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Communities in the vicinity of the Mico River, located in Chontales, Nicaragua, suffer
from periodic dry season water shortages. The Mico River is impacted by artisanal and
industrial mining, cattle ranching, effluent from local dairies and tanneries, and poor
waste management practices in the watershed. Available water quality data consists of
short term assessment studies and monitoring data for a mine operating in the headwaters,
but to date this information has not been collated and interpreted as a whole.
Communities in the vicinity of the Mico River have expressed an interest in having this
data reviewed to verify information they have received from government and industry
with regards to impacts from the La Libertad Mine. A gap analysis of existing water
quality data in the headwaters of the Mico River is presented, with interpretation of
current data and identification of further data needs. Recommendations are provided for

future water quality monitoring in the region.

The study area was defined as the Mico River watershed upstream of the town of Santo
Tomas. A total of 14 studies were identified with information about the Mico River in this
area. Individual study reliability was assessed, and study data were compiled to assess
conditions in comparison to water quality guidelines and any spatial or temporal trends.

Both water chemistry and bioassessment studies were assessed.
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The major gaps in existing information are: insufficient baseline/ reference information,
insufficient information on impacts from contaminants other than metals, insufficient
coverage of streams not directly impacted by the La Libertad Mine, poor quality and
reliability of data, and poor coordination/ continuity between studies done to date.
Cyanide concentrations were found to be below drinking water criteria at the majority of
sample locations. Metals concentrations were elevated throughout the study area but it
cannot be determined if this is due to natural background levels or anthropogenic sources.
Water quality conditions with regards to other parameters (e.g., dissolved oxygen,
temperature, pesticides and bacteria) and bioassessment data cannot be assessed due

insufficient data quality and quantity.

Existing monitoring in the region should be expanded to include reference locations. It is
recommended that a benthic invertebrate bioassessment program designed for tropical
mountain streams be implemented to supplement existing monitoring and identify areas
where stream function is impaired, as bioassessment is cheaper and requires less
equipment and logistical coordination than water chemistry monitoring programs.
Whatever future work is done, care must be taken that study design and implementation
is of a higher quality than that done to date, so that results are comparable and reliable.
Coordination and cooperation between bodies involved in monitoring is essential for

efficient use of scarce resources.
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Chapter 1. Introduction

As human populations grow so too does the demand for adequate supplies of clean
water. Freshwater supplies are stressed around the planet, both in quantity and quality.
The United Nations (UN) estimates that by 2015, two-thirds of the world’s population

could be living under water stress conditions (UN 2006).

Clean water is essential for human health and economic development, and performs
vital ecosystem functions (Brauman ef al. 2007; Hassan et al. 2005). Waterborne illnesses
kill three million people a year, and impede countless others from full productivity and
quality of life (UN 2009). The services provided by intact aquatic ecosystems include:
habitat for many endemic species that contribute to biodiversity, filtering of pollutants
from water, buffering the effects of storm events and natural disasters, protection against
erosion, regulation of hydrological flow, and aesthetic, cultural and recreational values. It
is estimated that the value of these ecosystem services adds up to over 2 trillion dollars

per year (Hassan ef al. 2005).

Although Latin America is relatively well-supplied with freshwater, rapid population
growth and environmental pressures are creating a shortage of usable water in some areas
(Ascencio 2002; CCAD 2005). Poverty plays a role in creating these conditions.
Although the relationship is complex and poverty itself does not inevitably create
environmental degradation (Nunan ef al. 2002; Ravnborg 2003), poverty is often
associated with social and political forces (e.g., insecure land tenure) that drive

individuals to actions creating environmental damage. Impoverished governments
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typically lack the resources and infrastructure to either protect natural resources or

provide a reliable supply of treated water to their citizens (Soares ef al. 2002; UN 2010).

One of these insufficient resources is a shortage of information about existing water
quantity and quality. There is a real need for research and technical expertise in
documenting both surface and groundwater flows in the global South’. Water quality data
for most countries are even more patchy (UN GEMS 2006). In Nicaragua, government
agencies lack the capacity for effective water quality monitoring throughout the country
(Montenegro 1997). While non-profit organizations, private stakeholders and research
institutions fill in some of the gaps, their efforts are not always coordinated with
government or each other in purpose and design. Issues of trust and accountability also

come into play when stakeholders with vested interests are the only sources for such data.

This study focuses on water quality issues in the Mico River. The Mico River begins
northeast of Lake Nicaragua in the department of Chontales. It is part of the Escondido
River system, ultimately draining into the Atlantic Ocean (INETER 2010). The
department of Chontales suffers from periodic dry season water shortages and aquifer
depletion (INETER 2004). As a result, communities in the region are looking to the Mico

River as a possible means of supplementing their water supply (Figure 1-1)

In the context of this report, the South refers to countries in receipt of development aid (Economist 2010).
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Gold mining has been conducted in the headwaters of the Mico River since at least
1850 (Belt 1911; Lazo 2005). Gold mining is often associated with contamination of
surface waters by cyanide, mercury, and other heavy metals (MAC 2000; May et al.
2001; M. Veiga et al. 2009; UN 2002). This has made people leery of the Mico River as a
potential drinking water source. Other potential sources of contamination in the region

include the effects of cattle ranching and insufficient human sanitation infrastructure.

A number of short term assessment studies of water quality have been conducted by
the private sector, academics, government agencies and non-government organizations
(NGOs) in the headwaters of the Mico River, and there is a large mine operating in the
region that has been monitoring effluent and receiving water quality for years. This
information has not, as yet, been collated and stored in one place for local government
and the public to view. The Nicaraguan Ministry of Environment and Natural Resources
(MARENA) conducted an environmental assessment of the region in 2006 as a precursor
to an “Environmental Action Plan” for the headwaters of the Mico River and
neighbouring Siquia River. This study is publicly available, but the results have not been
universally accepted (Jiron 2008; F. Flores 2008), in part due to reasons of trust described

below.

There is a history in La Libertad of broken promises and conflict with the previous
mine owners (Tolvanen 2003), and of national government support for large mining
interests over local people (Aiyer 2004). MARENA has been implicated in corruption in
the past (Castro 2008), and public trust in government is not high (Brown & Cloke 2005;

Transparency International 2010). The result is mistrust of MARENA and the mine by



many in Chontales. Local municipalities and the small miners' union want an impartial

third party to review the available data and develop a community monitoring plan (F.

Flores 2008).

The objective of this research was to assist the community in its water quality
monitoring and management efforts, by collating and reviewing available data, and

identifying water quality data needs. My study asks three questions:

1. What water quality information for the Mico River is a priority?
What are the potential uses of the water, and what are the potential
contaminants that might hinder that use?

2. What water quality information is already available for the Mico
River? What can that information tell us about the status and trends
of water quality with regard to the contaminants identified in
question #1?

3. What are the gaps in water quality information identified as a priority

in question #1? How might they best be filled?

The answers to these questions will inform development of a community monitoring
plan. This study forms one component of required information for development of a
successful monitoring plan. Clear understanding of capacity and the socio-cultural setting
are also necessary, as are strategies to address site-specific challenges and to improve

cooperation and trust amongst stakeholders.
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This situation is not unique to Chontales, nor is it only of concern to local
communities. As requirements for corporate social responsibility gain momentum,
foreign companies wishing to exploit resources in the South are learning the value of
building trust and engaging with local communities (Canada 2006; Clark 2003;
Hassanein et al. 2006). This process is not always easy, especially in the wake of past
poor corporate practices and/or corrupt governments. The Mico River headwaters could
serve as a relevant case study for extractive industries operating in foreign cultures and

jurisdictions, particularly in Latin America.

Figure 1-2. Horses in Mico River



Chapter 2. Background

2.1  Water Quality Assessment

Water quality is a subjective term. It means different things depending on the desired
use of the water resource. Ecological function, drinking water, agriculture and industrial
use all have different criteria for safe concentrations of various substances. Drinking
water quality is commonly determined by comparison of contaminant concentrations to
set standards or guidelines determined to pose an acceptable risk to human health (Boyd
2006). Water quality for healthy ecological function is similarly determined by
comparison to toxicological risk, but may vary dependent on natural background levels
and tolerance of native flora and fauna (UN GEMS 2006). Both reliable baseline data and
ongoing monitoring are required in order to see trends, identify pollutant sources and

assess the effectiveness of mitigation activities.

A water quality monitoring program’s design is dependent upon its purpose
(Cavanagh ef al. 1998; UNEP & WHO 1996). The goals of water quality monitoring may

include, but are not limited to:

Baseline/survey information;

e Compliance with regulations;

e Trends;

e Impact Assessment; and,

e Design of regulations or standards.
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The number and location of sampling sites, and the intensity, duration and type of
sampling activity will vary depending on the purpose of the monitoring program. It is
critical to identify the goals of a monitoring program at an early stage in order to avoid
wasted money and effort, and/or insufficient data for the task at hand (Cavanagh et al.
1998; Ongley 1997). When designing a monitoring program, the following questions

should be asked:

1. What is the management goal? How will meeting this goal be measured?
2. What are the potential water quality impacts that need to be measured?

3. What is already known?

The answers to these questions, along with cost and available institutional/
technological capacity, will determine the best sampling methods. Choice of parameters,
frequency of sampling, and the spatial and temporal scope of the program cannot be

determined until these questions have been answered.

2.1.1 Bioassessment

Measuring chemical and physical components of water only tells the story of what is
occurring at the moment in time when the sample was taken. Sampling must be done at
regular intervals for extended periods of time in order to legitimately extrapolate what
kind of exposure to potential contaminants is actually occurring for organisms drinking or
living in the water. This is expensive and labour intensive, and is one step removed from
actually measuring the impacts to the receiving environment. Comparison to set standards

also allows little flexibility to account for local background conditions. For these reasons,
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the use of environmental effects monitoring has become commonplace in recent years in
the North, although it is still rare in the South (Hart et al. 2001; Ongley 1997). Examples
include the determination of Total Maximum Daily Load (TMDL) in the United States
(EPA 2010), the Environmental Effects Monitoring (EEM) program in Canada (EC 2010)

and the derivation of trigger values in Australia and New Zealand (ANZECC 2000).

Environmental effects monitoring focuses effort on the receiving environment and
any changes therein, rather than compliance with a generic numerical standard.
Monitoring is generally focused on comparison to a reference condition as well as
observable changes at the subject site over time. Numerous guidance documents exist in
the literature detailing the necessary study design (ANZECC 2000; Barbour ef al. 1999;
Reynoldson et al. 2001). Biological effects are measured by studying populations of fish,
periphyton, and/or benthic invertebrates. Benthic invertebrates are the most commonly
used indicator. They are relatively easy to identify, immobile, sensitive to impact, and

show impacts sooner than fish (Barbour ef al. 1999; Reynoldson et al. 2001).

Bioassessment of benthic invertebrates is well suited for use by community
stewardship groups and non-scientists (DFO & EC 1997). Sampling for benthic
invertebrates is relatively inexpensive and does not require specialized equipment. It is
not necessary to identify benthic invertebrates beyond family for the most commonly
used invertebrate metrics. (Fore et al. 2001) found that properly trained volunteer
monitors could collect benthic invertebrate data comparable in reliability to that of

professionals. Combined with the use of hand-held water quality meters, a monitoring
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plan utilizing bioassessment techniques seems well-suited for use in regions where both

technical and capital resources are in short supply (Soldner et al. 2004).

2.2  Study Area

The study area is located in the department of Chontales, to the east of Lake
Nicaragua (Figure 1-1). The study area was defined as the drainage of the Mico River
upstream of Santo Tomas, encompassing an area of 400 km?. The Mico River forms part
of the Escondido River system, which ultimately drains to the Caribbean Sea. Major
tributaries within the study area include the San Miguel River, Kinuma River, El Pastal -

Los Hoyos River and the Matagua River (Figure 2-1).

Elevation of the study area ranges between 400 and 800 metres above sea level
(masl), and the terrain is mountainous (Figure 2-2). There are distinct dry (December to
April) and wet (May to November) seasons, with average annual rainfall close to 1700
mm, and average temperatures ranging from 24°C to 27°C. The study area is located on
the edge between the dry and wet tropical broadleaf forest ecosystems, and includes areas

of coniferous tropical forest at higher elevations (CEPREDENAC 2006).

Nicaragua is uniquely positioned on the land bridge between North and South
America, where the southernmost and northernmost extent of several species overlap.
The region is also home to a large number of endemic species (Andraka 2001; A. Perez
2001). Dry tropical broadleaf forest is under intense pressure from human impacts
(Gillespie et al. 2000), and the World Wildlife Fund has ranked it as a high priority for

conservation (Dinerstein 1995).
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Figure 2-2. View of La Libertad area, facing west from location just north of town

Major communities in the study area include Santo Tomas (pop. 15,000), San Pedro
de Lovago (pop. 2,000) and La Libertad (pop. 2,500). Approximately 15,500 additional
people live in small villages and farms throughout the study area. Cattle ranching and
gold mining are the primary economic activities in the area (INEC 1995). Although
Chontales is one of Nicaragua’s most prosperous departments, a significant number of its
people live in poverty. Infrastructure and resources related to education, water, sanitation
and other development indicators are inadequate in many parts of the study area (Dolores

2008; INETER 2004; SRK 1995).

Water shortages are chronic in Chontales during the dry season. Municipal water is
available only two or three days a week in La Libertad during this time of the year, as

little as once per week in communities such as Santo Tomas. It is likely that a great deal
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of water is lost to leakages and deteriorating infrastructure. It is estimated that non-
revenue water (i.e., water lost to leaks or not invoiced) accounts for the loss of a third of
water production in many developing countries (ADB 2011; Kingdom et al. 2006).
Extensive deforestation in the region has also affected hydrology, reducing recharge to

aquifers and drying up smaller streams in the dry season (Webster et al. 2001).

2.2.1 Mining

History

There has been gold mining in the La Libertad region for over a century (Belt 1911),
the first 50 years of which were dominated by small miningz. This changed in 1940,
when the first incarnation of the current La Libertad Mine began operation. Cattle
ranching began to gain importance under the Somoza government, in part due to

government policies encouraging its development (Aiyer 2004; Lazo 2005).

As in other parts of the world, small miners have historically faced challenges with
recognition and legitimacy (Hentschel et al. 2003; M. Veiga 1997). Even the Sandinista
government of the 1980s, of which many small miners were supporters, was keen to
“modernize” the small miners and use Nicaragua’s gold as a source of foreign revenue.
Conflict has arisen more than once over different perspectives on the right to mine. The
La Libertad Mine has changed hands several times, but most operators have shared the

perspective that once they paid for the concession they had exclusive rights to exploit it.

“Small miner (pequenio minero) is the colloquial term in Chontales for small-scale or artisanal miners, also known as
giiiriseros. The International Institute for Environment and Development (IIED) defines this type of miner as “[using]
minimal or no mechanization, often in the informal (illegal) sector of the market” (Hentschel et al. 2003), which
certainly applies to many of the small miners in Chontales.
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The small miners believed that they had a historical right to the gold; that it was part of

the cultural patrimony of the town and they had the right to work the deposit (Aiyer 2004;

Tolvanen 2003).

In recent times, this conflict flared up in an armed standoff between the small miners
and a Canadian mining company called Greenstone Resources Canada Inc. (Greenstone).
As a result of the standoff, the small miners formed the Cooperative of Small-Scale
Miners of La Libertad, Chontales (COOPEMILICH) and negotiated an agreement that
allowed them to work within the concession as long as they dismantled their rastras® and

sold their ore to Greenstone at world prices.

Greenstone was primarily an exploration company, and was not prepared for the
business of operating a gold mine. Greenstone entered La Libertad with promises of a
social fund and infrastructure improvements; however by 1999 the company was
effectively bankrupt and unable to deliver on these promises. Greenstone’s facility for
processing ore had far less capacity than the rastras it replaced, and when Greenstone
left, La Libertad small miners had nowhere to take their ore. As a result, there was
considerable anger on the part of the community for the manner in which Greenstone had
operated (Tolvanen 2003). This legacy of mistrust has persisted to this day, complicating

relations between the community and the current mine owners (Jiron 2008; Speirs 2008).

At the time of my site visit, the La Libertad Mine was undergoing upgrades to a new
processing system (Central Sun 2008) and was not producing gold. The La Libertad Mine

re-opened in 2010, with a collective bargaining agreement in place between Desarollo

®Rastras = small mills which use mill mercury amalgamation in order to extract gold from ore
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Minero de Nicaragua S.A. (DESMINIC) / BG2 Gold (the current mine owners), its
employees and COOPEMILCH (B2Gold 2010). This agreement commits BG2 Gold to

processing 5,500 tonnes of ore per year for COOPEMILCH.

Environmental Impacts

Artisanal gold mining is known for causing environmental degradation and being
marked by a poor health and safety record for workers and communities (Hinton et al.
2003; M. Veiga 1997). The most common environmental impacts from artisanal gold
mining are sediment inputs (Mol & Ouboter 2004) and heavy metals, particularly

mercury contamination (Tarras-Wahlberg ez al. 2001).

Mercury amalgamation is the most common method of gold extraction (Figure 2-3
& Figure 2-4), and due to the informal and poverty-driven nature of the industry,
techniques for mining and processing ore are often rudimentary and labour intensive
(Hentschel ef al. 2003). Many small miners have limited economic capacity or formal
training, and the dangers of mercury are not always well-understood (Spiegel & M. Veiga

2010).
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Figure 2-3. A rastra in La Libertad

Figure 2-4. Close up view of a rastra
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The informality and marginalization of small miners has not helped improve this
track record. Legal procedures to formalize mining operations are often bureaucratic and
costly, and regulations written with medium to large-scale mining interests in mind.
Nicaragua’s Mining Law (Nicaragua 2001) faced opposition from artisanal miners for just
this kind of bias towards industrial mining (Tolvanen 2003; Velasco 2001). Small miners
often do not have the economic or technical resources to meet these requirements
(Hruschka & Echavarria 2011). Without legal status, it is difficult for small miners to
acquire and maintain rights to their concession, or to be seen as a feasible risk for

financial investment and development.

Artisanal mining in Chontales is well-established and more stable than in rush areas
such as the Amazon or parts of Africa. In addition to a 100-year tradition of mining in the
community, many small miners in La Libertad have either worked in the large mine
themselves or have family members who do (Aiyer 2004). These miners are experienced
in artisanal techniques and have varying levels of modern technical training and
background. Many are aware of the environmental and safety risks of artisanal
operations. During my time in La Libertad, I observed one rastra where the
owner/operator had constructed a settling pond to mitigate sediment inputs into the river
(Figure 2-5). I also heard from COOPELMICH that they wished to open an
independently operated cyanide leach plant with which to process ore, which would be
independent of the La Libertad Mine and offer miners an environmentally superior
alternative to mercury amalgamation (Jiron 2008; M. Veiga et al. 2009). With the proper
financial and technological support, I believe La Libertad is relatively well-situated to

improve working conditions and reduce environmental impacts amongst small miners.
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Figure 2-5. Settling pond downstream of a rastra in La Libertad. The pond was dry as the photograph was taken
during the dry season.

Industrial large-scale mines tend to have a smaller externalized environmental cost
per unit of product than do artisanal operations, but due to their size they do have a large
overall impact (Figure 2-6). Multinational mining companies generally are required to
conduct environmental impact assessments as part of pre-project planning, have
environmental management and monitoring plans in place during operation, and closure
and restoration plans for the end of the project. Many conform to international or home
country standards more stringent than those of the host country (Hentschel et al. 2003;
Kumah 2006). However, large mining companies have also been implicated in human
rights violations and environmental destruction in parts of the world with corrupt or weak
governments. Industrial mines can create very large environmental impacts. When

tailings dams fail or leak, catastrophic poisoning of surface and groundwater can result.
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Large-scale deforestation and open pit mining can create significant hydrological changes

and erosion (Clark 2003; Earthworks & Oxfam America 2007; Kumah 2006).

Figure 2-6. La Libertad Mine

Tailings from the La Libertad Mine were discharged to surface water until 1988
when a dam and facility was constructed to process and contain the tailings.
Embankments of this tailings facility had minor failures on more than one occasion under
Greenstone’s operation, and tailings and supernatants spilled into El Tigre and Santa Fe
Creeks (Knight Piesold 1997). Given Greenstone’s poor financial and social record, it is
unsurprising that they were in violation of environmental requirements as well. A second
tailings facility has since been built, and the recent upgrades to facilities at the mine are
intended to address engineering issues in one of the tailings dams identified in a more

recent MARENA audit (Alfaro & Ortiz 2009).
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2.2.2 Cattle Ranching

Chontales is popularly known as the place where “los rios son de leche y las piedras
de cuajadas®”, and with good reason. Ranching is one of the region’s largest economic
activities; the majority of Nicaragua’s dairy products originate from this part of the
country (Wood 2010). Cattle ranching became an important part of the local economy in
the 1950s, when Somoza-era policies encouraged land privatization (Aiyer 2004;
Montambault 2004). Cattle herds in Chontales shrunk during the Sandinista revolution
and conflict with the contras in the 1970s and 1980s (Gibson 1996; Nietschmann 1990),
but once the fighting ended ranchers returned. Chontales currently consists of almost
80% pasture or former pasture, and forested areas are highly fragmented (Montambault

2004; Vanmen & Y. Flores 2006).

Unfortunately, sufficient pasture rotation is rare and overgrazing is typical (Figure
2-7 & Figure 2-8). Cattle ranching is one of the primary causes of deforestation and
erosion in Nicaragua (Esquivel et al. 2007; European Commission 2007). Few fences
keep cattle out of waterways, and even fewer protect riparian vegetation (personal
observation 2008). Environmental impacts to water quality from cattle ranching can
include erosion and sedimentation, faecal contamination and changes in stream

hydrology due to deforestation.

*the rivers are made from milk and the rocks from cheese
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Figure 2-7. Cow in Mico River approximately 200 m upstream of La Libertad water intake

Figure 2-8. Access point for cattle on Mico River downstream of La Libertad
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The National Union of Farmers and Ranchers (UNAG) are working in Chontales to
modernize the cattle industry. This has included reforestation efforts and education on
best management practices. Ranchers in Chontales tend to be relatively prosperous and
generally have the financial capability to make changes in their farming practices.
Convincing them of the benefits of reforestation (Yamamoto et al. 2007) and controlled
access to water (Davidson & Gulka 2007) on cattle health and productivity will hopefully

lead to positive results for water quality.

2.2.3 Household Waste

Wastewater treatment is inadequate in many parts of Chontales. Gastrointestinal
diseases associated with fecal contamination of drinking water are common throughout
the region (Ascencio 2002). Pit latrines are ubiquitous even in larger centres such as
Santo Tomas, while in rural areas many people rely on open-air defecation. Although in
many ways pit latrines are a good solution to sanitation in areas with unreliable water and
wastewater infrastructure, in high densities they may contaminate groundwater with
nitrates and pathogens (Banks ef al. 2002; UNESCO 2006). Open-air defecation can
contaminate surface runoff with pathogens and excess nutrients, resulting in

eutrophication and high biological oxygen demand (BOD) in receiving waters.

Garbage collection is, for the most part, non-existent in rural areas of Chontales.
Littering is commonplace, and waterways are choked with plastics and other garbage

(Figure 2-9).
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Figure 2-9. Garbage in the Mico River

2.2.4 Other Industry

Several dairy processing plants and tanneries are located in Santo Tomas and
throughout the region. Untreated dairy effluent creates conditions of low pH and
dissolved oxygen as lactose is converted to lactic acid (Karadima et al. 2010). Other
pollutants include dissolved and suspended solids. Like dairy effluent, tannery effluent
contains dissolved and suspended solids, and creates high biological and chemical
oxygen demand in receiving waters. It also may contain elevated levels of chromium and
other metals (Bosnic et al. 2000). Decreto 33-95 regulates effluent discharge from these

industries (Nicaragua 1995), but enforcement is limited.
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Other impacts to water quality include the common practice of washing vehicles and

clothes directly in the river (Figure 2-10).

Figure 2-10. Women from La Libertad washing clothes in the Mico River. Note the soap-stained rocks in the
foreground

2.3 Regional Challenges

Adequate hydrological and water quality data are essential for effective water
resource use planning (UN GEMS 2006) and protection. Such data informs receiving
environment capacity, identifies critical water-related issues and aids in allocation of
funds. Lack of water data has been identified as a major obstacle in achieving water-
related Millennium Development Goals (Hassan et al. 2005; UN 2010) in the global

South.
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Water quality monitoring in Nicaragua has for the most part been limited to site-
specific studies. The government has identified the need for a national information
system for water quality and hydrological data (Montenegro et al. 1999), but at the
current time such information is scattered across various agencies and private actors (F.
Flores 2008). This data is difficult to track down, and not all is available to the general

public (Mendoza 2008).

In the global North, governments have had water quality and hydrological monitoring
programs in place for decades. A body of literature has since developed on water quality
assessment and monitoring methods, primarily developed under temperate conditions
with the assumption of ample technical and financial capacity. Conditions are often quite
different in tropical parts of the world. Ecology and climate, funding and capacity, and
cultural norms can all affect the efficacy of methods designed in North America or
Europe. Understanding these differences is essential in adapting methods to be effective

in a particular location.

2.3.1 Capacity

Capacity is a commonly used word in development, but a definition can be difficult to
pin down. It is used to describe technical expertise, good governance and effective
institutions, sufficient funding, adequate infrastructure: everything from enforcement of
regulations to office supplies. In essence, it refers to the ability of individuals or

institutions to perform required functions and solve problems (UNDP 1997).
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Nicaragua is the second poorest country in the western hemisphere (IMF 2010). It has

a recent history of dictatorship and civil war and suffered heavy damage from Hurricane
Mitch in 1998. Infrastructure is poor, especially in the eastern half of the country.
Government agencies are strapped for cash and lack qualified personnel and equipment
(A. M. Larson 2002). Compounding these problems, the government in recent years has
not been free from corruption and scandal (Anderson 2008; Brown & Cloke 2005;

Transparency International 2010).

Nicaragua is a relatively young democracy; the current parliamentary system was
formed in 1984. There are currently seven political parties in Nicaragua, however the
political landscape is dominated by the Sandinistas® and the Liberals®. Nicaraguan
politics are heavily partisan, often resulting in staff turnover and/or loss of support for
programs initiated under one political party when another gains power (Anderson 2008).
This not only makes it difficult to implement government-led change, but it reduces

public confidence in government agencies.

A history of corruption in government creates similar problems with public
perception. Many people simply do not pay their taxes (Lopez 2008), with little
repercussion when they have family connections in government and/or the government
has no capacity to enforce tax laws. However, people are often willing to contribute
money to a particular project when there is some guarantee that their money will be used
as it should (Calderon 2008; Dolores 2008; Mitchell 2008). Although confidence in

political institutions in Nicaragua is low (Calderon 2008), civil engagement and public

> FSLN - Frente Sandinista de Liberacién Nacional
8 PLC - Partido Liberal Constitucionalista



27
participation in politics is relatively strong when compared to the rest of Latin America

(Anderson 2008; Booth & Richard 2008).

Design of a community monitoring plan for rural Nicaragua should involve some
discussion of what capacity is required to implement it, and how those needs might be
met. Training of personnel, sustainable funding, effective management and coordination

with other agencies will be necessary for successful implementation of such a plan.

2.3.2 Regulation

Governance and planning in the Mico River watershed are complicated by the
multiplicity of government agencies with jurisdiction in the area. Not until recently has
Nicaragua created a single agency or comprehensive policy dealing with water. The
Nicaraguan Water Law was passed in 2007, with the intention of improving water
resource management and water rights allocation. The law calls for the creation of a
National Water Authority (ANA) to perform the regulatory, management and control
functions of the new law, however this authority has not yet been established (Nicaragua
2008; Novo & Garrido 2005). Numerous NGOs and the private sector are also involved

in water-related issues. Table 2-1 shows these players and their roles.
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Table 2-1. Current Water-Related Agencies in Nicaragua (from Novo & Garrido 2005)
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o

Spatial Scale
Local

Water

Actor Institution

Agriculture
Environment
Energy
Drinking &
sanitation
Regulatory
Planning &
management
Conflict
resolution
Pricing &
financing
Consult &
research
National
Urban
Rural

MARENA

MAGFOR

MINSA

MIFIC

MEM

INAA

ENACAL

ENEL

INETER

INTA

FISE

CONAPAS

CNRH

Local Governments

Reg. Governments

Courts

Env. Attormey

Police

National Assembly

International Inter. Banks
community Dev. Agencies/NGO
Nicaraguan NGOs
CAPS
Civil organization  Municipal Assoc.

Basin Committees
Farmers Unions

Source: Authors’ own elaboration.

MARENA = Environment and Natural Resources Ministry; MAGFOR = Agriculture and Forestry Ministry; MINSA = Health

Ministry; MIFIC = Infrastructure and Trade Ministry; MEM = Energy and Mines Ministry; INAA = Nicaraguan Institute for

Water and Sanitation; ENACAL = National Water Supply and Sanitation Company; ENEL = Nicaraguan Electricity Company;

INETER = Institute Territorial Studies; INTA = Institute of Agricultural Technology; FISE = Social Investment Fund;

CONAPAS = Commission on Water and Sanitation; CNRH = National Water Resources Commission; Reg. Governments =

regional governments; Env. Attorney = environmental attorney; Inter. Banks = international banks; Dev. Agencies =

development agencies; CAPS = water and sanitation committees; Municipal Assoc. = municipal associations.

Ministry

Government

Autonomous government body

2.3.3 Tropical Freshwater Ecology

Water quality in a water body is shaped by the geology and precipitation regime of
its catch basin (UN GEMS 2006; WHO 2011). As a result, acceptable concentrations of
chemical constituents cannot always be measured by generic standards developed in

distant locations.
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Similarly, bioassessment techniques of measuring aquatic ecosystem health are
intimately linked to the ecology of the region in which they are conducted. Tropical
streams are less homogenous in character than are temperate ones (Boyero ef al. 2009;
Ramirez et al. 2006), and so less generalizable. Bioassessment techniques developed in
temperate regions are insect-based and focus on substrate sampling, while in tropical
streams other invertebrates such as shrimps may make up a higher percentage of

macroinvertebrates, requiring drift sampling to properly assess the stream (Boyero et al.

2009; Pringle & Ramirez 1998).

Tropical rivers show different hydrological characteristics than do temperate ones do,
reflective of wet and dry season. Tropical mountain streams often have small watersheds
(WHO 2011) and many are ephemeral during the dry season. There may be no
unimpacted reference sites available. In Chontales, the entire watershed of the Mico
River has been altered by anthropogenic influences. There is no “upstream” of cattle
impacts, for example, as stream headwaters are located within cleared pasture land rather
than in forested uplands. Reference sites may need to be chosen in a similar, adjacent
watershed or in a relatively unimpacted area (e.g. well-vegetated riparian fenced off from

cattle access).

Despite these difficulties, a reference condition approach (RCA) to bioassessment
(e.g. CABIN, AUSRIVAS (EC 2010; Land & Water Australia 2011)) is preferable to
comparison with a pollution index developed in a temperate part of the world. If adopted,
these methods should be critically examined for appropriateness, and adapted to local

conditions if necessary. Tropical streams are relatively well-studied in Costa Rica
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(Boyero et al. 2009). This research may be applicable in establishing a taxonomic base
for invertebrates in Chontales, as well as understanding ecological functions and

processes in streams in this part of the world.

Figure 2-11. Mico River




Figure 2-12. Aerial photo of La Libertad and La Libertad Mine. (photo courtesy of Central Sun 2008)
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Chapter 3. Methods

3.1 Project Development

I initially looked at land use and water quality issues in and around Lake Nicaragua.
Lake Nicaragua is the largest freshwater lake in Central America, and has a number of
juicy issues to explore: transboundary watershed management (Montenegro 20006),
invasive species (Cermefio 2001; Ocon & Martinez 2001; Stauffer ef al. 1995), land use
and pollution, a population of freshwater sharks (FishBase 2010; Smith 1893) and a once
(and future?) plan for a canal to rival Panama’s (Smith-Spark 2006; Vidal 2006). Water
quality was one of several research needs identified in an action plan developed for the

lake’s watershed by the governments of Costa Rica and Nicaragua (Montenegro 1997).

My research strategy initially encompassed both qualitative and quantitative
methods, and I was guided by an “action research focus”, which Wisner ef al. (1991, p.
271) calls a “solution of social problems rather than the mere compilation of scientific
data”. I was interested in a project that might be of some practical use in improving the
quality of life for people in Nicaragua. As a researcher in a foreign country and culture, |
also was careful to keep in mind the tenets of ethnography, which involves being flexible,
and capable of changing preconceptions and questions as you go along in the process of

your research (Denzin & Lincoln 1998).

I was not formally affiliated with any groups or universities in Nicaragua, so my first

task was to contact individuals working on these issues in and around Lake Nicaragua. [
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began doing so in Canada and this process of networking consumed the first month or so
of my time in Nicaragua. This process also produced a change in my research project.
When given the opportunity to work on a topic that was both interesting to me and had
been identified by a local community itself, I leapt at the chance to produce a thesis that

might be of practical use.

Participatory development7 has been the dominant paradigm in development
literature for the past 20 years. Most plans and studies conducted in the South at present
have as a core component the participation of local people. The academic literature on
participatory research methods is quite extensive (see, for example, ADB 2001; Gaffney
2008; Gonsalves 2005; OECD 1995; Wadsworth 1998; Wisner et al. 1991) and covers
fields such as health (Khanlou 2010; Kralik & Koch 2006; McKay et al. 2010),
development (ADB 2001; Bessette 2004; Muraleedharan 2006; Pound et al. 2003),
watershed management (Castelletti & Soncini-Sessa 2006; Farrington et al. 2000; Kerr

2002; Rhoads et al. 1999; Williams 2002) and many more.

Participatory research seeks to address specific issues identified by local people, and
to apply the results directly to remedying those issues. While participatory methods were
not utilized for the actual gap analysis, these ideas of engaging local citizens and better
understanding their concerns and issues determined what the focus of my research would
be. The research itself was positivist in nature; a quantitative assessment of physical and

biological data.

"Participatory development is difficult to define, but in essence refers to a process through which
stakeholders influence and share control over development initiatives, and the decisions and resources that
affect them (ADB 2001).
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3.2 Qualitative Aspects

My research began before I left Canada. As an outsider in Nicaragua, it was
important to me to get as much of a “feel” for the place and people as possible. This
process began with actively studying and improving my existing command of Spanish,
both in Canada and during my stay in Nicaragua. Fluency in Spanish was not only vital

for communication purposes, but in understanding the place and culture (Sherzer 1987).

Prior to beginning my field work, I researched the literature in order to learn not just
about my area of research but also about the history, culture, politics and physical
surroundings of Nicaragua and Chontales. My reading included a wide range of sources,
from peer-reviewed studies to travel writing to fictional works from and about Nicaragua.
I also lived and traveled in Nicaragua for several months before spending time in La
Libertad. Physically being in the landscape and talking to people who live there gave me
a “feel” for the place, and contributed towards a positive experience of living and

working in a rural Nicaraguan community.

One of the most important of my initial tasks was the search for a “gatekeeper”.
Without the support of an in-country organization I needed someone through whom to
gain entrée to the community, an individual who could introduce me to others and vouch
for the worthiness of what I plan to do (Denzin & Lincoln 1998; Lofland 2006). To this
end I made contact with the Centre for the Investigation of Aquatic Resources of
Nicaragua (CIRA), an NGO called the Netherlands Development Organization (SNV),
and with several Peace Corps volunteers working in Chontales. Katie Mitchell, a Peace

Corps volunteer working and living in La Libertad, became my gatekeeper. She
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introduced me to members of local government, to COOPELMICH, and to other

members of the community.

While in La Libertad, I utilized participant observation and informal interviews to
better understand land use and the history of mining in the area. Participant observation
has a long history as an appropriate means of gaining understanding of a culture when
barriers of language (Friedrichs 1975; Vidich & Shapiro 1955). I spent time walking
around town and exploring the countryside and observed rastras and ranching operations.
I walked up and down the Mico River to get a sense of aquatic and riparian values and
stream morphology. I also benefited from the interest that people I met took in my work,

and the enthusiasm many Nicaraguans have in talking politics.

In addition to social conversations that turned to the topic of my research, I had the
good fortune to have more formal discussions with several people in town. Jose Dolores,
the municipal Environmental Coordinator, showed me the town’s water source and talked
to me about water supply issues and related environmental concerns. Hector Kaufmann,
the environmental manager at the La Libertad Mine, took me on a tour of the mine and
showed me their mitigation measures and water quality sampling locations. Javier Ocon,
the secretary of COOPELMICH, took me to several rastras and was a wealth of

information on artisanal mining.

Others who took time to talk to me and provide insight on the region included
Alfredo Mendoza at the National Autonomous University of Nicaragua (UNAN), Yelba
Flores with CIRA, Antoinette Kome at SNV, Graham Speirs at Central Sun and Fernando

Flores at the National Water Supply and Sanitation Company (ENACAL) in Juigalpa.
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I recorded field notes of my conversations, observations and impressions daily, and
took numerous photographs. I also occasionally taped conversations, with permission.
Analysis was limited to an introspective re-reading of my notes in order to gain a general
sense of meaning. I used several of Baxter & Eyles (1997) criteria for establishing
‘rigour’ in qualitative work. My findings from informal interviews were confirmed by
observation, the literature and my quantitative data. I attempted to speak to a range of
different stakeholders, although I was not entirely successful. I did not have opportunity
to speak to a rancher, and the majority of people I spoke to were academics and/or

professionals.

3.3 Quantitative Analysis

My quantitative analysis began with collation and analysis of existing data. I
collected and mapped existing water quality data for the study area, and analysed spatial

and temporal coverage for each parameter of interest.

Based on known activities in the watershed and available mapping of watercourses
and roads, I created a hypothetical monitoring plan to measure impacts to water quality. |
chose parameters to be tested, sampling locations and sampling frequency. 1 then
compared existing data to this monitoring plan to identify where data was missing or

insufficient. Finally, I made recommendations for future monitoring requirements.
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3.3.1 Data Collation and Analysis

The first step in my gap analysis was to identify and assemble available water quality

and aquatic resource data for the Mico River. I searched the following sources for such

information;

Published academic literature;

CIRA, UNAN and the Central American University (UCA);

MARENA, ENACAL, CONAPAS, INAA, MINSA and INETER
Municipal records in La Libertad, San Pedro de Levago and Santo Tomas;
DESMINIC and B2Gold Mining Corporation (formerly Central Sun);

The Humboldt Centre and other environmental NGOs involved in Nicaragua;
and,

Literature from the World Bank, United Nations and other international
bodies involved in development in Nicaragua.

