 41
Location; | POND E

Date Received:  9/9/2008

Matrix: Water
Date Collected: 09/08/2008 00:00

Parameters Results Units Report Limit Analyzed By Qual MCL
- Metals -

Analysis Desc: EPA 200.7 Preparation Method: EPA 180.1

Analytical Method: EPA 200.7

Calcium 19mg/L 0.10 9/24/2008 JS
Magnesium 7.5mg/L 0.10 ©/24/2008 JS
Potassium 5.3mg/L 0.10 9/24/2008 JS
Sodium a5mg/L 0.10 9/24/2008 JS
- General Chemistry -

Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0

Chloride 33mg/L 2.0 9/30/2008 EI
Sulfate 25mg/L 2.0 9/30/2008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1

Ammonia as N 0.033mg/L 0.010 9/19/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2

Total Kjeldahl Nitrogen 0.92mg/L 0.10 9/18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2

Nitrogen, Nitrate-Nitrite 2.3mg/L 0.10 ©/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1

Total Phosphorus 0.046mg/L 0.0050 ©/22/2008 EI
Analysis Desc: SM 2320 B Analytical Method: SM 2320 B

Alkalinity as (CACO3) 88.0mg/L 1.0 9/16/2008 SM
Analysis Desc: SM 2540C Analytical Method: SM 2540C

Total Dissolved Solids 180mg/L 10 9/19/2008 SH
Report I0: 24517 - 303871 Page 13 of 16

CERTIFICATE OF ANALYSIS

This report shall not ba reproduced, axcepl in full,
wilhoul the written consent of idaho Bureau of L.

www.manharaa.com
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Workorder:  E080900074 090908

Idaho Bureau of Laboratories

2220 Old Penitentiary Road
Bolse, Idaho 83712

Phone: (208)334-2235
Fax: (208)334-2382

ANALYTICAL RESULTS

Richard F. Hudson, PhD, Chief

EPA Lab IDO0OD18
CLIA Certifiad Lab

" Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Lab ID: E080900074-010

Date Received: 9/9/2008

Matri: Water

Sample 43 Date Collected; 09/08/2008 00:00

Location: [PONDW

Pam B Results Units Report Limit Anah@ad By Qual Mﬂ_
- Metals -

Analysis Desc: EPA 200.7

Calcium

Magnesium

Potassium

Sodium

- General Chemistry -
Analysis Desc: EPA 300.0
Chioride

Sulfate

Analysis Desc: EPA 350.1
Ammoniaas N

Analysis Desc: EPA 351.2
Total Kjeldahl Nitrogen
Analysis Desc: EPA 353.2
Nitrogen, Nitrate-Nitrite
Analysis Desc: EPA 365.1
Total Phosphorus
Analysis Desc: SM 2320 B
Alkalinity as (CACO3)
Analysis Desc: SM 2540C
Total Dissolved Solids

Report ID: 24517 - 303971

Preparation Method: EPA 180.1

Analytical Method: EPA 200.7

26ma/L 0.10
8.8malL 0.10
7.2mall 0.10
57Tmg/L 0.10

Analytical Method: EPA 300.0
44mg/L
44mg/L

Analytical Method: EPA 350.1

0.022mg/L 0.010

Analytical Method: EPA 351.2

3.2mg/L 0.10

Analytical Method: EPA 353.2

0.11mg/L 0.010

Analytical Method: EPA 365.1

0.23mg/L 0.0050
Analytical Method: SM 2320 B

116mg/L
Analytical Method: SM 2540C

230mgiL

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, exceol in ful,

withoul ha written consant of [daho Buresy of Laboratones

8/24/2008 JS
9/24/2008 JS
8/24/2008 JS
9/24/2008 JS

9/30/2008 EI

9/30/2008 EI

9/19/2008 BO

9/18/2008 BO

9/22/2008 EI

9/16/2008 SM

9/19/2008 SH

Page 14 of 16



Idaho Bureau of Laboratories

2220 Old Penitentiary Road Richard F. Hudson, PhD, Chief
Boise, Idaho 83712
Phone: (208)334-2235 EPA Lab ID0O0018
Fax: (208)334-2382 CLIA Certified Lab
<A™
<
ANALYTICAL RESULTS

Chemistry samples are disposed of after 45 days unless the laboratory is notified otherwise.