My search uncovered seven separate studies containing water quality/bioassessment

data, three sets of monitoring data and four studies which provided qualitative data on

environmental concerns in the region. These are listed in Table 3-1 below:

Table 3-1. Primary Data Sources

Author Year Title Parameters Season
Diagnostic study of environmental
contamination due to mining activity in the Water.
Velasquez, G 1993 . ; . . chemistry, Both
Sucio, Mico and Sinecapa Rivers, .
. toxicology
Nicaragaua
Steffen
. . . Water
Robertson & Baseline Study: La Libertad Project, .
. 1995 . chemistry, Dry
Kirsten Inc. Nicaragua

(SRK)

bioassessment




Table 3-1. Primary Data Sources

Author Year Title Parameters Season
Environmental Impact Assessment: La
SRK 1996 Libertad Project, Nicaragua none N/A
Water chemistry
Knight . . L (refers to
Picsold 1997 Environmental Audit: Cerro Mojon DESMINIC Dry
data)
Tolvanen, A 2003 Tﬁe Legacy of Greenstone Resources in Social effects N/A
Nicaragua
Water chemistry
Resultados del Monitoreo in situ de la (independent
Centro 2005 actividad minera en los departamentos and review of Wet
Humboldt de Chontales, Boaco, Matagalpa y ENACAL,
municipios de Chinandega Norte DESMINIC
data)
Central Sun 2006 DRAFT Envzronmer{tal Impact Assessment: none N/A
Chamorro Exploration
. . . Water
Vanmen, K & Diagnostico Ambiental: La Subcuenca Alta .
2006 . o . chemistry, Wet
Flores, Y de los Rios Siquia y Mico .
bioassessment
Monitoreo de los Macroinvertebrados en las
Galatowitsch Partes Altos de los Rios Mico y Siquia en los
M ’ 2007 Municipios de Santo Domingo, La Libertad, Bioassessment Both
San Pedro de Lovago, Santo Tomds y Villa
Sandino, Chontales, Nicaragua
Estudio Hidrobiologico del Sistema Acuatico
DESMINIC 2007 circundante al Proyecto “Ampliacion Cerro Bioassessment Dry
Mojon”
Estudio geofisico para microlocalizacion de
Manuel, J 2007 | pozo en el sitio Monasterio Santa Maria de Water chemistry | Dry
La Paz
1995- | effluent and watercourse monitoring data, .
DESMINIC 2008 1996 - 2008 Water chemistry | Both
ENACAL 129090%- watercourse monitoring data for La Libertad Water chemistry | Both
Water chemistry
Estado Actual de la Mineria Metalica en (independent
Alfaro, A & . . .
Ortiz. F 2009 Nicaragua e Impactos Ambientales de and review of Dry

Algunos Proyectos Mineros Emblematicos

DESMINIC
data)
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Data from these studies were entered into Excel and organized in an Access database.
As the focus of this report is on surface watercourses, groundwater results were not

included. The following information was recorded for each data point:

Sample location (in NAD27 UTM coordinates and by description)

Sample date

Sample type (i.e., sediment, surface water chemistry or bioassessment)

Parameter tested

Analytical result

Once data entry was complete, I mapped sample locations using ArcGIS. Several of
my data sources did not provide UTM coordinates for sample locations, and these were
plotted based on location descriptions. I then binned together sample locations in close
proximity (i.e., within 25 m) and measuring the same effects (e.g. downstream of stream
confluence, or upstream of a rastra) as one data point, in order to show overall spatial
coverage of the study area. Surface water and sediment chemistry data from outside of
the study area was not included, with the exception of sample locations that coincided
with bioassessment sampling locations. Bioassessment data for the entire region was
collated and analysed in order to provide a larger database of reference and test sites
(Reynoldson et al. 2000). Appendix A contains electronic copies of the original reports,

the database containing raw data, and ArcGIS files used in mapping and spatial analysis.

Each of these new combined data points was then assessed using the JMP statistical
software package. Values below detection limit were assigned a value of 0. It is

understood that this practice would not be acceptable in determining legal compliance
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with a standard, but for the purpose of this study (i.e., a general sense of water quality) it
allowed the many non-detect values in the data set to be incorporated into the analysis.
Descriptive statistics (mean, number of samples (n), standard deviation, etc.) were
produced for each parameter analysed at each point. This was done in order to produce an
average value for each site to be used for comparison to water quality criteria; standard
deviation and n provided a sense of how accurate a description of conditions that average
value is. Each parameter was also plotted over time to assess any trends, and compared to

effluent, drinking water and aquatic life criteria where available.

Local Nicaraguan (i.e., Decreto 33-95 (Nicaragua 1995) or Comité Coordinator
Regional de Instituciones de Agua Potable y Saneamiento de Centroamérica, Panama y
Republica Dominicana (CAPRE) (CAPRE 1994)) criteria were defaulted to, with
international (i.e., World Health Organization (WHO) (WHO 2011)) guidelines or
Canadian (i.e., Metal Mining Effluent Regulation (MMER) (Canada 2002)) standards
used for parameters with no local standard. Decreto 33-95 and the MMER standards are
for comparison of effluent quality, where CAPRE and WHO guidelines are drinking
water criteria for surface water. No local aquatic life standards or guidelines exist in
Nicaragua and so Canadian Council of Ministers for the Environment (CCME)
freshwater aquatic life guidelines for surface water (CCME 2011b) were used. Sediment
samples were compared to the CCME freshwater aquatic life guidelines for sediment
(CCME 2011a). These criteria may not be directly comparable as different organizations
may develop criteria to measure different effects (e.g. acute vs chronic exposure),

however they give a general sense of water quality with regard to different uses.
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Finally, a qualitative assessment was made of individual study reliability. This
included documented quality assurance/ quality control (QA/QC) procedures, availability

of raw data and study design.

3.3.2 Comparison of existing data to “ldeal” monitoring plan

Introduction

A gap analysis is inherently subjective. What constitutes a data “gap” depends on
what you are attempting to measure. As discussed in Section 2.1, one should be clear in

one’s purpose when designing a water quality assessment program.

In order to effectively identify gaps in existing data, I undertook the theoretical
exercise of designing a water quality monitoring program for the purposes of establishing
baseline conditions and evaluating existing impacts to water quality in my study area.
This allowed me to clarify what I was asking of the existing data, and prioritize when
thinking about what is possible in future in the Mico River headwaters given existing

capacity.

Objectives

The first goal of this thesis is to identify what water quality information is a priority
for the Mico River, and this also informs the objectives of my theoretical water quality
monitoring program. The communities in the study area have expressed a desire to
understand existing water quality conditions, with a focus on determining if the water

safe for consumption by humans and livestock. A number of dairies exist in the study
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area and require clean water for processing milk and cheese. Concern also exists for the
ecological health of the aquatic environment. Healthy watercourses provide a number of
ecosystem services (see Chapter 1), including improved drinking water quality. A non-

commercial fishery exists in the region, and is dependent on aquatic ecosystem health.

Surface water quality varies across the landscape, and can change seasonally and
year to year depending on natural processes such as precipitation, natural mass
movement, flow patterns, and atmospheric conditions. A good baseline survey of water

quality should have sufficient spatial and temporal data to account for these variables.

Identifying the source, magnitude and extent of potential impacts to water quality is

outside of the scope of this hypothetical study design.

Figure 3-1. Drinking water intake for La Libertad
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Methods

This hypothetical study includes analysis of surface water chemistry and RCA based
bioassessment with benthic invertebrates. Sediment sampling is generally undertaken to
identify areas of contamination or as a part of long-term monitoring of industrial
activities. Sediment can act both as a sink for contaminants originating from airborne
deposition or contaminated surface water, and as a source of contaminants back into the
water column when disturbed. A sediment sampling program would be appropriate as a
second step should benthic invertebrate populations prove to be in poor condition at
impact sites, or in order to delineate areas and gradients of contamination, but is not

required for this hypothetical study.

Study Area

A Dbaseline surface water quality survey requires sampling sites located in
representative locations in all major drainages in the project area. These locations are

shown in Figure 3-2.



km

y: d
glamate
d N
— = S S ity
3 Q¢ A S
A
Q N4
w 9:‘77 N
) O k9
= & § =
= \ —
5 Q
£ s S
S 2 X -
\
) 3
\ g
\ \
\'ll \‘
q Mona S —~ !
. ::: . C - / E é
\ 3 6 g . { a
y S S S i L 3
| e & ] q F ~Q
\ 'x'”‘oo Z. K] \§ % CMO& T
] o il e 3 £\
\ , \l Ny '
' ° - Sy )
h N CORNG d
\“\\_ L Olote 4 S (7 ’ Sy,
[ - & )
J S ) : )
@ ,-'r [ Ly %
} / My ' &
e Sl 2 <
A e = <
/ r ‘ e
—_— [/ = . >
— B = @ J;O
Penod 0\1 LVW' (4 [ = 7 Nog
N A )
¥ / /7/\
A 4 X L —
N O // -
3 R/ }
CERNO & | S Ry @
1 . ‘ Y =" La Pedregosh &
& s ¥ X
: o _
. A
O=.. . |
}29' N _,"’ 4
© x 3 Al
. e Ilmﬂm jal of
= o 7 2\
© all{f ae T " '-‘
= { W
S
('3) \
= p
<=
B ~y g
< Q
s, A S, N\ §
% .
\ & N K <€
b IS ~
N 3
d S Sanjo
..
\%\\,& \' . ToRjas
3 :
J
® / <
v
L7}
Py \ Source: World Topographic Map
CERRO [ AS f
Legend
~ w " : : . "Ideal" Sample Locations
O "ldeal" Water Quality Sampling Location Streams 0 1 2 4
B ‘ldeal" Bioassessment Sampling Location D Study Area

July 2011 | Figure 3-2



Kathy
Text Box
2


45

RCA based bioassessment requires a range of reference sites indicative of natural
variability, in order to create an empirical model that test sites can be compared against.
Reference sites should be representative of a variety of habitat types (e.g., altitude, stream
order, ecoregion, etc.). A large number of reference sites (i.e., 25 or more, depending on
natural variability) are required in order to develop a defensible model (Grey & Stewart
2011). Potential locations for bioassessment reference and test sites are also shown in

Figure 3-2.

Reference locations shown in this figure are approximate only, as they were based on
aerial photos. Actual sites for both water quality and bioassessment should be chosen

based on more accurate land use data, and groundtruthing in the field.

Parameters and Timing

Sampling should occur in February, May, August and November, in order to capture
seasonal variability. In particular, the May sampling event should be timed to capture first
flush of the rainy season (e.g., pushed back to June if necessary). Water quality variables
to be analysed are listed in Table 3-2 below, with a description of selected parameters

following (EPA 2008; RISC 1998).

Table 3-2. Priority Water Quality Parameters

Parameter Activities Potentially Creating Water Use Impacted
Impact

pH Industrial and artisanal mining, dairies, | Aquatic life, affects toxicity of other
tanneries, inadequate sanitation contaminants

Conductivity Industrial and artisanal mining, dairies, | Aquatic life
tanneries, inadequate sanitation

Temperature Industrial ~and  artisanal mining, | Aquatic life

ranching, agriculture, deforestation,
washing in river

Dissolved Oxygen (DO) Industrial and  artisanal  mining, | Aquatic life
ranching, agriculture, deforestation,
washing in river, dairies, inadequate




Table 3-2. Priority Water Quality Parameters

Parameter Activities Potentially Creating Water Use Impacted
Impact
sanitation
Turbidity/ Total | Industrial and artisanal mining, | Aquatic life, drinking water, food
Suspended Solids (TSS) ranching, agriculture, deforestation, | processing
washing in river
Hardness Not applicable Affects toxicity of other contaminants
Nutrients Cattle ranching, inadequate sanitation, | Aquatic life (through eutrophication),
dairies drinking water, food processing
Bacteria Cattle ranching, domestic wastewater, | Drinking water, food processing
dairies
Cyanide Industrial mining, fishing Aquatic life, drinking water, livestock
use, food processing
Total Metals Industrial mining Aquatic life, drinking water, livestock
use, food processing
Mercury Artisanal mining Aquatic life, drinking water, livestock

use, food processing

Pesticides and Herbicides

Agriculture, ranching

Aquatic life, drinking water, livestock
use, food processing

Alkalinity Not applicable Affects toxicity of other contaminants
Hydrocarbons Industrial mining, roads, waste | Aquatic life, drinking water, livestock
management use, food processing

Physical/Dissolved lons

46

Turbidity/TSS — Turbidity is a measure of the optical properties of a water sample
induced mostly by suspended particulate matter which results in a scattering of
light as it passes through water, while TSS is a quantitative measure of suspended
solids in the water. High levels can reduce biological productivity of the water or
prey capture success by visual predators. The relationship between TSS and
turbidity depends on the characteristics of the particulate matter (i.e., percentage
clay, silt or sand), but once a relationship is established between these parameters
at a particular site turbidity can be used as a proxy for TSS.

Dissolved Oxygen (DO) — A measure of the amount of oxygen dissolved in water,
essential to the survival and health of most aquatic organisms. Turbulent water
contains more dissolved oxygen than does stagnant water. Water also contains
more oxygen at saturation at colder temperatures than warmer ones.

Anthropogenic inputs such as agricultural runoff and other organic materials use
oxygen as they decompose, reducing dissolved oxygen levels.

Temperature — Aquatic organisms have an optimal temperature range outside of
which they become stressed, more susceptible to disease and grow more slowly.
Increased temperature contributes to algal growth, and is a contributing factor
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towards eutrophication of a watercourse. Temperature also affects the toxicity of a
range of other substances, including ammonia.

pH — Agquatic organisms have an optimal pH range outside of which they become
stressed, more susceptible to disease and grow more slowly. pH is a factor in the
toxicity of numerous pollutants, including ammonia. Eutrophication may cause a
slight rise in pH in watercourses during the daytime due to photosynthesis.

Conductivity — An indirect measurement of the total ion concentration in the water,
via measurement of its electrical conductivity. Natural waters vary between 50
and 1500 uS/cm. Conductivity may be used as a measure of dissolved solids, once
the correlation is established for a particular body of water.

Hardness — Hardness is primarily due to the presence of calcium and magnesium in
the water, although other metallic ions may contribute. Hardness affects the
toxicity of some metals. Anthropogenic sources of hardness include mining and
some industrial effluents.

Alkalinity — A measurement of the water’s ability to neutralize acids. High alkalinity
is associated with excessive hardness and high concentrations of sodium salts.
Low alkalinity water has little capacity to buffer acidic inputs and is susceptible to
acidification. Mining and other industrial effluents and acid rain have the potential
to destroy alkalinity.

Coliform Bacteria: Escherichia coli (E. coli) — E.coli is the the major species of the

fecal coliform group of bacteria; as such it is an indicator of fecal contamination
from human and animal wastes. Coliform results are reported as Colony Forming
Units (CFU) of E. coli bacteria counted in 100 millilitres of water submitted or,
Most Probable Number (MPN) per 100 mL of water. The general philosophy
associated with using an indicator organism such as E. coli is that if it can be
shown that fecal contamination of the water has occurred, then pathogenic
organisms may also be present. Anthorpogenic source include sewage treatment
plants, recreation areas, pulp and paper mills, livestock, urban runoff.

Nutrients

Nitrate + Nitrite — Nitrate and nitrite occur naturally but also can be introduced by
anthropogenic sources such as agricultural and urban run-off. Both nitrate and
nitrite are useable by plants. Nitrite is an intermediate step in the nitrification of
ammonia. It is unstable in surface waters and rapidly degrades to nitrate, the most
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oxidized and stable form of nitrogen in a water body. Nitrate, and nitrate + nitrite,
are often discussed interchangeably both in the literature and in this report.

Ammonia — The most reduced inorganic form of nitrogen in water, and an essential
plant nutrient. Excess ammonia contributes to eutrophication of water bodies, and
IS toxic to aquatic life at high concentrations. Ammonia occurs naturally at low
concentrations but similarly to nitrate can be introduced by anthropogenic sources
such as agricultural and urban run-off.

Total Phosphorus — Both inorganic and organic forms of phosphorus present as
dissolved or particulate matter. Phosphorus is generally the most limiting nutrient
to plant growth in fresh water, and is found in very low concentrations in natural
waters. Anthropogenic inputs of phosphorus include agricultural and urban run-
off, and industrial effluents. Such inputs are often responsible for eutrophication
of freshwater systems

Cyanide - A toxic substance that renders tissues incapable of oxygen exchange. Cyanide
may exist in different forms dependent on pH, temperature, DO, salinity and the
presence of other ions. It is more toxic in water below pH 8. Anthropogenic
sources of cyanide include industrial effluents and mining, especially gold
mining.

Hydrocarbons — Some types of hydrocarbon can be toxic, and oils and grease in water
increase biological and chemical oxygen demand as they break down, reducing
DO.

Metals (total and dissolved) — Total metals are the concentration of all metals in the
water column, including those adsorbed to sediment particles. Dissolved metals
are an indicator of bioavailable metals in the water column and provide a better
determination of toxicity.

Aluminum — Aluminum is the most abundant element on earth, and occurs naturally
in soil, water and air. Its presence may be indicative of acid rock drainage. Iron
and sulphate are also indicative of acid rock drainage. Aluminum can adversely
affect the nervous system of humans and other animals.

Cadmium — Cadmium has cumulative and highy toxic effects on aquatic life. It is
closely associated with zinc and lead in the natural environment, and these heavy
metals are known to increase cadmium’s toxicity. It generally is found in trace
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concentrations of less than 0.1 pg/L. Anthropogenic sources include industrial
effluent and mining.

Chromium — Chromium is toxic primarily to lower trophic levels, and does not
bioaccumulate, but is very persistent in sediments. Chromium exists in two
oxidation states in the environment: trivalent (+3) and hexavalent (+6), the latter
of which is more toxic. Trivalent chromium is found naturally in rock deposits
and is essential for plant and animal nutrition in trace amounts. Anthropogenic
sources are primarily industrial processes; especially chrome plating, dyes and
pigments, and leather and wood preservation.

Copper — Copper is essential for plant and animal nutrition, but is acutely toxic to
most forms of aquatic life at relatively low concentrations. Background levels are
usually in the range of 1 — 10 pg/L. Anthropogenic sources include industrial
effluent, mining and copper plumbing in urban developments.

Lead — A toxic element generally found in low concentrations due to its low
solubility. Lead is more soluble in soft waters than in hard waters, and is less
toxic to fish as hardness and dissolved oxygen levels increase. Anthropogenic
sources include industrial effluent, mining and urban developments.

Mercury — Mercury forms highly toxic compounds that bioaccumulate in the body.
Atmospheric deposition is the major pathway to aquatic ecosystems. Mercury
occurs in very small quantities (i.e., 1-2 ng/L) in natural waters, making it
difficult to measure accurately in surface water samples. Measurement of tissue
samples is preferable as concentrations will be higher and contamination less
likely. Anthropogenic sources include mining (especially artisanal mining),
smelting and fertilizer production.

Molybdenum — a low-toxicity essential micronutrient. Anthropogenic sources
include steel alloy and electronics manufacturing, mining and agricultural
fertilizer.

Silver — Silver is toxic to aquatic organisms, and occurs in only trace amounts in
natural waters. Anthropogenic sources include mining, photography, coin and
jewelry production and manufacture of chemicals and inks.

Zinc — Zinc is an essential element for plants and animals. While it is relatively non-
toxic to terrestrial organisms, it is acutely and chronically toxic to aquatic
organisms. Zinc toxicity decreases with increasing hardness, and increases with
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increasing temperature and decreasing dissolved oxygen. Anthropogenic sources
include mining, agricultural fertilizers and pesticides, industry and urban runoff.

Pesticides — A number of different chemicals belong to this category, many of which are
highly toxic to aquatic life and persistent in sediments. These compounds
bioaccumulate in food webs and can show bioconcentration in higher trophic
levels such as fish. Their toxicity is related to the disruption of oxygen uptake,
which leads to suffocation and death.

Sampling Methodology

“Ideal” sample collection and QA/QC methodology for water chemistry was
considered to be British Columbia Ministry of Environment (MoE) and Resources
Information Standards Committee (RISC) standards for surface water quality sampling.
“Ideal” bioassessment sample collection and QA/QC was considered to be CABIN and
AUSRIVAS methodologies, or the United States Environmental Protection Agency (EPA)

Rapid Bioassessment Protocols (Barbour et al. 1999), as appropriate.

3.3.3 Identification of future water quality monitoring needs

Based on the results of the gap analysis, future water quality monitoring needs were

identified and recommendations made for future work.

nk
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Chapter 4. Results

4.1 Summary of Data Sources

As described in Section 3.3.1, I located ten studies containing quantitative data and
four containing qualitative data regarding surface water condition and impacts in the
study area. The area in and around the La Libertad Mine, unsurprisingly, has the best data

coverage, as shown in Figure 4-1.

Most available studies had poor quality of data. QA/QC sections were universally
weak; none of the studies indicated that duplicate samples had been taken, and few had
detailed methodology sections or reference to standard guidelines for sampling. Several
studies contained inaccurate or missing coordinates, and none explicitly stated which
projection their coordinates were in. As a result, some data could not be assigned a
location and had to be discarded. Other locations, and the projection used for described
coordinates, were assigned based on deduction, site description, and available shapefiles
and mapping. Table B-1 in Appendix B contains a list of location errata and rationale

used in assigning locations. A discussion of individual studies follows below.
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Velasquez, G, 1994, Diagnostic study of environmental contamination due to mining
activity in the Sucio, Mico and Sinecapa Rivers, Nicaragua (Velasquez 1994)

This is a MSc thesis looking at mercury, lead and cyanide contamination of
surface water and sediment in three watersheds in two mining regions of Nicaragua: the
La Libertad — Santo Domingo area and Santa Rosa del Pefion. Sampling was conducted
in the Mico, Sucio and Sinecapa Rivers over two events: one during the 1993 rainy
season and one during the 1993/1994 dry season. Hair samples were also collected to

assess human health impacts of mercury use.

With a few isolated exceptions, mercury and lead concentrations in the Mico River
were below 1 pg/L, however mean concentrations of these parameters in sediments
exceeded background levels. Over a quarter of the small miners' hair samples showed
concentrations of mercury above tolerance levels established by WHO. Cyanide levels
were also generally low, with a couple of anomalous samples, and effluent appeared to be
quickly diluted and/or degraded in downstream samples. Veldsquez concluded that water
in the Mico River was safe to drink, given conventional treatment, however evidence of
environmental degradation and human health impacts related to small mining practices

were apparent.

No duplicates were taken and descriptions of sample locations are very poor (i.e., no
coordinates given, nor are all sample locations shown on the maps provided. These maps
show very little detail and only approximate locations can be ascertained from them.
Velasquez compares the calculated dilution of effluent collected during one time period to
a sample collected downstream on a different date to verify the accuracy of her

calculations. Correlation is calculated on two sample locations located upstream and
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downstream of each other, on the basis of two sampling events during one year. Finally,
Veléasquez attributes anomalous results to factors such as “use of cyanide in fishing” with
no evidence that this has occurred in the area or explanation of why other impacts are
unlikely.

Steffen Robertson & Kirsten Inc. (SRK), 1995, Baseline Study: La Libertad Project,
Nicaragua (SRK 1995)

This was a baseline study in support of Greenstone’s re-opening of the La Libertad
Mine. The study consisted of background research, and two field visits during the start of
the dry season of 1994/1995. There is minimal data to support a true “baseline” study
here, as only one season in one year is covered, although limited surface water and
sediment quality data provided by CIRA for the previous two years was also assessed.
The study included surface water, soil, sediment, benthic invertebrate, periphyton and
fish sampling. The study also characterized vegetation, wildlife, climate, air quality,

geology, hydrogeology and socioeconomic values.

Water quality results showed low levels of TSS, TDS and nutrients. Background
levels of metals characteristic of regional geology (i.e., Al, Ca, Fe, Mg, Mn, K, Na and Z)
were present throughout, although in higher concentrations in waters immediately
downstream of tailings. Other metals and cyanide were present in tailings but generally
below detection limits in other samples. Pesticides were analyzed in only two samples; 2-
4-D was detected in one of these. Sediment samples all had high metals content. Hg and
Pb in sediment were associated with areas of small mining, CN with industrial mining,
and other metals were concluded to be the results of natural mineralization. Metals results

for both sediment and surface water showed markedly higher concentrations in the 1992
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and 1993 CIRA data. It was speculated that the drop in these concentrations may have
been due to the removal of several rastras from the Mico River watershed since the time

of that study.

Benthic invertebrate and periphyton results seemed to indicate better environmental
conditions above La Libertad than below. However, only five locations were sampled
over the entire study area (including the watersheds of the Sucio and Siquia Rivers), and

the results were not analyzed according to any established index or methodology.

Original laboratory analytical results are provided, and an adequate description is
given as to which sample locations were analyzed for which parameters and the rationale.
No duplicate samples are reported nor are QA/QC procedures detailed. The report
acknowledges that further work should be done during other seasons of the year to get a
more accurate representation of conditions.

SRK, 1996, Environmental Impact Assessment: La Libertad Project, Nicaragua (SRK
1996)

This is the environmental impact assessment (EIA) based on the baseline study
described above. It details potential environmental impacts as a result of proposed mining
activities, and environmental mitigation measures to avoid these impacts. Impacts
discussed include topographic changes, visual impacts, geological and seismic stability,
air quality, noise, soil resources, waste management, surface and groundwater, aquatic
and terrestrial vegetation and wildlife, and socioeconomic values. Mitigation measures

are described for the above impacts and include specific measures to address acid rock
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drainage (ARD), chemical storage, erosion and sediment control, emissions control and

monitoring, effluent and receiving water monitoring and health and safety measures.

Impact evaluation appears less stringent regarding what is considered “significant”
and rationale provided, and mitigation less extensive and detailed than comparable recent
Canadian mining EIAs, however this may be a function of the age of the document.
Notably lacking from the document are detailed mitigation monitoring plans. An
environmental management plan is referenced in an audit performed the following year,

but I was unable to locate and review this document.

Knight Piesold, 1997, Environmental Audit: Cerro Mojén (Knight Piesold 1997)

This is an environmental audit conducted of Greenstone by Knight Piesold and Co.
(Knight Piesold) to assess the effectiveness of the mitigation measures detailed in the
1996 SRK environmental impact assessment. Knight Piesold found that while the
engineering designs for the Cerro Mojon (now La Libertad) mine conformed to
regulatory standards, field changes made during construction and operation had
circumvented environmental controls, and as a result practice did not match commitments
outlined in the Environmental Viability Report (EVR)g. Compliance concerns included:
engineering design and construction of mine facilities; solution management practices;
waste, chemical and fuel handling and disposal methods; and a general lack of best
management practices. Successes included aggressive reforestation, exploration
reclamation and surface water monitoring programs that met or exceeded industry

standards in these areas.

8 environmental management plan
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Surface water quality is discussed, but refers to existing DESMINIC monitoring (i.e.,

no new sampling specifically for this study). Results are discussed for two sampling
rounds: March and July 1997. A total of 11 locations were sampled, and these locations
are referenced with maps and by stream name in the report. Parameters measured
included TSS, total metals, pH, TDS and oil and grease. TSS exceeded Nicaraguan and
WHO standards at several locations during the July sampling event. Cyanide was not
measured. Other exceedances during July were associated with these TSS exceedances

and interpreted to be due to contaminants associated with suspended matter.

Knight Piesold acknowledges that the water quality results are limited, but indicate
that local tributaries have the potential to impact water quality in the Mico River, mainly
due to the amount of TSS. They recommend adding filtered sampling to the monitoring
program in order to get a better sense of true concentrations of contaminants in receiving

waters.

Tolvanen, A, 2004, The Legacy of Greenstone Resources in Nicaragua (Tolvanen
2003)

This report was produced by a non-profit group called MiningWatch and is based on
a series of interviews done with community members in 2003. It describes the
community’s view of Greenstone’s impact on the community. The general consensus is
that the company broke promises, and overall had a negative impact on the economy and
social structure of La Libertad. There is also some discussion about how Nicaragua’s
Mining Law favours large corporations and does not represent the interests of small

miners.
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Centro Humboldt, 2005, Resultados del Monitoreo in situ de la actividad minera en
los departamentos de Chontales, Boaco, Matagalpa y municipios de Chinandega Norte
(Centro Humboldt 2005)

This report provides an assessment of environmental impacts in the upper and middle
portions of the Rio Mico watershed, with a focus on water quality with regards to heavy
metals. Centro Humboldt reviewed water quality and sediment data from ENACAL for
the period 1992-2000 and from the municipality of Santo Tomas from May 2003. Centro
Humboldt also sampled surface water at five locations in August 2005. Results were
compared to EPA, CAPRE and Decreto 33-95 water and sediment quality standards. The
report also contains the results of interviews with local residents regarding their
perceptions of institutional effectiveness in protecting natural resources, and identifies

local economic activities with the potential to impact water quality.

Review of the ENACAL data showed exceedances of cyanide and lead in surface
water at four locations, including as far downstream as Santo Tomads. Similar results were
found in sediment samples at two locations near Santo Tomas. Elevated levels of

aluminum and manganese were observed at several locations in 2003 and 2005.

Interviews with local residents indicated that most had a poor perception of
institutional efficacy in protecting natural resources in the region. More than half
mentioned problems with cattle becoming sick after drinking the river water, and all the

interviewees mentioned health problems such as swimmer’s itch and ear infections.

Economic activities identified with the potential to negatively impact water quality

were mining, milk and cheese production, tanneries and slaughterhouses, as well as poor
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waste management and practices such as washing clothing in the river. Centro Humboldt
calls for better monitoring and enforcement of environmental regulations from
government agencies, with a moratorium on new mining concessions in the region. They
recommend that monitoring results be made more readily available to the public, and for

increased investment in water and sanitation infrastructure in the region.

The methodology for sample collection is sound, although, again, there is no mention
of duplicates or other QA/QC procedures. The guidelines results were compared to are
somewhat vaguely identified. For example, while I assume that the EPA standard Centro
Humboldt is using is the freshwater acute standard (EPA 2011), this is not explicitly
stated. EPA criteria are for dissolved metals (EPA 1996b), but it is not specified whether
results are for total or dissolved metals, although my assumption is that samples were
analysed for total metals (see Section 4.2.1 for rationale). Similar to several other reports
reviewed, sample locations are not well identified (i.e., no UTM coordinates nor mapping
to show their locations. More troubling is that the results and discussion section of the
report present only the exceedances, and do not mention results that were within the

above-noted guidelines.

Similar problems exist with the interview results. A copy of the interview form is
included, but little discussion is given to how interviewees were chosen, how the data
was analysed, and what QA/QC was done to avoid/account for bias and representation of
a variety of viewpoints in the community. Based on my own, far less formal observations

and conversations with community members, I suspect that the interview results are
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reasonably accurate, however; without a rigorous interview methodology presented they
are not very defensible.

Vanmen, K & Flores, Y, 2006, Diagnostico Ambiental: La Subcuenca Alta de los Rios
Siquia y Mico (Vanmen & Y. Flores 2006)

This report is an environmental assessment, intended to inform an action plan for
environmental management of the headwaters of the Mico River and Siquia River. The
study mapped geology, hydrogeology, and land use. It also sampled surface water,
groundwater, sediment and benthic invertebrates over one sampling event during the
rainy season. As with the SRK environmental assessment, this is not a true baseline study
as it only captures one event during one season in one year. Original laboratory analytical
reports were not provided, nor were a discussion of QA/QC protocols. No duplicate

samples appear to have been taken.

Results indicated that dairy processing was having a negative impact on surface
water quality, specifically to DO, pH, and total dissolved solids. Overall levels of heavy
metals were low. One exceedance of lead was associated with a small mining processing
plant, as was one very high mercury reading. Cyanide was low overall, with no
exceedances. Pesticides were detected at two locations, with one of these showing very
high levels. Bacterial contamination was ubiquitous, except for in protected wells.
Groundwater showed sufficiently high arsenic levels in two wells such that it could
potentially be a health risk during the dry season. All sediment samples showed lead and

mercury, with the highest numbers in association with areas of small mining.
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No analysis was done of benthic invertebrate results with regards to an index or
methodology; merely a description of results is given. Little description is given of study
design (i.e., which sites are meant as controls, descriptions of sample locations). Analysis
is made of effects of different land uses, but it is not detailed which sample locations
measured these impacts so the reader can make their own conclusion. The report
acknowledges that further work should be done during the dry season to get a more
accurate picture of worst case conditions (i.e., maximum concentration of contaminants).
Central Sun, 2006, DRAFT Environmental Impact Assessment: Chamorro
Exploration (Central Sun & DESMINIC 2006)

This is a draft version of an EIA of potential exploration activities in the Chamarro
area. It details potential environmental impacts as a result of proposed exploratory
activities, and environmental mitigation measures to avoid these impacts. Activities are
limited to exploratory drilling, clearing of drill platform areas and associated access.
Mitigation includes no new road construction (i.e., utilizing existing access, by foot
where necessary), standard BMPs for erosion control, spill protection and restoration, and
siting of platforms to avoid previously unimpacted vegetation where possible. No
significant negative impacts were expected as a result of the exploration program, if the
mitigation described was followed. No new data collection occurred for this EIA:
mitigation measures and determination of impacts were based on the 1995 baseline study
(SRK 1995) and CIRA's 2006 study (Vanmen & Y. Flores 2006).

Manuel, J, 2007, Estudio geofisico para microlocalizacion de pozo en el sitio
Monasterio Santa Maria de La Paz (Manuel 2007)
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This is a study evaluating hydrogeological characteristics and arsenic distribution in
groundwater in the immediate vicinity of the Santa Maria de La Paz Monastery near
Santo Tomads, with the objective of locating a well to avoid arsenic contamination and
provide good recharge. Twelve wells in the vicinity were sampled and measured for
temperature, pH and conductivity. Samples from five of these were also analyzed for
arsenic. ENACAL arsenic results from a 2004 study in the region were also assessed for
eight additional wells. Manuel concluded that the monastery was located in a region of

high arsenic contamination, and recommended a well site 2.5 km to the southeast.

Sampling took place during the dry season; no date is provided for the data collected
in the 2004 study referenced. No duplicate samples are described, nor is methodology for
groundwater sampling.

DESMINIC, 2005 -2007, Estudio Hidrobiologico del Sistema Acudtico circundante al
Proyecto “Ampliacion Cerro Mojon” (DESMINIC & Glencairn 2005; DESMINIC &
Glencairn 2006; DESMINIC & Glencairn 2007)

DESMINIC began a bioassessment monitoring program of areas in and around the
mine in 2005, in order to meet the commitments of the EIA (SRK 1996), to determine
what, if any effect mining operations were having on the nearby aquatic environment, and
to build baseline data for potential future EIAs. The monitoring program included
measurement of physical parameters (i.e., DO, conductivity, pH, temperature and
turbidity), phytoplankton and benthic invertebrates. Sampling initially was limited to four
sites; in the second year of the program this was expanded to five and the reference site

was moved further upstream to avoid the potential effects of a sedimentation dam. The
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first year sampling was done during the rainy season; the following two years sampling

occurred in the dry season.

DESMINIC used European Economic Commission (now European Union (EU))
Directive 2000/60/EC rankings of aquatic condition (i.e., “moderate”, “good” and “very
good”) for physical parameters, phytoplankton diversity and abundance, and benthic
invertebrate diversity and abundance (EU 2000). Directive 2000/60/EC was used to
determine trophic condition, until Year 3 when the CEPIS methodology for tropical lakes

(Salas & Martino 2001) was used. Benthic invertebrate sampling was done with a Van

Veen drag in Year 1 and Year 2; with an Eckman drag in Year 3.

Results in all three years reviewed were “good” for physical parameters and
phytoplankton, and moderate to good for benthic invertebrates. The trophic level of the
streams was ranked as between meso- and oligotrophic under the Directive 2000/60/EC
system during the first two years, and as between oligo- and ultra-oligotrophic under the
CEPIS system in the third year. Site-specific substrate and current velocity were

described as possible contributing factors to the “moderate” benthic invertebrate ranking.

DESMINIC concludes that the results indicate that the aquatic environment does not
appear to be under strong negative stress that would impair the quality and uses of the
ecosystem. DESMINIC acknowledges that insufficient data exists to speak conclusively
to potential effects of the mine on the aquatic environment, nor on the effectiveness of
existing environmental mitigation measures, nor on the potential effects of other activities
in the watershed. Recommendations include further monitoring at a minimum of two

times per year (rainy and dry season), sampling for phosphorus at the time of the
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monitoring, and changing sampling methodology for benthic invertebrates to one better

suited to the rocky substrate.

This study has a strong methodology section and reasonable conclusions and
recommendations. Weaknesses include: the use of a temperate index of aquatic health in a
tropical environment and insufficient number of sampling locations to answer to the
objectives of the monitoring program. The trophic results from the first two years are not
comparable to the third year as the ranking system was changed, nor will benthic
invertebrate results be should sampling methodology be changed (unless the two methods
are calibrated to each other). The CEPIS methodology refers to lakes, not streams, and
the ranking should be qualified appropriately. Finally, descriptions of habitat quality are
not included in the methodology, nor taken into account when determining water quality
from benthic invertebrate densities and diversity.

Galatowitsch, M, 2007, Monitoreo de los Macroinvertebrados en las Partes Altos de
los Rios Mico y Siquia en los Municipios de Santo Domingo, La Libertad, San Pedro
de Lovago, Santo Tomads y Villa Sandino, Chontales, Nicaragua (Galatowitsch 2006)

This document refers to work done by Mark Galatowitsch in support of graduate
research conducted through the University of Michigan and the Peace Corps.
Galatowitsch partnered with MARENA, CIRA, and the municipalities of Santo
Domingo, La Libertad, Santo Tomds and Villa Sandino to undertake an assessment of
stream health in the headwaters of the Mico River utilizing bioassessment methods.
Specifically, the study was designed to compare water quality above, in proximity to and

below the La Libertad Mine. The major goal of the project was as a training exercise for
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municipal and MARENA staff with regards to benthic macroinvertebrate sampling rather

than as a technically stringent aquatic assessment (Galatowitsch 2008).

Galatowitsch’s raw data make reference to fifteen locations sampled during the dry
season of 2005/2006, however the above-referenced report only describes a second round
of sampling at five of these sites during the rainy season of 2006. Sites were chosen to
coincide with CIRA water and sediment sample locations from 2005 (Vanmen & Y.
Flores 2006). Galatowitsch used kick net sampling, following methods described in the
EPA’s Rapid Bioassessment Protocols (Barbour et al. 1999). Samples were identified to
family and the results compared to three indices: the Shannon-Wiener Index (Shannon
1948), the Hilsenhoff Biotic Index (Hilsenhoff 1988) and the Pollution Tolerance Index

(EPA 1997).

Galatowitsch interprets his results to indicate moderate water quality and benthic
invertebrate diversity both above and below the La Libertad Mine. He acknowledges that
too few individuals were collected for proper application of the three indices he used. He
justifies using indices developed in temperate areas by arguing that these differences are
not noticeable above the family area, but provides no references to back up this
statement. The Pollution Tolerance Index is only an indicator of organic pollutants, not
metals and other toxins likely to result from mining activities (EPA 1997), and no
discussion is given as to why this index is used to determine mining impacts to water
quality. More importantly, no discussion is given as to the impact of existing natural
conditions on potential benthic invertebrate diversity and total numbers, and no habitat

data were collected or analysed.
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Galatowitsch does recommend the use of more sample locations in order to properly
assess the impacts of mining runoff to the Mico River, and the need for sampling during
both rainy and dry seasons. He describes the need for better taxonomic information on
local invertebrates and their tolerance to contamination. Like the DESMINIC study,
Galatowitsch recommends the use of kick nets or Surber nets rather than drag nets due to

the substrate and stream velocities.

DESMINIC, 1995-2008, effluent and watercourse monitoring data, 1996 - 2008

This is raw surface water quality monitoring data provided by B2Gold. Data are
recorded daily or quarterly depending on parameters. All seasons and multiple years are
represented. Original laboratory analytical results were not provided, nor do duplicate

samples appear to have been taken.

ENACAL, 1998-2008, watercourse monitoring data for La Libertad

This is raw surface water and groundwater quality monitoring data provided by
ENACAL. All seasons and multiple years are represented. Some original laboratory
analytical results are provided, but duplicate samples do not appear to have been taken.
Alfaro, A & Ortiz, F, 2009, Estado Actual de la Mineria Metdlica en Nicaragua e
Impactos Ambientales de Algunos Proyectos Mineros Emblematicos (Alfaro & Ortiz
2009)

This study was conducted by the Humboldt Centre. It is a review of current mining

activity in Nicaragua, with a focus on the compliance of mining companies with social

and environmental standards. The report looks in detail at two mines: the EI Limon mine
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and La Libertad Mine (formerly called Orosi mine). A particular emphasis is given to

heavy metal contamination of surface and groundwater.

A literature review was conducted, as well as interviews with applicable government
agencies. Water quality samples were taken in the field, and interviews conducted with
local stakeholders. Five surface water quality samples were taken in the Mico River
headwaters over two days in January and February 2009 and analysed for physical
parameters and heavy metals. Described methodology for the sampling program was the
most rigorous of any of the reports I reviewed, although once again, no duplicates or trip

blanks were taken.

Alfaro and Ortiz describe the recent history of mining and associated regulatory
controls in Nicaragua. They discuss the number of mining concessions currently under
operation or exploration and the economic and employment impacts of this activity. The
case studies of the El Limon and La Libertad Mines include descriptions of recent
ownership changes, production and scale. Alfaro and Ortiz also describe the social and
physical geography of the surrounding municipalities, and discuss environmental impacts

resulting from the above-mentioned mines’ activities.

The discussion of the La Libertad Mine references the 2005 Humboldt Centre study
(Centro Humboldt 2005), which found heavy metal exceedances in surface water in the
Mico River headwaters. The Humboldt Centre presented these results to MARENA and
lodged a complaint against DESMINIC. MARENA requested that the Humboldt Centre

corroborate their findings by analysing sediment samples as well; this was done in March
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of 2006 at four locations and returned results of arsenic, copper, chromium and lead

above EPA guidelines.

MARENA conducted an inspection of the La Libertad Mine in February 2006 and
found several violations of their EMP, including evidence of sedimentation, poor
management of hydrocarbons and solid waste and inadequate engineering at one of the
tailings dams onsite. DESMINIC was ordered to comply with their EMP and fix the
above-noted violations. DESMINIC subsequently halted operations in order to upgrade
their processing facilities. The EA for the upgrades included mitigation measures for the
above-noted issues and other potential impacts related to mining activities. Alfaro and
Ortiz express concern as to the degree of compliance to these measures that will be

forthcoming.

Alfaro and Ortiz reviewed DESMINIC surface water quality monitoring data from
2006, 2007 and 2008. The results showed exceedances of Decreto 33-95 and/or CAPRE
standards for oils and grease, total suspended solids, manganese, zinc, aluminum and iron
at several locations. The Humboldt Centre surface water quality results from 2009
showed improvement, with only slight exceedances of iron at one location and zinc at
another. During the 2009 sampling event, Humboldt Centre personnel found evidence
that DESMINIC was still not incorporating BMPs to fix the violations noted during the

MARENA inspection of 2006.

Alfaro and Ortiz call for improved monitoring, oversight and regulatory enforcement

on the part of central and municipal government. They also recommend increased
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monitoring and better distribution of monitoring results to local stakeholders on the part

of industry.

4.2  Existing Data Coverage

A total of 39 combined data locations were created from the amalgamated existing
water quality and sediment data. Twenty-four combined data locations were created from
amalgamated bioassessment data. These locations are shown in Figure 4-2, below, and in
greater detail in Figures C-1 through C-7 in Appendix C. Bioassessment sites outside of
the study area were included, in order to provide a larger number of potential reference
sites. Land use data and locations of potential contaminant sources beyond the mine and

towns (e.g. rastras, dairies) were unavailable and so are not shown on Figure 4-2.

4.2.1 Surface Water Chemistry

Data Quality

I located eight sources of surface water quality data for the study area, from which I
created 37 unique combined data water chemistry locations. Unfortunately none of these
studies contained much in the way of QA/QC procedures for data validation, and original
laboratory reports were only available for two of these sources. Descriptions of sampling
methodology and exact site location varied from quite rigorous to very poor. The quality
of the combined data is poor, and the results cannot be said to be very reliable. I would
not recommend relying on available data to make a legal determination of impairment of
surface water quality. However, sufficient quantity of data exists to provide an overall

general description of water quality issues in selected areas of the study area.
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As shown in Figure 4-2, areas in and around the La Libertad Mine have the most
data points. Overall temporal coverage is quite variable, although again, data points in
and around the mine show the most complete and recent data sets. Table D-1 in

Appendix D contains descriptive statistics for the combined surface water quality sites.
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Standard deviation is quite high for some locations and parameters (i.e., over 1,000),
likely due to some extremely high concentrations for heavy metals identified in data
collected in the early 1990s (SRK 1995). It is possible that an error in transcription
occurred between pug/L and mg/L for this data during the writing of the baseline study, as
some of these results are several orders of magnitude higher than those collected three
years later. It is also possible that these readings are correct, as contamination of surface
water from both the large mine and numerous rastras was occurring during the early
1990s, to the point where anecdotal evidence exists of cattle becoming ill from drinking

the water from the river (Centro Humboldt 2005; Knight Piesold 1997; Tolvanen 2003).

I used a rule of thumb of a sample size of at least ten (Cavanagh ef al. 1998) to
determine which sample locations and parameters had sufficient data to speak reliably to
trends and/or exceedances of water quality guidelines. The EPA has more stringent
criteria to determine if the sample results are indicative of actual conditions, generally
recommending a sample size of 30 or more (EPA & OW 2002). The EPA also gives
guidance on determining impairment of water bodies (i.e., where greater than 10% of
samples exceed the criteria, and a confidence value of 90% is met) where statistically

defensible decision making is required (EPA 1996a).

Only 14 of the combined sample locations had n>30, and most of these had a limited
number of different parameters meeting a minimum sample size of 30. Given the high
standard deviation found for many parameters, meeting a confidence value of 90% would
require very large sample sizes. Few, if any, of the combined sample locations would

meet such sample size critera. It has been established that the data collected to date in the
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study area is not of sufficient quality or precision to definitively determine whether or not
the Mico River is impaired in comparison to established criteria. As such, the purpose of
comparing available data to criteria was to get a general sense of water quality
conditions, where enough data existed to do so. A minimum sample size of ten was
determined sufficient for these purposes. Table 4-1 contains a list of combined sample

locations and parameters measured which met this criterion.

Table 4-1. Surface water quality results with n>10

ID Parameter Description
SW_02 chromium confluence Paslama and Pijibay
silver, aluminum, barium, cadmium, cyanide, chromium, copper,
SW_03 mercury, manganese, nickel, oil and grease, lead, total dissolved on Rampa

solids, total suspended solids, zinc

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
SW_04 mercury, manganese, nickel, oil and grease, lead, temperature, Above the Esmeralda bridge, Mico
total dissolved solids, total suspended solids, zinc

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
SW_05 mercury, manganese, nickel, oil and grease, lead, total dissolved
solids, total suspended solids, zinc

Below Alcantarilla La Victoria,
Victoria (Sapo)

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
SW_07 mercury, manganese, nickel, oil and grease, lead, temperature, Below Alcantarilla de Oro, Babilonia
total dissolved solids, total suspended solids, zinc

Confluence Victoria (Sapo) and

SW_08 chromium Babilonia

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
Sw_11 mercury, manganese, nickel, oil and grease, lead, total dissolved Above Presa Agua Fresca, Santa Fe
solids, total suspended solids, zinc

at road, Santa Fe above confluence

SW_12 lead with Mico

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
Sw_14 mercury, manganese, nickel, oil and grease, lead, temperature,
total dissolved solids, total suspended solids, zinc

Mico, below confluence with Santa
Fe and above La Libertad

silver, aluminum, barium, cadmium, cyanide, chromium, copper,

. . . Tigre above confluence with San
SW_18 mercury, manganese, nickel, lead, total dissolved solids, total &

- . Miguel
suspended solids, zinc g
silver, aluminum, barium, cadmium, chromium, copper, silver,
SW 21 aluminum, barium, cadmium, chromium, copper, mercury, Chamorro above confluence with
- manganese, nickel, lead, total dissolved solids, total suspended San Miguel, semi-reference
solids, zinc mercury, manganese, nickel, lead, zinc
silver, aluminum, barium, cadmium, chromium, copper, mercur . .
’ . ’ N 1um, copper, Y | san Miguel above confluence with
SW_22 manganese, nickel, lead, total dissolved solids, total suspended
. . Chamorro
solids, zinc
silver, aluminum, barium, cadmium, cyanide, chromium, copper, . .
' ’ ) » cyaniae, um, COPPEL | ooy Miguel at bridge, road to Santo
SW_24 mercury, manganese, nickel, lead, total dissolved solids, total Domingo
suspended solids, zinc
SW 25 silver, aluminum, barium, cadmium, chromium, mercury, Peligo above confluence with San

manganese, nickel, lead, total dissolved solids, total suspended Miguel
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Table 4-1. Surface water quality results with n>10

ID Parameter Description

solids, zinc

silver, aluminum, barium, cadmium, cyanide, chromium, copper,
SW_29 mercury, manganese, nickel, oil and grease, lead, temperature,
total dissolved solids, total suspended solids, zinc

Mona, at Paslama sedimentation
dam, semi-reference

silver, aluminum, barium, cadmium, cyanide, chromium, copper, .
! ! ! Y ! » COPPEr, Santa Isabel, Mico at confluence

Sw_31 mercury, manganese, nickel, oil and grease, lead, total dissolved ) .
. . . with San Isidro
solids, total suspended solids, zinc
SW_32 chromium, mercury, lead Kinuma at confluence with Mico
SW 35 silver, aluminum, barium, cadmium, cyanide, chromium, copper, Mico, at bridge into San Pedro de
- mercury, manganese, nickel, lead, total dissolved solids, zinc Lovago
Sw_37 barium, cyanide, chromium, mercury, lead Mico above confluence with Quipor

Given the problems with data quality described above, the following discussions of
comparison to criteria and trends over time should be taken as a general sense of the state
of water quality in the study area, rather than determination of compliance with or failure
of relevant criteria. Insufficient QA/QC exists for the existing data to determine which
outliers are likely true values and which are bad data that should be removed from

analysis.

Comparison to Criteria

The following section discusses specific results and comparisons to Decreto 33-95 or
MMER effluent criteria, CAPRE or WHO drinking water criteria, and CCME aquatic life
criteria where such criteria apply. Results discussed below refer to the mean of all results
for a particular parameter analysed at each combined sample location. Error! Reference
ource not found. contains tables with sample sizes (“n”), standard deviation and other
descriptive statistics for surface water and sediment results. Appendix E contains figures
showing the spatial distribution of selected parameters described below, including which

sample locations met the n>10 criteria.
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Physical Parameters

Temperature and hardness were both within specified criteria for all locations.
Hardness ranged from 10 — 81 mg/L, although it should be noted that no locations had a
minimum sample size of ten. TSS (Figure E-1) and TDS generally were within criteria,
although SW_05 showed very high results for both parameters, two orders of magnitude
higher than the effluent criteria. Turbidity was measured at too few stations, with too few
samples to compare to TSS in a meaningful way. pH was between 6 and 9 at all locations,
although a few isolated minimums and maximums failed this standard. Two of these were
extreme failures, however (pH 12.23 at SW_29 and pH 3.9 at SW_05). Neither dissolved
oxygen nor conductivity had n > 10. Conductivity had one exceedances of the standard;
dissolved oxygen failed the standard at nine locations (out of 22 total), although it should

be noted that dissolved oxygen was only analysed once at each of these sites.

Inorganics

Cyanide

Eleven sample locations had a minimum of ten samples analysed for cyanide (Figure
E-2), and no exceedances occurred in any of these. Two locations with less than ten
samples exceeded the CCME criteria; one of these exceeded the Decreto 33-95 criteria.
One of these (SW_12) is located directly downstream of a tailings dam on Santa Fe
Creek. The other (SW_32) is located quite far downstream at the confluence of the Mico
River and the Kinuma River, lending credence to Veladsquez’s (1994) theory that use of

cyanide by fishermen may be a potential source of contamination.
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Nutrients

No sample locations had a minimum of ten samples analysed for any nutrients, and

no criteria exceedances occurred at any site.

Other

No sample locations had a minimum of ten samples analysed for calcium, fluoride,
or sulphate. No criteria exceedances occurred at any site for calcium or sulphate; two
aquatic life exceedances (0.12 pg/L) occurred for fluoride, but it should be noted that the
sample size for both these locations was only one. Nineteen sites were analysed for oil
and grease; eight of these had a sample size of ten or more and of these all failed the
effluent criterion (5 mg/L). Five additional sites with smaller sample sizes also failed the

effluent criterion. These exceedances were spread throughout the study area.

Metals

Total metals is a measurement of both particulate (i.e., greater than 0.45 um particle
size) and dissolved (i.e., less than 0.45 pum particle size) metals. CCME and MMER
criteria are for total metals (Canada 2002; CCME 2011b), as opposed to EPA criteria
which use dissolved metals (EPA 2011). Decreto 33-95 , CAPRE and WHO criteria do
not specify total or dissolved metals (CAPRE 1994; Nicaragua 1995; WHO 2011), but I
made the assumption that total metals were implied, as this is the more conservative
measure and is more common worldwide. EPA justification for their policy is that
dissolved metals is a better reflection of bioavailable metals in the water column than

total metals, and hence a better indicator of toxicity (EPA 1996b).
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None of the studies reviewed specified whether metals analysis was for total or
dissolved metals, with the exception of the SRK baseline study, which looked at total
metals (SRK 1995). I have made the assumption that all studies are referring to total

rather than dissolved metals, as this is the more common analysis.

Aluminum

Aluminum (Figure E-3) concentrations were elevated in all 22 locations where it
was analysed, including the reference site SW_01, although this site had a sample size of
only two. The sample sites showing the highest concentrations of aluminum (SW-05,
SW-12, SW_18, SW_03), were all located immediately downstream of mining activities.
Fourteen sample locations had a minimum of ten samples analysed for aluminum, and of
these three exceeded the effluent criteria, twelve the drinking water criteria, and all

exceeded the CCME aquatic life criteria.

Arsenic

No sites sampled for arsenic had n>10 (Figure E-4). SW_ 29, located at the Paslama
Dam, exceeded the aquatic life criterion (5 pg/L) with n=8. SW_12, an impacted site on
Santa Fe Creek also exceeded the aquatic life criterion, although in this case only three
samples were analysed. SW_12 also showed an exceedance of the aquatic life criterion

for arsenic in sediment.

Cadmium

Twenty-three sites were analysed for cadmium (Figure E-5); 14 of these had ten

samples or more. Cadmium concentrations did not exceed effluent criteria (100 pg/L) at
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any site where it was analysed. The drinking water criterion (3 pg/L) was exceeded at
three sites, only one of which had a sample size of at least ten. The aquatic life criterion
(0.006 ng/L) was exceeded at 12 sites, half of which had a sample size of ten or more.
The highest concentrations of cadmium were found in areas impacted by mining,
however aquatic life exceedances were found as far downstream as Santo Tomés and at

reference locations.

Chromium

Nine of the 26 sites where chromium (Figure E-6) was analysed had ten samples or
more. No sites exceeded the effluent (100ng/L) or drinking water (50 pg/L) criteria for
chromium. The aquatic life criterion (1 pg/L) was exceeded at 12 sites, ten of which had

n > 10. Exceedances were spread throughout the study area.

Copper

Fourteen of the 24 sites where copper (Figure E-7) was analysed had ten samples or
more over the study period. No sites exceeded the drinking water (2000 ng/L) or effluent
(500 pg/L) criteria. Fourteen sites exceeded the aquatic life criterion (2 pg/L), nine of
which had at least ten samples. These exceedances were distributed evenly throughout the
study area, including reference locations, although again the highest concentrations were

found in immediate proximity to mining areas.

Lead

A total of 32 sites were analysed for lead (Figure E-8), 17 of which had ten or more

samples. Fourteen sites exceeded the aquatic life criterion (1 pg/L), eight of which had a
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minimum ten samples. Twelve sites exceeded the drinking water criterion (10 ug/L),
seven with n > 10; five exceeded the effluent criterion (2000 pg/L), three with n > 10.
Lead concentrations were extremely high at certain locations in the early 1990s. SW 14
had a mean lead concentration two orders of magnitude higher than the effluent criterion;
SW 12 and SW 17 were both three orders of magnitude higher. Higher lead
concentrations appear to be associated with areas of artisanal mining and the Santa Fe
tailings facility, although exceedances of the drinking water standard are also found in

agricultural areas several km downstream.

Mercury

Seventeen of the 32 sites analysed for mercury (Figure E-9) had ten samples or
more. All but one site (and all sites where n > 10) exceeded the criterion for aquatic life
(0.026 pg/L). Nine sites (six where n > 10) exceeded drinking water criteria (6 pg/L) and
ten exceeded effluent criterion (2 pg/L), seven of which had at least ten samples. Higher
concentrations of mercury followed a similar pattern to that of lead, associated with
artisanal mining and Santa Fe Creek, but also found downstream in the Kinuma and Los

Hoyos Rivers.

Manganese

Twenty-five sites were analysed for manganese (Figure E-10); 16 of these had n >
10. Six of these sites exceeded the drinking water criterion (500 pg/L); five where n > 10.
Three sites (two where n > 10) exceeded the effluent criterion (2,000 pg/L). Sites with

exceedances were all located immediately adjacent to mining activity.
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Silver

Fourteen of the 24 sites analysed for silver (Figure E-11) had n > 10. Eighteen sites
exceeded the aquatic life criterion (0.1 pg/L), of which 13 had n > 10. One site, with n >
10, exceeded the effluent criterion (200 pg/L). Exceedances were distributed throughout

the study area, with no obvious association to mining activity.

Zinc

Fourteen of the 25 sites analysed for zinc (Figure E-12) had ten samples or more
over the study period. No sites exceeded the drinking water (3000 pg/L) or effluent (2000
ng/L) criteria. Nine sites exceeded the aquatic life criterion (30 pg/L), six of which had n
> 10. These exceedances were primarily found in mining areas, although the reference
locations SW_01 and one site downstream on the Kinuma River also showed

concentrations over the aquatic life criterion.

Other metals

Nickel had one exceedance of the aquatic life criterion (25 ng/L), located at SW_05
in the immediate vicinity of the La Libertad Mine. This site is one of 14 with n>10, out of
a total of 23 analysed for nickel. No criteria exceedances occurred for barium, boron,
iron, magnesium, molybdenum, selenium, sodium, potassium or thallium in any of the 23
sites where this parameter was analysed. None of these sites had ten samples or more,

with the exception of barium (16 out of 23 sites sampled).
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Bacteria and Pesticides

Existing data for these parameters was extremely limited, so they were not included
in the combined data sets. Both CIRA (Vanmen & Y. Flores 2006) and ENACAL found
bacterial contamination at the majority of sites where this was tested. Only one sample
was taken at these sites, but this intuitively seems likely, given the poor sanitation
infrastructure and access by livestock to watercourses in the study area. Even less
information exists for agricultural chemicals. CIRA (n = 1) tested for a suite of pesticides
and herbicides at 16 sites (n = 1) in 2005, and SRK did so at two sites (n = 1) in 1994.
Both studies found few sites detectable amounts of agricultural chemicals, but given the
small sample sizes one cannot interpret these results in a meaningful way. Certainly
anecdotal evidence exists that overuse of herbicides and pesticides is commonplace
throughout the region (Montenegro 1997) as well as specifically within the study area

(Alfaro 2010).

Trends

The majority of the parameters with n>10 are metals, and few of these show a clear
trend over time (Appendix F). Furthermore, the extremely high concentrations of metals
reported in the early 1990s and high standard deviations mean that any trends visible in
Appendix E cannot be confidently said to be indicative of actual trends in concentrations
over time. None of the known reference locations have ten or more samples, making it
difficult to assess if any visual trends also occur at background sites and hence likely the

result of sampling method/ laboratory methods, or are reflective of actual trends.
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Most sites exceed the CCME freshwater aquatic life guidelines for many heavy
metals throughout the time period reviewed, but mining regions tend to have natural
geographies already rich in these constituents. In order to determine whether mining
activities are creating heavy metal contamination of surface water adequate background

information is required.

Cyanide concentrations have been below the drinking water criterion since about

2000. TSS shows no clear trend over the time period reviewed.

4.2.2 Sediment Chemistry

Five of the surface water chemistry studies also addressed sediment chemistry at a
limited number of locations, as shown in Figure 4-2. Twenty-nine of the above-noted
combined data sample locations contained sediment chemistry results. None of the
sediment quality locations had been sampled ten or more times; the vast majority had
only been sampled once or twice. The most common analysed parameters were lead and
mercury. Similar problems with vague methodology and non-existent QA/QC procedures
exist as described in 4.2.1, although even less data from fewer individual studies are

available for sediment chemistry.

Table D-3 in Error! Reference source not found. contains descriptive statistics for the
ombined sediment chemistry sites. Appendix E contains figures showing the spatial
distribution of selected parameters described below. Mercury, arsenic and lead all show

exceedances of the CCME freshwater aquatic life standard for sediment. The small
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sample sizes, especially for parameters other than lead and mercury, and lack of reference

locations make it difficult to speak definitively to contamination, however.

Arsenic had six exceedances of the CCME guideline out of 17 locations where it was
analysed. These exceedances were clumped in and around known mining areas (Figure
E-13); however arsenic is naturally present in groundwater in the region (Manuel 2007),
and without larger sample sizes and proper reference locations it cannot be said with
certainty whether the results are due to contamination or natural elevated background

levels.

All 29 locations where sediment samples were taken were analysed for lead (Figure
E-14); of these only two showed exceedances of the CCME guideline. Both these two

sites were located immediately downstream of mining activities.

Mercury had the most exceedances (11 out of 28 locations sampled), mostly clumped
downstream of large and small mining activities, but also found downstream as far as the
confluence of Los Hoyos and the Mico River (Figure E-15). Mercury occurs in very low
concentrations naturally (RISC 1998), and it certainly seems likely that the extensive
artisanal mining in the Mico River headwaters is contributing mercury to sediment

downstream.

4.2.3 Bioassessment

Four separate studies addressed benthic invertebrates: the baseline study in 1994, a

multi-year monitoring effort by DESMINIC beginning in 2005, work by Galatowitsch in
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2006 and as a part the CIRA investigation in 2006. Results for each combined sample

location are presented in Appendix G.

It is difficult to aggregate or compare these studies as they used different sampling
methodologies (i.e., dredging vs kick net). Moreover, sampling methodology is not well
described in many of these studies, making it difficult to quantify or convert the results.
For example, the kick net study does not describe the distance covered or time elapsed for

each sampling event.

None of these studies included assessment of habitat or even qualitative descriptions
of the same, making the results difficult to interpret in terms of whether natural or
anthropomorphic factors are influencing the overall richness and diversity of
invertebrates collected. Contributing to this problem is the paucity of reference locations
in these studies’ designs. Only two of the benthic sampling sites (MONO1 and SUCO02)
can be defined as reference locations with any degree of confidence. Based on available
mapping and descriptions, four additional sites may function as reference locations, but I
had insufficient information to definitively categorize them as such (Grey & Stewart

2011).

The SRK EA contains qualitative descriptions of substrate and other habitat features
taken during fish sampling, located within the same river systems but at different
locations than the benthic invertebrate sampling. These descriptions largely characterize
the substrate as being comprised of rock and coarse sand. This information, combined
with the headwater nature of these streams and my own personal observations, would

indicate to me that the dominant substrate type in area watercourses is likely erosional
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rather than depositional. Dredge-type sampling methods are not recommended for
erosional stream habitats (Beatty et al. 2006), and so the SRK, CIRA and DESMINIC
results may under-report some taxa of invertebrates present in the study area. The
DESMINIC report speculates that this may be a reason for the low numbers of
invertebrates found at the Paslama (MONOI1) reference site (DESMINIC & Glencairn

2007).

Both the SRK and CIRA studies offer a qualitative interpretation of their results with
regard to the richness, diversity and tolerance of species present, but no quantitative
definition of ecological health. The DESMINIC study applies EU definitions for high,
good and moderate ecological status of rivers to their results; however these definitions
depend on comparison to “type-specific communities” (EU 2000). The single reference
point used in this study and total absence of habitat data are not adequate to define “type-

specific communities”.

The Galatowitsch study interprets its results with three different indices, all
developed in temperate parts of the world. The Shannon-Wiener Index is a diversity
index, and the Hilsenhoff Index and Pollution Tolerance Index are based on tolerance
scores. Diversity indices can be useful in describing community structure and changes
over time, but have been discredited in some circles as a reliable means to determine
pollution levels of water bodies (Washington 1984). Tolerance scores are rarely
transferable from one ecoregion to another. Applying tolerance scores at higher
classification levels (i.e., family, as Galatowitsch does) has been demonstrated to not

work effectively due to species-specific tolerances (Resh 2007).
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Comparison to “Ideal” Plan

4.3.1 Water Quality
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Of the 23 sample locations identified in my “ideal” water quality monitoring plan, 11

contain existing data. Table 4-2 contains a list of these locations, and they are highlighted

in Figure 4-4, below.

Table 4-2. “Ideal” surface water sampling sites with existing data

Ideal
waQ Combined
Site ID | Rationale Description Stream wWQ Site ID
headwaters of Mona above road
crossing, upstream of mine
I_01 reference influence Mona none
just below confluence with SW 02
| 02 mine impact Mona, above next tributary Pijibay —
above major mining | upstream of road to mine, La SW 04
I 03 impacts Esmeralda Mico -
upstream of town
and downstream of downstream of Santa Fe SW_14
| 04 most mining impacts | confluence Mico
downstream of town | downstream of bridge out of SW 17
I 05 impacts town to east Mico —
upstream of road, headwaters of
|_06 reference Chamarro Chamarro none
upstream of mining
impacts, shows upstream of bridge, upstream of
| 07 agricultural impacts confluence w. Chorizo San Miguel none
downstream of SW 24
| 08 mining impacts upstream of road San Miguel -
downstream of road,
dilution of mine downstream of confluence w SW_31
I 09 impacts San Isidro E & W Mico
reference, green San Antonio headwaters above
1 10 space in headwaters | road San Antonio none
| 11 Kinuma influence upstream of road Kinuma SW_32
downstream of
Kinuma influence,
above San Pedro de
|12 Lovago upstream of road Mico none
downstream of town | downstream of confluence w El
. ; . Sw_35
| 13 influence Lajal Mico
reference, green
space in Los Hoyos
| 14 headwaters upstream of road Tamarindo none
reference, green
space in Los Hoyos
| 15 headwaters 400 m E of trail, 1.5 km N of hwy | Zapote/Balsamo none
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Ideal
waQ Combined
Site ID | Rationale Description Stream waQ Site ID
downstream of road and SW 36
| 16 Los Hoyos influence | Conquista confluence Los Hoyos -
upstream of Santo
| 17 Tomas San Vicente pass Mico SW_28
Santo Tomas SW 15
| 18 influence upstream of confluence w Mico Quipor —
I_19 Matagua influence upstream of confluence w Mico Matagua none
| 20 above Matagua downstream of road Mico none
downstream of
I_21 Matagua downstream of Matagua Mico none
reference, green
space Matagua
|_22 | headwaters northeast of Loma El Paraiso Alegre none
green space north of El
_23 reference Despierto Los Limones none

The most notable gap in existing data is insufficient or non-existent reference
information. As discussed already, pass/fail criteria have their limitations, and without a
true understanding of existing background conditions one cannot adequately monitor and

mitigate for industrial impacts.

Most studies have focused on heavy metals contamination, and many locations
where sampling has occurred have reasonably good (i.e., n > 10) coverage over the years
for these parameters. Less data exist for other contaminants of concern given agricultural
or urban impacts in the area. As discussed in Section 4.2.1, very little attention has been
given to microbiological contamination or agricultural chemicals. Poor data coverage (n
< 10) is available for physical parameters such as dissolved oxygen, temperature,
turbidity and conductivity. These parameters can be cheaply measured in situ with hand-
held meters, and are often good proxy indicators for other parameters (e.g., conductivity

for total dissolved solids).
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Another concern with water quality sampling to date has been its piecemeal
nature: a series of mostly unrelated studies rather than a continuous monitoring plan. The

exception to this is the on-going effluent and receiving body monitoring by DESMINIC.

Figure 4-3. La Libertad bridge. Sample site SW-17/I-05 is on far (downstream) side of bridge.
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4.3.2 Bioassessment
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Little usable data exist with regards to bioassessment. The lack of appropriate

reference sites’, absence of habitat data and inconsistency of methodologies between

studies has resulted in a set of data that cannot be used in building an RCA model for the

region. However, there is overlap between “ideal” sampling locations and existing data.

What data are available can be used as a qualitative comparison to future results,

especially if habitat data are collected from sites known to be minimally changed in

morphology or vegetation cover since previous benthic invertebrate assessments. Table

4-3 and Figure 4-5 show “ideal” bioassessment sites where data have been collected.

Table 4-3. "Ideal" bioassessment sites with existing data

Existing

Site ID Rationale Description Stream Data
MONO1 | Reference La Mona headwaters Mona

La Suiza downstream of headwaters
Sulo1 Reference confluence Suiza
P1J01 Impact agriculture and mine impacts Pijibay X
MICO1 Impact La Esmeralda Mico X
SJRO1 Reference forest patch on San Jeronimo San Jeronimo
SANO1 Reference headwaters San Antonio San Antonio

downstream of mine and upstream of
MIC04 Impact town Mico X
CHMO01 | Reference headwaters Chamarro
CHOO01 | Reference could be impacted by small mining Chorizo X
PERO1 Reference reference site Peru Peru
MICQ7 Impact Santa Isabel Mico X
KINO1 Impact Kinuma at road Kinuma
KINO2 Reference Kinuma headwaters Kinuma
TAMO1 Reference Los Hoyos headwaters Tamarindo

green space, dilution, possible semi-
MIC11 Impact reference Mico
MRTO01 | Reference Marta Vieja headwaters Marta Vieja

® The entire study area has been subject to human impacts, specifically ranching. Reference locations in this context
would be sites located upstream of industrial impacts and/or communities, and within relatively intact riparian forest

patches.
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Existing
Site ID Rationale Description Stream Data
LIMO1 Reference green space north of El Despierto Los Limones
ALGO1 Reference northeast of Loma El Paraiso Alegre
PEDO1 Reference Pedregosa headwaters Pedregosa
MICO08 Impact bridge into San Pedro de Lovago Mico X
HOY01 | Impact upstream of road Los Hoyos X
QUI01 Impact Santo Tomas impact Quipor
ZAPO1 Reference Los Hoyos headwaters Zapote/Balsamo
CARO01 Reference downstream of study area Caracol
S1Q03 Reference upstream of Betulia, Siquia headwaters Siquia
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4.4  Personal Impressions

The individuals who provided me with the majority of my insights into local issues
and politics were the environmental manager at the municipality, the environmental
manager at the mine, the secretary of COOPELMICH, a local Peace Corps volunteer and
the Chontales department delegate for ENACAL. Nicaragua is a place where people love

talking politics, and most people were willing to share their perceptions and ideas.

Two main issues stood out as likely to impact future attempts to monitor and protect
water quality in the Mico River watershed, based on the informal discussions I had with
community members and other stakeholders while I was in Chontales. Lack of trust was a
big one, both with regards to government and to industry. The other was frustration with
repeated diagnostic studies and capacity building rather than just getting funding to do

the job at hand.

Many people I spoke to were cynical about corruption and partisanship in
government. Many spoke about how few people paid their taxes, leaving municipal
governments with reduced revenue; however these same people were willing to
contribute significant sums of money to local public projects when they could see how it
was spent. | also heard frustration about turnover in experienced staff and programs being
closed whenever the political party in power changed, including one story of an entire
school administration being replaced midway through the school year. I also heard
several people express the opinion that MARENA could be bought, or that they gave

large industry an easier time than smaller operators.
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Employees of the mine talked about the difficulties inherent in dealing with a deeply
suspicious local population. I also heard small miners talk about contracts made with the
mine being repeatedly broken and the desire to not be dependent on an outside party for
the economic life of the town. Something I personally found fascinating was how the
different world views of the small miners and the La Libertad Mine management shaped
how they saw the same issues. My impression was that both groups were genuine in
wanting a fair solution to ore access and processing issues, yet the different frameworks
for viewing this problem resulted in conflicting ideas of what the problem was and how

to solve it.

Finally, when talking about funding from outside agencies and donors several people
expressed their impatience with endless training and capacity building workshops. This
involved a great deal of productive time taken away from other activities, and high staff
turnover resulted in the loss of many trained individuals. Money seldom seemed available

to simply go ahead and actually do the work, or to hire qualified personnel for the job.

4.5 Results in the Context of Existing Literature

Previous studies found elevated lead and mercury concentrations associated with
areas of artisanal mining (Alfaro & Ortiz 2009; SRK 1995; Vanmen & Y. Flores 2006), a
result which also appears evident from the combined data. The combined data shows
elevated concentrations of heavy metals throughout the study area, with isolated hot spots
of high concentrations in the immediate vicinity of the mine. The 2005 and 2009
Humboldt Centre reports, the 1995 SRK report, the 1996 Knight Piesold audit and the

2006 CIRA report all reported these elevated concentrations of metals. However, the
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Humboldt Centre attributes these levels to mining activities, while SRK and CIRA
consider them possibly due to natural background concentrations of metals. Knight
Piesold’s results come from sample too turbid to be an accurate reflection of actual metals
concentrations in surface water. Without reference location data, these conclusions are
just speculation. I consider them well grounded speculation, as it appears likely to me that
the region does have naturally elevated levels of many heavy metals, and also that some

contamination is occurring due to the mine.

The combined results show that cyanide levels exceeded the effluent criteria in the
past, but have dropped in more recent times (Appendix F). This is consistent with
anecdotal evidence of livestock becoming ill from drinking water (Centro Humboldt
2005; Tolvanen 2003) and previous practices of discharging effluent directly to
waterbodies (Knight Piesold 1997) reported from the 1990s. I would cautiously hope that
the reduced levels of cyanide in more recent data are the result of improved tailings
treatment facilities and practices; however, this is a case in point of the shortcomings of
relying on water chemistry data alone. A tailings dam breach and subsequent spill could
result in serious impacts to downstream aquatic life, but the cyanide itself would quickly
degrade and be undetectable unless sampling was conducted immediately after any
hypothetical spill. Average cyanide levels have dropped over time, but isolated

exceedances of the drinking water criteria have occurred as recently as 2007.

Combined data for oils and greases were in exceedance of criteria at many locations,
consistent with audit findings by Knight Piesold (1997) and MARENA (Alfaro & Ortiz

2009) regarding compliance with best management practices around storage and disposal
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of hydrocarbons at the La Libertad Mine. Not mentioned in these reports are other
potential sources of hydrocarbon contamination, such as local practices of washing

vehicles in the river (personal observation 2008).

Most studies to date have been heavily focused on potential metals contamination
and mining impacts. The 2006 CIRA report has limited results intended to measure the
impacts of dairies, tanneries and urban areas. Most studies did not spend much effort on
measuring oils and greases, despite their elevated levels throughout the study area.
Limited data available for dissolved oxygen and bacteria seems to indicate that these

parameters may be impacting water quality in the region as well.
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Chapter 5. Conclusions and Recommendations

5.1 Summary

The headwaters of the Mico River provide aquatic habitat for many species of fish,
amphibians and other wildlife (SRK 1995). The water is used for human consumption,
and for watering cattle and other livestock. Industrial uses include cheese and milk
production, and mining. Potential impacts to water quality and aquatic ecosystem health
in the region result from artisanal and industrial mining, cattle ranching, dairy and
tannery effluent, and domestic waste. Given these uses and potential impacts, metals,
cyanide, bacteria and nutrients, pesticides, sediment (i.e., TSS or turbidity), temperature

and dissolved oxygen were considered the parameters of interest for this study.

With regards to water chemistry, sufficient data exist to assess metals concentrations
in the areas between the mine and the town of La Libertad, and in the Mico River
adjacent to the towns of San Pedro de Lovago and Santo Tomads. Cyanide, temperature,
pH and TSS are also well covered in this area. Limited data are available for the other
study parameters of interest. Major tributaries to the Mico River downstream of La

Libertad have few sample sites and little information available for any parameter.

Existing bioassessment information is minimally useful and not statistically
comparable between studies or with future results. No habitat data were recorded, and
sampling methodologies were either unquantifiable, inappropriate for the substrate
conditions, or both. Site assessments were done based on indices that were applied

incorrectly and/or were not applicable to tropical conditions.
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The highest concentrations of metals are generally found in the immediate vicinity of

the La Libertad Mine, in the headwaters of the Rampa, Babilonia and Santa Fe creeks,
although manganese and zinc are the only metals assessed where exceedances are only
found clustered here. Exceedances of the criteria used for aluminum, silver and other
metals are found throughout the study area and may be naturally present in high
concentrations. No clear trends over time are visible for most metals, with the exception

of mercury, lead and silver which all show a drop in concentrations over time.

Mercury contamination is present in surface water and sediment both in the
immediate vicinity of mining activities and further downstream. This is unsurprising,
given current and historic artisanal mining processes utilizing mercury amalgamation to
process ore. Lead in surface water shows a similar pattern to mercury, although it is less
present in sediment. Exceedances of these metals are found clustered in areas of artisanal
mining in and around the town of La Libertad (Figure 5-1), although mercury
exceedances in both surface water and sediment are also found downstream in the
Kinuma River, at San Pedro de Lovago and at Santo Tomés. Both of these elements are
seldom found in high concentrations naturally and are likely the result of mining

activities.
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Figure 5-1. Lead (top) and mercury (bottom) exceedances in the vicinity of La Libertad (adapted from aerial
photograph provided by Central Sun, 2008). Legend: red = exceeds effluent criteria, orange = exceeds drinking
water criteria, blue = exceeds aquatic life criteria, green = below criteria.
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Drinking water criteria for metals are met in the majority of locations, except for
lead, mercury and aluminum. Aquatic life criteria are frequently failed for most metals
analysed, however, as argued in Section 2.1.1 generic criteria are not always the best
indicator of actual impacts. Cyanide meets the drinking water criteria in all but two
locations. Oil and grease concentrations fail the effluent criteria at many locations.
Physical parameters such as temperature and pH are generally within guidelines, but
dissolved oxygen was low at almost half the locations sampled during the one occasion
when it was analysed. Insufficient data exist to speak to water quality with regards to

pesticides and bacteria.