Date Received: 9/9/2008 Matrix: Water
Date Collected: 08/08/2008 00:00

Lab ID: EO080900074-011
Sample 44
Location: A: POND

Parameters Results Units Report Limit Analyzed By Qual MCL
- Metals -
Analysis Desc: EPA 200.7 Preparation Method: EPA 200.2

Analytical Method: EPA 200.7
Calcium 9.3mg/L 0.10  9/24/2008 JS
Magnesium 2.7mgfL 0.10 9/24/2008 JS
Potassium 2.9mg/L 0.10 9/24/2008 JS
Sodium 13mg/lL 0.10 9/24/2008 JS
- General Chemistry -
Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0
Chloride 6.2mg/L 2.0 9/30/2008 EI
Sulfate 4.Bmgl/L 20 9/30/2008 EI
Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1
Ammonia as N 0.010mg/L 0.010 9/15/2008 BO
Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2
Total Kjeldahl Nitrogen 1.5mg/L 0.10 S5/18/2008 BO
Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2
Nitrogen, Nitrate-Nitrite 0.010mg/L 0.010 9/24/2008 BO
Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1
Total Phosphorus 0.14mg/L 0.0050 9/22/2008 EI
Analysis Desc: SM 2320 B Analytical Method: SM 2320 B
Alkalinity as (CACO3) 54.0mg/L 1.0 9/16/2008 SM
Analysis Desc: SM 2540C Analytical Method: SM 2540C
Total Dissolved Solids 1600mg/L 10 9/19/2008 SH

\eb
40 s
o W
vy )
Report 10 24517 - 303871 Page 15 of 16
CERTIFICATE OF ANALYSIS

This report shall not be reproduced. excepl in full,
withou! the written consent of idaho Bureay of Laboratories,




Idaho Bureau of Laboratories
2220 Old Penitentiary Road

Boise, Idaho 83712

Phone: (208)334-2235
Fax: (208)334-2382

ANALYTICAL RESULTS

Richard F. Hudson, PhD, Chief

EPA Lab 1000018
CLIA Certified Lab

Chemistry samples are disposed of after 45 days uniess the laboratory is notified otherwise.

Lab ID:  E080900074-012

Date Received:  9/9/2008

Matrix: Water

Sample 42 Date Collected: ~ 09/08/2008 00:00
Location: PWS

Parameters Resuits Units Report Limit Analyzed By Qual MCL
=~ General Chemistry —

Analysis Desc: EPA 300.0 Analytical Method: EPA 300.0

Chioride 16mg/L 10 9/30/2008 EI

Sulfate 42mg/L 10 9/30/2008 EI

Analysis Desc: EPA 350.1 Analytical Method: EPA 350.1

Ammonia as N <0.010mg/L 0.010 9/19/2008 BO

Analysis Desc: EPA 351.2 Analytical Method: EPA 351.2

Total Kjeldahl Nitrogen 0.20mg/L 0.10 9/18/2008 BO

Analysis Desc: EPA 353.2 Analytical Method: EPA 353.2

Nitrogen, Nitrate-Nitrite 2.5mgiL 0.10 9/24/2008 BO

Analysis Desc: EPA 365.1 Analytical Method: EPA 365.1

Total Phosphorus 0.016mg/L 0.0050 ©/22/2008 EI

Analysis Desc: SM 2540C Analytical Method: SM 2540C

Total Dissolved Solids 260mg/L 10 9/192008 SH
Report ID: 24517 - 303971 Page 16of 16

CERTIFICATE OF ANALYSIS

This repon shad nol be reproducad, exceol in full,
wilhoul the writlen consent of Idaho Bureaw of Laboratones

www.manharaa.com



DEQ Ground Water Sampling Field Sheet

Site ID#: _ 2/ / 3 /= ol L 2\
A2 TN S Project Nome: iy tloece LU X AP

Sampler Name(s):
Date: ,/-//- 27 ﬂm:@r o5
Well Location and Data
Latitude: Longitude:
Township: Range: Section:
Well Data
Well tag#: USGS site ID: Well depth (ft):
Casing dia (in): Bore volume Static water
(gal): level (ft):
Elevation (ft):
Well Owner and Resident
Well owner: sy . floee, # 0l di> Phone:
Address: City: Zip:
Well resident: Phone:
Address: City: Zip:
Water Use

Water use [wen (pomestic, [rrigation,

Municipal, Stock) spring): Mﬂa

Well description (casing height above
ground, material, pump type):