The most notable data gap, both for water/sediment chemistry and for bioassessment
data, is the lack of reference locations. Without adequate background data it is impossible
to determine what and how much impact activities in the watershed may be having on the
aquatic environment. Secondly, previous studies have focused heavily on metals
contamination, with insufficient focus on other contaminants such as bacteria, pesticides
and effluent from dairies and urban areas. Finally, there has been a lack of coordination
and consistency between studies, making comparison and development of long term

trends difficult. Section 5.3 contains recommendations to fill these gaps in information.
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5.2 Limitations

5.2.1 Quantitative

The greatest limitation to the quantitative aspect of my research was the quality and
reliability of existing data. Only two of the reports I looked at contained original
laboratory reports. I have no way of verifying that no transcription errors occurred in the
presentation of data in reports without laboratory raw data. Most of the studies I reviewed
had poor or non-existent QA/QC and methodology descriptions. As discussed in Section

4.1, descriptions of site locations varied widely in accuracy.

My search for data sources occurred primarily over a four month period in
Nicaragua, and consisted of networking with individuals in government, academia,
industry and the non-profit sectors. I also conducted a desktop search of institutional
websites, academic databases and other search engines online, both before and after my
field work. I am reasonably confident that I located all relevant studies conducted in the
ten years previous to my field work season, but it is possible that I did not, and data that

could contribute to understanding of the region are missing from my gap analysis.

5.2.2 Qualitative

The two major limitations to the qualitative aspects of my research were the
language barrier and my lack of connections to groups in the region. I was an outsider in
the community, and my entrée into the project was through academic and government
institutions. While I managed to make contact with both small miners and DESMINIC, I

never spoke to any ranchers about their experience while in La Libertad, and I had only
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one limited conversation with the owner of a dairy. I spoke to the secretary of
COOPELMICH and a couple of members, but not to any independent small miners. I
spoke to the environmental manager of the La Libertad Mine and to the CEO of Central
Sun, but not to any lower pay-grade workers. I often struggled with a complete
understanding of conversations in Spanish, particularly when present at a meeting with

more than one other person present.

In some ways, the language barrier made me more aware of other less tangible forms
of communication and understanding. I found it much easier to understand and
communicate with Spanish speakers with similar educational and class backgrounds to
myself, and I do not think this was entirely due to rural versus city accents. For this
reason [ used a translator when speaking to small miners. Both the technologies they
were using and the place they were speaking from were less familiar to me, and I wanted
to make sure I didn’t miss anything important during these conversations. However, this
shared background aided me in comprehension when speaking to the mine’s
environmental manager about environmental mitigation and other topics in which I have

professional experience.

I relied heavily on a local Peace Corps volunteer for introductions and translation.
She had a good knowledge of the place and its people, having lived there for the previous
two years, but was not a local. Like me she was from North America and shared my own

background culturally and educationally.

All of these factors contributed to my decision to not conduct formal qualitative

research, as I realized that I would not be able to do so with rigour and confidence. That
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being said, the impressions I formed during my time in Chontales agree with the
literature on artisanal mining, on corporate social responsibility, on participatory
development and on the specific history of the region. I made an effort to speak to at least
one representative from the mine, from the small miners, and from the municipality about
mining and water quality issues. What I learned from these interactions played an

important part in informing the recommendations discussed in the next section.

5.3 Recommendations

The intent of this study is to inform development of a potential community
monitoring plan in the study area. The technical information presented here consists of
merely one factor determining what such a plan would ultimately look like. Questions of
funding, staffing, decision-making responsibility and local politics are equally important
in developing such a plan. While these factors are outside of the scope of this study, |
have kept them in mind in an attempt to provide useful recommendations for the

technical aspect of any future monitoring in the region.

The major gaps in existing information are:
e Insufficient baseline/ reference information;
¢ Insufficient information on impacts from contaminants other than metals;

e Insufficient coverage of streams not directly impacted by the La Libertad
Mine

e Poor quality of data; and

e Poor coordination/ continuity between studies done to date.
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Although land use and hydrology were not specifically addressed in this gap
analysis, these are important pieces of data that would assist in interpretation of water

quality data and target future monitoring of specific potential impacts.

It would be in the best interests of the La Libertad Mine to increase their monitoring
effort to include reference locations, both upstream of mining impacts and in comparable
watersheds nearby. The elevated levels of metals in the watershed have not gone
unnoticed by local environmental NGOs (Alfaro & Ortiz 2009) and good data for
reference locations would aid in determining whether the source of these elevated

concentrations of metals was natural or anthropogenic.

If DESMINIC were to increase their monitoring effort to include reference locations,
monitoring coverage with regards to metals would be adequate to determine quality of
surface water in and around La Libertad. However, there are issues of trust between the
mine and local stakeholders, as described in Chapter 1. Monitoring results are currently
reported directly to MARENA, and while in theory these are public record, gaining
access to them is not a simple or easy task. Distribution of monitoring results directly to
local stakeholders, including original laboratory results, record of QA/QC procedures and
clear maps, would show good faith and transparency on the part of the mine. Rather than
duplicate effort and expense by monitoring for parameters already covered by
DESMINIC’s ongoing effluent and receiving water monitoring program, perhaps there is

potential for community members to audit the mine’s program.

In order to address gaps in data both spatially and for parameters such as pesticides, I

would not recommend increased monitoring of surface water chemistry. As described in
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Section 2.1.1, monitoring water chemistry alone to determine aquatic conditions is
expensive, technically demanding and labour intensive. A well designed bioassessment
program using benthic invertebrates should be implemented. If and where impacts are
shown to be occurring, targeted surface water chemistry sampling combined with

investigation into surrounding land use and potential impacts would then be appropriate.

As discussed in Section 2.3.3, the use of bioassessment indices developed in
temperate climates is not appropriate for tropical ecosystems. Indices may allow for
comparisons of sites or times where collections have been made using different sample
sizes, methods or habitats. People with little biological experience can easily collect the
required data and interpret indices. However, indices are not a quick fix solution. Proper
application of an index may require as much or more data than building a site-specific
model using RCA. The biological and statistical assumptions on which a particular index
is based may not always be applicable. Finally, indices do not account for background
physical limitations of the site on benthic invertebrate diversity or abundance to be
considered when deciding if the site is impaired by anthropogenic influences (R. H.

Norris & Georges 1993).

Any bioassessment program to be implemented should be well designed and adapted
for the region, not transplanted directly from a North American or European model. If
indices developed for similar regions of Costa Rica or Panama are available, they may be
useable in Chontales; however an RCA based model would be preferable as it would be
site specific and not hampered by a lack of available information on local invertebrate

species and their pollution tolerances. Proper training of staff is vital, so that the data
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collected are reliable and useable. Such a program will likely not be successful if it
consists of an initial training workshop and no follow-up support. Reliable funding,

dedicated staff and a clear mandate are essential.

Study design of such a program will require both qualitative and quantitative
methods. The specific monitoring goals, study design (site selection, schedule, reference
site definition, sampling collection procedures and data analysis) should meet the
standards of rigourous, defensible science and incorporate the knowledge and logistical

constraints of local staff who will be implementing the program.

There may be potential to coordinate equipment and share information with
DESMINIC, if their benthic monitoring program is ongoing (DESMINIC & Glencairn
2007). Efforts should be made during program design to ensure that data from these two
programs are interchangeable. Furthermore, efforts should be made to coordinate with
current benthic invertebrate studies occurring in similar regions of Nicaragua and Costa
Rica. Developing a proper RCA model requires a large number of reference locations;

data appropriate for developing the model could potentially be available elsewhere.

A more immediately achievable goal may be for community monitoring of physical
parameters such as dissolved oxygen, temperature, pH, turbidity and conductivity using a
hand-held meter. Such meters are relatively inexpensive and combined with observations
and photos they allow for immediate and frequent assessment of stream health. Care
should be taken that all users are properly trained in use and calibration of the meter, in

order that readings are accurate and reliable.
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Any future studies should build on existing work. Where applicable, the same sample
sites should be used. Ideally, a database could be produced and maintained where
different users could search for and contribute data for the region. Regardless of the form
future monitoring takes, proper planning and good design are critical if the data produced

are to be useful.

One of the goals of this work was to determine if the water in the Mico River was fit
for human consumption, as water quality (Radio Centro 870 AM 2011) and quantity
(Sequeira 2011) remain problematic in the region. I cannot help but wonder if a more
appropriate response to drinking water problems would be to initially focus on
groundwater before defaulting to a non-pristine surface water source. Undoubtedly water
is currently being lost to leaking infrastructure, and in the long term reforestation and

other efforts should be undertaken to restore aquifer recharge.

Drinking water is not the only value or use of the Mico River and its tributaries,
however; and ensuring the health of the system is worth pursuing. Monitoring is a good
initial step to provide information about the status of water quality and aquatic habitat in
the region, but in order to protect and restore aquatic values further effort is required.
These efforts include accurate mapping of land use, especially locations of rastras and
dairies; education and incentives to implement BMPs by ranchers, small miners,
DESMINIC, dairy managers and others; and enforcement of existing environmental

regulations. Technical information alone will not accomplish these tasks.
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Appendix B
Location Errata



Table B-1. Location Errata

_ Original Original " . . Corrected Corrected
Study ID Original ID Northing Easting Description Rationale Correction Northing Easting Datum
DESOla | Pla 135488 | 695168.96 Sbuoefgfﬁn Paslama 1a Northing appears to be missing a digit Added zero to Northing 1354880.03 | 695168.96 | NAD27
DES02 P2 1353829 694358.25 | Quebrada Pijibay P055|ble__c_;PS error, location is within 10 m of P1 and | Moved to Pijibay near likely access point (unpaved 1352638 694046 NAD27
not on Pijibay road)
DES03 P3 1352022 | 697874.91 | Rio Mico Possible GPS error, location is within 10 m of P4 and . 1351750 698037 | NAD27
not on Victoria Assumed same location as GAL17
GALOL Los Chiles 1339642 579758 | Puente EI Chile E/fasﬁ:;'ja”ansc“p“on error, coordinates are for Used description to locate 1375333 725437 | NAD27
1. Assumed Estrella correct as there is a small mining
above Aleare/ 1. Field notes list this as above Quebrada Alegre, operation located here and described in many
GALO03 above Estr%lla unknown unknown above Estrella tabulated data lists location as above Estrella. previous points as a pollution source. 1354643 709074 NAD27
2. No corresponding CIRA site for "above Estrella" 2. Chose location upstream of Estrella near likely
access point.
. . Assumed Estrella correct as there is a small mining
GALO4 Alegre/ Estrella unknown unknown Estrella Field _notes I'St. this as Quebrada Alegre, tabulated operation located here and described in many 1357238 709539 NAD27
data lists location as Estrella. ; . .
previous points as a pollution source.
Assume same as DESMINIC. Discussion indicates
GAL16 Victoria Victoria before No corresponding CIRA site. this site and Mico site are 20 m apart from each other | 15004574 | 697860.05 | NAD27
confluence with Mico so may actually be closer to confluence with Mico
unknown unknown than DESMINIC site.
Assumed just downstream of confluence. Discussion
GAL17 Mico unknown | unknown | Micoafterconfluence |\ o vesnonding CIRA site. indicates this site and Victoria are 20 m apart from 1351750 698037 | NAD27
with Victoria each other so may actually be closer than shown on
map.
GAL18 Pijibay unknown | unknown | Pijibay No corresponding CIRA site. Assumed Pijibay near closest access point helow 1352638 694046 | NAD27
confluence with Mona
SRKO06
through 2 through 12 unknown unknown various No UTM coordinates provided Used descriptions to locate on map various various NAD27
SRK15
B_9 . .
through M-09 through M- unknown unknown none given No coordinates provided Used site ma'tps In report tq locate general_area and various various NAD27
B 23 23 watercourse; placed near likely access points
CR_01
through I through XV1I various various various Coordinates provided to nearest 50 m Used description to provide more accurate locations various various NAD27
CR 17
Used descriptions to locate on map; assumed identical
D 01 to SRK sites where applicable. Generally good
through various various various various No coordinates provided descriptions, and detailed site plans and aerial photos various various NAD27
D 24 available for mine area provided good confidence in
these locations
S 01
through various various various various Coordinates provided to nearest 100 m Used description to provide more accurate locations various various NAD27
S 24
ENACAL various various various various Coordinates not provided for all sites Used descriptions where possible to locate on map various various NAD27
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Appendix C
Combined Sample Locations by Watershed



L P T T ) /T Y " W
N \./

DOSENEE T [
2

) [ T2
jg/
fé
A
o
B
INO
°“-
(-

SN (SN

T
77 Corr <
A , 5] : : P
/\ Q et o ) : ’ -
? 298 [ 4
L"_q\-' )_CL_,' \ ) )f ﬁ -
:'5,' . [ o d il o = Sghli m-\V/ ' |N€f|’5%1'”50 O‘(’Jiggﬁrl/\'h[i@ s (
4 i 1 € y ource: 1:50, opographic maps:
o)) (ZN A Fe s ROINSD, “MALEC il A WA v SRR AT IS
Legend
Combined Data Locations - Upper Mico
(n Watershed Boundary 4 Combined Sediment Sites ®m  Combined Bioassessment Sites _
December 2011 Figure C-1
(:3 La Libertad Mine ®  Combined Surface Water Sites




=

N /

AN
s

A

e~

2 N
o \/V’\ﬁj i

Z

(72 G N

_ @\
’@2@ 2 %
et

‘-/.-.

w5
/

e (Sl s

27\

-

‘&

D /
stz 8 %
N ON ot A
kil 0 Brra-lehes
AN NG S
EH| Bt RSP/ 4 p, 7
& 28 .}-_ :4.;:‘ 1 OAMLLE {fima
7 3 1 P VD Xy i D ‘," 5 A 1
Mo/ | . 0 &
i b

hS

(n Watershed Boundary
(CZ3 La Libertad Mine

A

Combined Sediment Sites

Combined Surface Water Sites

Combined Bioassessment Sites

P NN WA
) Us

lo 2 iz,
%’%Sour@NE
: AN ) 1\

s e )

TER)1E:50,OOO topographié maps
Canti-TForasa

[ & AN\

|
\
A\
El ay&b\a‘l"

o,

P/ ]

Combined Data Locations - San Miguel

December 2011

Figure C-2




|

7 0 |
e I) c)o
< ' Q
B
A
P X i
ol \

P
aises Baj

Di anéa'(
\

,_", N

\

o
=
CSES
-~

\‘&
rs,@%

o

3 {-1 '
'} .

L)

5

l_f_\j*._a A

S\
1 \OI %

N
RN

7N

S e
8 W e

- ’ ) g ~ =
09 045 o0fjc dgij? % .

70! A.‘! F

L) e

D ] ‘
O ! b
\ oy I.
i oo ok
\
) iy ;
oA i g ”.

Ye

i f\x \ Paso&

ETER1:50,000 topographic maps
PN /] WA N o )

» m/g
Sra = &
Legend

Combined Data Locations - Kinuma

December 2011 Figure C-3

(n Watershed Boundary 4 Combined Sediment Sites ®m  Combined Bioassessment Sites
C::S La Libertad Mine ®  Combined Surface Water Sites




\San Joge;~7<< 1\
a2 L~ i
/4

\l
K 9/ A F o L CQ/\\?\/—:
g C W === iy = = : 5 - =
ma e, Ak i x \ S
: A /= i : 7 cias
[o \L\E"H o ) 4 4 L Q ® Z 5 \ 2 a/‘ y
,:3"' Y CO I | - 4 % O\
2 R~ - ' Yo \) g
/ A /\% s IC06 dnkio 3 . { S % % ‘(.."
o o . Zak 3 e Santa S
| 8 S== bz ah\ / / r m s A}l'"))
~ ! ~ S P % ¢ //’ 70 2 N O
4 #4 g S =N } . 7 .
, /\// & N //
4 N\
\ 2 oY
el & . .
! )

Q

NI
El Guay
1
q
] 2
= W%
]

N QO

A
== Cgrenos Aire

SRy 4
Eg'ptf" J:EMar e

- /fﬁjjﬁ

=2F

=

e N

Bic, U
P —ﬂlﬁhlnampi
S
] &)

4
/
\ D /v/
(/ //\
o \
. i, e
‘—\T_ \\\ HI
N\
\ 7 a .
e o, 5
0
£ 1,
oFres /J
.

-

M\
3
T?CE 4
i

Z= v/
bw’, g
E A

1%‘@ a \ { ///
] \\B rIIT‘I o
SV g

%} \ij g '/.
Soorathio et e

Combined Data Locations - Middle Mico

December 2011 Figure C-4

(n Watershed Boundary 4 Combined Sediment Sites ®m  Combined Bioassessment Sites
C::S La Libertad Mine ®  Combined Surface Water Sites




..la Sy

hic'm
b AL

pogrgb

855 o

t

1:50,000 toy

B

sINETER
y 47

urce:s

JUBE\ - & N 3]

[N

a\

\(Z I

-

=]

g

ero
°

¥ NO{n_ifu
\\
N 7
0  J
e
1,

A\
hinamp

{,_

) . @Lﬁ . ;\

LG P il
4

Legehd

Figure C-5

Combined Data Locations - Matagua

December 2011

Combined Bioassessment Sites

Combined Sediment Sites

A

(n Watershed Boundary

Combined Surface Water Sites

(CZ3 LaLibertad Mine



X

e o - A Guarangd /[
Qf% < ag%a%
AN\

A\
AN

\}

cen
T
El Apante,|

@B
N 1

D
4
\
]
4
W&
)

/Paso Los Brazhel
SN

T

i b Vadg)

Paso-ta Estaeitn®

Rl T (="t

) ﬁ‘?o—‘\
G J

1124
1 < @
D f\ :

%
N

3,

1

"“";‘:;

)%

—

,'INAETERL1‘:5O;OOO\topographi§haps 3
" A S50 U LY (YY)

A

Combined Data Locations - Los Hoyos

December 2011 Figure C-6

(n Watershed Boundary 4  Combined Sediment Sites ®m  Combined Bioassessment Sites
C':S La Libertad Mine ®  Combined Surface Water Sites




7 ﬁcacao\ TR STas T =T N, ' ? AT e S =
RCHE ;JS\ + aj I . ; . et y
. W i E
/o4 al “ b N 5 0% g

-4—4

/Paso Los Brazf e
)
i Vado!

i
|
|

irag Bien®\
o

5% ﬁerms‘
Jhrada E Zapdte]
= |

-n-gg'lmﬂ;%égl;‘M,&i o(ﬁ"’ < -< :‘ 3 = - et — JIF\\X\ ‘.‘J': - l/-i/ SO
Legend

Combined Data Locations - Lower Mico
(n Watershed Boundary 4  Combined Sediment Sites ®m  Combined Bioassessment Sites

December 2011 Figure C-7
C':S La Libertad Mine ®  Combined Surface Water Sites




135

Appendix D
Descriptive Statistics for Surface Water and
Sediment Results



Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID: SW_01 SW_02 SW_03
Season: wet dry wet dry wet

Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N

Parameter Unit 9 CAPR;E WH607 CCME 8
: bw DW?®" | FALSW

Physical Tests
Alkalinity, Total (CaC0O3) | mg/L - - - - - 13.25 | 13.25 | 13.25 - 1 - - - - of| - - - - o 25 | 25 | 25 - 1 - - - - 0
Colour TCU - - 15 - - 25 25 25 - 1 - - - - ol - - - - of| - - - - 0 - - - - 0
Conductivity uS/em - - 400 - - 48.20 | 482 | 48.2 - 1| 420 | 429 | 429 - 1] 134 | 134 | 134 - 1|7 || 7 - 1 - - - - 0
Dissolved Oxygen mg/L - - - - 5.5 540 | 54 | 54 - 1] 816 | 8.16 | 8.16 - 1] 7.9 | 7.96 | 7.96 - 1 - - - - 0 - - - - 0
Hardness, Total (CaCO3) | mg/L _ _ 400 R R 9.84 9.84 9.84 _ 1 _ _ R . 0 . . . _ 0 _ - - - 0 R - R - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 6.62 | 6.62 | 6.62 - 11 705 | 63 | 75 066 |3| 715 | 65 | 8 073 | 4| 734 | 69 | 78 033 | 6 | 6.69 7.66 141 | 5
Temperature °C 40 - 18-30 - - 2410 | 241 | 24.1 - 1| 26.90 | 26.9 | 26.9 - 1| 2710 | 27.1 | 27.1 - 1| 2608 247 | 28 120 | 5 | 2670 | 26 | 274 | 063 |5
Total Dissolved Solids mg/L 17 - 1000 - - 37.90 | 37.9 | 379 - 11 e5 | 60 | 70 707 | 2| 40 10 | 60 | 2646 |3 |4220| 5 | 190 | 56.80 | 10 [ 634.41 | 7 146171 | 8
Total Suspended Solids mg/L 50 30 - - - - - - - o Id Id 0 24733 | 10 53 3| 946 | Id 2595 | 11| 6.85 | Id 50 1752 | 8
Turbidity NTU - - - - - 31.90 | 31.9 | 319 - 1| 150 | 150 | 150 - 1| 650 | 650 | 650 - 1 - - - - 0 - - - - 0
Inorganics
Chloride mg/L - - - - - 362 | 362 | 362 - 1 - - - - of| - - - - o| 5 5 5 - 1 - - - - 0
Cyanide + Thiocyanate | mg/L 01 - 0.05 - - Id Id Id - 1] 001 | 1d [002]| 001 [3]| 003 | Id |[006| 003 |4]| o Id | 0046 | 001 |10]| Id Id Id 0 9
Fluoride mg/L R R 0.7 1.5 0.12 0.08 0.08 | 0.08 _ 1 _ _ _ _ 0 _ _ - R 0 R R R R 0 - R - R 0
Nitrate mg/L - - 50 50 13 Id Id Id - 1 - - - - 0 - - - - 0| 011 | 011 | 011 - 1 - - - - 0
Nitrate and Nitrite mg/L R R _ _ . _ - _ _ 0 _ i i i, 0 i, i, i, - ol 011 1011 | o011 R 1 - R - - 0
Nitrite mg/L R R 0.1 3 0.06 0 03 03 _ 1 _ _ _ _ 0 _ _ _ - 0 id id id - 1 - - - - 0
Ammonia mg/L R R 0.5 . . _ - _ _ 0 _ _ _ _ 0 _ _ _ R 0 Id Id Id R 1 - R - R 0
Ammonium mg/L - - - - - 0.1 | 0.113 | 0.113 - 1 - - - - ol - - - - of| - - - - 0 - - - - 0
Phosphorus mg/L . . - - - - - - - 0 - - - - 0 - - - - 0 0 Id 07 0 2 | 371 d | 1113 | 643 | 3
Sulfate mg/L - - 250 - - 1.03 | 1.03 | 1.03 - 1 - - - - o - - - - o Id Id - 1 - - - - 0
Qils and greases mg/L 5 - - - - - - - - 0 - - - - 0 “ Id m 2828 | 2 42 m 16.71 | 10 Id m 16.94 | 9
BOD mg/L _ _ ; ; ; i ; i i 0 i i ; ; 0 ; ; ; R 0 R R R R 0 ; R } R 0
CcoD mg/L _ _ ; } } } } } } 0 } } } } 0 } } ) R 0 R R R R 0 ) R ) R 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics
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Sample ID: SW_04 SW 05 SW_06
Season: dry wet dry wet wet

Descriptive Statistics | pmean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N Mean | Min | Max | StdDev | N Mean Min | Max StdDev | N | Mean | Min | Max | StdDev | N

Parameter Unit CAPRE WHO CCME 8
s " DwW?® DW® | FAL SW

Physical Tests
Alkalinity, Total mall
(CaCO3) 9 - - - - - 16 16 16 - 1 | 2020 | 292 | 29.2 - 1 | 1533 | ud 26 13.61 - 0 - - - - 0
Colour TCU _ _ 15 _ _ _ _ _ _ 0 50 50 50 _ 1 _ _ _ _ _ 0 _ _ _ _ 0
Conductivity uS/cm . . 400 - - 56 56 56 - 1 | 112,90 | 1129 | 112.9 - 1 | 8567 | 63 | 129 | 37.54 - 0 | 364 | 364 | 364 - 1
Dissolved Oxygen mg/L - - - - 5.5 - - - - 0| 510 | 514 | 51 - 1 - - - - - 0 |78 | 78| 78 - 1
Hardness, Total ma/L 400
(CaCO3) 9 - - - - 16 16 16 - 1 | 2655 | 26.55 | 26.55 - 1 26 26 26 - - 0 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 723 | 6 | 871 | 059 |67 7.36 6 | 875 | 058 |17 | 718 8.57 | 067 0.51 101 | 742 | 742 | 7.42 - 1
Temperature °C 40 . 18-30 - - 2518 | 22.6 | 285 1.97 6 | 25.80 | 233 | 275 1.59 6 | 2582 | 245 | 29 1.84 0.65 5 30 30 | 30 - 1
Total Dissolved Solids | mg/L 17 . 1000 - - 6178 | Id | 224 | 5482 | 15| 52.13 7 102 | 3063 | 13 | 14287 | 12 335.14 7478.73 17119.82 | 11 - - - - 0
Total Suspended ma/L 50 30
Solids 9 - - - 588 | Id 16.64 | 16 | 3.24 Id 14 5.77 12 | 19.01 | 33.46 13453.20 NI 48238.42 | 13 y . . y 0
Turbidity NTU . . - - - 6 6 6 - 1 | 1025 | 1025 | 1025 - 1 - - - - 0 - - - - 0 | 068 | 068|068 - 1
Inorganics
Chloride mg/L - - - - - 5 5 5 - 1| 577 | 577 | 577 - 1 | 467 | 4 5 058 | 3 - - - - 0 - - - - 0
Cyanide + Thiocyanate | mg/L 0.1 . 0.05 . - 0 id | 0.043 | 0.01 15 | 0.01 Id 0.13 0.04 14 | 0.01 d | 0062| 002 |14 0.01 Id 0.07 0.02 13 - - - - 0
Fluoride mg/L - - 0.7 1.5 0.12 _ _ _ _ 0 Id Id Id - 1 _ - - - 0 - - - - 0 - - - - 0
Nitrate mg/L . . 50 50 13 0.28 | 0.12 | 0.44 0.23 2| 118 | 118 | 1.18 - 1 0.16 | 0.13 | 0.18 0.03 3 - - ; - 0 ; - - ; 0
Nitrate and Nitrite mg/L - - - - - 0.12 | 0.12 | 0.12 - 1 - - - - 0 0.16 | 0.13 | 0.18 0.03 3 - - - - 0 - - - - 0
Nitrite mg/L . . 0.1 3 0.06 Id Id Id - 1| 004 | 0039 | 0039 - 1 Id Id Id 0 3 - - ; - 0 ; - - ; 0
Ammonia mg/L - - 0.5 - - 0.05 | 0.05 | 0.05 - 1 - - - - 0 Id Id Id 0 3 - - - - 0 - - - - 0
Ammonium mg/L . . - . - - - - - 0| 019 |o0.188 | 0.188 - 1 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - Id Id Id 0 2 | 18.87 Id 56.6 | 32.68 3 Id Id Id 0 3 Id Id Id 0 3 - - - - 0
Sulfate mg/L . . 250 - - Id Id Id - 1| 1179 | 11.79 | 11.79 - 1 6.67 Id 20 155 | 3 - - - - 0 - - - - 0
Qils and greases mg/L 5 - - - - m Id 16.88 | 14 [LLNdA Id 1.09 | 13 |EEES] Id “ 18.26 | 13 m Id m 12.86 12 - - - - 0
BOD mg/L _ _ _ _ _ - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
CcOD mg/L ~ ~ _ ~ _ _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0




Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID: SW_06 SW_07 SW_08
Season: dry wet dry wet dry

Descriptive Statistics || mean | Min | Max | StdDev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH607 CCME 8
9 : bw DW?®" | FALSW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ _ R R R R _ _ R 0 20 20 20 _ 1 R - - - 0 26 26 26 R 1 - N N - 0
Colour TCU _ _ 15 R _ _ . . R 0 R R R _ 0 R _ - - 0 R N - R 0 _ - - _ 0
Conductivity uS/cm - - 400 - - 103 | 103 | 103 - 119750 | 65 | 330 | 18738 | 2 [ 71 71 71 - 1] 63 | 63 | 63 - 1 - - - - 0
Dissolved Oxygen mg/L - - - - 5.5 7.33 | 7.33 | 7.33 - 1| 740 | 74 | 74 - 1] 733 | 733 | 7.33 - 1 - - - - ol - - - - 0
Hardness, Total (CaCO3) | mg/L _ _ 400 R R _ R R _ 0 20 20 20 _ 1 . _ - - 0 R - - R 0 - - - - 0
pH® pH 6-9 6.5-8.5 . 6.5-9 711 | 7.1 | 7.1 - 1] 699 | 63 | 7.8 042 |12| 694 | 6 | 752 046 | 12| 7.02 | 631 79 063 | 5| 745 | 708]| 7.7 028 |4
Temperature °C 40 - 18-30 - - 30 | 30 | 30 - 1| 2653 |245| 298 | 220 | 6 [2695| 25 | 30 165 | 6 | 2648 | 254 | 29 170 | 4 | 2718 | 26 | 28 099 |4
Total Dissolved Solids mg/L 17 - 1000 - - - - - - 0| 4494 | 1d | 174 | 4302 |16 |64.49 | Id | 3046 | 7982 |13|4065| 5 | 79 | 3682 |4 [3867 | 1d | 106 | 5853 |3
Total Suspended Solids | mg/L 50 30 - - - - - - - of| 7.32 Id “ 2016 | 17 Id|RErei 13621 | 13| id Id Id 0 4| Id Id 0 3
Turbidity NTU - - - - - 9 | 9 | 90 - 1 95 95 | 95 - 1] 92 | 92 | 92 - 1 - - - - ol - - - - 0
Inorganics
Chloride mg/L - - - - - - - - - 0 5 5 5 - 1 - - - - 0 5 5 5 - 1 - - - - 0
Cyanide + Thiocyanate | mg/L 0.1 - 0.05 - - - - - - of o Id | 0051| 001 |15 © Id | 002 | 001 |14] Id Id | Id 0 4| W Id | Id 0 4
Fluoride mg/L R R 0.7 1.5 0.12 _ _ _ . 0 . . . R 0 i R R R 0 i R R - 0 R - - R 0
Nitrate mg/L - - 50 50 13 - - - - 0| 018 |0.18 | 0.18 - 1 - - - - 0| 017 017 | 017 - 1 - - - - 0
Nitrate and Nitrite mg/L - - - - - - - - - o| 018 |0.18 | 0.18 - 1 - - - - 0| 017 | 017 | 017 - 1 - - - - 0
Nitrite mg/L R R 0.1 3 0.06 _ . . _ 0 Id id id - 1 _ - - - 0 Id id id - 1 - - - - 0
Ammonia mg/L - - 0.5 - - - - - - of Id Id - 1 - - - - 0| I Id | Id - I - - - 0
Ammonium mg/L R R _ _ _ _ - - _ 0 _ ; ; - 0 ; - - - 0 - - R - 0 - - - - 0
Phosphorus mg/L - - - - - - - - - 0 Id Id Id 0 2 Id Id Id 0 3 Id Id Id - 1 Id Id Id 0 2
Sulfate mg/L - - 250 - - - - - - 0 Id Id Id - 1 - - - - 0| I Id | Id - 1 - - - - 0
Oils and greases mg/L 5 - - - - - - - - 0 m Id m 2712 | 13 m Id 1435 | 13 1.2 n 2053 | 4 [REXEPENPEE| 887 | 4
BOD mg/L _ _ ; ; ; i ; ; i 0 i i ; R 0 ; R R R 0 ; R R ; 0 R ; } R 0
CcoD mg/L _ _ ; } } } } } } 0 } } } R 0 } R R R 0 ) R R ) 0 R ) ) R 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_09 SW_10 SW_11
Season: dry wet dry dry wet

Descriptive Statistics || mean | Min | Max | StdDev | N [ Mean | Min | Max | Std Dev Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bw DW® FAL SW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ _ R R R R - - R 0 - - - - 16 16 16 - 1 10 10 10 0 2 - - - - 0
Colour TCU _ _ 15 R R _ . . R 0 50 50 50 R _ R R - 0 - N - - 0 _ _ _ R 0
Conductivity uS/cm - - 400 - - - - - - 0 | 124.30 | 124.3 | 1243 - 56 56 | 56 - 1| 49 | 49 | 49 0 2 - - - - 0
Dissolved Oxygen mg/L _ _ _ _ 55 R B B R 0 5.70 5.7 5.7 R - R R N 0 N _ _ _ 0 _ _ _ - 0
Hardness, Total (CaCO3) | mg/L _ _ 400 R R _ R R _ ol 3762 | 3762 | 37.62 . _ . R - 0 10 10 10 - 1 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 9 9 9 - 1] 735 | 735 | 7.35 - 660 | 66 | 6.6 - 1] 678 | 63| 75 042 | 12| 666 | 6.1 | 7.7 0.56 9
Temperature °C 40 - 18-30 - - 24 | 24 | 24 - 1| 22550 | 225 | 225 - - - - - 02662| 24 | 295 | 212 5 | 2646 | 255 | 28 09 | 5
Total Dissolved Solids mgL | 17 . 1000 - - - S| - - 0| 90.39 | 90.39 | 90.39 - . S| - . 04420 | 10 | 202 | 5343 | 15| 4755 | 1d | 128 | 3874 |12
Total Suspended Solids mg/L 50 30 - - - . y y . 0 - - - - - - - - 0| 562 | Id 42 1273 | 15| 0.51 Id 6 1.73 12
Turbidity NTU - - - - - 7 7 7 - 1| 79.60 | 796 | 79.6 - - - - - o| - - - - 0 - - - - 0
Inorganics
Chloride mg/L - - - - - - - - - o| 588 | 588 | 5.88 - 5 5 5 - 1 4 4 4 0 2 - - - - 0
Cyanide + Thiocyanate mg/L 0.1 - 0.05 - - Id Id Id - 1 Id Id Id - - - - - 0 Id | 0041 | 001 |[15]| O Id [ 002]| 001 |13
Fluoride mg/L _ _ 0.7 1.5 0.12 R R R _ 0 0.04 0.04 0.04 R _ _ _ - 0 - - _ _ 0 - - - N 0
Nitrate mg/L - - 50 50 13 7.08 | 7.08 | 7.08 - 1| 083 | 083 | 083 - 012 | 012 | 0.12 - 1| 076 | 076 | 0.76 0 2 - - - - 0
Nitrate and Nitrite mg/L - - - - - - - - - 0 - - - - 0.12 | 0.12 | 0.12 - 1] 076 | 076 | 0.76 0 2 - - - - 0
Nitrite mg/L - - 0.1 3 0.06 - - - - 0| 001 | 001 | 0.01 - Id Id Id - 1| Id Id 0 2 - - - - 0
Ammonia mg/L B - 0.5 - - - - - - 0 - - - - 0.05 | 0.05 | 0.05 - 1 Id Id Id 0 2 - - - - 0
Ammonium mg/L - - - - - - - - - o| 006 | 0058|0058 - - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - - - - - 0 - - - - Id Id Id - 1 Id Id Id 0 3 Id Id Id 0 3
Sulfate mg/L - - 250 - - - - - - 0| 285 | 285 | 2.85 - Id Id Id - 1 Id Id Id 0 2 - - - - 0
Oils and greases mg/L 5 . - - - - - - - 0 - - - - - - - - 0 m Id m 50.07 | 13 m Id m 2029 | M
BOD mg/L - - - - - - - - - 0| 275 | 275 | 2.75 - - - - - 0 - - - - 0 - - - - 0
cob mg/L - - - - - - - - - 0| 2143 | 21.43 | 21.43 - - - - - o| - - - - o] - - - - 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_12 SW_13 SW_14
Season: dry wet dry dry wet

Descriptive Statistics | pmean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N

Parameter Unit CAPR;E WH607 CCME 8
: : bw DW?®" | FALSW

Physical Tests
Alkalinity, Total (CaCO3) | mg/L - - - - - 28 20 36 1131 | 2| 2290 | 229 | 229 - 1 - - - - 0| 31 31 31 0 2 - - - - 0
Colour TCU _ _ 15 R _ . . _ R 0 20 20 20 R 1 R R R - 0 R N - - 0 _ _ - R 0
Conductivity uS/cm - - 400 - - 24575 | 79 | 408 | 16437 | 4 | 7587 | 62 84 1207 | 3| 510 | 510 | 510 - 1| 21550 | 81 | 368 156 4 | 7440 | 64 | 83 963 | 3
Dissolved Oxygen mg/L - - - - 55 760 | 76 | 7.6 0 2| 667 | 45 | 7.76 188 |3 - - - - o| 745 | 74 | 75 007 | 2| 786 |776 |79 | 014 | 2
Hardness, Total (CaCO3) | mg/L _ _ 400 R R R R _ _ ol 2115 | 21.15 | 21.15 . 1 . R R - 0 31 31 31 - 1 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 682 | 63 | 725 | 041 | 4| 728 | 679 | 755 | 043 |3 | 753 | 753|753 - 1 715 | 63 | 782 | 046 |14| 697 | 63 | 786 | 044 |14
Temperature °C 40 - 18-30 - - 2835 | 27 | 297 191 |2 |2553 | 241 | 27 145 | 3| 2560 | 25.6 | 25.6 - 1| 2591 | 24 | 28.1 205 | 7| 2654 | 25 | 277 | 105 | 8
Total Dissolved Solids mg/L 17 - 1000 - - - - - - 0 | 52.99 | 52.99 | 52.99 - 1 - - - - 0| 5463 | Id | 256 | 6254 | 16 | 634.61 | 14 | 7948 | 210553 | 14
Total Suspended Solids mg/L 50 30 - - - - - - - 0 - - - - 0 - - - - o| 768 Id 2151 | 17 Id 21354 | 14
Turbidity NTU - - - - - 6538 | 075 | 130 | 9139 |2 |5009 | 076 | 130 | 69.84 | 3 - - - - o ot 72 | 110 | 2687 | 2| 130 | 90 | 170 | 5657 | 2
Inorganics
Chloride mg/L - - - - - 7 6 8 141 | 2| 521 | 521 | 5.21 - 1 - - - - 0 6 6 6 0 2 - - - - 0
Cyanide + Thiocyanate | mg/L 0.1 - 0.05 - - 0.36 0.1 0.96 [TYRENIN m 0.03 m 018 | 2| - - - - 0| 002 | 1d | 009 | 003 |17]| 001 | 1d | 015 | o004 |18
Fluoride mg/L _ _ 0.7 1.5 0.12 R R R _ 0 0.12 0.12 0.12 R 1 _ _ _ - 0 R - _ _ 0 - - R N 0
Nitrate mg/L - - 50 50 13 036 | 013 | 059 | 033 |2| o070 | 07 | 07 - 1 - - - - o| 010 | 01 | 01 0 2 - - - - 0
Nitrate and Nitrite mg/L - - - - - 038 | 0.13 | 0.63 035 |2 - - - - 0 - - - - o| 010 | 0.1 | 0.1 0 2 - - - - 0
Nitrite mg/L - - 0.1 3 0.06 0.02 Id | 004 | 003 |2]| 003 | 003 | 003 - 1 - - - - 0 Id Id Id 0 2 - - - - 0
Ammonia mg/L - - 0.5 - - 0.09 | 0.06 | 0.12 004 |2 - - - - 0 - - - - 0| 006 |0.06| 006 0 2 - - - - 0
Ammonium mg/L - - - - - - - - - 0| 0.05 | 0.046 | 0.046 - 1 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - 0.17 | 0.029 | 0.301 | 019 |2 - - - - 0 - - - - o[ o0.01 Id | 0.01 0.01 3 Id Id Id 0 3
Sulfate mg/L - - 250 - - 10 Id 20 1414 |2 | 375 | 375 | 3.75 - 1 - - - - 0 Id Id Id 0 2 - - - - 0
Oils and greases mg/L 5 - - - - - - - - 0 - - - - 0 - - - - 0] 2859 | Id |2156 | 5534 |14 | 1085 | Id | 308 | 11.06 | 13
BOD mg/L _ _ ; ; ; ; ; i i 0 ; i ; ; 0 ; ; ; R 0 ; R R R 0 R R } } 0
CcoD mg/L _ _ ; } } } } } } 0 } } } } 0 } } ) R 0 ) R R R 0 R R ) ) 0




Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_15 SW_16 SW_17
Season: dry wet dry dry wet

Descriptive Statistics || mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | StdDev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bw DW®° | FAL SW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ - _ _ _ _ - i i, 0 i i, i i, 0 B, - - - 0 31 31 31 - 1 - - - - 0
Colour TCU _ _ 15 _ _ _ - _ - 0 _ i _ i 0 _ _ _ - 0 - - - - 0 - - - - 0
Conductivity uS/cm - - 400 - - - - - - ol - - - - 0| 382 | 382 | 382 - 1| 83 83 83 - 119895 | 75 | 1229 | 3387 | 2
Dissolved Oxygen mg/L - - - - 5.5 - - - - ol - - - - 0 - - - - 0| 760 | 76 | 76 - 1| 776 | 776 | 7.76 - 1
Hardness, Total (CaCO3) | mg/L R R 400 R R R R R R 0 R R R R 0 R R R _ 0 _ - R R 0 R R R R 0
pH® pH 6-9 6.5-8.5 - 6.5-9 - - - - 0 - - - - o 711 | 711 | 7.1 - 1] 7.31 6 8.45 063 |58 744 |6.09| 912 054 | 94
Temperature °C 40 - 18-30 - - - - - - 0 - - - - 0]2820] 282|282 - 1| 2750 | 275 | 275 - 1 | 2685|258 | 27.9 148 | 2
Total Dissolved Solids mg/L 17 . 1000 i i i i i . 0 . . . . 0 . . . 3 0 3 3 . . 0 . . . . 0
Total Suspended Solids mg/L 50 30 ; ; ; , ) , ) 0 B - B - 0 - - - - 0 - - - - 0 - - - - 0
Turbidity NTU - - - - - - - - - 0 - - - - 0 - - - - 0 - - - - 0| 150 | 150 | 150 - 1
Inorganics
Chloride mg/L B B _ _ . _ - _ - 0 _ - _ - 0 _ _ _ R 0 6 6 6 - 1 - - - - 0
Cyanide + Thiocyanate | mg/L 0.1 - 0.05 - - - - - - of| - - - - of| - - - - 0| 0.09 | 0.09 | 0.09 - 1002 | o | 005 | 003 |3
Fluoride mg/L . . 0.7 1.5 0.12 _ _ _ - 0 . - . - 0 i i i R 0 R - - - 0 - - - - 0
Nitrate mg/L _ _ 50 50 13 _ . _ . 0 _ _ _ _ 0 _ _ _ - ol 009 | 009 | 0.09 - 1 - - - - 0
Nitrate and Nitrite mg/L _ _ _ _ . _ - _ - 0 _ i, i i, 0 i, i, i, - ol 009 | 009 | 009 - 1 - - - - 0
Nitrite mg/L _ _ 0.1 3 0.06 _ . _ . 0 _ _ _ _ 0 _ _ _ - 0 0 0 0 - 1 - - - - 0
Ammonia mg/L B B 0.5 . . _ - _ - 0 _ - _ - 0 _ _ _ R 0 0 0 0 - 1 - - - - 0
Ammonium mg/L - - _ _ _ _ _ _ _ 0 _ _ _ _ 0 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - - - - - o| - - - - of| - - - - 0| 0.02 | 0018|0018 - 1 - - - - 0
Sulfate mg/L ; ; 250 _ _ _ _ _ _ 0 _ - _ - 0 - - - R 0 0 0 0 i 1 - - - - 0
Oils and greases mg/L 5 _ _ _ _ _ - _ - 0 ; ; ; ; 0 ; ; ; - 0 - - - - 0 - - - - 0
BOD mg/L ; ; ; ; ; i ; i ; 0 i ; ; ; 0 ; ; ; R 0 R R ; ; 0 ; ; } } 0
CcoD mg/L ) ) ; } } } } } } 0 } } } } 0 } } ) R 0 R R ) ) 0 ) ) ) ) 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID: SW_18 SW_19 SW_20
Season: dry wet dry wet dry

Descriptive Statistics | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N [ Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N

Parameter Unit ey 3 CAPR;E WH?y CCME 8
: : bw DW®’ | FALSW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ _ R R R 57 57 57 0 2 R R R . 0 - R - R 0 - R - R 0 - - - - 0
Colour TCU _ _ 15 _ _ - - - _ 0 i _ i _ 0 - _ - - 0 - - - - 0 - - - - 0
Conductivity uS/em - - 400 - - 176.67 | 105 | 320 | 12413 | 3 | 158 | 158 | 158 - 1 - - - - of| - - - - of| - - - - 0
Dissolved Oxygen mg/L - - - - 55 727 | 727|727 - 1| 733 |733] 733 - 1 - - - - of| - - - - of - - - - 0
Hardness, Total (CaCO3) | mg/L : : 400 . ; 57 57 57 , 1 ) , - - 0 - - - - 0 - - - - 0 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 720 | 6 | 81| 048 |64 7.36 m 862 | 050 |98| - - - - of| - - - - 0| 720 | 7272 - 1
Temperature °C 40 - 18-30 - - 30.30 | 30.3 | 30.3 - 1| 28 | 28 | 28 - 1 - - - - of| - - - - 0| 2540 | 254 | 254 - 1
Total Dissolved Solids mg/L 17 - 1000 - - 75 | 60 | 100 | 1378 | 6 | 72 | 40 | 140 | 3962 | 5 | - - - - of| - - - - o| e1 | 61 | 61 - 1
Total Suspended Solids | mg/L 50 30 - - - 4333 | Id m 9223 | 6 m Id 81593 | 5 - - - - ol - - - - 0| Id | Id - 1
Turbidity NTU - - - - - 83 83 | 83 - 1 | 300 | 300 | 300 - 1 - - - - of| - - - - of - - - - 0
Inorganics
Chloride mg/L _ _ . . } 7 7 7 0 2 . N - - 0 - - - - 0 - - - - 0 - - - - 0
Cyanide + Thiocyanate | mg/L [ 0.1 - 0.05 - - 0 Id | 0.01 0 6 | 001 | Id |003] 001 |5/ - - - - o| - - - - o| u Id | Id - 1
Fluoride mg/L R R 0.7 1.5 0.12 _ _ _ _ 0 - . - - 0 R - R i 0 R i R i 0 i i - R 0
Nitrate mg/L - - 50 50 13 0.06 | 0.06 | 0.06 0 2 - - - - o] - - - - of| - - - - of| - - - - 0
Nitrate and Nitrite mg/L _ _ . } } 006 | 0.06 | 0.06 0 2 . N - - 0 - - - - 0 - - - - 0 - - - - 0
Nitrite mg/L _ _ 0.1 3 0.06 Id Id Id 0 2 . . . . 0 - . - - 0 - - - - 0 - - - - 0
Ammonia mg/L - - 0.5 - - Id Id | Id 0 2 - - - - 0 - - - - of| - - - - of| - - - - 0
Ammonium mg/L R R _ _ _ _ _ _ _ 0 _ _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - 001 | 06 | 06 0 2 - - - - 0 - - - - of| - - - - of| - - - - 0
Sulfate mg/L _ _ 250 . . Id Id Id 0 2 . . . . 0 - - - - 0 - - - - 0 - - - - 0
Qils and greases mg/L 5 - - - - Id d | Id - 1 Id Id Id - 1 - - - - ol - - - - O 33.60 33.6 33.6 - 1
BOD mg/L _ _ ; ; ; ; ; ; i 0 ; i ; ; 0 R ; R ; 0 R ; R ; 0 ; ; } R 0
CcoD mg/L _ _ ; } } } } } } 0 } } } } 0 R ) R ) 0 R ) R ) 0 ) ) ) R 0




Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_21 SW_22 SW_23
Season: dry wet dry wet dry

Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPRE WHO CCME 8
: " pw?® DW® | FAL SW
Physical Tests
Alkalinity, Total (CaCO3) mg/L _ _ R R R 20 20 20 0 2 R R R _ 0 30 30 30 0 2 R R - - 0 - - - - 0
Colour TCU _ _ 15 _ _ _ - _ _ 0 _ _ i - 0 - - _ - 0 - - - - 0 - - - - 0
Conductivity uS/em - - 400 - - 66 66 66 0 2| - - - - 0| 7 71 71 0 2| - - - - ol - - - - 0
Dissolved Oxygen mg/L R R _ _ 55 _ i _ _ 0 _ _ i - 0 - - - - 0 - - - - 0 - - - - 0
Hardness, Total (CaCO3) | mg/L R R 400 _ _ 20 20 20 _ 1 _ _ i, - 0 30 30 30 B, 1 - - R - 0 - - - - 0
9
pH pH 6-9 6.5-8.5 - 6.5-9 6.84 | 66 | 7.2 019 |7 | 645 | 6 | 6.9 037 | 4| 697 | 67 | 72 017 | 7| 656 | 6.2 | 7 036 |5 - - - - 0
Temperature °C 40 _ 18-30 ; R _ R _ _ 0 _ R _ 0 _ _ . - 0 R R - R 0 R R i, i, 0
. . 10

Total Dissolved Solids mg/L 1 - 1000 - - 4833 | 40 60 753 | 6|8250| 40 | 190 | 71.82 | 4 | 4333 | 20 70 1751 | 6| 48 | 40 | 60 837 | 5| - - - - 0
Total Suspended Solids | mg/L 50 30 - - - 5 Id 22 892 |6 | 450 | 1d | 18 9 4| 5 Id 12 562 |6 120 | i 6 268 |5 - - - - 0
Turbidity NTU i i . . . . . . . ol - . . . ol - . ) ) ol - ) . ) ol - ) ) ) 0
Inorganics
Chloride mg/L - - - - - 5 5 5 0 2| - - - - o| 5 5 5 0 2| - - - - ol - - - - 0
Cyanide + Thiocyanate | mg/L 01 - 0.05 - - 0 Id | 0.01 0 5001 | 1d [003] 002 [4] o Id | 0.01 0 5[ o Id |002| 001 |5/ - - - - 0
Fluoride mg/L R R 0.7 1.5 0.12 _ _ _ _ 0 . . - R 0 R R - i 0 i i - i 0 i - - - 0
Nitrate mg/L - - 50 50 13 012 | 012 | 0.12 0 2| - - - - 0| 006 | 006 | 0.06 0 2| - - - - of - - - - 0
Nitrate and Nitrite mg/L - - - - - 012 | 012 | 0.12 0 2| - - - - 0| 006 | 0.06 | 0.06 0 2| - - - - ol - - - - 0
Nitrite mg/L - - 01 3 0.06 Id Id Id 0 2| - - - - o u Id Id 0 2| - - - - of| - - - - 0
Ammonia mg/L - - 0.5 - - 0.05 | 0.05 | 0.05 0 2| - - - - o u Id Id 0 2| - - - - of| - - - - 0
Ammonium mg/L R R _ _ _ _ _ _ _ 0 _ _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/L - - - - - 0.01 | 0.012 | 0.012 0 2 - - - - 0| 002 |0.016 | 0.016 0 2 - - - - 0 - - - - 0
Sulfate mg/L - - 250 - - 10 10 10 0 2| - - - - 0| Id Id 0 2| - - - - ol - - - - 0
Qils and greases mg/L 5 - - - - Id n 723 4| d | Id 0 2| 467 Id n 808 |3 I Id | Id 0 3 - - - - 0
BOD mg/L - - _ _ _ _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0
CcoD mg/L _ _ ; } } } } } } 0 } } } R 0 R R ) ) 0 ) ) R ) 0 ) ) ) ) 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_23 SW_24 SW_25
Season: wet dry wet dry wet

Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bw DW?®" | FALSW

Physical Tests
Alkalinity, Total (CaCO3) | mg/L - - - - - 1510 | 15.1 | 15.1 - 1 26 26 | 26 0 2 - - - - o | 31 31 31 - 1 - - - - 0
Colour TCU _ _ 15 R _ 25 25 25 _ 1 B R R R 0 _ R R _ 0 R - R R 0 R R - R 0
Conductivity uS/cm - - 400 - - 51 51 51 - 120433 | 69 | 475 | 23440 | 3 | 82 | 82 | 82 - 1] 83 83 83 - 1 - - - - 0
Dissolved Oxygen mg/L - - - - 5.5 620 | 62 | 62 - 1| 772 | 747|796 | 035 | 2 | 733 | 733|733 - 1 - - - - 0 - - - - 0
Hardness, Total (CaCO3) | mg/L - - 400 - - 13.75 | 13.75 | 13.75 - 1 26 26 | 26 - 1 - - - - o | 31 31 31 - 1 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 6.89 | 6.89 | 6.89 - 1] 7.23 6 |838| 059 |65]| 749 | 6.1 062 |98| 714 | 68 | 76 034 |5 673 | 61| 7.1 037 |6
Temperature °C 40 - 18-30 - - 2360 | 236 | 236 - 1| 2703 | 247 | 202 | 225 | 3| 30 | 30 | 30 - 1 - - - - ol - - - - 0
Total Dissolved Solids mg/L 17 - 1000 - - 4176 | 41.76 | 41.76 - 1 58 50 | 68 693 | 6| 52 | 40 | 70 | 1304 | 5 | 66 60 70 548 |5 |7667 | 60 | 120 | 2422 |6
Total Suspended Solids | mg/L 50 30 ; ; ; - - - - 0 1 Id 6 245 | 6 | 4160 | 1d [k 7346 | 5 | 3420 | Id m 7038 | 5| 15 | Id | 40 | 1733 |6
Turbidity NTU - - - - - 2280 | 228 | 2238 - 1| 200 | 200 | 200 - 1 | 500 | 500 | 500 - 1 - - - - 0 - - - - 0
Inorganics
Chloride mg/L - - - - - 382 | 382 | 3.82 - 1 5 5 5 0 2 - - - - 0| 6 6 6 - 1 - - - - 0
Cyanide + Thiocyanate | mg/L 01 - 0.05 - - - - - - 0| 0ot | 1d [002| 001 |6 ]| O Id | 002 001 | 5] o0 Id | 001 | 001 |4 o Id | 002| 001 |6
Fluoride mg/L R R 0.7 1.5 0.12 0.06 0.06 | 0.06 _ 1 - _ _ _ 0 R _ - R 0 - R - - 0 - - R - 0
Nitrate mg/L - - 50 50 13 Id Id Id - 1| 004 | 004|004 0 2 - - - - 0| 009 | 009 | 009 - 1 - - - - 0
Nitrate and Nitrite mg/L - - - - - - - - - 0| 004 |004]|004 0 2 - - - - 0| 009 | 009 | 0.09 - 1 - - - - 0
Nitrite mg/L - - 01 3 0.06 Id Id Id - 1 Id Id | Id 0 2 - - - - 0| Id Id - 1 - - - - 0
Ammonia mg/L - - 0.5 - - - - - - 0| I Id | Id 0 2 - - - - 0| i Id Id - 1 - - - - 0
Ammonium mg/L - - - - - 0.01 | 0.012 | 0.012 - 1 - - - - 0 - - - - 0 - - - - ol - - - - 0
Phosphorus mg/L - - - - - - - - - o| oot | o8 | 06 0 2 - - - - 0 | 002 | 0018 | 0.018 - 1 - - - - 0
Sulfate mg/L - - 250 - - 274 | 274 | 2.74 - 1 Id Id | Id 0 2 - - - - 0| Id Id - 1 - - - - 0
Oils and greases mg/L 5 - - - - - - - - 0 m Id m 1495 | 4 | 133 | 4 2.31 3 (33| n 577 | 3| Id | Id 0 4
BOD mg/L _ _ ; ; ; i ; i i 0 ; i ; ; 0 R ; ; R 0 ; R ; ; 0 ; ; R } 0
CcoD mg/L _ _ ; } } } } } } 0 } } } } 0 R } ) R 0 ) R ) ) 0 ) ) R ) 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_26 SW_27 SW_28
Season: dry wet dry wet wet

Descriptive Statistics || mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bw DW® FAL SW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ . _ _ _ _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 _ _ _ _ 0 39 39 39 - 1
Colour TCU R R 15 R R _ . . _ 0 B R R B 0 R R R _ 0 _ _ - R 0 10 10 10 - 1
Conductivity uS/cm - - 400 - - - - - - o| 176 | 176 | 176 - 1| 446 | 446 | 446 - 19050 | 89 | 92 212 | 2| 109 | 109 | 109 - 1
Dissolved Oxygen mg/L - - - - 55 790 | 79 | 7.9 - 1] 752 | 752|752 - 1] 79 | 7.96 | 7.96 - 1] 786 |776 | 796 | 014 | 2| 510 | 54 | 5.1 - 1
Hardness, Total (CaCO3) | mg/L . . 400 R R _ R R _ 0 R _ _ R 0 . . . _ 0 _ - - R 0| 4257 | 4257 | 4257 - 1
pH® pH 6-9 6.5-8.5 - 6.5-9 740 | 74 | 74 - 1] 735 | 735|735 - 1| 737 | 737 | 7.37 - 11771 | 769|772 | 002 |2 754 | 754 | 7.54 - 1
Temperature °C 40 - 18-30 - - 28.60 | 28.6 | 28.6 - 11 30 | 30 | 30 - 1 | 2710 | 27.1 | 271 - 1| 2790 | 278 | 28 014 |2 |2160 | 216 | 216 - 1
Total Dissolved Solids mg/L 1710 i 1000 . . . . . . 0 . . . . 0 . . . . 0 . . . . o | 6548 | 6548 | 65.48 . 1
Total Suspended Solids mg/L 50 30 _ _ _ _ - - _ 0 i, i i i, 0 B, B, - - 0 - - - - 0 - - - - 0
Turbidity NTU - - - - - - - - - 0| 940 | 940 | 940 - 1] 250 | 250 | 250 - 1] 175 | 160 | 190 | 2121 | 2 3 3 3 - 1
Inorganics
Chloride mg/L - - - - - - - - - 0 - - - - 0 - - - - 0 - - - - 0| 465 | 465 | 465 - 1
Cyanide + Thiocyanate | mg/L 01 - 0.05 - - - - - - of| - - - - 0| 002 | 002|002 - 11003 | Id [005| 004 |[2] - - - - 0
Fluoride mg/L . . 0.7 15 0.12 . . . . 0 . . ) . 0 . . . i 0 i . . ) ol 0o0s | 006 | 0.06 . 1
Nitrate mg/L - - 50 50 13 - - - - ol - - - - 0 - - - - o| - - - - 0] 039 | 039 | 039 - 1
Nitrate and Nitrite mg/L _ _ _ . . _ - - _ 0 - i i i, 0 i, i, i, - 0 - - - - 0 - - - - 0
Nitrite mg/L i} i} 0.1 3 0.06 _ _ _ _ 0 _ _ _ - 0 . . . R 0 R R - ; 0 0 03 03 - 1
Ammonia mg/L B B 0.5 . . _ - - _ 0 - _ _ - 0 _ _ _ R 0 R R R - 0 - - R R 0
Ammonium mg/L - - - - - - - - - 0 - - - - 0 - - - - 0 - - - - 0| 005 | 0.048 | 0.048 - 1
Phosphorus mg/L B B _ _ _ ; ) ) ; 0 ) ; ; ) 0 ) ) ) _ 0 _ R R ; 0 ; ; R R 0
Sulfate mg/L . - 250 - - - - - - 0 - - - - 0 - - - - 0 - - - - 0] 121 | 121 | 1.21 - 1
Oils and greases mg/L 5 _ _ _ _ _ - - _ 0 ; ; ; ; 0 ; ; ; - 0 - - - - 0 - - - - 0
BOD mg/L ; ; ; ; ; i ; ; i 0 ; i ; ; 0 ; ; ; R 0 R R R ; 0 ; ; R R 0
CcoD mg/L ) ) ; } } } } } } 0 } } } } 0 } } ) R 0 R R R ) 0 ) ) R R 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID: SW_29 SW_30 SW_31
Season: dry wet dry wet dry

Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N

Parameter Unit DECIEto 3 CAPR;E WH607 CCME 8
9 : bw DW®° | FAL SW

Physical Tests
Alkalinity, Total (CaCO3) mg/L _ R _ _ _ _ - - - 0 - _ ; - 0 25 25 25 - 1 - - R - 0 25 25 25 - 1
Colour TCU _ _ 15 _ _ _ - - i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Conductivity uS/cm - - 400 - - - - - - 0 - - - - 0 | 121 79 | 163 | 5940 | 2| 79 | 79 | 79 - 1 79 | 79 | 79 - 1
Dissolved Oxygen mg/L - - - - 5.5 - - - - 0 - - - - 0 | 796 | 796 | 7.96 - 1| 796 | 7.96 | 7.96 - 1 - - - - 0
Hardness, Total (CaCO3) | mg/L _ _ 400 ; R _ R R _ 0 R R R _ 0 - R R - 0 - - R - 0 25 25 25 - 1
pH® pH 6-9 6.5-8.5 - 6.5-9 723 | 6 | 85 061 |133| 754 | 6 m 070 | 370 | 7.33 7 | 765 | 046 |2 | 764 | 764|764 - 1| 712 | 678 | 818 | 042 |10
Temperature °C 40 - 18-30 - - 2541 | 227 | 28 2.1 15 | 2656 | 25.2 | 284 | 096 | 13 |27.10 | 27.1 | 27.1 - 1| 2790 | 27.9 | 27.9 - 1 2493|235 | 275 | 179 | 4
Total Dissolved Solids mg/L 17 - 1000 - - 5037 | Id | 128 | 4250 | 19 [3954 | 1d | 87 | 2747 | 14 - - - - of| - - - - 05220 | 1d | 189 | 4895 |15
Total Suspended Solids | mg/L 50 30 - - - 510 | Id 17.84 | 20 | 0.04 | 1d | 04 0.11 14 - - - - of| - - - - 0| 726 | 1d m 24.83 | 16
Turbidity NTU - - - - - - - - - 0 - - - - 0 | 750 | 750 | 750 - 1| 200 | 290 | 290 - 1 - - - - 0
Inorganics
Chloride mg/L _ _ R _ _ _ R R R 0 R R R _ 0 5 5 5 - 1 - - - - 0 5 5 5 - 1
Cyanide + Thiocyanate mg/L 0.1 - 0.05 - - 001 | 1d | 0098 | 002 |19 | 001 | 1d | 007 | 002 17 | Id Id 0 vl 0.14 014 0.14 - 1 0 Id |0.054| 001 |15
Fluoride mg/L _ _ 0.7 15 0.12 R R R R 0 R R R _ 0 R R R - 0 - - - R 0 R R R - 0
Nitrate mg/L - - 50 50 13 - - - - 0 - - - - 0 | 003 | 003 | 003 - 1 - - - - 0| 003 | 003| 003 - 1
Nitrate and Nitrite mg/L - - - - - - - - - 0 - - - - 0 | 003 | 003 | 0.03 - 1 - - - - 0| 003 | 003]| 003 - 1
Nitrite mg/L _ _ 0.1 3 0.06 R R R R 0 R _ _ _ 0 Id Id Id _ 1 _ _ _ R 0 Id Id Id R 1
Ammonia mg/L - - 0.5 - - - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 Id Id Id - 1
Ammonium mg/L _ _ _ _ _ R B B B 0 B R R - 0 R R R _ 0 _ _ _ R 0 - - - - 0
Phosphorus mg/L - - - - - Id Id Id - 1 Id Id Id 0 7 | 001 | 0011 | 0.011 - 1 - - - - 0| 001 | 1d |0011| o001 2
Sulfate mg/L - - 250 - - - - - - 0 - - - - 0 10 10 10 - 1 - - - - o 10 10 10 - 1
Oils and greases mg/L 5 - - - - m 24 n 1479 | 19 m Id “ 13.07 | 16 - - - - 0 - - - - 0 Id 19.46 | 12
BOD mg/L _ _ ; ; ; i ; ; ; 0 ; i ; R 0 ; ; ; R 0 R R R ; 0 ; ; } } 0
CcoD mg/L _ _ ; } } } } } } 0 } } } R 0 } ) ) R 0 R R R ) 0 ) ) ) ) 0




Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_31 SW_32 SW_33 SW_34
Season: wet dry wet wet dry

Descriptive Statistics || Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bW DW® | FAL SW

Physical Tests
Alkalinity, Total (CaC03) | mg/L - - - - - 26.50 | 265 | 265 - 1 - - - - 0 - - - - 0| 45.90 | 459 | 4509 - 1 - - - - 0
Colour TCU - - 15 - - 40 40 40 - 1 - - - - 0 - - - - o| 70 70 70 - 1 - - - - 0
Conductivity uS/em - - 400 - - 88.50 | 88.5 | 885 - 1 - - - - 0 - - - - 0 | 12210 | 122.1 | 1221 - 1 - - - - 0
Dissolved Oxygen mg/L - - - - 5.5 460 | 46 | 46 - 1 - - - - 0 - - - - o| 660 | 66 | 66 - 1 - - - - 0
Hardness, Total (CaCO3) | mg/L - - 400 - - 2460 | 246 | 246 - 1 - - - - 0 - - - - 0| 37.38 | 37.38 | 37.38 - 1 - - - - 0
pH® pH 6-9 6.5-8.5 - 6.5-9 705 | 65 | 816 | 046 |11 | 744 | 72 | 77 | 021 |5| 703 |67 | 72| 022 |4 733 | 7.33 | 7.33 - 1] - - - - 0
Temperature °C 40 - 18-30 - - 2547 | 238 | 272 | 131 | 6 - - - - 0 - - - - 0| 2330 | 233 | 233 - 1] - - - - 0
Total Dissolved Solids mglL | 17 - 1000 - - 60.23 | Id | 2485 | 6074 |14 | 136 | 130 | 160 | 1342 |5 | 11250 | 100 | 120 | 957 |4 | 90.60 | 90.6 | 90.6 - 1| - - - - 0
Total Suspended Solids | mg/L 50 30 - - - 1557 | Id 3278 |13 | 440 | 1d | 16 699 |5 | 250 | Id | 10 5 4 - - - - ol - - - - 0
Turbidity NTU - - - - - 161 161 | 161 - 1 - - - - 0 - - - - 0| 4540 | 454 | 454 - 1 - - - - 0
Inorganics
Chloride mg/L - - - - - 479 | 479 | 479 - 1 - - - - 0 - - - - 0| 623 | 623 | 623 - 1 - - - - 0
Cyanide + Thiocyanate | mg/L 01 - 0.05 - - 0 Id | 002 | 001 |15]| Id Id | Id 0 5 m Id m 040 | 4 - - - - of| - - - - 0
Fluoride mg/L R R 0.7 1.5 0.12 0.07 007 | 007 _ 1 - _ - R 0 R _ R - 0 0.13 0.13 | 0.13 R 1 - R - R 0
Nitrate mg/L - - 50 50 13 0.64 | 0.64 | 0.64 - 1 - - - - 0 - - - - 0| 039 | 039 | 039 - 1 - - - - 0
Nitrate and Nitrite mg/L R R _ _ . _ - _ _ 0 - i i, - 0 - i, - i, 0 - - R R 0 - R - - 0
Nitrite mg/L - - 01 3 0.06 001 | 0.01 | 0.01 - 1 - - - - 0 - - - - 0| oot | 001 | 001 - 1 - - - - 0
Ammonia mg/L R R 0.5 . . _ - _ _ 0 - _ - R 0 R _ R - 0 - - R R 0 - R - R 0
Ammonium mg/L - - - - - 0.02 | 0.019 | 0.019 - 1 - - - - 0 - - - - 0| 005 | 005 | 0.05 - 1 - - - - 0
Phosphorus mg/L - - - - - 018 | Id | 053 | 031 | 3 - - - - 0 - - - - 0 - - - - of| - - - - 0
Sulfate mg/L - - 250 - - 358 | 358 | 3.58 - 1 - - - - 0 - - - - 0| 188 | 1.88 | 1.88 - 1 - - - - 0
Oils and greases mg/L 5 - - - - m 1.6 m 2022 | 9075 | 1d | 3 150 | 4 2 d | 4 283 |2 - - - - ol - - - - 0
BOD mg/L _ _ ; ; ; i ; i i 0 ; i ; R 0 R ; R ; 0 ; ; R R 0 ; R } R 0
CcoD mg/L _ _ ; } } } } } } 0 } } } R 0 R } R ) 0 ) ) R R 0 ) R ) R 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_35 SW_36 SW_37
Season: dry wet dry wet dry

Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev Mean | Min | Max | Std Dev | N

Parameter Unit CAPR;E WH?y CCME 8
g : bw DW?®" | FALSW

Physical Tests
Alkalinity, Total (CaC0O3) | mg/L - - - - - 62 62 62 0 2| 35 35 35 - 1 - - - - o| 56 56 56 - - - - - Id
Colour TCU - - 15 - - - - - - o| 40 40 40 - 1 - - - - o| 100 | 100 | 100 - - - - - Id
Conductivity uS/em - - 400 - - 108 | 108 | 108 0 2 [12270 | 992 | 158 | 3113 |3 [ - - - - 0 [ 142.10 | 142.1 | 142.1 - - - - - Id
Dissolved Oxygen mg/L i} i} . . 55 _ . _ _ 0 5.30 5.3 5.3 - 1 - - - - 0 4.80 4.8 4.8 R R R - R Id
Hardness, Total (CaCO3) | mg/L - - 400 - - 62 62 62 - 1| 29.95 | 29.95 | 29.95 - 1 - - - - 0| 4390 | 439 | 4309 - - - - - Id
pH pH 6-9 6.5-8.5 - 6.5-9 730 | 638 8 039 |8 692 | 679 | 73 021 | 7| - - - - o| 716 | 716 | 7.16 - 723 |69 | 75| 028 |4
Temperature °C 40 - 18-30 - - 28 28 28 - 1| 2540 | 228 | 26.9 | 226 |3 - - - - 0| 23 23 23 - - - - - Id
Total Dissolved Solids mg/L 17 - 1000 - - 75 60 920 1049 |6 | 7746 | 70 90 829 |5 - - - - 0 | 10150 | 1015 | 1015 - 95 | 90 | 100 | 577 | 4
Total Suspended Solids | mg/L 50 30 - - - 4 0 16 669 | 6| 16.50 0 38 15.78 | 4 - - - - 0 - - - - 1 d | 36 | 17.09 | 4
Turbidity NTU - - - - - 5 5 - 1] 371 371 | 371 - 1 - - - - 0| 4720 | 472 | 472 - - - - - Id
Inorganics
Chloride mg/L - - - - - 7 7 7 0 2| 585 | 585 | 585 - 1 - - - - 0| 551 | 551 | 551 - - - - - Id
Cyanide + Thiocyanate mg/L 0.1 - 0.05 - - 0 0 | 001 0 6 0 0 002 | 001 |8 - - - - 0 - - - - Id Id | Id Id 4
Fluoride mg/L R R 0.7 15 0.12 R R R R 0 0.10 0.1 0.1 R 1 R R _ R 0 0.24 0.24 0.24 - - - R - Id
Nitrate mg/L - - 50 50 13 0.29 o |08 | o051 |3| 053 | 053 | 053 - 1 - - - - 0| 025 | 025 | 025 - - - - - Id
Nitrate and Nitrite mg/L R R R R _ 0 0 0 0 2 R R R R 0 R R _ R 0 - R - - - - R - Id
Nitrite mg/L - - 0.1 3 0.06 0 0 0 0 2| 002 | 0016 | 0.016 - 1 - - - - 0| 002 | 002 | 0.02 - - - - - Id
Ammonia mg/L R R 0.5 R _ 0 0 0 0 2 R R R R 0 R R _ R 0 - R - - - - R - Id
Ammonium mg/L - - - - - - - - - 0| 006 | 0.057| 0057 - 1 - - - - 0| 002 | 0022|0022 - - - - - Id
Phosphorus mg/L - - - - - 0.08 | 0.077 | 0.077 0 2 - - - - 0 - - - - 0 - - - - - - - - Id
Sulfate mg/L - - 250 - - 0 0 0 0 2| 382 | 382 | 382 - 1 - - - - 0| 038 | 038 | 0.38 - - - - - Id
Qils and greases mg/L 5 - - - - 1 0 4 2 4| 125 0 5 250 |4 - - - - 0 - - - - 225 | Id 5 263 | 4
BOD mg/L . - - - - - - - - 0 - - - - 0 - - - - 0| 125 | 125 | 1.25 - - - - - 0
coD mg/L - - - - - - - - - 0 - - - - o] - - - - 0| 27.07 | 27.07 | 27.07 - - - - - 0
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Table D-1-1. Surface Water Results: Physical Tests and Inorganics

Sample ID:

SW_37 SW_38 SW_39
Season: wet wet dry

Descriptive Statistics | pean | Min Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N

Parameter Unit CAPRE WHO CCME 8
: " pw?® | bw® | FALSW
Physical Tests
Alkalinity, Total (CaCO3) mg/L _ _ R R R 89 89 89 R 1 86 86 86 - 1 R - - - 0
Colour TCU - - 15 - - 50 50 50 - 1| 25 25 25 - 1 - - - - 0
Conductivity uS/em - - 400 - - 158.17 | 935 | 213 | 6035 |3 | 270 | 270 | 270 - 1| 471 | 471 | 471 - 1
Dissolved Oxygen mg/L - - - - 55 5 5 5 - 1] 1.86 | 1.86 | 1.86 - 1 - - - - 0
Hardness, Total (CaCO3) | mg/L - - 400 - - 81.18 | 81.18 | 81.18 - 1 | 65.65 | 65.65 | 65.65 - 1 - - - - 0
9
pH pH 6-9 6.5-8.5 - 6.5-9 6.99 | 66 | 7.59 032 | 7| 753 | 753 | 753 - 1| 762 | 762|762 - 1
Temperature °C 40 - 18-30 - - 2427 | 211 | 261 275 | 3| 2310 | 231 | 23.1 - 1| 2730 | 27.3 | 273 - 1
. . 10

Total Dissolved Solids mg/ll 1 - 1000 - - 118.30 | 100 | 151.48 | 19.85 | 5 | 160.60 | 160.6 | 160.6 - 1| - - - - 0
Total Suspended Solids mg/L 50 30 ; ; ; 30 Id 27.18 4 - - - - 0 - - - - 0
Turbidity NTU . - - - - 2230 | 223 | 223 - 1| 1740 | 174 | 174 - 1 - - - - 0
Inorganics
Chloride mg/L - - - - - 974 | 974 | 9.74 - 1| 1864 | 18.64 | 18.64 - 1 - - - - 0
Cyanide + Thiocyanate mg/L 0.1 R 0.05 _ _ 0 Id 0.03 0.01 7 - . - - 0 - - - - 0
Fluoride mg/L - - 0.7 1.5 0.12 004 | 0.04 | 0.04 - 1| 009 | 009 | 0.09 - 1 - - - - 0
Nitrate mg/L - - 50 50 13 134 | 134 | 134 - 1| 282 | 282 | 282 - 1 - - - - 0
Nitrate and Nitrite mg/L R R . . . - i, i, i, Id i, i - - 0 - - - - 0
Nitrite mg/L - - 0.1 3 0.06 0.01 | 0.01 | 001 - 1 001 | o7 | 07 - 1 - -] - - 0
Ammonia mg/L R R 0.5 . . - - i, i, Id i, i - - 0 - - - - 0
Ammonium mg/L - - - - - 0.08 | 0.079 | 0.079 - 1| 005 |0.047 | 0.047 - 1 - - - - 0
Phosphorus mg/L R R . . . - i, i, i, Id i, - - - 0 - - - - 0
Sulfate mg/L - - 250 - - 347 | 347 | 347 - 1| 573 | 573 | 573 - 1 - - - - 0
Oils and greases mg/L 5 R _ _ _ 2295 Id 89 44.50 4 - - - - 0 - - - - 0
BOD mg/L _ _ _ _ _ _ _ ) ) 0 ) ; ) _ 0 ; _ R ) 0
COD mg/L _ _ ; ; ; } } } } 0 ; i} ; R 0 } R R } 0
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Table D-1-2. Surface Water Results: Metals

Sample ID: Sw 01 SW 02 SW_03
Season: wet dry wet dry wet
Descriptive Statistics || pjean Min Max | StdDev | N | Mean | Min | Max | StdDev | N| Mean | Min | Max | Std Dev | N | Mean Min Max | Std Dev | N Mean | Min | Max | StdDev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 o DW DW & FAL SW

Total Metals
Aluminum ug/L | 2000 - 200 - 5-100" | 1481.70 | 368.4 1574.44 | 2 | 163.33 | Id | 250 | 141.54 | 3 80 [L:EHN| 3753.04 | 4 | 23.64 Id 260 78.39 | 11 Id 6360.75 | 9
Antimony ug/L - - - 20 - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Arsenic ug/L - 1000 - 10 5 0.97 Id 1.94 1.37 | 2 - - - - 0 - - - - 0 Id Id Id 0 2 Id Id Id 0 3
Barium ug/ll | 2000 - - 700 - - - - - 0| 2950 | 28 | 31 212 | 2| 3790 | 26 | 446 | 865 |4 | 7.64 Id 50 17.36 | 11| 34.22 Id 120 5249 | 9
Beryllium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Bismuth ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Boron ug/L . . R 2400 1500 R _ _ . 0 . . _ - 0 - - - R 0 id Id Id - 1 - - R R 0
Cadmium ug/L 100 3 006-0.017 **