Sampling point description (st wei,
outside faucet, kitchen sink, etc.): @‘d
Well condition and comments:

4 ﬁ A e ; ‘: e
Sampling and Analysis Parameters
Evacuation method: é:: o

Sample pump intake/baller

Decontamination method:
Sample method: (.-, Pt neif

o A setting: 4 ./
Sample tubing type: Discharge rate: ¢
Time begin purging: Time end purging: 4/ @
Bore volumes evacuated prior to sampling:
Samples analyzed for:
Analytical laboratory:
Field Parameter Measurements
Specific
Conductivity Dissolved
Time (hr) Temp (°C) pH (uS/em) Oxygen(mg/L) | Turbidity (NTU)
/2= L L 2Lid Zer 29 &
4 A5 LY Lo 724 754, = Y @
A I /Y7 LAY 243 R /5 &
UGS (48 {24 7s/ 2 a7 2
|/l (8 Z22¢ P50 2 Ll &
Other Observations
Sample color: cé‘ o Sample odor: 22,0
Sampling problems:
Other observations:

GATechnical Services Shars\DMeleriWATERVGWSamplingF leld SheenGWSampiingFleldSheel_March_2008. pd!




DEQ Ground Water Sampling Field Sheet

Site ID#: ﬁﬁiiéﬁ* “ n
s-wwn Frvjr.ﬂlm- ,_gg ot “Jga

Date: ﬂ! i Vi Time: #’
Well Location and Data
Latitude: Longitude :
Township: Range: Section:
Well Data
Well tag# : USGS site ID: Well gepth (R):
Casing dia (in): Bore volume Static water
(gal): level (Rt):
Elevation (fit):
Well Owner and Resident
Well owner: Al sl o Wl AP Phone:
Address: City: Zip:
Well resident: Phone:
Mdl‘.‘ll. mr: m:
Water Use
Water use [wetl (Domestic, jragation,
Municipal, Stock ) spring | M"ﬁ
Well description (casing height sbowe
ground, materisi, pump type |
Sampling point description (st wes,
outside faucet, kitchen snk, eic. )
Well condition and comments:
Sampling : Analysis Parameters
Decontamination method: Evacuation method: ﬁ"!;‘ cag
Sample method: Sample pump w-ur
b %“L
Sample tubing type: Discharge rihu
Time begin purging:
Bore volumes evacuated prior to sampling:
Sampies analyzed for:
Analytical laboratory:
Field Parameter Measurements
Specific
Conductivity Dissolved
Time (hr) Temp (*C) pH __(uSfem) | Oxygen(mg/L) | Turbidity (NTU)
I/ 14 Lt Lo T lipd | [ 33 £
|0 [Z 3 e 9! | /ige 7 W Vi &z
LS LY f.ﬁ:___.zﬁf a. 8L ﬁ
\ 2he =5 {e 9% Lldd - az
|2 LS lZ5 (e ?3 _uﬁ_____:#_# y
Other Observations
Sample color: ., Sample odor: ae.. .0
Sampling problems




DEQ Ground Water Sampling Field Sheet

Site ID#: / 2z s, 4 3\
sampler Name(s): 18> 71| </ Project Name: 1,7 4. .o WJ/LILLD
Date: /- /- 47 Time:
Well Location and Data
Latitude: Longitude:
Township: Range: Section:
Well Data
Weil tag#: USGS site ID: Well depth (ft):
Casing dia (in): Bore volume Static water
(gal): level (ft):
Elevation (ft):
Well Owner and Resident
Wel owner: Phone:
Address: City: Zip:
Wel resident: Phone:
Address: City: Zip:
Water Use
Water use [we (Domestic, Irrigation,
Muncipal, Stock) spring]:
Well description [casing height sbove
ground, material, purmp type )

Sampiing point description (at wei,
outside faucet, kitchen sink, etc_)

Well condition and comments:
Sampling and Analysis Parameters
Decontamination method: Evacuation method:
Sampie method: Sample pump intake/bailer
setting:
Sample tubing type: Discharge rate.
Time begin purging: Time end purging:
Bore volumes evacuated prior to sampling:
Samples analyzed for:
Analytical laboratory:
Field Parameter Maasurements
Specific
Conductivity Disscived
Time (hr) Temp (*C) pH _(uS/cm) | Oxygen(mg/L) | Turbidity (NTU)
Other Observations
Sample color: Sample odor:

Other observations:




Mr Joe Baldwin December 21, 2007

Idaho DEQ

1410 N Hilton

Boise ID 83706

REPORT OF ANALYSES

4 water samples for N, O and H isotopes

Sample ID w 5180 %e 3D %o 515N %

1 (MW-3) 36140 145 118 146

2 (MW-2) 36141 -76 -83 7.8

4 (Lagoon 8) 36142 -7.0 -79 106
' 5 (Headworks) 36143 -16.0 -124 0.9

Analytical Precision (1-sigma) 0.08 0.9 0.15

C.J.Eastoe

Staff Scientist

www.manharaa.com




2UBITIIHCO (O o0, LD
& cocl_or_L
o,

y @’ STATE OF IDAHO DEPARTMENT OF ENVIRONMENTAL QUALITY
_ CHAIN OF CUSTODY RECORD
1410 N, Hiltonm -
City Boi 5@ m_ﬂ Mﬁwnom..ﬂ L SAMPLE .u.u ANALYSIS REQUESTED SPECIAL INSTRUCTIONS

Contact Phone Na. Fax Na.
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IDAHO DEPARTMENT OF

HEALTH &« WELFARE

R E BUREA OF LABORATORIES
el o O CEky e T L
1% E D 0 8712
DEC 12 &n? FAX 208-334.2080
Dept. of Env. Quality - State Office % SE AL oy Laboratory Order ]DI
Attention: Joe Baldwin t#:es% :
1410 N. Hilton Street 111507 01
(Please refar o number when conlacting the lab)
Boise, ID 83706-1255
Project ID: 8401 Time Collected: 11:10 AM
Site: WTR.GWP ECMH.4004.700 Date/Time Received: 11/14/2007
Matrix: Ground Water Collected By: Tressa Nicholas
Customer Sample ID:| 1 | Lab Sample Humher:l 0711 0276 |
Test Method Result Units  Analysis Date Analyst
Ammonia as N SM 4500 NH3 H. 0.01 mg/ll  11/28/2007  B.Orde
| Chioride EPA 300.0 317 mg/l  1116/2007  ILElder
Nitrogen, Nitrate-Nitrite EPA 353.2 6.0 mg/L  11/19/2007 B.Orde
Nitrogen, Total Kjeldahl SM 4500 Norg D 0.30 mgll 1172072007 B.Orde
Phosphorus, Total 10-115-01-1-F 0.27 mg/L 111672007 Il Elder
Sulfate EPA 300.0 111 mg/L 1111672007 I.Elder
Total Dissolved Solids SM 2540C 523 mg/L  11/16/2007  S.Harrington

g Get your forms on the web at: hitp:/Mmww healthy.idaho.gov "Labs Submission Forms”

—

P BT

~ Laboratory Supervisor

EPA Laboratory ID: IDO0018 Page 1 Printed: 11-Dec-07
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IDAHO DEPARTMENT OF

HEALTH &« WELFARE

AHARD IUCKON, 1., Chi
R o AT o B e
PHONE 208-33-2235
FAX J08-334-1382
Dept. of Env. Quality - State Office Laboratory Order ID|

Attention: Joe Baldwin

1410 N. Hilton Street 111507 01 I
{Please refer o n contacting (he lab)

Boise, ID 83706-1255

Customer ID: DEQ Date Collected: 11/14/2007
Project ID: 8401 Time Collected: 12:30 PM
Site:  WTR GWP ECMH.4004.700 Date/Time Recelved: 11/14/2007
Matrix: Ground Water Collected By: Tressa Nicholas
Customer Sample ID:| 2 | Lab Sample Number:| 07110277 |
Test Method Result Units  Analysis Date  Analyst
Ammonia as N SM 4500 NH3 H. 0.03 mg/L  11/2822007 _ B.Orde

) Chioride EPA 300.0 101 mg/l  11/16/2007 II. Elder
Nitrogen, Nitrate-Nitrite EPA 35322 <0.01 mg/.  11/19/2007  B.Orde
Nitrogen, Total Kjeldahl SM 4500 Norg D 0.62 mg/.  11/202007  B.Orde
Phosphorus, Total 10-115-01-4-F 0.13 mo/l 1111672007  ILElder
Sulfate EPA 300.0 19.7 mg/l  11/16/2007  IElder
Total Dissolved Solids SM 2540C 673 mgiL  11/16/2007 S Harrington