- - 3 3 3 - 1 Id d | Id 0 2| 178 Id 5 237 |4 Id Id Id 0 11 Id Id Id 0 9
Calcium mg/L - - 100 - - 1.97 1.97 | 1.97 - 1 - - - - 0 - - - - 0| 645 4.4 8.5 2.90 2| 1975 |[136| 2725 | 693 | 3
Chromium ug/lL | 1000 - - 50 1 Id Id Id - 1 Id d | Id 0 4| 3307 | 1d | 230 | 8684 |7 Id Id d 0 20 Id Id Id 0 17
Cobalt ug/L § § - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id 0 2 | 36.67 Id 100 55.08 | 3
Copper ug/L 500 600 2000 2000 247 10.18 | 10.18 | 10.18 - 1 Id d | Id 0 2 5 d | 10 577 | 4 Id Id d 0 11| 19222 | 600 | 226.92 | 9
Iron ug/L - - 300 - 300 1.45 145 | 1.45 - 1 - - - - 0 - - - - 0| 050 0.14 | 0.86 0.51 2 | 188 Id | 375 265 | 2
Lead uglL [ 2000 | 400 ; 10 17" Id Id Id 0 2| 1667 | 1d | 50 | 2887 | 3| 031 | 1 | 123| o061 |4]| d Id Id 0 11| Id Id 0 9
Lithium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Magnesium | mg/L - - 50 - - 1.19 1.19 1.19 - 1 - - - - 0 - - - - of| 315 2.7 3.6 0.64 2 | 1491 |391| 3122 1441 | 3
Manganese | ug/L [ 2000 - 500 - - 69.03 | 45.05 93 3391 |2 ]13850 | 93 | 184 | 6435 |2 | 304 Id | 648 | 23237 | 5| 2531.36 | Id 9110 | 3278.85 | 11 | 6865.56 | Id | 16860 | 6000.43 | 9
Mercury ug/L 2 - - 6 0.026 Id Id Id 0 2| 001 | 1d |002]| 001 |3 Id Id Id 0 4 Id Id Id 0 7 Id Id Id 0 5
Molybdenum | ug/L - - - - 73 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Nickel ug/l | 1000 1000 - 70 25-150" 10.89 | 10.89 | 10.89 - 1 Id Id | Id 0 2| 515 Id | 206 | 1030 | 4 Id Id Id 0 11 | 44.44 Id 200 88.19 | 9
Potassium | mg/L - - 10 - - 0.98 098 | 0.98 - 1 - - - - 0 - - - - 0| 050 Id 1 0.71 2 | o021 Id | 0.63 036 | 3
Selenium ug/L - - - 40 1 Id Id Id - 1 - - - - 0 - - - - 0 Id Id Id 0 2 Id Id Id 0 3
Silicon ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 | 14400 | 14400 | 14400 - 1 - - - - 0
Silver ug/L 200 - - - 0.1 - - - - 0 Id d | Id 0 2| 1433 | 1d | 43 2483 | 3 Id Id Id 0 (Wl 71333 L 2140 | 9
Sodium mg/L - - 200 - - 4.01 401 | 401 - 1 - - - - 0 - - - - o| 675 5.5 8 1.77 2 | 991 |949| 1032 | 059 2
Strontium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 54 54 54 - 1| 9367 71 120 24.70 3
Thallium ug/L - - - - 0.8 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Tin ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Titanium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 17.33 Id 52 30.02 3
Uranium ug/L - - - 30 - - - - - 0 - - - - 0 - - - - 0 - - - - 0 Id Id Id 0 3
Vanadium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Zinc ug/L | 1000 | 1000 | 3000 - 30 116.18 | 116.18 | 116.18 - 1 5 Id | 10 707 |2 20 Id | 30 | 17.32 |3 10 Id 60 1844 | 11| 22691 | Id | 870 | 34185 | 9
Zirconium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 - - - - 0 Id Id Id 0 2




Table D-1-2. Surface Water Results: Metals

Sample ID:

SW_04 SW_05 SW_06
Season: dry wet dry wet wet
Descriptive Statistics || mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min Max | StdDev | N | Mean | Min | Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 - DW DW & FAL SW

Total Metals
Aluminum ug/L | 2000 - 200 - 5-100" | 4250 Id 470 | 11756 | 16 | 969.26 | Id 1318.89 | 16 | 667.06 | Id 115352 | 17 Id 616196 | 15 - - - - 0
Antimony ug/L - - - 20 - Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Arsenic ug/L - 1000 - 10 5 Id Id Id 0 2 | o7 Id | 357 1.60 5 Id Id Id 0 3 0.25 Id 1 0.50 4 - - - - 0
Barium ug/L | 2000 - - 700 - 12.40 Id 48 1749 | 15| 16.13 | Id 58 1933 | 15| 4144 | 1d | 340 | 8023 | 18| 120827 | Id 4452.04 | 15 - - - - 0
Beryllium ug/L - - - - - Id Id Id - 1 Id Id Id 3 - - - - 0 Id Id Id 0 3 - - - - 0
Bismuth ug/L - - - - - Id Id Id - 1 Id Id Id 3 - - - - 0 Id Id Id 0 3 - - - - 0
Boron ug/L _ _ R 2400 1500 Id id id i 1 _ i i - 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 ** m

- - Id Id Id 0 15| i Id Id 0 13| 1d Id Id 0 16 | 4363 | Id 160.15 | 14 | - - - - 0
Calcium mg/L - - 100 - - 5 3.7 6.3 1.84 2| 879 |335|1154| 371 | 4| 413 | 41 | 42 0.06 3| 1101 |963| 1203 124 | 3 - - - - 0
Chromium ug/lL | 1000 - - 50 1 Id Id Id 0 29 | 1.08 Id 27 540 | 25| 0.34 d 10 186 | 29| 37.73 d 1000 192.34 | 27 - - - - 0
Cobalt ug/L - - - - - Id Id Id 2| 247 | d | 74 427 | 3 Id Id Id 0 3 Id Id Id 0 3 - - - - 0
Copper ug/l | 500 600 2000 2000 247 Id Id Id 0 15 Id Id Id 0 13 | 063 Id 10 250 |16 | 42263 | Id 5000 | 1328.70 | 14 | - - - - 0
Iron ug/L - - 300 - 300 026 | 002 | 0.41 0.23 3| 516 Id | 1489 | 843 | 3 | 099 | 016 | 1.6 074 | 3| 067 Id 1.33 094 | 2 - - - - 0
Lead ug/ll | 2000 400 - 10 17" ] Id Id 0 16 | 0.37 d | 522 1.40 |14 | 250 Id 40 10 16 | 3.08 Id 40 11.09 | 13| 0.69 | 0.69 | 0.69 - 1
Lithium ug/L - - - - - Id Id Id - 1 Id Id Id 0 - - - - 0 Id Id Id 0 3 - - - - 0
Magnesium | mg/L - - 50 - - 2.30 1.9 2.7 0.57 2 | 355 |3.08| 442 0.60 4| 250 | 21 | 32 0.61 3 563 |474| 6.08 0.77 3 - - - - 0
Manganese | ug/L [ 2000 - 500 - - 52.73 Id 171 5463 |15] 91.06 | Id | 260 | 69.38 | 16 | 882.71 | 159 | 3950 | 880.72 | 17 | 11123 | 460 | 115000 | 29980 | 15 - - - - 0
Mercury ug/L 2 - - 6 0.026 ] Id Id 0 12 | 0.06 d | 0.62 019 |11 Id Id Id 0 12| 037 Id 3.3 1.10 9 | 043 | 043|043 - 1
Molybdenum | ug/L - - - - 73 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Nickel ug/l | 1000 1000 - 70 25-150" Id Id Id 0 15 Id Id Id 0 13 | 063 Id 10 250 |16 | 86.97 Id 1000 268.10 | 14| - - - - 0
Potassium | mg/L - - 10 - - 0.50 Id 1 0.71 2 | 253 Id | 541 229 | 4| o087 | 05 | 11 0.32 3| 113 Id 3.39 1.96 3 - - - - 0
Selenium ug/L - - - 40 1 Id Id Id 0 2 Id Id Id 0 Id Id Id 0 3 Id Id Id 0 3 - - - - 0
Silicon ug/L - - - - - 13100 | 13100 | 13100 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Silver ug/L 200 - - - 0.1 0.38 Id 6 150 | 16 Id Id Id 0 13| 063 Id 10 250 |16 | 76.92 Id 277.35 | 13 - - - - 0
Sodium mg/L - - 200 - - 595 | 4.9 7 1.48 2 | 1489 | 899 | 2647 | 1003 | 3 | 437 | 3.2 5 1.01 3 8.36 | 824 | 847 0.16 2 - - - - 0
Strontium ug/L - - - - - 43 43 43 - 1 35 Id 53 3032 | 3 - - - - 0| 5333 | 50 57 351 | 3 - - - - 0
Thallium ug/L - - - - 0.8 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Tin ug/L - - - - - Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Titanium ug/L - - - - - Id Id Id . 1 Id Id Id 0 3 - . - - 0 Id Id Id 0 3 - - - - 0
Uranium ug/L - - - 30 - - - - - 0 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Vanadium ug/L - - - - - Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 3 - - - - 0
Zinc ug/L | 1000 1000 3000 - 30 6.88 Id 40 1078 | 16 | 2432 | 1d | 110 | 3470 | 13| 2063 | Id 80 2768 | 16 | 89.76 Id 630 205.29 | 13 - - - - 0
Zirconium ug/L - - - - - - - - - 0 Id Id Id 0 2 - - - - 0 Id Id Id 0 2 - - - - 0
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Table D-1-2. Surface Water Results: Metals

Sample ID:

SW_06 SW_07 SW_08
Season: dry wet dry wet dry
Descriptive Statistics || pean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 o DW DW ® FAL SW
Total Metals
Aluminum ug/l | 2000 - 200 - 5-100" - - - - 0| 6938 | Id | 410 | 13458 | 16 Id ekl 3259.18 | 16 | 60 Id | 300 | 134.16 | 5 Id Id Id 0 4
Antimony ug/L ; - - 20 - - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Arsenic ug/L - 1000 - 10 5 - - - - 0 Id Id Id 0 2 Id Id Id 0 4 Id Id Id - 1 Id Id Id 0 2
Barium ug/ll | 2000 - - 700 - - - - - 0| 3419 | 1d | 340 | 8330 |16 | 41.19 Id | 120 | 4048 |16 | 7 Id | 35 | 1565 |5 | 1450 | Id 58 29 4
Beryllium ug/L - - - - - - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Bismuth ug/L § § . - - - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Boron ug/L _ _ . 2400 1500 _ _ i i 0 id id Id i 1 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **
- - - - - - 0 Id Id Id 0 16 | 0.0 Id 6 211 |15| d | I 0 5 Id Id Id 0 4
Calcium mg/L - § 100 - - - - - - 0| 655 42 | 89 3.32 2 | 1164 | 104 | 1313 | 138 3| 410 | 41 412 - 1] 1099 | 933 | 12.65 | 2.35 2
Chromium ug/L | 1000 - - 50 1 - - - - 0 Id Id Id 0 30| 115 Id 13 337 | 27| Id d 0 9 Id Id Id 0 7
Cobalt ug/L § § . - - - - - - 0 10 Id 20 1414 | 2 Id Id Id 0 3 Id Id Id - 1 Id Id Id 0 2
Copper uglL | 500 600 | 2000 | 2000 247 - - - ; o| d | Id o |16| 533 | 1d | 40 | 1407 |15 W | d | 0 5| 1 d | 1d 0 4
Iron ug/L - - 300 - 300 - - - - o| 508 | 1.6 | 856 | 4.92 2 0.44 Id | 0.88 0.62 2 | 120 | 12 | 12 - 1| o028 Id | 056 040 |2
Lead uglL [ 2000 | 400 - 10 17" d | 1d | i - 1| 007 | 0 |126| 031 |17| d | Id 0 15 1d | d | i 0 5| 1d d | Id 0 4
Lithium ug/L - - . - - - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Magnesium | mg/L - - 50 - - - - - - 0| 310 | 22 4 1.27 2 332 | 311 | 368 0.31 3210 | 21| 21 - 1| 393 [323| 462 098 |2
Manganese | ug/L | 2000 - 500 - - - - - - 0 [52831| 20 | 4800 | 115234 | 16 | 388.19 | Id | 1010 | 27562 |16 | 132 | I1d | 280 | 13293 |5 | 17850 | 94 | 390 | 141.88 | 4
Mercury ug/L 2 - - 6 0.026 0.14 | 0.14 | 0.14 - 1| 002 d | 021 | 006 |13| 0.05 Id | 052 016 | 11| 1d Id Id - 1 Id Id Id - 1
Molybdenum | ug/L - - . - 73 - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Nickel uglL [ 1000 | 1000 - 70 25-150" - - ; ; o| 063 | 1d | 10 | 250 |16 d d | id 0 14| 4 | d| 0 5| 1 d | 1d 4
Potassium mg/L - - 10 - - - - - - 0| 055 Id 1.1 0.78 2 1.98 d | 5.08 2.72 3 1 1 1 - 1| 1.06 d | 211 1.49 2
Selenium ug/L - - - 40 1 - - - - 0 Id Id Id 0 2 Id Id Id 0 3 Id d | I - 1 Id Id Id 2
Silicon ug/L - - . - - - - - - 0| 6730 | 6730 | 6730 - 1 - - - - 0 - - - - 0 - - - - 0
Silver ugiL | 200 - - - 0.1 - - - - 0| 160.88 | I1d |Zl| 639.78 | 16 Id Id Id 0 14| d | I 0 5 Id Id Id 0 4
Sodium mg/L - - 200 - - - - - - 0| 650 5 8 2.12 2 671 | 6.46 | 6.95 0.35 2 | 490 | 49 | 49 - 1| 635 |635]| 6.35 - 1
Strontium ug/L - - - - - - - - - o| e6 66 66 - 1| 3467 Id 53 3004 | 3 - - - - o| e 53 | 99 3253 | 2
Thallium ug/L - ; - ; 0.8 - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Tin ug/L - - - - - - - - - 0 Id Id Id - 1 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Titanium ug/L - - - - - - - - - 0 Id Id Id . 1 20 Id 60 34.64 3 . - - - 0 Id Id Id 0 2
Uranium ug/L - - y 30 - - - - - 0 - - - - 0 Id Id Id 0 3 - - - - 0 Id Id Id 0 2
Vanadium ug/L - - - - - - - - - 0 Id Id Id . 1 Id Id Id 0 3 . - - - 0 Id Id Id 0 2
Zinc ug/L | 1000 1000 3000 - 30 - - - - 0] 3063 | Id 310 | 76.46 |16 | 20.94 Id 80 3004 (14| 4 Id | 20 894 |5 1850 | Id 64 3070 | 4
Zirconium ug/L - - - - - - - - - 0 - - - - 0 Id Id Id 0 2 - - - - 0| Id Id Id - 1
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Table D-1-2. Surface Water Results: Metals

Sample ID: SW_09 SW_10 Sw_11
Season: dry wet dry dry wet
Descriptive Statistics || pean | Min | Max | Std Dev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N Mean | Min | Max | StdDev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 o DW DW ® FAL SW

Total Metals
Aluminum ug/L 2000 - 200 - 5-100 ™ Id Id | Id - 1 [ 508.20 | 508.2 | 508.2 - 1| s0 | 60 | 60 - 1| 4529 | 1d | 330 | 9408 |17 | 34938 | Id 815.51 | 16
Antimony ug/L - - - 20 - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Arsenic ug/L - 1000 - 10 5 - - - - 0 Id Id Id - 1| Id Id - 1 Id Id Id 0 3 Id Id Id 0 4
Barium ug/L | 2000 - - 700 - - - - - 0 - - - - o| 10 10 | 10 - 1] 541 Id 22 741 | 17| 3332 Id 197 | 5248 | 16
Beryllium ug/L . ) ] ] - ; ; - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Bismuth ug/L - - . . - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Boron ug/L _ _ . 2400 1500 _ _ _ _ 0 i _ i _ 0 - - - - 0 Id Id Id - 1 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

; ) ; ; - - 0 - - - - o Id Id - 1] 024 Id 4 097 |17 Id Id Id 0 13
Calcium mg/L - § 100 - - - - - - 0| 992 | 992 | 9.92 - 1|37 | 3.7 | 37 - 1| 245 23 | 2.74 0.25 3 7.68 35 | 10.21 3.65 3
Chromium ug/l | 1000 - - 50 1 Id d | i - 1 Id Id Id - 1] I Id Id - 1 Id Id Id 0 31| 008 Id 2 039 | 26
Cobalt ug/L § § - - - - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3 Id Id Id 0 3
Copper ug/L 500 600 2000 2000 24 - - - - 0 - - - - of Id Id - 1| 294 d 50 1213 |17 | 1.43 Id 20 535 | 14
Iron ug/L - - 300 - 300 Id Id | Id - 1| 29 | 29 | 29 - 1] 041 | 041|041 - 1| 059 | 045 | 087 | 024 | 3| o057 d | 1.13 080 | 2
Lead ug/ll | 2000 400 - 10 17" Id Id Id - 1 Id Id Id - 1| Id Id - 151056 | Id |RekEdl| 2161.12 | 18 |ekbEbZEl| Id |kl 22878 | 14
Lithium ug/L ; ; ; ; - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Magnesium | mg/L - - 50 - - - - - - 0| 313 | 313 | 313 - 1| 19 |19 | 19 - 1| 160 | 15 | 18 0.17 3 267 | 242 | 2097 0.28 3
Manganese | ug/L | 2000 - 500 - - - - - - 0| 351 351 | 351 - 1| 110 | 110 | 110 - 115659 | Id | 1100 | 276.32 | 17 | 182.69 Id 1030 | 259.91 | 16
Mercury ug/L 2 - - 6 0.026 Id d | Id - 1 Id Id Id 0 2| Id Id - 1 Id Id Id 0 14 | 3455 Id 290 88.92 | 11
Molybdenum | ug/L - - - - 73 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Nickel ug/L | 1000 | 1000 - 70 25-150" - N - o| - - ; - ol W | d | i - 1| o059 | 10 | 10| 243 |17| 447 | W | 50 | 1334 |15
Potassium mg/L - - 10 - - - - - - 0| 168 | 168 | 1.68 - 1 1 1 1 - 1| o027 Id 0.4 0.23 3 0.41 Id 1.22 0.70 3
Selenium ug/L - - - 40 1 - - - - 0 - - - - o Id Id - 1 Id Id Id 0 3 Id Id Id 0 3
Silicon ug/L - - . - - - - - - 0 - - - - 0 - - - - 0 | 5320 | 5320 | 5320 - 1 - - - - 0
Silver ug/L | 200 - - - 0.1 Id d | I - 1 - - - - o| 6 6 6 - 1] 98.82 | I1d [RGEWN 407.46 |17 | 477 Id 62 17.20 | 13
Sodium mg/L - - 200 - - - - - - 0| 901 | 901 | 9.01 - 1| 490 | 49 | 49 - 1| 433 4 45 0.29 3 741 | 697 | 785 0.62 2
Strontium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 16 16 16 - 1 7.67 Id 23 13.28 3
Thallium ug/L - - - - 0.8 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Tin ug/L ; ; ; ; - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Titanium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Uranium ug/L _ _ R 30 - R R R R 0 B R B R 0 R - - R 0 R R - - 0 Id Id Id 0 3
Vanadium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Zinc ug/L | 1000 1000 | 3000 - 30 Id d | I - 1 - - - - o 10 10 | 10 - 1] 2294 | 1d | 230 | 5509 |17 | 1877 d | 120 | 3526 |13
Zirconium ug/L - - ; ; - - - - - 0 - - - - 0 - - - - 0 - - - - 0 Id Id Id 0 2




Table D-1-2. Surface Water Results: Metals

Sample ID: SW_12 SW_13 SW_14
Season: dry wet dry dry wet
Descriptive Statistics || \ean | Min | Max | StdDev | N | Mean | Min Max StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min Max | StdDev | N | Mean Min Max Std Dev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 o DW DW & FAL SW

Total Metals
Aluminum ug/L 2000 - 200 - 5-100" 1500 [RGEllll| 47730 | 2 - - - - o| - - - - 012353 | Id 1300 | 31450 | 17 | 2458.75 | Id 17600 | 4699.77 | 16
Antimony ug/L - - - 20 - - - - - 0 - - - - ol - - - - 0 Id Id Id - 1 Id Id Id 0 3
Arsenic ug/L - 1000 - 10 5 13 2 24 1556 | 2 Id Id Id - 1 - - - - 0 Id Id Id 0 3 Id Id Id 0 5
Barium ug/L [ 2000 - - 700 - 393 96 | 690 420 |2 - - - - ol - - - - 0| 16.47 Id 48 18.47 | 17| 46.73 Id 290 70.46 | 17
Beryllium ug/L - - - - - - - - - 0 - - - - o| - - - - 0 Id Id Id - 1 Id Id Id 0 3
Bismuth ug/L - - - - - - - - - 0 - - - - ol - - - - o| Id Id - 1 Id Id Id 0 3
Boron ug/L _ _ . 2400 1500 . - _ i 0 i i _ _ 0 - - - - 0 Id Id Id - 1 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - 3.50 Id 7 495 |2 - - - - ol - - - - 0| 024 Id 4 097 |17 Id Id Id 0 15
Calcium mg/L - - 100 - - 730 | 52 | 94 297 | 2| 394 |394| 394 - 1| - - - - 0| 587 54 | 681 081 | 3| 1159 | 1069 | 12.46 089 | 3
Chromium ug/l | 1000 - - 50 1 20 Id 40 2828 | 2 - - - - 0 - - - - 0 Id Id Id 0 31| o076 Id 8 228 | 29
Cobalt ug/L - - - - - 30 Id 60 4243 | 2 - - - - ol - - - - 0 Id Id Id 0 3| 170 Id 5.1 294 | 3
Copper ug/L 500 600 2000 2000 247 315 10 620 | 43134 | 2 - - - - 0 - - - - o| 059 Id 10 243 | 17| 3007 Id 330 85.05 | 15
Iron ug/L - - 300 - 300 5135 | 2.7 | 100 | 6880 |2 | 093 |093| 093 - 1 - - - - 0| o057 04 | 0.66 0.15 3| o026 Id 0.51 036 | 2
Lead ug/L | 2000 400 - 10 17" 564.37 | Id 1074 | 5 [EEGEEE 1d 794871 | 6 - - - - 019168 | 1d 3740 | 83527 | 20| 150131 | Id | 2986000 | 667505 | 20
Lithium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Magnesium | mg/L - - 50 - - 230 | 21 | 25 028 |2| 275 |275| 275 - 1 - - - - o| 270 2.6 2.9 0.17 3| 368 | 329 4.37 060 | 3
Manganese | ug/L | 2000 - 500 - - 2090 | 680 | 3500 | 1994 | 2 - - - - 0 - - - - 0| 66.71 Id 200 | 4964 |17 | 1008.93 | Id 12470 3175 | 15
Mercury ug/L 2 - - 6 0.026 0.12 Id 0.6 027 |5 96 Id 280 11524 | 5 - - - - o o006 Id 0.36 012 | 16| 76.30 Id 1000 252.36 | 16
Molybdenum | ug/L - - - - 73 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Nickel ug/l | 1000 1000 - 70 25-150" 10 d 20 1414 | 2 - - - - 0 - - - - o| 059 Id 10 243 | 17| 116 Id 18.6 465 | 16
Potassium mg/L - - 10 - - 505 | 1.2 8.9 544 | 2| o088 |088| 0388 - 1 - - - - o| 093 Id 1.4 0.81 3| o096 Id 2.87 1.66 3
Selenium ug/L - - - 40 1 2 1 3 141 | 2 - - - - 0 - - - - 0 Id Id Id 0 3 Id Id Id 0 3
Silicon ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 | 11800 | 11800 | 11800 - 1 - - - - 0
Silver ug/L | 200 - - - 0.1 25 d 50 3536 | 2 - - - - 0 - - - - 0| 11265| Id 1910 | 463.17 |17 | 6.07 Id 91 2350 | 15
Sodium mg/L - - 200 - - 830 | 56 11 382 | 2| 624 |624| 6.24 - 1| - - - - 0| 647 6.2 7 046 | 3 | 1442 | 826 | 2058 871 | 2
Strontium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0| 43 43 43 - 1 36 Id 55 3119 | 3
Thallium ug/L - - - - 0.8 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Tin ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Titanium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Uranium ug/L _ _ R 30 - . . _ . 0 . . R R 0 R _ R _ 0 R R _ R 0 Id Id Id 0 3
Vanadium ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 Id Id Id 0 3
Zinc ug/L | 1000 1000 | 3000 - 30 230 30 | 430 | 28284 |2 - - - - 0 - - - - 0| 2765 Id 270 65.34 | 17 58 Id 280 90.02 | 15
Zirconium ug/L - - - - - - - - - 0 - - - - o] - - - - 0 - - - - 0 Id Id Id 0 2
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Table D-1-2. Surface Water Results: Metals

Sample ID: SW 15 SW_16 SW_17
Season: dry wet dry dry wet
Descriptive Statistics | pean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N [ Mean | Min | Max | std Dev | N | Mean | Min | Max | std Dev | N | Mean | Min Max Std Dev | N
Parameter Unit | s 3 CAPF\;E WH97 CCME 8
9 b DW Dw > FAL SW

Total Metals
Aluminum ug/L | 2000 i 200 i 5-100™ . . . . 0 . . . . 0 . . 3 . 0 250 250 | 250 . 1 . . B B 0
Antimony ug/L _ _ _ 20 - _ _ _ _ 0 _ - - - 0 - - - - 0 - - - - 0 - - R - 0
Arsenic ug/L _ 1000 . 10 5 _ _ _ _ 0 _ - _ _ 0 _ _ R _ 0 0 0 0 - 1 - - R R 0
Barium ug/L 2000 _ _ 700 - _ _ _ _ 0 _ i, i i, 0 i B, - B, 0 35 35 35 - 1 - - R - 0
Beryllium ug/L _ _ . . - R R R R 0 R B R - 0 R - _ - 0 - - - - 0 - - - - 0
Bismuth ug/L . . - - - _ _ _ _ 0 _ i _ - 0 . - - - 0 - - - - 0 - - - - 0
Boron ug/L _ _ . 2400 1500 _ _ _ _ 0 _ i _ i 0 . - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - - - - - 0 - - - - 0 - - - - 0 0 0 0 - 1 - - - - 0
Calcium mg/L - - 100 - - - - - - o| - - - - o| - - - - 0| 580 | 58 | 58 - 1 - - - - 0
Chromium ug/L 1000 _ . 50 1 _ _ _ _ 0 _ i _ i 0 . - - - 0 0 0 0 - 1 - - - - 0
Cobalt ug/L § § - - - - - - - 0 - - - - 0 - - - - 0 0 0 0 - 1 - - - - 0
Copper ug/L 500 600 2000 2000 2-4%° . . . . 0 . . . . 0 . . . . 0 0 0 0 . 1 . . . . 0
Iron ug/L - - 300 - 300 - - - - o| - - - - o| - - - - 0| 082 |082] 082 - 1 - - - - 0
Lead ug/L | 2000 400 - 10 17" Id d | I - 1] Id | Id - 1 - - - - 0120172 | 0 | 3600 | 2076.97 | 3 | 362739 | O | 1808000 | 807929 | 5
Lithium ug/L . . - - - . _ _ _ 0 _ - _ - 0 - - R - 0 - - - - 0 - - - - 0
Magnesium | mg/L - - 50 - - - - - - 0 - - - - 0 - - - - o| 270 27 | 27 - 1 - - - - 0
Manganese ug/L 2000 _ 500 - - . _ _ _ 0 i i, i i, 0 i i, - - 0 82 82 82 - 1 - - - - 0
Mercury ug/L 2 - - 6 0.026 Id Id Id - 1| d | Id - 1 - - - - o| o010 0 |020| 017 |3 ]| 7762 | 001 240 113.14 | 4
Molybdenum | ug/L _ _ B B 73 . _ _ _ 0 _ - _ - 0 _ _ R _ 0 - R - - 0 - - R R 0
Nickel ug/L | 1000 1000 . 70 25-150" . . . . 0 . . . . 0 . . . . 0 0 0 0 . 1 . . . . 0
Potassium mg/L _ _ 10 - - . _ _ _ 0 i i, i i, 0 i i, - - 0 1.30 1.3 1.3 - 1 - - - - 0
Selenium ug/L _ _ - 40 1 _ _ _ _ 0 _ _ _ _ 0 _ _ - - 0 0 0 0 - 1 - - - - 0
Silicon ug/L . . - - - . _ _ _ 0 _ - _ - 0 - - R - 0 - - - - 0 - - R - 0
Silver ug/L 200 _ . . 0.1 _ _ _ _ 0 _ - _ - 0 . - R - 0 0 0 0 - 1 - - - - 0
Sodium mg/L - - 200 - - - - - - 0 - - - - 0 - - - - o| 620 | 62 | 6.2 - 1 - - - - 0
Strontium ug/L _ _ - - - . _ _ _ 0 i i i i 0 i i, - - 0 - - - - 0 - - - - 0
Thallium ug/L _ _ . . 0.8 . . . . 0 . - _ i 0 _ _ R _ 0 - - - - 0 B, B, - - 0
Tin ug/L _ _ . . - _ _ _ i 0 i ; i ; 0 i ; . ; 0 ; . ; ; 0 ; ; R R 0
Titanium ug/L . . - - - _ _ _ _ 0 _ i _ - 0 - - - - 0 - - - - 0 - - - - 0
Uranium ug/L _ _ R 30 - R R R R 0 R B R B 0 R R - R 0 R - - - 0 - - - - 0
Vanadium ug/L . . - - - _ _ _ _ 0 _ i _ - 0 - - - - 0 - - - - 0 - - - - 0
zZinc ug/L | 1000 1000 | 3000 . 30 . . . . 0 ) ) ) ) 0 . . . ) 0 10 10 | 10 . 1 . ; . . 0
Zirconium ug/L ; } ) ) - } _ _ _ 0 _ _ _ - 0 _ - R - 0 _ - _ _ 0 - - R R 0




Table D-1-2. Surface Water Results: Metals

Sample ID: sw_18 SW_19 SW_20
Season: dry wet dry wet dry
Descriptive Statistics | pmean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N [ Mean | Min | Max | Std Dev | N
Parameter Unit | s 3 CAPF\;—E WH(e)7 CCME 8
9 " DW DW®’ | FALSW

Total Metals
Aluminum ug/L 2000 - 200 - 5100" || g21.43 | 50 [Nkl 1848.01 | 7 410 |szelll] 2003824 | 6 | - - - - ol - - - - 0| I Id | Id - 1
Antimony ug/L _ _ _ 20 - R - _ _ 0 _ _ ; ; 0 R _ - - 0 - - - - 0 - - - - 0
Arsenic ug/L . 1000 R 10 5 Id Id id 0 2 1 1 1 - 1 - - - - 0 - - - - 0 - - - - 0
Barium ug/L | 2000 - - 700 - 11529 | 16 | 335 | 11313 | 7 | 12319 | 18 | 266 7829 | 7| - - - - of| - - - - o Id | Id - 1
Beryllium ug/L _ _ _ _ - _ B R R 0 R R - - 0 _ - - - 0 - - - - 0 - - - - 0
Bismuth ug/L . . R R - R i _ _ 0 _ _ - - 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/L _ _ R 2400 1500 R i _ _ 0 _ _ i - 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - Id Id Id 0 140 | d 8 324 |6| - - - - of| - - - - of| - - - - 0
Calcium mg/L - - 100 - - 740 | 74 | 74 0 2 - - - - of - - - - of| - - - - of| - - - - 0
Chromium ug/L [ 1000 - - 50 1 0.83 Id 10 289 | 12| 2933 | Id | 240 7910 | 9| - - - - o| - - - - o| Id | Id 0 2
Cobalt ug/L - - - - - Id Id Id 0 2 - - - - of - - - - of| - - - - of| - - - - 0
Copper ug/L | 500 | 600 | 2000 | 2000 24" 714 | 1 | s0 | 1890 | 7| 48 | | 180 | 7530 |5/ - . . - lo| - . . . of W |1 | . 1
Iron ug/L - - 300 - 300 0.87 | 087 | 0.87 0 2 - - - - of - - - - of| - - - - of| - - - - 0
Lead ug/L 2000 400 - 10 17" 156111 | Id |RElEN| 4634.78 | 9 | 35571 | Id IO ZSIVA 2190 | 2190 | 2190 - (Ml 0130 9180 9180 - 1] 345 | Id | 690 | 487.90 | 2
Lithium ug/L . . R R - R - _ _ 0 _ _ - - 0 R - - R 0 - - - - 0 - - - - 0
Magnesium | mg/L - - 50 - - 330 | 33| 33 0 2 - - - - ol - - - - ol - - - - ol - - - - 0
Manganese | ug/L | 2000 - 500 - - 118357 | 174 | 3850 | 1408.87 | 7 | 1087.14 | 476 | 1970 | 50139 |7 | - - - - ol - - - - o| 8 | 80 | 80 - 1
Mercury ug/L 2 - - 6 0.026 0.46 Id 3.8 126 | 9| 934 Id 60 2236 | 7| Id Id Id - 1| - - - - 0| 160 | 160 | 160 - 1
Molybdenum | ug/L _ _ R R 73 R - _ _ 0 _ _ - - 0 R _ _ R 0 - - - - 0 - - - - 0
Nickel ug/L | 1000 | 1000 - 70 25-150™ | 143 | 1d | 10 | 378 | 7| 310 | 1d | 186 | 759 |6 | - . . - o] - . . . of W |1 | . 1
Potassium mg/L _ _ 10 R - 1.40 1.4 1.4 0 2 i i i, i, 0 - - - - 0 - - - - 0 - - - - 0
Selenium ug/L _ _ R 40 1 Id Id Id 0 2 _ _ _ _ 0 - - - - 0 - - - - 0 - - - - 0
Silicon ug/L . . R R - R - _ _ 0 _ _ - - 0 R - - R 0 - - - - 0 - - - - 0
Silver ug/L | 200 - - - 0.1 Id 653.88 | 7 Id Id Id 0 5| - - - - ol - - - - 0| Id Id | Id - 1
Sodium mg/L - - 200 - - 890 | 89 | 89 0 2 - - - - of| - - - - of| - - - - of| - - - - 0
Strontium ug/L i i R R - R _ _ _ 0 _ _ - - 0 - i, i, - 0 i, i, i, - 0 - - - - 0
Thallium ug/L _ _ R R 0.8 R - . . 0 . _ i i 0 R _ _ - 0 - - - B, 0 B, - - - 0
Tin ug/L _ _ _ _ - _ _ _ i 0 i i ; ; 0 . ; ; . 0 ; ; ; ; 0 ; ; ; ; 0
Titanium ug/L . . R R - R i _ _ 0 _ _ - - 0 - - - - 0 - - - - 0 - - - - 0
Uranium ug/L _ _ _ 30 - _ R R R 0 R R B B 0 - R R - 0 - - - - 0 - - - - 0
Vanadium ug/L . . R R - R i _ _ 0 _ _ - - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/L | 1000 | 1000 | 3000 - 30 50 Id | 280 | 10247 | 7 32 Id 70 2588 | 5| - - - - ol - - - - 0| 10 | 10 | 10 - 1
Zirconium ug/L ; } _ _ - _ _ _ _ 0 _ _ - - 0 R - _ - 0 _ _ _ - 0 - - - - 0
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157
Table D-1-2. Surface Water Results: Metals

Sample ID: SW 21 SW_22 SW_23
Season: dry wet dry wet dry
Descriptive Statistics || Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH97 CCME 8
9 o DW DW°®" | FAL SW

Total Metals
Aluminum ug/l | 2000 - 200 - 5100 | 47625 | 1d | 1720 | 769.95 | 8 | 438.33 | 140 | 1340 | 45048 | 6 | 590 | Id | 1670 | 68272 | 7 | 41667 | 60 | 1750 | 664.19 |6 | - - - - 0
Antimony ug/L _ _ _ 20 - - _ _ - 0 - _ _ ; 0 _ R R _ 0 - - - - 0 - - - - 0
Arsenic ug/L - 1000 - 10 5 Id Id Id 0 2 Id Id Id - 1 Id Id Id 0 2 Id Id Id - 1| - - - - 0
Barium ug/L | 2000 - - 700 - 56.88 | 14 | 335 | 11246 | 8 | 83 | 17 | 266 | 9836 | 7 | 19.43 | 14 | 34 692 | 7 | 1550 | 13 | 18 187 |6 - - - - 0
Beryllium ug/L _ R . . - . R R B 0 B R R - 0 - _ _ - 0 - - - - 0 - - - - 0
Bismuth ug/L . . - - - i _ _ 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/L _ _ . 2400 1500 . _ _ i 0 i _ _ i 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - Id Id | Id 0 7 Id Id | Id 0 4| Id | Id 0 7 Id Id | Id 0 5| - - - - 0
Calcium mg/L - - 100 - - 420 | 42 | 42 0 2 - - - - 0| 460 | 46 | 46 0 2 - - - - ol - - - - 0
Chromium ug/L | 1000 - - 50 1 Id Id | Id 0 12| 322 | d | 14 533 | 9| Id Id | Id 0 12| 067 | Id 6 2 9| - - - - 0
Cobalt ug/L - - - - - Id Id | Id 0 2 - - - - ol I Id | Id 0 2 - - - - ol - - - - 0
Copper ug/L | 500 600 | 2000 | 2000 2:4% d | 1d | w 0 7] d || o |af| 143 || 10| 378 | 7| W@ || W o |[s]| - . - 0
Iron ug/L - - 300 - 300 032 | Id | 064 | 045 | 2 - - - - 0| 330 |33]| 33 0 2 - - - - ol - - - - 0
Lead ug/L 2000 400 - 10 177 Id Id Id 0 7 Id Id Id 0 4 Id Id Id 0 7 Id Id Id 0 5| Id Id | Id - 1
Lithium ug/L . . - - - - _ _ - 0 - _ _ - 0 - R R - 0 - - - - 0 R - R - 0
Magnesium | mg/L - - 50 - - 230 | 23| 23 0 2 - - - - o 260 | 26 | 26 0 2 - - - - 0 - - - - 0
Manganese | ug/L | 2000 - 500 - - 73 40 | 122 | 3230 | 8 | 136 | 93 | 232 | 4928 |6 | 148 | 47 | 370 | 15228 | 7 | 6750 | 46 | 105 | 21.73 |6 | - - - - 0
Mercury ug/L 2 - - 6 0.026 Id Id Id 0 7 Id Id Id 0 4 Id Id Id 0 7 Id Id Id 0 5| - - - - 0
Molybdenum | ug/L _ _ B B 73 - _ _ - 0 - _ _ - 0 _ R R _ 0 - R R - 0 R - R - 0
Nickel ug/L [ 1000 | 1000 - 70 25-150 Id Id Id 0 7 Id Id Id 0 4| 286 | Id | 10 488 | 7 Id Id Id 0 5| - - - - 0
Potassium | mg/L - - 10 - - 0.60 | 06 | 06 0 2 - - - - o| o8 |08 ]| 08 0 2 - - - - of| - - - - 0
Selenium ug/L - - - 40 1 Id Id Id 0 2 - - - - 0 Id Id Id 0 2 - - - - ol - - - - 0
Silicon ug/L _ _ . . - R . . - 0 - . R R 0 i R R i 0 - - - - 0 R - R - 0
Silver ug/L | 200 - - - 0.1 168.57 | Id [REEl)| 446 7 2 Id 8 4 4 (12486 | Id |REEZN 33034 | 7 Id Id Id 0 5 - - - - 0
Sodium mg/L - - 200 - - 520 | 52 | 5.2 0 2 - - - 0| 520 | 52| 52 0 2 - - - - ol - - - - 0
Strontium ug/L _ _ - - - - _ _ i 0 i i i i 0 i, - - - 0 - - - - 0 - - - - 0
Thallium ug/L _ _ . . 0.8 - . . - 0 - _ _ i 0 _ R R _ 0 - - - - 0 - B, - - 0
Tin ug/L _ _ . . - . _ _ ; 0 ; i i ; 0 ; . . ; 0 ; . R ; 0 R ; R ; 0
Titanium ug/L . . - - - i _ _ i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Uranium ug/L _ _ R 30 - B R R B 0 B R R B 0 R - - R 0 - - - - 0 - - - - 0
Vanadium ug/L . . - - - i _ _ i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/L | 1000 1000 | 3000 - 30 3286 | Id | 110 | 3729 | 7 | 1250 | 1d | 20 957 | 4| 2571 | d | 90 | 3259 | 7 16 Id | 30 1140 | 5 - - - - 0
Zirconium ug/L ; } ) ) - ) _ _ _ 0 _ _ _ - 0 - R R _ 0 _ - - - 0 R - R - 0




Table D-1-2. Surface Water Results: Metals

Sample ID: SW 23 SW_24 SW_25
Season: wet dry wet dry wet
Descriptive Statistics || pean | Min | Max | Std Dev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH(e)7 CCME 8
9 " DW DW ® FAL SW

Total Metals
Aluminum ug/L | 2000 - 200 - 5-100" - - - - 0| 54 d | 120 | 41.95 | 10| 1620 | 170 [Ellll| 1401.99 | 10 | 732 50 |Lelolol| 1314.96 | 5 150 1558.45 | 8
Antimony ug/L R R _ 20 - R R R R 0 R R R . 0 _ . . . 0 - R - - 0 R R R R 0
Arsenic ug/L - 1000 - 10 5 Id Id Id - 1] 1d Id Id 0 2 Id Id Id - 1 Id Id Id - 1 1 1 1 - 1
Barium ug/L | 2000 - - 700 - - - - - 0| 2063 Id 40 1151 | 8 | 2886 | 19 | 50 1102 | 7 | 4060 | 33 | 64 1316 | 5| 3843 | 17 | 514 | 1043 | 8
Beryllium ug/L _ _ _ _ - R R R R 0 R R B - 0 _ - - - 0 - - - - 0 - - - - 0
Bismuth ug/L . . R R - _ _ _ _ 0 _ _ i 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/L _ _ R 2400 1500 _ _ _ _ 0 _ _ i i 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - - - - - 0| Id Id 0 Id Id Id 0 4 Id Id Id 0 6 | 0.06 Id | 0.4 015 | 7
Calcium mg/L - - 100 - - 2.76 | 2.76 | 2.76 - 1| 460 | 46 | 46 0 2 Id Id Id - 1| 580 | 58 | 5.8 - 1 - - - - 0
Chromium ug/lL | 1000 - - 50 1 - - - - of Id Id 0 12| 989 | 1d | 83 2749 | 9 | 111 d 10 333 | 9| 668 d | 60 17.23 | 12
Cobalt ug/L § § - - - - - - - 0 Id Id Id 0 2 - - - - 0 Id Id Id - 1 - - - - 0
Copper ugiL | 500 600 2000 2000 247 - - - - o Id Id 0 7 2 Id | 10 4.47 5 | 250 Id 10 5 4| 333 Id | 10 5.16 6
Iron ug/L - - 300 - 300 1.22 | 122 | 1.22 - 1| 057 | 057 | 057 0 2 - - - - 0| 082 |082] 082 - 1 - - - - 0
Lead uglL [ 2000 | 400 ; 10 17" el Id st 325076 | 2 | 370 | 1d  [emell| 1170.04 | 10 | 27857 | 1d | 1950 | 737.03 | 7 | 1d d | 1d 0 5| i d | Id 0 6
Lithium ug/L R _ _ _ - R R R R 0 R R R R 0 - R R R 0 - R - - 0 - - - - 0
Magnesium | mg/L - - 50 - - 1.67 | 1.67 | 1.67 - 1| 240 | 24 | 24 0 2 - - - - 0| 270 | 27 | 27 - 1 - - - - 0
Manganese | ug/L [ 2000 - 500 - - - - - - 05378 | Id | 158 | 4234 | 9 | 11314 | 49 | 235 | 6301 | 7 | 10840 | 54 | 249 | 7957 |5 | 10225 | 35 | 198 | 5924 | 8
Mercury ug/L 2 - - 6 0.026 - - - - 05559 | Id | 500 | 16665 | 9 | 573 | Id | 40 1511 | 7 Id Id Id 0 5 Id Id Id 0 6
Molybdenum | ug/L _ _ R R 73 . _ _ _ 0 _ _ - - 0 R _ _ _ 0 R - R R 0 - - - - 0
Nickel ug/L | 1000 | 1000 - 70 25-150" - - - - ol W | W | 0 7| W | 0| W 0 5| 1 d | I o |5| 276 | 1d |103]| 720 |7
Potassium | mg/L - - 10 - - 078 | 0.78 | 0.78 - 1| 060 | 06 | 06 0 2 - - - - 0| 130 | 13| 13 - 1 - - - - 0
Selenium ug/L - - - 40 1 - - - - 0| I Id Id 0 2 - - - - 0 Id Id Id - 1 - - - - 0
Silicon ug/L . . R R - . _ _ _ 0 _ _ - - 0 R - - - 0 R - - - 0 - - - - 0
Silver ug/L [ 200 - - - 0.1 - - - - o| Id Id 0 7 Id Id Id 0 5 Id 584.86 | 5 Id Id Id 0 6
Sodium mg/L - - 200 - - 453 | 453 | 453 - 1| 540 | 54 | 54 0 2 - - - - 0| 620 | 62 | 6.2 - 1 - - - - 0
Strontium ug/L _ _ _ R - . _ _ _ 0 i i i i 0 R i, - - 0 - - - - 0 - - - - 0
Thallium ug/L _ _ R R 0.8 . . . . 0 . . i i 0 R _ _ _ 0 - - - - 0 B, B, - - 0
Tin ug/L _ _ _ _ - _ _ _ i 0 i i ; ; 0 . ; ; ; 0 . ; R R 0 ; ; ; ; 0
Titanium ug/L . . R R - _ _ _ _ 0 _ _ i - 0 - - - - 0 - - - - 0 - - - - 0
Uranium ug/L _ _ _ 30 - R R R R 0 R R B B 0 - R R R 0 - - - - 0 - - - - 0
Vanadium ug/L . . R R - _ _ _ _ 0 _ _ i - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/L [ 1000 | 1000 | 3000 - 30 - - - - 01143 | 1d | 60 | 2268 | 7 18 Id | 40 | 1483 | 5 | 46 Id | 160 | 6656 | 5| 2833 | 10 | 50 | 1472 | 6
Zirconium ug/L ; i R R - i _ _ _ 0 _ _ - - 0 R _ _ i, 0 R i, R R 0 - - - - 0
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Table D-1-2. Surface Water Results: Metals

Sample ID: SW_26 SW_27 SW_28
Season: dry wet dry wet wet
Descriptive Statistics || pean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH97 CCME 8
9 s DW DW ® FAL SW

Total Metals
Aluminum ug/L 2000 B 200 ) 5-100 ™ ) ) ) ) 0 3 B B 3 0 3 3 3 3 0 3 3 B 3 0 B B} B} B} 0
Antimony ug/L _ _ _ 20 - _ _ - - 0 ; _ _ ; 0 R _ _ - 0 - - - - 0 - - - - 0
Arsenic ug/L _ 1000 . 10 5 R R R R 0 B R R B 0 - - - _ 0 - _ - - 0 - - - - 0
Barium ug/L 2000 _ _ 700 - _ _ - - 0 i, i i i, 0 - B, B, - 0 - - - - 0 - - - - 0
Beryllium ug/L _ R . . - R R B B 0 B R R - 0 _ - - - 0 - - - - 0 - - - - 0
Bismuth ug/L . . - - - _ _ i i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/L _ _ . 2400 1500 _ _ i i 0 i _ _ i 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Calcium mg/L - - 100 - - - - - - 0 - - - - 0 - - - - 0 - - - - 0 992 | 992|992 - 1
Chromium ug/L 1000 _ . 50 1 _ _ i i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Cobalt ug/L _ _ - - - . i i, i, 0 i, i i - 0 - - - - 0 - - - - 0 - - - - 0
Copper ug/L 500 600 2000 2000 2-4° B } ) ) 0 ) ) ) ) 0 3 ) ) 3 0 ) 3 3 3 0 B B B B 0
Iron ug/L - - 300 - 300 - - - - 0 - - - - 0 - - - - 0 - - - - o 012 | 012|012 - 1
Lead ug/L | 2000 | 400 ; 10 177 W | d | - 1| 9 || - 1| 057 |o57 | o057 | - 1| o093 [072|114| 030 |2]| - - - - 0
Lithium ug/L . . - - - . _ - - 0 - _ _ - 0 R - - R 0 - - - - 0 R - - - 0
Magnesium | mg/L - - 50 - - - - - - 0 - - - - 0 - - - - 0 - - - - 0| 433 | 433 433 - 1
Manganese ug/L 2000 _ 500 - - . _ - - 0 i, i i i, 0 - i, - - 0 - - - - 0 - - - - 0
Mercury ug/L 2 - - 6 0.026 0.15 | 0.15 | 0.15 - 1| 023 | 023|023 - 1| 0.06 | 0.06 | 0.06 - 1| 1w Id | Id - 1| Id | Id - 1
Molybdenum | ug/L _ _ B B 73 . _ - - 0 - _ _ - 0 R _ _ R 0 - R R - 0 R - - R 0
Nickel ug/L | 1000 1000 . 70 25-150 . . . . 0 . . . . 0 . . . . 0 . . . . 0 . . . . 0
Potassium mg/L - - 10 - - - - - - 0 - - - - 0 - - - - 0 - - - - o 068 | 0.68 | 0.68 - 1
Selenium ug/L _ _ _ 40 1 _ _ _ _ 0 - _ _ - 0 R . ; - 0 ; - - ; 0 R - - R 0
Silicon ug/L . . - - - . _ - - 0 - _ _ - 0 R - - R 0 - - - - 0 R - - - 0
Silver ug/L 200 _ - - 0.1 _ _ - ; 0 ; ; ; ; 0 - - - - 0 - - - - 0 - - - - 0
Sodium mg/L - - 200 - - - - - - 0 - - - - 0 - - - - 0 - - - - o 330 | 33| 33 - 1
Strontium ug/L _ _ - - - . _ - i 0 i i i i 0 R - - - 0 - - - - 0 - - - - 0
Thallium ug/L _ _ . . 0.8 . . - - 0 - . _ i 0 R _ _ R 0 - - - - 0 - B, - - 0
Tin ug/L _ _ . . - _ _ ; ; 0 ; i i ; 0 . ; ; . 0 ; . R ; 0 R ; ; R 0
Titanium ug/L . . - - - _ _ i i 0 i _ _ - 0 - - - - 0 - - - - 0 - - - - 0
Uranium ug/L _ _ R 30 - R R R B 0 B R R B 0 - R R - 0 R - - - 0 - - - - 0
Vanadium ug/L . . - - - _ _ i i 0 i _ - - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/L | 1000 1000 3000 . 30 . . . . 0 . . . . 0 . . . . 0 . . . . 0 . . . . 0
Zirconium ug/L ; } ) ) - _ _ _ _ 0 _ _ _ - 0 R - - - 0 _ - - - 0 R - - R 0




Table D-1-2. Surface Water Results: Metals

Sample ID: SW_29 SW_30 SW_31
Season: dry wet dry wet dry
Descriptive Statistics | pean | Min | Max | StdDev | N | Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean Min Max | Std Dev | N
Parameter Unit DECIE a CAPF\;E WH97 CCME 8
9 o DW DW & FAL SW

Total Metals
Aluminum | ug/L | 2000 - 200 ; 5100" |l 12632 | Id | 700 | 264.24 | 19 | 12059 | 1d | 1070 | 34078 |17 | 170 | 170 | 170 ; 1| - ; ; - 019875 | Id 591 | 16
Antimony ug/L - - - 20 - Id d | Id - 1 Id Id Id 0 7 - - - - of| - - - - 0 Id Id Id - 1
Arsenic ug/L - 1000 - 10 5 Id Id Id - 1 | 1086 | Id 76 2873 | 7 Id Id Id - 1 - - - - 0 Id Id Id 0 2
Barium ug/L [ 2000 - - 700 - 1667 | Id | 300 | 7071 |18 | 29.41 | 1d | 150 | 50.67 |17 | 27 | 27 | 27 - I - - - 0| 13.81 Id 52 17.22 | 16
Beryllium ug/L - - - - - Id Id Id - 1 Id Id Id 7 - - - - 0 - - - - 0 Id Id Id - 1
Bismuth ug/L - - - - - Id d | Id - 1 Id Id Id 7 - - - - of| - - - - 0 Id Id Id - 1
Boron ug/L - - - 2400 1500 Id Id Id - 1 - - - - 0 - - - - o| - - - - 0 Id Id Id - 1
Cadmium ug/L 100 3 006-0.017 **

- - Id d | Id 0 19| 1d Id Id 0 17| Id | Id - 1| - - - - 0 Id Id Id 0 15
Calcium mg/L - - 100 - - - - - - 0| 1236 | 743 | 1771 | 4.09 7| 560 | 56 | 56 - 1 - - - - 0| 631 56 | 7.01 1 2
Chromium ug/l | 1000 - - 50 1 Id Id Id 0 37| 1d Id Id 0 31| Id Id Id - 1 - - - - 0 Id Id Id 0 28
Cobalt ug/L - - - - - Id d | Id - 1 3 Id 11 513 | 7 | Id | Id - I - - - 0 Id Id Id 0 2
Copper ug/l | 500 600 | 2000 | 2000 247 Id d | id 0 |19]| 158 | 1d | 270 | es48 | 17| W@ | Wd | . i N - o| o071 | 10 267 |14
Iron ug/L - - 300 - 300 - - - - 0| 204 | 1d | 698 2.83 6 | 065 | 065 | 0.65 - 1 - - - - 0| 047 | 028 | 065 0.26 2
Lead ug/L | 2000 400 - 10 17" ] Id Id 0 19 | 0.35 Id 6 146 | 17| Id d 0 2| 186 | 1.86 | 1.86 - 1 Id Id Id 0 15
Lithium ug/L - - - - - Id d | Id - 1] 714 | 50 18.90 | 7 - - - - of| - - - - 0 Id Id Id - 1
Magnesium | mg/L - - 50 - - - - - - 0| 342 |243]| 395 0.69 7| 27 | 27 | 27 - 1 - - - - of| 285 2.7 3 0.21 2
Manganese | ug/L [ 2000 - 500 - - 129111 | Id | 5090 | 1917.72 | 18 | 802.24 | Id | 4860 | 1352.83 | 17 | 50 | 50 | 50 - 1 - - - - 0| 49.31 Id 216 | 5533 |16
Mercury ug/L 2 - - 6 0.026 Id Id Id 0 5 Id Id Id 0 71003 | 1d |[006| 004 |2]| i Id Id - 1 Id Id Id 0 12
Molybdenum | ug/L - - - - 73 Id d | Id - 1] 7290 | 51 1928 | 7 - - - - of| - - - - 0 Id Id Id - 1
Nickel ug/lL [ 1000 | 1000 - 70 25-150" Id d | 1 0 19| d | i 0 17 d | W | . 1| - N - o| Id Id o |15
Potassium | mg/L - - 10 - - Id d | Id - 1] 03 | Id | 166 | 063 |7 | 110 | 11 | 11 - I - - - 0| 055 Id 11 078 | 2
Selenium ug/L - - - 40 1 Id d d - 1 Id d d 0 7 Id Id Id - 1 - - - - 0 Id Id Id 0 2
Silicon ug/L - - - - - - - - - 0 - - - - 0 - - - - 0 - - - - 0 | 10300 | 10300 | 10300 - 1
Silver ug/L | 200 - - - 0.1 1.58 Id | 30 688 |19| 294 | Id 50 1213 17| Id Id - 1 - - - - 0| 94.40 Id WA 363.95 | 15
Sodium mg/L - - 200 - - - - - - 0| 1162 |632]1679| 58 | 4| 620 | 62 | 62 - 1 - - - - 0| 6.60 6.2 7 0.57 2
Strontium ug/L - - - - - - - - - 0 | 5014 | Id 76 3491 | 7 - - - - 0 - - - - o| 43 43 43 - 1
Thallium ug/L - - - - 0.8 Id Id Id - 1 Id Id Id 0 7 - - - - 0 - - - - 0 Id Id Id - 1
Tin ug/L - - - - - Id Id Id - 1 Id Id Id 0 7 - - - - o| - - - - 0 Id Id Id - 1
Titanium ug/L - - - - - Id Id Id - 1 Id Id Id 0 7 - - - - 0 - - - - 0 Id Id Id - 1
Uranium ug/L _ _ R 30 - . . . _ 0 id Id Id 0 7 R R R _ 0 _ _ _ R 0 _ _ _ R 0
Vanadium ug/L - - - - - Id Id Id - 1 Id Id Id 0 7 - - - - 0 - - - - 0 Id Id Id - 1
Zinc ug/L | 1000 1000 | 3000 - 30 0.53 d | 10 229 | 19| 5460 | 1d | 700 | 16766 | 17 | 10 10 | 10 - 1 - - - - 0| 16.67 Id 130 3416 | 15
Zirconium ug/L - - - - - - - - - 0 Id Id Id 0 4 - - - - o| - - - - 0 - - - - 0




Table D-1-2. Surface Water Results: Metals

Sample ID: SW 31 SW._32 SW 33 SW_34
Season: wet dry wet wet dry
Descriptive Statistics || Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N
Parameter Unit | s a CAPF\;E WH(e)7 CCME 8
9 o DW DW*® | FALSW

Total Metals
Aluminum ug/L 2000 - 200 - 5100" | 980,63 | Id |elrol 110829 | 16 | 44 | 30 | 60 | 1140 | 5 | 1588 | 630 |l 74573 |5 | - - - - ol - - - - 0
Antimony ug/L - - - 20 - Id Id Id 0 3 - - - - 0 - - - - of| - - - - of - - - - 0
Arsenic ug/L - 1000 - 10 5 Id Id Id 0 5 - - - - 0 1 1 1 - 1 - - - - of 1270 | 1.7 | 17 - 1
Barium ug/L | 2000 - - 700 - 1944 | Id | 71 | 2206 |16 |52.40 | 46 | 66 838 | 5 | 4020 | 36 | 44 356 | 5| - - - - of| - - - - 0
Beryllium ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - ol - - - - ol - - - - 0
Bismuth ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - of| - - - - of| - - - - 0
Boron ug/L _ _ . 2400 1500 . _ _ _ 0 _ _ _ i 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - Id Id Id 0 14| 240 | d | 6 329 | 5| 1 d | 4 2 4| - - - - of - - - - 0
Calcium mg/L - - 100 - - 980 |513|1281 | 328 | 4 - - - - 0 - - - - 0| 729 | 729 7.29 - 1| - - - - 0
Chromium ug/l | 1000 - - 50 1 301 | Id 81 1559 |27 | 2 Id | 10 422 |10 171 | d | 12 454 | 7| - - - - o| - - - - 0
Cobalt ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - of| - - - - of| - - - - 0
Copper ug/L | 500 600 | 2000 | 2000 2:4% 1256 | Id | 160 | 4254 |14| 2 | 1d | 10 | 447 | 5| 25 | d | 10 5 |4 - -] - - o| - - - - 0
Iron ug/L - - 300 - 300 235 | Id | 639 | 352 | 3 - - - - 0 - - - - of 27 [271]27 - 1| - - - - 0
Lead ug/L | 2000 | 400 . 10 17" 033 | d | 5 129 |[15| 333 |10 | 20 | 816 |6 | 618 | 138189 | 5| - |- - lo| - - - - o
Lithium ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - of| - - - - of| - - - - 0
Magnesium | mg/L - - 50 - - 355 | 287 | 479 | 085 | 4 - - - - 0 - - - - 0| 466 | 4.66 | 4.66 - 1] - - - - 0
Manganese | ug/L | 2000 - 500 - - 86.47 | Id | 190 | 6521 |16 |2060 | 10 | 40 | 1148 | 5 [5260| 25 | 80 | 2472 |5| - - - - ol - - - - 0
Mercury ug/L 2 - - 6 0.026 Id Id Id 0 11| id Id | Id 0 6 | 3 | 1d | 170 | 7603 |5]| - - - - ol - - - - 0
Molybdenum | ug/L ; ; ) ) 73 Id id id 0 3 _ . . - 0 R - - - 0 R i i R 0 - R - R 0
Nickel ug/L | 1000 | 1000 . 70 25-150™ | 117 | 1 | 176 | 454 [15| W | 1 | I 0 5| @ | 0| o |4 - |- - lo| - - - - o
Potassium | mg/L - - 10 - - 101 | Id | 266 | 128 | 4 - - - - 0 - - - - 0| 268 | 268|268 - 1| - - - - 0
Selenium ug/L . . . 40 1 Id Id Id 0 . . . . 0 - . - - 0 - - - - 0 - - - - 0
Silicon ug/L . . - - - - _ _ _ 0 _ _ - - 0 R - - - 0 - - - - 0 R R - - 0
Silver ug/L [ 200 - - - 0.1 050 | Id 7 1.87 | 14 |22 1d 50088 | 5 | 4650 | Id | 181 | 89.70 |4 | - - - - o| - - - - 0
Sodium mg/L - - 200 - - 925 |624|1411 | 425 | 3 - - - - 0 - - - - 0| 804 | 804|804 - 1| - - - - 0
Strontium ug/L - - - - - 38.67 | Id 65 3421 | 3 - - - - 0 - - - - ol - - - - ol - - - - 0
Thallium ug/L _ _ - - 0.8 Id id id 0 3 _ . . B, 0 R i, i, i, 0 - - - - 0 R R - - 0
Tin ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - o| - - - - o| - - - - 0
Titanium ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - o| - - - - ol - - - - 0
Uranium ug/L _ _ - 30 - Id id id 0 3 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Vanadium ug/L - - - - - Id Id Id 0 3 - - - - 0 - - - - o| - - - - ol - - - - 0
Zinc ug/L | 1000 | 1000 | 3000 - 30 8471 | Id | 520 | 15391 |14 | 42 | |d | 140 | 5805 | 5| 20 | id | 40 | 1826 |4 | - - - - ol - - - - 0
Zirconium ug/L - - - - - Id Id Id 0 2 | - - - - 0] - - - - o| - - - - ol - - - - 0




Table D-1-2. Surface Water Results: Metals

Sample ID: SW_35 SW_36 SW_37
Season: dry wet dry wet dry
Descriptive Statistics || Mean | Min | Max | Std Dev | N [ Mean | Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N [ Mean | Min | Max | Std Dev | N
Parameter Unit | s 3 CAPF\;E WH(e)7 CCME 8
9 o DW DW*® | FALSW

Total Metals
Aluminum ug/L | 2000 - 200 - 5100" |l 13750 | o0 | 400 | 17211 | 8 | 1550.50 | 390 | 3390 | 1018.81 | 8 - - - - o| - - - - 06250 | 30 | 80 | 2363 | 4
Antimony ug/L _ _ _ 20 - - _ _ - 0 - ; _ ; 0 R _ R _ 0 - - - - 0 - - - - Id
Arsenic ug/L - 1000 - 10 5 0 0 0 0 2 | 142 0 | 326 | 167 | 3 - - - - o| - - - - o| - - - - Id
Barium ug/L | 2000 - - 700 - 3114 | 28 | 40 422 | 7| 18263 | 34 | 1040 | 37812 | 7 - - - - of| - - - - o 32 | 28 | 3 | 337 |4
Beryllium ug/L _ _ . . - . R R B 0 B B R - 0 _ - _ - 0 - - - - 0 - - - - Id
Bismuth ug/L . . - - - i _ _ i 0 i i . - 0 - - - - 0 - - - - 0 - - - - Id
Boron ug/L _ _ _ 2400 1500 _ _ _ - 0 - - _ - 0 - ; - ; 0 - - - - 0 - - - - Id
Cadmium ug/L 100 3 006-0.017 **

- - 114 | o | 8 302 | 7| 0.06 o | 03| 013 |5 - - - - of| - - - - o Id | Id Id 4
Calcium mg/L - - 100 - - 810 |81 | 81 0 2| 762 |762]| 762 - 1 - - - - 0 | 12.02 | 12.02 | 12.02 - 1| - - - - Id
Chromium ug/L [ 1000 - - 50 1 154 | 0 | 10 376 | 13| 1085 | 0o | 70 | 2279 |10]| - - - - 0| 136 | 136 | 1.36 - 1] 250 | Id | 10 463 | 8
Cobalt ug/L - - - - - 0 0 0 0 2 - - - - 0 - - - - of| - - - - of| - - - - Id
Copper ug/L | 500 600 | 2000 | 2000 2:4% o | o 0 7| 250 | o | 10 5 4| - - - of - - - - of 1 | 1| d | 4
Iron ug/L - - 300 - 300 047 | 0 | 07 | 040 | 3| 971 |[971]| 971 - 1 - - - - o210 | 21 | 21 - 1| - - - - Id
Lead ug/L | 2000 | 400 . 10 17" 333 | 0 | 30 10 | 9| 65888 | 0 |5160181910 | 8 | 1d | 1d | Id . Ol 3120 3120 3120 - 1 W || d | 4
Lithium ug/L . . - - - - _ _ - 0 - - _ - 0 R - R - 0 - - - R 0 R R - - Id
Magnesium | mg/L - - 50 - - 340 | 34 | 34 0 2| 266 |266| 266 - 1 - - - - 0| 338 | 338 | 3.38 - 1 - - - - Id
Manganese | ug/L | 2000 - 500 - - 3486 | 19 | 61 | 1381 | 7 | 8394 | 275 | 186 | 47.44 | 8 - - - - ol - - - - 04875 | 31 | 75 | 1898 | 4
Mercury ug/L 2 - - 6 0.026 013 | 0 | 06 | 026 | 9| 2336 | 0 | 210 | 69.99 | 9 | Id Id | Id - 1| 130 | 130 | 130 - 1| Id | Id Id 4
Molybdenum | ug/L _ _ B B 73 - _ _ - 0 - - _ - 0 R _ R _ 0 R - R R 0 R R - R Id
Nickel ug/L | 1000 | 1000 . 70 25-150™ | 143 | o | 10 | 378 |7 | 33 | o |168| 751 |5 | - |- . of| - . - - lo| W || d | 4
Potassium | mg/L - - 10 - - 160 | 16 | 1.6 0 2| 158 | 158 | 158 - 1 - - - - of| 178 | 178 | 1.78 - 1| - - - - Id
Selenium ug/L . . . 40 1 0 0 0 0 2 . . . . 0 - . - - 0 - - - - 0 - - - - Id
Silicon ug/L . . - - - - _ _ - 0 - - - - 0 R - R - 0 - - - R 0 R R - - Id
Silver ug/L | 200 - - - 0.1 16250 | 0 | 1300 | 459.62 | 8 | 3750 | 0 | 150 75 4 - - - - ol - - - - 0| Id Id | Id Id 4
Sodium mg/L - - 200 - - 840 | 84 | 84 0 2| 838 |838]| 838 - 1 - - - - 0| 956 | 956 | 9.56 - 1| - - - - Id
Strontium ug/L _ _ _ _ - _ _ _ - 0 - - - - 0 - - - - 0 - - - - 0 - - - - Id
Thallium ug/L _ _ . . 0.8 - . . - 0 - i _ i 0 R _ R _ 0 - - - - 0 - - - - Id
Tin ug/L - - - - - - - - - 0 - - - - 0 - - - - of| - - - - of| - - - - Id
Titanium ug/L . . - - - i _ _ i 0 i i - - 0 - - - - 0 - - - - 0 - - - - Id
Uranium ug/L _ _ R 30 - B R R B 0 B B R B 0 - R - R 0 - - - - 0 - - - - Id
Vanadium ug/L . . - - - - _ _ i 0 i i _ - 0 - - - - 0 - - - - 0 - - - - Id
Zinc ug/L | 1000 | 1000 | 3000 - 30 3250 | 0 | 180 | 60.89 | 8 15 0 | 30 | 1201 | 4 - - - - ol - - - - 0| 10 | 1d | 30 | 1414 | 4
Zirconium ug/L ; } ) ) - ) _ _ _ 0 _ - _ - 0 R - R _ 0 - _ - R 0 R R - R Id




Table D-1-2. Surface Water Results: Metals

Sample ID:

SW_37 SW_38 SW_39
Season: wet wet dry
Descriptive Statistics | \jean Min | Max | StdDev | N | Mean | Min | Max | Std Dev | N | Mean | Min | Max | Std Dev | N
Parameter Unit [ s a CAPF\;E WH97 CCME 8
9 s DW DW ® FAL SW

Total Metals
Aluminum ug/l | 2000 - 200 - 5100" | 2306.67 | 750 | 6030 | 1952.05 | 6 - - - - o| - - - - 0
Antimony ug/L _ _ _ 20 - - - _ - id - - - - 0 - - - - 0
Arsenic ug/L _ 1000 . 10 5 0.67 Id 2 1.15 3 ; ; - - 0 - - - - 0
Barium ug/L | 2000 - - 700 - 4949 | 17 | 664 | 1809 | 7 - - - - of| - - - - 0
Beryllium ug/L _ _ - - - , , - - Id - - - - 0 - - - - 0
Bismuth ug/L _ _ - - - , i, i - Id - - - - 0 - - - - 0
Boron ug/L _ _ _ 2400 1500 _ - _ - id _ ; ; ; 0 ; - - - 0
Cadmium ug/L 100 3 006-0.017 **

- - 0.75 Id 3 1.50 4 - - - - 0 - - - - 0
Calcium mg/L - - 100 - - 19.05 | 19.05 | 19.05 - 1 | 19.44 | 19.44 | 19.44 - 1| - - - - 0
Chromium ug/L 1000 _ _ 50 1 10.59 Id 87 27.22 10 ; ; ; ; 0 - - - - 0
Cobalt ug/L _ _ - - - , i, i - Id - - - - 0 - - - - 0
Copper ug/L 500 600 2000 2000 2-4%° 5 d 10 5.77 4 . . . . 0 . . . . 0
Iron ug/L - - 300 - 300 1.10 11 | 11 - 1] 093 | 093 | 093 - 1| - - - - 0
Lead ug/L | 2000 400 . 10 1-7% 0.66 d 5.25 1.86 8 . . . . 0 . . . . 0
Lithium ug/L . . - - - , i, i - Id - - - - 0 - - - - 0
Magnesium | mg/L - - 50 - - 818 | 818 | 8.18 - 1| 417 | 417 | 417 - 1 - - - - 0
Manganese | ug/L | 2000 - 500 - - 7488 | 333 | 113 | 2929 | 6 - - - - ol - - - - 0
Mercury ug/L 2 . . 6 0.026 Id Id id Id 7 - - - - 0 - - - . 0
Molybdenum | ug/L ; ; ) ) 73 . _ _ _ id . . . . 0 i R i R 0
Nickel ug/L | 1000 1000 . 70 25-150 3.40 d 17 7.60 5 . . . . 0 . . . - 0
Potassium | mg/L - - 10 - - 2.08 | 2.08 | 2.08 - 1| 424 | 424 | 424 - 1| - - - - 0
Selenium ug/L _ _ _ 40 1 _ _ _ - id _ _ ; ; 0 ; - ; - 0
Silicon ug/L . . - - - , i, i - Id - - - - 0 - - - - 0
Silver ug/L 200 _ _ _ 0.1 45 Id 180 90 4 - - - - 0 - - - - 0
Sodium mg/L - - 200 - - 1410 | 141 | 141 - 1 | 2360 | 236 | 236 - I - - - 0
Strontium ug/L _ _ - - - ; i i i id . . . . 0 - - - - 0
Thallium ug/L _ _ - - 0.8 - - _ - Id . . . . 0 - - - - 0
Tin ug/L _ _ . . - ; ; i ; Id i i i ; 0 ; R ; R 0
Titanium ug/L _ _ - - - . B, . - Id - - - - 0 - - - - 0
Uranium ug/L _ _ . 30 - - - i i id i . . . 0 - - - - 0
Vanadium ug/L _ _ - - - . B, . - Id - - - - 0 - - - - 0
Zinc ug/L | 1000 1000 3000 . 30 22 50 10 40 1258 | 4 . . . . 0 . . . . 0
Zirconium ug/L B B . . - N ) B B, id B - - - 0 - - - - 0




Table D-2. Sediment Results

164

SW 02 SW 03 SW 04 SW_06 SW 07 SW 08

Mean Min Max | Std Dev | N Mean Min Max Std Dev | N | Mean Min Max | Std Dev | N Mean Min Max Std Dev | N | Mean Min Max Std Dev | N Mean Min Max Std Dev | N

CCME
Parameter Unit EAL
sed ™
Physical
Tests
pH pH - - s s 0 5.3 5.3 5.3 5 1 - - - - 0 - - - - 0 - - = = 0 7.1 7.1 7.1 = 1
Inorganics
ni +

%%cjaenate mgrkg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/kg - - - - 0 0.04 0.04 0.04 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Metals
Aluminum ug/kg - - - - 0 | 4100000 | 4100000 | 4100000 - 1 - - - - 0 - - - - 0 - - - - 0 | 6000000 | 6000000 | 6000000 - 1
Antimony ug’kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Arsenic uglkg | 5900 - - - - 0| 11200 11200 11200 - 1| 1.345 | 1.345 | 1.345 - 1 - - - - 0 - - - - 0| 9600 9600 9600 - 1
Barium ug/kg - - - - 0 | 82000 82000 82000 - 1 - - - - 0 - - - - 0 - - - = 0 | 110000 | 110000 | 110000 = 1
Beryllium ug/kg - - - - 0 300 300 300 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Bismuth ug/kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/kg - - - - 0 2000 2000 2000 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Cadmium ug/kg 600 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 800 800 800 - 1
Calcium mg/kg - - - - 0 160 160 160 - 1 - - - - 0 - - - - 0 - - - - 0 1000 1000 1000 - 1
Chromium ug/kg | 37300 - - - - 0 4000 4000 4000 - 1 - - - - 0 - - - - 0 - - - - 0 | 10000 10000 10000 - 1
Cobalt ug/kg - - - - 0| 22000 22000 22000 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Copper uglkg | 35700 - - - - 0 | 88000 88000 88000 - 1 - - - - 0 - - - - 0 - - - - 0| 39000 39000 39000 = 1
Iron ug/kg - - - - 0 | 31000 31000 31000 - 1 - - - - 0 - - - - 0 - - - - 0| 32000 32000 32000 - 1
Lead uglkg | 35000 | 27.83 | 14.27 | 39.54 | 12.74 | 3 | 14000 14000 14000 - 1 | 10.66 | 10.66 | 10.66 - 1| 72195 | 462 | 139.77 | 9557 | 2 | 59.18 | 34.96 | 83.39 | 34.25 | 2 8000 8000 8000 - 1
Lithium ug/kg - - - - 0 6000 6000 6000 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Magnesium mg/kg - - - - 0 130 130 130 - 1 - - - - 0 - - - - 0 - - - - 0 870 870 870 - 1
Manganese ug/kg - - - - 0 | 1000000 | 1000000 | 1000000 - 1 - - - - 0 - - - - 0 - - - - 0 | 1400000 | 1400000 | 1400000 - 1
Mercury ug’kg 170 0.13 Id 0.393 0.23 3 30 30 30 - 1| 0281 | 0.281 | 0.281 - 1| 2902 | 1.473 | 4.331 2.02 2| 180 | 0.974 | 2.617 1.16 2 980 980 980 - 1
Molybdenum ug/kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Nickel ug/kg - - - - 0 7000 7000 7000 - 1 - - - - 0 - - - - 0 - - - - 0 5000 5000 5000 - 1
Potassium mg/kg - - - - 0 430 430 430 - 1 - - - - 0 - - - - 0 - - - - 0 370 370 370 - 1
Selenium ug’kg - - - - 0 300 300 300 - 1 - - - - 0 - - - - 0 - - - - 0 600 600 600 - 1
Silver ugrkg - - - - 0 2400 2400 2400 - 1 - - - - 0 - - - - 0 - - - - 0 1900 1900 1900 - 1
Sodium mg/kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1
Strontium ug/kg - - - - 0 2000 2000 2000 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Thallium ug/kg - - - - 0 300 300 300 - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Tin ug/kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Titanium ug/kg = = - - 0 1000 1000 1000 5 1 5 5 - - 0 - - - - 0 - - - - 0 - - - - 0
Tungsten ug/kg - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Vanadium ug/kg - - = = 0 | 52000 52000 52000 5 1 5 5 - - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/kg | 123000 - - - - 0 | 49000 49000 49000 - 1 - - - - 0 - - - - 0 - - - - 0 | 42000 42000 42000 - 1




Table D-2. Sediment Results
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SW_09 SW_10 Sw_11 SW_12 SW_14
Mean Min Max Std Dev | N Mean Min Max Std Dev | N Mean Min Max Std Dev | N Mean Min Max Std Dev | N Mean Min Max Std Dev | N
. CCME

Parameter Unit FAL sed
Physical Tests
pH pH = = = = 0 6.1 6.1 6.1 . 1 5.20 5.2 5.2 = 1 = = = = 0 7.3 7.3 7.3 = 1
Inorganics
Cyanide + Thiocyanate | mg/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/kg - - - - 0 - - - - 0 - - - - 0 - - - : 0 - : : : 0
Metals
Aluminum ug/kg - - - - 0 | 11000000 | 11000000 | 11000000 - 1 | 1200000 | 12000000 | 12000000 - 1 | 5300000 | 5300000 | 5300000 - 1 | 1700000 | 1700000 | 1700000 - 1
Antimony ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0
Arsenic ug/kg 5900 0.087 | 0.087 | 0.087 - 1 3000 3000 3000 - 1 6100 6100 6100 - 1 6700 6700 6700 - 1 5100 5100 5100 - 1
Barium ug/kg - - - - 0 72000 72000 72000 - 1| 46000 46000 46000 - 1 | 240000 | 240000 | 240000 - 1| 46000 46000 46000 - 1
Beryllium ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0
Bismuth ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id : 1 - : : : 0
Boron ug/kg - - - - 0 - - - - 0 - - - - 0 2000 2000 2000 - 1 - - - - 0
Cadmium ug/kg 600 - - - - 0 Id Id Id - 1 0 0 0 - 1 700 700 700 - 1 Id Id Id - 1
Calcium mg/kg - - - - 0 2200 2200 2200 - 1 750 750 750 - 1 680 680 680 - 1 280 280 280 - 1
Chromium ug/kg 37300 11.544 | 11.544 | 11.544 - 1 3000 3000 3000 - 1 6000 6000 6000 - 1 7000 7000 7000 - 1 2000 2000 2000 - 1
Cobalt ug/kg - - - - 0 - - - - 0 - - - - o | 41000 41000 41000 - 1 - - - - 0
Copper ug/kg 35700 - - - - 0 39000 39000 39000 - 1| 62000 62000 62000 - 1 | 100000 | 100000 | 100000 - 1| 25000 25000 25000 - 1
Iron ug/kg - - - - 0 32000 32000 32000 - 1| 38000 38000 38000 - 1 36000 36000 36000 - 1 10000 10000 10000 - 1
Lead ug/kg 35000 8.247 | 8.247 | 8.247 - 1 Id Id Id - 1 | 20386.67 0 55160 | 30263.65 | 3 | 42214.68 | 36.48 103260 | 45341.79 | 8 | 27858.18 | 42.59 93750 | 36737.02 | 8
Lithium ug/kg - - - - 0 - - - - 0 - - - - 0 10000 10000 10000 - 1 - - - - 0
Magnesium mg/kg - - - - 0 1900 1900 1900 - 1 720 720 720 - 1 620 620 620 - 1 120 120 120 - 1
Manganese ug/kg - - - - 0 | 620000 620000 620000 - 1 | 450000 450000 450000 - 1 | 100000 | 100000 | 100000 - 1 | 410000 | 410000 | 410000 - 1
Mercury ug/kg 170 0.328 | 0.328 | 0.328 - 1 30 30 30 - 1| 215.00 60 310 11387 | 4 | 526.45 0 2460 87053 | 8 | 512.87 0.569 2100 801.89 | 8
Molybdenum ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0
Nickel ug/kg - - - - 0 2000 2000 2000 - 1 4000 4000 4000 - 1 9000 9000 9000 - 1 2000 2000 2000 - 1
Potassium mg/kg - - - - 0 650 650 650 - 1 460 460 460 - 1 170 170 170 - 1 60 60 60 - 1
Selenium ug/kg - - - - 0 800 800 800 - 1 2000 2000 2000 - 1 600 600 600 - 1 400 400 400 - 1
Silver ug/kg - - - - 0 Id Id Id - 1 0 0 0 - 1 7000 7000 7000 - 1 3300 3300 3300 - 1
Sodium mg/kg - - - - 0 100 100 100 - 1 0 0 0 - 1 Id Id Id - 1 Id Id Id - 1
Strontium ug/kg - - - - 0 - - - - 0 - - - 0 7000 7000 7000 - 1 - - - - 0
Thallium ug/kg . - - - 0 - - - - 0 = = = = 0 Id Id Id - 1 - - - - 0
Tin ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0
Titanium ug/kg - - - - 0 5 5 = 5 0 = = - - 0 | 33000 33000 33000 - 1 - - - - 0
Tungsten ug/kg - - - - 0 - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0
Vanadium ug/kg - - - - 0 - - - - 0 - - - - 0 70000 70000 70000 - 1 - - - - 0
Zinc ug/kg 123000 - - - - 0 47000 47000 47000 - 1 43000 43000 43000 - 1 91000 91000 91000 - 1 24000 24000 24000 - 1
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SW_15 SW_17 SW_18 SW_19 SW_20
Mean Min Max Std Dev | N Mean Min Max Std Dev | N Mean Min Max Std Dev | N | Mean Min Max Std Dev | N | Mean Min Max Std Dev | N
) CCME