E Get your forms on the web at hitp./Mwww. healthy idaho.gov “Labs Submission Forms”
// -ﬁ’iﬁ-_f
Laboraiory Supervisor
EPA Laboratory ID: ID00018 Page 1 Printed: 11-Dec-0T
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IDAHO DEPARTMENT OF

HEALTH « WELFARE

RCHARD? MUDSON PAD. O
CL WUTOH OTTER - Govemor :
ROCHARD M. ARMBTRONG - Direcior e "m;
AONE 28INITS
AR 083301082
Dept. of Env. Quality - State Office Laboratory Order ID|
Attention: Joe Baldwin
1410 N. Hilton Street 111507 01
(Please refer 1o contacting the lab)
Boise, D 83706-1255
Project ID: 8401 Time Collected: 1250 PM
Site: WTR.GWP ECMH 4004 700 Date/Time Received: 1171472007
Matrix: Wastewater Collected By: Tressa Nicholas
Customer Sample ID:| 4 | Lab Sample Number:| 07110278 |
Test Method Result Units  Analysis Date Analyst
Ammonia as N SM 4500 NH3 H. 8.1 mg/.  11/28/2007 B.Orde
|Chloride EPA 3000 67.8 mgl. 111672007 Il Elder
Nitrogen, Nitrate-Nitrite EPA 3532 058 mglL  11/16/2007 B Orde
Nitrogen, Total Kjeidahi SM 4500 Norg D 14 mgl.  12/4/2007 B Orde
Phosphorus, Total 10-115-01-1-F 40 mgl.  11/18/2007 I Elder
Sulfate EPA 300.0 469 mgl.  11/16/2007 I Elder
Total Dissolved Solids SM 2540C 516 mg/L  11116/2007 S Harrington

E Get your forms on the web at: hitp./’www_healthy. idaho.gov “Labs Submission Forms®

Y D

£

Printedt 11-Dec07
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IDAHO DEPARTMENT OF

HEALTH &« WELFARE

- B
QTTER - ly ;
%Emu ARMETROMG - Direcior mwmﬂiﬂ;
PHONE 208.334-2235
FAX 2083387387
Dept. of Env. Quality - State Office Laboratory Order ID |

Attention: Joe Baldwin

1410 N. Hilton Street 111507 01 I
[Please refer o number when contacting the lab)

Boise, ID 83706-1255

Customer ID: DEQ Date Collected: 1171472007
Project ID: 8401 Time Collected: 1:40 PM
Site:  WTR.GWP.ECMH.4004.700 Date/Time Received: 11/14/2007
Matrix: Wastewater Collected By: Tressa Nicholas
Customer Sample ID:| 5 | Lab Sample Number:| 0711 0279 |
Test Method Result Units  AnalysisDate  Analyst
Ammonia as N SM 4500 NH3 H. 19 mg/L.  11/28/2007 B.Orde

| Chioride EPA 300.0 335 mg/L  11/16/2007  I.Elder
Nitrogen, Nitrate-Nitrite EPA 353.2 0.27 mg/ll  11119/2007  B.Orde
Nitrogen, Total Kjeldahl SM 4500 Norg D 27 mgfL 12/4/2007 B.Orde
Phosphorus, Total 10-115-01-1-F 3.8 mg/L  11/16/2007 Il Eider
Suifate EPA 300.0 22.7 mgll  1116/2007  ILElder
Total Dissolved Solids SM 2540C 269 mg/l.  11M6/2007 S Harrington

Get your forms on the web at: http:/fwww.heaithy.idaho.gov “Labs Submission Forms"
o ,-‘:.;
’ J:.-f _‘d:_zfl’ ﬂ.z‘r-—'—

~ Laboratory Supervisor

EPA Laboratory D; ID00018 Page 1 Printed; 11-Dec-07
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Mr Joe Baldwin December 21, 2007

Idaho DEQ
1410 N Hilton
Boise ID 83706

REPORT OF ANALYSES

4 water samples for N, O and H isotopes

Sample ID W 85180 %o 8D %o
1 (MW-3) 36140 -14.5 -116
2 (MW-2) 36141 -7.6 -83
4 (Lagoon 8) 36142 -7.0 -79
5 (Headworks) 36143 -16.0 -124
Analytical Precision (1-sigma) 0.08 0.9
C.J.Eastoe
Staff Scientist

815N %o

14.6
7.8
10.6
0.9

0.15
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