Parameter Unit FAL sed
Physical Tests
pH pH - - - - 0 7 7 7 - 1 6.3 6.3 6.3 - 1 - - - - Id - - - - 0
Inorganics
Cyanide + Thiocyanate | mg/kg - - - - 0 - - - - 0 1.02 1.02 1.02 - 1 - - - - Id - - - - 0
Phosphorus mg/kg = = - = 0 5 = 5 = 0 = - - - 0 - - - - Id - - - - 0
Metals
Aluminum ug/kg - - - - 0 [ 7900000 | 7900000 | 7900000 - 1 | 13000000 | 13000000 | 13000000 - 1 - - - - Id - - - - 0
Antimony ug/kg - - - - 0 - = s = 0 = = s s 0 = - - - Id - - - - 0
Arsenic ug/kg 5900 - - - - 0 7600 7600 7600 - 1 5900 5900 5900 - 1 - - - - Id - - - - 0
Barium ug’kg - - - - 0 | 170000 170000 | 170000 - 1 | 130000 130000 130000 - 1 - - - - Id - - - - 0
Beryllium ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Bismuth ug/kg = = - = 0 5 = 5 = 0 = - - - 0 - - - - Id - - - - 0
Boron ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Cadmium ug/kg 600 - - - - 0 600 600 600 - 1 Id Id Id - 1 - - - - Id - - - - 0
Calcium mg/kg - - - - 0 1400 1400 1400 - 1 1300 1300 1300 - 1 - - - - Id - - - - 0
Chromium ug/kg 37300 - = = - 0 8000 8000 8000 - 1 63000 63000 63000 - 1 - - - - Id - - - - 0
Cobalt ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Copper ug/kg 35700 - - - - 0 78000 78000 78000 - 1 64000 64000 64000 - 1 - - - - Id - - - - 0
Iron ug/kg - - - - 0 35000 35000 35000 - 1 49000 49000 49000 - 1 - - - - Id - - - - 0
Lead ug/kg 35000 28660 | 15260 | 42060 | 18950.46 | 2 | 30633.888 | 29.94 62080 | 29479.53 | 5 | 16612.77 30.18 37010 18938.42 | 5 | 57925 | 57680 | 58170 | 346.48 | 2 | 31350 | 31350 | 31350 - 1
Lithium ug/kg - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Magnesium mg/kg - - - - 0 970 970 970 - 1 1100 1100 1100 - 1 - - - - Id - - - - 0
Manganese ug/kg - - - - 0 | 1600000 | 1600000 | 1600000 - 1 | 1400000 | 1400000 | 1400000 - 1 - - - - Id - - - - 0
Mercury ug/kg 170 155 90 220 91.92 2 846.56 0.452 1780 805.85 | 5 | 249.04 0.523 700 31246 | 5| 380 380 380 - 1| 390 230 550 | 226.27 | 2
Molybdenum ug/kg - - - - 0 - - - - 0 - - - - 0 - - Id - 0
Nickel ug/kg - - - - 0 8000 8000 8000 - 1 11000 11000 11000 - 1 - - - - Id - - - - 0
Potassium mg/kg - - - - 0 360 360 360 - 1 720 720 720 - 1 - - - - Id - - - - 0
Selenium ug/kg - - - - 0 600 600 600 - 1 800 800 800 5 1 - - 5 = Id = - - = 0
Silver ug/kg - - - - 0 4700 4700 4700 - 1 Id Id Id - 1 - - - - Id - - - - 0
Sodium mg/kg - - - - 0 60 60 60 - 1 90 90 90 - 1 - - - - Id - - - - 0
Strontium ug/kg - - - - 0 - - - - 0 - - - - 0 R R - - Id - - - - 0
Thallium ug/kg = = = - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Tin ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Titanium ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Tungsten ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Vanadium ug/kg o o o o 0 - - - - 0 - - - - 0 - - - - Id - - - - 0
Zinc ug/kg 123000 - - - - 0 82000 82000 82000 - 1 46000 46000 46000 - 1 - - - - Id - - - - 0
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Table D-2. Sediment Results

SW_21 SW_22 SW_23 SW_24 SW_26
Mean Min Max Std Dev | N Mean Min Max Std Dev | N | Mean Min Max Std Dev | N Mean Min Max Std Dev | N | Mean Min Max | Std Dev | N
. CCME

Parameter Unit FAL sed
Physical Tests
pH pH 6.7 6.7 6.7 - 1 6.8 6.8 6.8 - 1 - - - - 0 7.9 7.9 7.9 - 1 - - - - 0
Inorganics
Cyanide + Thiocyanate | mg/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Phosphorus mg/kg = - = - 0 = 5 5 = 0 - - - - 0 - - - - 0 - - - - 0
Metals
Aluminum ug/kg 13000000 | 13000000 | 13000000 - 1 | 18000000 | 18000000 | 18000000 - 1 - - - - 0 | 9000000 | 9000000 | 9000000 - 1 - - - - 0
Antimony ug/kg = = = = 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Arsenic ug/kg 5900 3700 3700 3700 - 1 2300 2300 2300 - 1 - - - - 0 4300 4300 4300 - 1 - - - - 0
Barium ug/kg 200000 200000 200000 - 1 140000 140000 140000 - 1 - - - - 0 83000 83000 83000 - 1 - - - - 0
Beryllium ug/kg - - - - 0 - - - - 0 - - - - 0 - R R - 0 - - - - 0
Bismuth ug/kg 3 = 3 = 0 = - - - 0 - - - - 0 - - - - 0 - - - - 0
Boron ug/kg - - - - 0 - - - - 0 - - - - 0 - R R - 0 - - - - 0
Cadmium ug/kg 600 800 800 800 - 1 700 700 700 - 1 - - - - 0 500 500 500 - 1 - - - - 0
Calcium mg/kg 1400 1400 1400 - 1 1600 1600 1600 - 1 - - - - 0 2500 2500 2500 - 1 - - - - 0
Chromium ug/kg 37300 25000 25000 25000 - 1 9000 9000 9000 - 1 - - - - 0 9000 9000 9000 - 1 - - - - 0
Cobalt ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Copper ug/kg 35700 60000 60000 60000 - 1 56000 56000 56000 - 1 - - - - 0 49000 49000 49000 - 1 - - - - 0
Iron ug/kg 49000 49000 49000 - 1 55000 55000 55000 - 1 - - - - 0 30000 30000 30000 - 1 - - - - 0
Lead ug/kg 35000 9000 9000 9000 - 1 5000 5000 5000 - 1 | 28175 | 25370 | 30980 3967 2 | 18754.01 36.58 59560 27380.52 | 7 | 16.62 0.99 | 32.24 22.10 2
Lithium ug/kg - - - - 0 - - - - 0 - - - - 0 - R R - 0 - - - - 0
Magnesium mg/kg 2400 2400 2400 - 1 2000 2000 2000 - 1 - - - - 0 2800 2800 2800 - 1 - - - - 0
Manganese ug/kg 2000000 2000000 2000000 - 1 2000000 2000000 2000000 - 1 - - - - 0 960000 960000 960000 - 1 - - - - 0
Mercury ug/kg 170 50 50 50 - 1 40 40 40 - 1 - - - - 0 138.99 0 590 218.66 7 0.51 0.263 | 0.753 0.35 2
Molybdenum ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Nickel ug/kg 7000 7000 7000 - 1 4000 4000 4000 - 1 - - - - 0 6000 6000 6000 - 1 - - - - 0
Potassium mg/kg 940 940 940 - 1 380 380 380 - 1 - - - - 0 460 460 460 - 1 - - - - 0
Selenium ug’kg 600 600 600 - 1 900 900 900 - 1 - - - - 0 500 500 500 - 1 - - - - 0
Silver ug/kg Id Id Id - 1 Id Id Id - 1 - - - - 0 1600 1600 1600 - 1 - - - - 0
Sodium mg/kg 90 90 90 - 1 70 70 70 - 1 - - - - 0 110 110 110 - 1 - - - - 0
Strontium ug/kg - - - - 0 - - - - 0 - - - - 0 - R R - 0 - - - - 0
Thallium ug/kg = = = - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Tin ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Titanium ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Tungsten ug/kg - - - - 0 - - - - 0 - - - - 0 - - - - 0 - - - - 0
Vanadium ug/kg o o o o 0 o - - - 0 - - - - 0 - - - - 0 - - - - 0
Zinc ug/kg 123000 52000 52000 52000 - 1 56000 56000 56000 - 1 - - - - 0 | 52000 52000 52000 - 1 - - - - 0
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Table D-2. Sediment Results

SW_27 SW_28 SW_30 SW_31 SW_32
Mean Min Max | Std Dev | N | Mean Min Max | Std Dev | N Mean Min Max Std Dev | N | Mean Min Max | Std Dev | N | Mean Min Max Std Dev | N
. CCME

Parameter Unit FAL sed
Physical Tests
pH pH - - - - 0 - - - - 0 7.7 7.7 7.7 - 1 - - - = 0 = = - - 0
Inorganics
Cyanide + Thiocyanate | mg/kg - - - - 0 - - - - 0 0.68 0.68 0.68 - 1 Id Id Id - 1 - - - - 0
Phosphorus mag/kg - - - - 0 - - - - 0 0.02 0.02 0.02 - 1 - - - - 0 - - - - 0
Metals
Aluminum ug/kg - - - - 0 - - - - 0 | 7400000 | 7400000 | 7400000 - 1 - - - - 0 - - - - 0
Antimony ug/kg - - - - 0 - - - - 0 Id Id Id - 1 = = z = 0 = - - - 0
Arsenic ug/kg 5900 - - - - 0 - - - - 0 6100 6100 6100 - 1] 0.927 | 0.927 | 0.927 - 1 - - - - 0
Barium ug/kg - - - - 0 - - - - 0 150000 150000 150000 - 1 - - - - 0 - - = = 0
Beryllium ug/kg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0
Bismuth ug/kg = = - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0
Boron ug/kg - - - - 0 - - - - 0 2000 2000 2000 - 1 - - - - 0 - - - - 0
Cadmium ug/kg 600 = = = - 0 - - - - 0 500 500 500 - 1 - - - - 0 - - - - 0
Calcium mg/kg - - - - 0 - - - - 0 1700 1700 1700 - 1 - - - - 0 - - - - 0
Chromium ug/kg 37300 - - - - 0 - - - - 0 10000 10000 10000 z 1 = = z = 0 = - - = 0
Cobalt ug/kg - - - - 0 - - - - 0 25000 25000 25000 - 1 - - - - 0 - - - - 0
Copper ug/kg 35700 - - - - 0 - - - - 0 56000 56000 56000 - 1 - - - - 0 - - - = 0
Iron ug/kg - - - - 0 - - - - 0 34000 34000 34000 - 1 - - - - 0 - - - - 0
Lead ug/kg 35000 35.63 | 26.65 | 44.6 1269 | 2 - - - - 0 | 8036.05 32.32 24000 | 13825.20 | 3 | 10.33 | 10.33 | 10.33 - 1 | 16240 | 7070 | 25410 | 12968.34 | 2
Lithium ug/kg - - - - 0 - - - - 0 6000 6000 6000 - 1 - - - - 0 - - - - 0
Magnesium mg/kg = = - - 0 - - - - 0 1400 1400 1400 - 1 - - - - 0 - - - - 0
Manganese ug/kg - - - - 0 - - - - 0 | 1800000 | 1800000 | 1800000 - 1 - - - - 0 - - - - 0
Mercury ug/kg 170 0.30 | 0.102 | 0.497 0.28 2 | 0.094 | 0.094 | 0.094 - 1 | 107.023 0 320 184.44 3] 0.732 | 0.732 | 0.732 - 1 285 20 550 374.77 2
Molybdenum ug/kg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - 0
Nickel ug/kg - - - - 0 - - - - 0 6000 6000 6000 - 1 - - - - 0 - - - - 0
Potassium mg/kg - - - - 0 - - - - 0 270 270 270 - 1 - - - - 0 - - - - 0
Selenium ug/kg = = = - 0 - - - - 0 500 500 500 - 1 - - - - 0 - - - - 0
Silver ug/kg - - - - 0 - - - - 0 2800 2800 2800 - 1 - - - - 0 - - - - 0
Sodium mg/kg - - - - 0 - - - - 0 50 50 50 - 1 - - - - 0 - - - - 0
Strontium ug/kg - - - - 0 - - - - 0 11000 11000 11000 - 1 - - - - 0 - - - - 0
Thallium ug/kg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0
Tin ug/kg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0
Titanium ug/kg - - - - 0 - - - - 0 59000 59000 59000 - 1 - - - - 0 - - - - 0
Tungsten ug/kg - - - - 0 - - - - 0 Id Id Id - 1 - - - - 0 - - - - 0
Vanadium ug/kg - - - - 0 - - - - 0 52000 52000 52000 - 1 - - - - 0 - - - - 0
Zinc ug/kg 123000 - - - - 0 - - - - 0 | 67000 67000 67000 - 1 - - - - 0 - - - - 0
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Table D-2. Sediment Results

SW 35 SW 36 SW 37
Mean Min Max Std Dev | N | Mean Min Max Std Dev | N | Mean Min Max Std Dev | N
. CCME

Parameter Unit FAL sed
Physical Tests
pH pH 8.1 8.1 8.1 - 1 - - - - 0 - - - - 0
Inorganics
Cyanide + Thiocyanate | mg/kg 0.213333333 0 0.64 0.37 3 - - - - 0 0 0 0 0 2
Phosphorus mg/kg - = = 5 0 - - - - 0 - - - - 0
Metals
Aluminum ug/kg 10000000 | 10000000 | 10000000 - 1 - - - - 0 - - - - 0
Antimony ug/kg - = = s 0 s - - - 0 - - - - 0
Arsenic ug/kg 5900 2050.40 0.804 4100 2898.57 | 2 - - - - 0| 2274 | 2274 | 2274 - 1
Barium ug’kg 180000 180000 180000 - 1 - - - - 0 - - - - 0
Beryllium ug/kg - - - - 0 - - - - 0 - - - - 0
Bismuth ug/kg - = = 5 0 - - - - 0 - - - - 0
Boron ug/kg - - - - 0 - - - - 0 - - - - 0
Cadmium ug/kg 600 Id Id Id - 1 - - - - 0 - - - - 0
Calcium mg/kg 6200 6200 6200 - 1 - - - - 0 - - - - 0
Chromium ug/kg 37300 2505.822 11.644 5000 3527.30 | 2 | 5.76 5.76 5.76 - 1 - - - - 0
Cobalt ug/kg - - - - 0 - - - - 0 - - - - 0
Copper ug/kg 35700 20000 20000 20000 - 1 - - - - 0 - - - - 0
Iron ug/kg 23000 23000 23000 - 1 - - - - 0 - - - - 0
Lead ug’kg 35000 18919.11 16.43 42300 | 18838.70 | 4 | 31400 | 16660 | 46140 | 20845.51 | 2 | 29659 | 29659 | 29659 - 1
Lithium ug/kg - - - - 0 - - - - 0 - - - - 0
Magnesium mg/kg 2600 2600 2600 - 1 - - - - 0 - - - - 0
Manganese ug/kg 650000 650000 650000 - 1 - - - - 0 - - - - 0
Mercury ug/kg 170 322.60 0.38 780 360.85 | 4 | 500 370 630 183.85 | 2 | 152 152 152 - 1
Molybdenum ug/kg - - - - 0 - - - - 0 - - - - 0
Nickel ug/kg 3000 3000 3000 . 1 . - - - 0 - . . . 0
Potassium mg/kg 630 630 630 - 1 - - - - 0 - - - - 0
Selenium ug/kg 200 200 200 - 1 - - - - 0 - - - - 0
Silver ug/kg 700 700 700 - 1 - - - - 0 - - - - 0
Sodium mg/kg 270 270 270 - 1 - - - - 0 - - - - 0
Strontium ug/kg - - - - 0 - - - - 0 - - - - 0
Thallium ug/kg - = = = 0 = - - - 0 - - - - 0
Tin ug/kg - - - - 0 - - - - 0 - - - - 0
Titanium ug/kg = = = = 0 = = = - 0 - - - - 0
Tungsten ug/kg - - - - 0 - - - - 0 - - - - 0
Vanadium ug/kg - o - 5 0 . = = = 0 - - - - 0
Zinc ug/kg 123000 41000 41000 41000 - 1 - - - - 0 - - - - 0
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Notes

@
@
(©)
4)

(%)
(6)

@)
®)
©)

(10)
11)

(12)

(13)

14

(15)

(16)

- = No standard or not analysed

Id = Less than detection limit

Decreto 33-95 = Nicaragua Executive Decree 33-95, June 26, 1995

MMER Max Grab = Fisheries Act (R.S., 1985, c. F-14), Metal Mining Effluent
Regulations (SOR/2002-222), Schedule 4: Authorized Limits of Deleterious
Substances (SOR/2006-239, s.25), Column 4: Maximum Authorized Concentration in a Grab Sample
Default to Decreto 33-95 where differ in value

CAPRE DW = Comité Coordinator Regional de Instituciones de Agua Potable y
Saneamiento de Centroamérica, Panama y Republica Dominicana, Water
Quality Norms for Human Consumption, 1993, updated to March 1994

WHO DW = World Health Organization, Guidelines for Drinking Water Quality
Default to CAPRE where differ in value

CCME FAL SW = Canadian Council of Ministers of the Environment, Chapter 4,
Canadian Water Quality Guidelines for the Protection of Aquatic Life, Freshwater,

updated to June 28,
2011
pH X-Y indicates pH not < X and not > Y

This appears to be a typo, as 1 mg/L as a TDS limit for effluent is: a) unrealistic and
b) far more stringent than the drinking water standard, which intuitively should be the reverse.
Assume standard of 1000 as per CAPRE
Aluminum varies with Hardness, Ca2+ in mg/L as follows for CCME FAL:
5 if Ca2+<4
100 if Ca2+>=4
Aluminum varies with Dissolved Organic Carbon in mg/L as follows for CCME FAL
FAL:
5 if DOC<2
100 if DOC>=2
Aluminum varies with pH as follows for CCME FAL:
5 if pH<6.5
100 if pH>=6.5
Cadmium varies with Hardness in mg/L as follows for CCME FAL:
10M0.86[log(hardness)] - 3.2}; the following calculated criteria have been
applied conservatively: 0.0006 pg/L if H < 46 mg/L, 0.017 pg/L if H >= 46
mg/L
Copper varies with Hardness in mg/L as follows for CCME FAL:
2 if H<120
3 if H>=120 and H<180
4 if H>=180
Lead varies with Hardness in mg/L as follows for CCME FAL:
1 if H<60
2 if H>=60 and H<120
4 if H>=120 and H<180
7 if H>=180
Nickel varies with Hardness in mg/L as follows for CCME FAL:
25 if H<60
65 if H>=60 and H<120
110 if H>=120 and H<180
150 if H>=180
CCME FAL sed = Canadian Council of Ministers of the Environment, Chapter 4,
Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater,

updated to June 28,
2011
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Appendix E
Spatial Distribution of Exceedances —
Selected Parameters



5 2.5 0 5km
BN N
w E
SANTO DOMINGO
@

s}
S .

- W

ErReruTrib

E.I t!D_g_r_L_J_ﬁTrib
s L SW_2f

| s . p =
Sw_20SW 215y g 20,
J_._.SW 0 OSW_O:] OO’/ e \___6
// W\ SW

5 \(ID‘ ] - ¢ i R \’
= ; SW_16 _r : o o A, ¥
i Q. . oy ; D e "y I are90s?
o g1 Pastal SW_13 \ﬂ_> KX S 2 care99?
96 ; ~g o 9 T L }(&A\ Q g 1 v
e 1\ g Y : 5 e B
. ”\\__‘ N, A 'Z}C:b f Ba{\? sl g\_;
E: S - '\\30 2.
.\.. \‘-"$(> 5 i) _/7//0 1<) \\/,, \fbg_,") << i
B SW_34 R 5 A Q- :
() ‘\-J\\'-\-\./ PCagast i -
S, N Seny o g ! SAN PEDRO DE LOVAGO i : \ :
/g, i z = L= — R : o
s e S35 . Yod
__f_?\. o ,)’_’rg 7 \.__@/(.9«
E} | 4 > \\G i l/
o i N Pt & &
2 i \2.~ 2 2
[) h ; \ | | o
%) % T s 3 ~ g . @
' g L. _SW_28 p A5

SW_09

Legend
Towns

Permanent Streams
Perennial Streams

TSS mean value - surface water

Mean TSS Values - Surface Water

(0] below criteria

] exceeds effluent criteria

o not analysed August 2011 Figure E-1
10 or more replicates



Kathy
Text Box
E


2.5 0 5 km

/ O
%wwwzQ

2

. 2 e \ %
he B ec\’& SWe. 32
-, a O £ E;' \“\) . :
ST e )
! N J BF
T ~ #
S[__,/' __SW_ 16 # I‘“x_
B QE\ PaS‘a\ SW_13 B
T swkse S S
s
[ =
A i
“
. \\\59 -
T SW_ 34 R
\\\d}( [Tp)
ar 5./7‘ % \?4""\- 2
| a’be % <R
¥ T e%
_\m o)
= i
% 7
% !
2 Y
S
\_%_.. ; S
. 5
9
Ty
&
Legend
Towns

Permanent Streams
Perennial Streams
Cyanide mean value - surface water

below criteria
exceeds drinking water criteria (0.05 mg/L

exceeds effluent criteria (0.1 mg/L)

not analysed
10 or more replicates

(O} NON6)

%\/g 2& O SW.22

BT Peru Tr|b

EI I'Peru Trib

SANTO DOMINGO

Mean Cyanide Values - Surface Water

August 2011 Figure E-2



Kathy
Text Box
E


5 2.5 0
BN BN
w E
SANTO DOMINGO

; '@\éw 30 59“\5‘d

g@,

! Tri_b 5

¢

g

£ 8 pase

L

/

T

SW_09

soohe®
6
i
— =)

@ 1,

'0 ast

&p,

Legend
Towns

Permanent Streams
"""""""" — Perennial Streams
Aluminum mean value - surface water

below criteria
exceeds aquatic life criteria (100 ug/L)

exceeds drinking water criteria (200 ug/L
exceeds effluent criteria (2000 ug/L) Mean Aluminum Values - Surface Water
Figure E-3

August 2011

O NON N©

not analysed
10 or more replicates



Kathy
Text Box
E


5

; j sw
7 MY 4 AL
& gbsw_m i B 1Zsw W—@

_ g M 14
i B sw 17
CENE T At 1A Llsﬁm@ QSW 27 o
el : \
El Olote _.© S Q'ﬁ @ ?’SW 30 sa“\s
% \53 .f'.. | _,,/ ]

S ]
o % i
_ SW_16 s fi N BN g
; 5, ] AS 2 a??dre%?é'

SANTO DOMINGO
®
S

La Mona _
SWoo1

w_20SW2lgy 5o -9,
ES \_@1 O\O T é

SW 19

SW_25

i ol
: - v e 0 "0 87 SAN PEDRO DE LOVAGO .
'5\/]% s £y RN P oo
ey, s = JS@p 35— Qs
ey, 3 o) @J’ “?/@,g\;\'
— oy i . 59 e
o RS
-8 o4 k
\l Lap R
?‘}) (/_J 5 Vi
$ { ;

SW_09

Legend

Ol NON N0

Arsenic mean value - surface water

Towns

Permanent Streams
Perennial Streams

below criteria
exceeds aquatic life criteria (5 ug/L)

exceeds drinking water criteria (10 ug/L
exceeds effluent criteria (1000 ug/L) Mean Arsenic Values - Surface Water

not analysed August 2011 Figure E-4

10 or more replicates



Kathy
Text Box
E


5 2.5 0 5 km

SANTO DOMINGO
; S
®
La Mona
/SW_01

""Os,w_—zg\\ ),
FrlTey W_0Q gw 203W021SW 22 l’-"‘i-..?
QL ) SW
Y SW._02 (O \N 08 W 19
. SW_( 03 SW 12 SW_25

o W Tew

& e B Sﬂ 04\\l\ CL@ 14" gw 1 %

LN (S LA L|B£TAEO W_27 o
. o : @) QW 30 0

El Olote _..2 ‘o i '@J “

-------- i i ? Ir N,
Lot ey B : o

g
4 N
- /7’0\ § it
st A S
&S

L _1;\‘.

!

[fo)
Q. (o
= %0'_..-, s ® i
s % i 83@'735v«—m_ : Qe/\\ w 7
\ s LB 4z o Vo,
\Eéi]l \{C“o R \\é? - ol
o A & & E
)Ir_ 3 .'r
el

SW_09

Legend
Towns

Permanent Streams
'''''''''' Perennial Streams
ICadmium mean value - surface water
below criteria
exceeds aquatic life criteria (0.006 ug/L
exceeds drinking water criteria (3 ug/L)
exceeds effluent criteria (100 ug/L) Mean Cadmium Values - Surface Water
not analysed

August 2011 Figure E-5
10 or more replicates

cCeo0eo



Kathy
Text Box
E


5 2.5 0 5 km N

SANTO DOMINGO S

®

sw 12 SW V.25
0P 1,° 7%
SW 1Tsw_a7

2 _ LA LIBERTARD o®
: o 4 ‘9 @ /SW 30 B{\ \5\
i : 5

. @
; o D, Q.
¢ “ B C . ! 3 H
W @S F33, S\,}' a@//-O{& ® i s i
‘\ IR (=28 * tonio . o £ D Lt ! :
uma e I ee sag AN lmat WL '
epenon [ o v g g Y x O F g
O F U = e : 2 ?S( N " ) Y
! . 5 3 ' | : S, QY ; O
N ~ ? i ¥ ; i on Mg )

ol
© Ei ._.—'
= : o,
— I JOXY " \9/0
o ! A
—B e % S .
e 2o N b A
w, SRS P
o i R T &
9 ) 2. ’ %
: . Q@
3 e
w5

SW_09
(@)

Legend
Towns

Permanent Streams
[ Perennial Streams
Chromium mean value - surface water
below criteria
exceeds aquatic life criteria (1 ug/L)
exceeds drinking water criteria (50 ug/L)

excesds sffluent criteria (100 ugilL) Mean Chromium Values - Surface Water
not analysed AUgUSt 2011 Figure E-6

10 or more replicates

ceo0oeo



Kathy
Text Box
E


: La Mona
< SW_01
s T ‘sw:zg.\\% X
l /0,//6 /.~q__ Sy . SW_07
S s 02 @ 5o VO 9
L N + SW 3

| s : e

e i - !
o " _SW_16 - LM\
5 Q._Qpags_?’\ SW_13 !
% ’ OS 329 x

Legend

Towns

Permanent Streams
Perennial Streams
Copper mean value - surface water

(@) below criteria

o exceeds aquatic life criteria (2 ug/L)

(] exceeds effluent criteria (500 ug/L)

(@] exceeds drinking water criteria (2000 ug/L
O not analysed

10 or more replicates

\e:g'
\‘ﬁ!‘, 7]
&y Rhy Qe
“‘?’773/.. : =i
‘@‘70 1;_\3 J
° iy
i - LL'r"’(
2 i
R0 5
o i
f% i3 ‘Ser/
%, & &
s g.}.
O
g

; 5 . ]
g - {/_770/7 ‘ ik \I« e
! &§ o \'?‘96/@ o
) 2 - e -
& oS i

4 32
o 7 @
&/ SAN PEDRO DE LOVAGO
S - = T L
Qs 35— ‘OQ \
e ""(@/5'{:
% & o
] 5 Qo & =2
S o s
B S &
; @g\j\, B L SW328 . S
\’“I'L-' - 00.‘»»-*\ - ,\__, 2
! \%_ ; [s 1
10, T Ly
i 90 T
O 4 SW_3g3 SW_37 .~
| VRS

SANTO DOMINGO W

@

§ ™,
9, y
Q | :

SANTO TOMAS
r

SW_09
(@]

Mean Copper Values - Surface Water

August 2011 Figure E-7



Kathy
Text Box
E


5

o
W, 22

| ;

L
sw_20SW'21g
%~

OsWO1

SANTO DOMINGO w

@

Yo ¥ ) 52
_ | 33 g\)" |. '3[_)/_'_,0 I‘ e.l | %
5 St Cxy B tonio .,
X - < 3 S 5 San Anio! :
Sanc e~ PR \\ B 3 §
BP0 TR TRINgINR2
i o . ; TR T 5
i SW_16 .- b i L o ) i
©. \ N _ 7 = | &R A 2, .
8" O gipesilsw_13 e S - f pedt®
o/ T gWes9 / 3_\ b, s i e
o b i LD : =13 i
i O | . l'l S e ._/' i /'f
: -‘P@ s = ,\‘D.-'“‘- .__,—o". .
. s [Te] L N A
@7:9 -&90\:3 Q. \560\4;” SAN PEDR(I)AE_)E LOVAGO i _‘(@
nfar,{? e 6@*3 G e e
; ,__O'o ) e . 47_, ., A
! % &
i 1 RS X
i i “‘\@"\Q - QQ)/

& El

Legend

Towns

Permanent Streams
'''''''''' Perennial Streams
Lead mean value - surface water
below criteria

exceeds aquatic life criteria (1 ug/L)

.'/".
QoS!

Kl

<

SW_09

exceeds drinking water criteria (10 ug/L
exceeds effluent criteria (2000 ug/L)

Mean Lead Values - Surface Water

not analysed

(O NN Neo

August 2011 Figure E-8

10 or more replicates



Kathy
Text Box
E


SANTO DOMINGO

N7 . . i 2 oy L4 ,
q, - ¢ . s
SW 16 . II\_\ ; ) - Qf& 5;
O _ ouetdl sW 13 o S . J P ;
*E\ PasJ G _ . L : 3 ) ~’D'_,. 0&\\ - ol s
s : e, { ;

.\\ ".I. = ; 3 < {DI"\. - -". .
T TS “._ ¢’ SANPEDRO DELOVAGO s,
gy J_E Y5 ‘?._C‘s/-;_
""JZQ.’O__\ 5 %j O T )
’ A &
e -.OO O
[} ] | \ 2 . Q\;\o'
b ’ o < P
3 i g R Y
\% d /r.’x Fio J
2 3 o : w28 :£
% 2T e, SW_3B TG, — 5
oY E o .
2

Legend

coeeo

Mercury mean value - surface water

Towns

Permanent Streams
Perennial Streams

below criteria

exceeds aquatic life criteria (0.026 ug/L
exceeds effluent criteria (2 ug/L)
exceeds drinking water criteria (6 ug/L)

not analysed

SW_09

Mean Mercury Values - Surface Water

August 2011 Figure E-9

10 or more replicates



Kathy
Text Box
E


SANTO DOMINGO
® S

5 2.5 0
Il N
w E
7R

La_l\(lona

swot S -

T Sw.34 R : ; .
a0 S & o ’
5 “._ . SANPEDRO DE LOVAGO (e :
- RBon I

g % 2
L, =t S s
\607 | ':-I 6 i - Q. 4
. a,z,] o \j = b __};35, A @/«\
T _g :I ~/O & b
,_%: ' \Q @ § i :
i j SR\ SRR ¢
5 T E: \>"-I.-l (g)l ! i
Ry 5 o e SW28 :
12 AT e, SW_36 b B
Lo ! S - YO T B
v‘oﬂ,’ A 9(// l'.l -, ’:_’d_,: L SW_Og
T % / sSwW_3 SW1 7
Legend
Towns
Permanent Streams
E— Perennial Streams
[Manganese mean value - surface water
(0] below criteria
(@) exceeds drinking water criteria (500 ug/L
(] exceeds effluent criteria (2000 ug/L) Mean Manganese Values - Surface Water
0] not analysed August 2011 Figure E-10
10 or more replicates



Kathy
Text Box
E


5 2.5 0 5km N

w E

SANTO DOMINGO

JET
La Mona A “"ElPeru Trib
1 e
. I: 'If' 6\/ Q\Jr
. @ O sw_20SW2lgyy 5o 4/‘@?-.05(;“
ey, & Sg® 7 esiar O o
E S . | SW_08 3w 19
, 0. : .. Swﬁw_%swﬁ
P ST S e
Jet o~ [ A ) SW_175y o7
i = 1 L T s

Ly B fgw é3 oy i ap('fol(ef
- \@_ Vel 4 cE i >
uma L B o e 4
gipenon.. [T o g e SWI32
. o S ) g i
7t ! o \
T AN oy N
s &
i @ ) J Q B
g1 postal SW_13 —

SW39 /.,

5 g R __.-\,i' ‘/) X . &
T Sw.34 Do Pt &
R} e S e y
G, N % g . &/ SANPEDRO DE LOVAGO i i |
\amal’,;}) \\H 5 .'i fi @ 7,_35/— xx_,’/h E %/..\
i, @ ! J ROASY
B/ _ _“"%] ’\@: o -\:6\
@ LLIJJ.: I ...\“\\'b '\Q.‘/""'\ 8 QQ:/' \:é
.\__% j | B & o)
i 5 e L S\\/N o8 12
:.% TN e SW_36 s . o
% & i (//9,_0_9.¢~1f? ey
T gi o % I iz
& L%, L SW_09
g b % © SW_3gy SW 37 -
s

Legend
Towns

Permanent Streams
'''''''''' Perennial Streams
Silver mean value - surface water
below criteria

exceeds aquatic life criteria (0.1 ug/L
exceeds effluent criteria (200 ug/L) Mean Silver Values - Surface Water

not analysed August 2011 Figure E-11

10 or more replicates

ceeo



Kathy
Text Box
E


5 2.5 0 5km N

A, SANTO DOMINGO W E
Sl ®
/El’Be'rq_T\r\lb N

"'\.'(-..
Q! : Lo
/ : _SW 97 w_20SWL. 21svv 3
ngy V109, s @ WO’I OQ
~~Y SW_02 porery g
T SW_ 03 SW_25
S O 108
(SR ETW s &Qﬁﬁ %
T LB e sw 1
NS L LA LIB‘J’A—EQ @Sggvzgo \s\d‘oE
El Olote O e @ (P Sa“
| r\ - " ":.3 /. 5 :
4 ] E.O —R .. i
i 'ISWé \g\“}f | C—@Q//‘o}() I?‘K) w1 Ye \-.'ood/' ;
L . - .r'T Y E\ T " ﬂ\o | 0@0\ S @ .
uma ' N, e é Y “\“(\ S 32 san ANO 4 H_’{“‘é & AR
EIPenOR... @ W TGl g SV j : ny . &
.') Q?; e -‘\ 4 ‘n_ﬁl = y 5 AQg i 4 i 3
) (h\\ N E % q 9’293__J # .___\4_% B 5T b@%-'{
o e:d__ 5 SW_16 \x\ _;" &{\Q N — \._’“9\9{/ “r_";" Q%,
3 QE\ pastal SW_13 B RN & oy e W
£ ., e g _‘.n’ | A\QJ’ 0& ; i
-S 9 i & . 4 )]
o 7 \ 58 ' 2 ; 3
= ; . ® T &

: 2 é@ R '\{(9 4
| Pay, Wy S 38— 7 YA
sy —\\.g\i \\.\/?O \éy = o
ay R S =
3 r T § 2
[V} % \ o)
L o 2
= : e / e
2 T e, SW_36 R N
: L Y, . -
(a H 5 i lo Q/\%o’ 2 :
e : 7o) : drt
4 %, ; st & SW_09
gt % SW_3gy, SW_37 - o

Legend
Towns

Permanent Streams
'''''''''' Perennial Streams
Zinc mean value - surface water
below criteria
exceeds aquatic life criteria (30 ug/L)
exceeds effluent criteria (1000 ug/L)

exceeds drinking water criteria (3000 ug/L

coeeo

Mean Zinc Values - Surface Water
not analysed -
10 or more replicates August 2011 Figure E-12



Kathy
Text Box
E


5 2.5 0 5 km
N

w E

SANTO DOMINGO

"
Sw_ 208W321sw, 5t
Aswm b &

Y SW. L sw_os
A - \ —
5 0 gASW 03 )SW 1QSW 123W{233W 24
i e \,‘_\_ g SW 04\
N wﬁsw 17 -

W N W27 ol
6 , \Q W 30 a“\s\d‘

....... te .2 | (° @LALIB?RTAD 2

Sy 5 ; :
! @ Q Mo, ;
: ~ N 4 q_/7 1 B X
i ‘ T = 2> i o il 05
| b - = - e
3" e & & § % 4 e g pedted
o g ,.fJ @e |

2 Vol o
S “\_ &/ SANPEDRO DE LOVAGO \
Ea 2. = " (Q 4
: SOFE Q@yss — Q.
: Ei-E 7 = Y
T <: %,l 3 ‘% ”‘__‘Q =
S (N _ >
\'. % J Y \\)?/ i ‘ 3%’;
\% L. U j’}“‘——ﬂ\ i / %
% . L __ SW.28 ) 15
2, ; 0 s SW_36 3 Sl e
: p:it S o8 L]
3 g ,:xl [ A ?/\%JO ey p
i Fi o Y [
5 2, SW_09
T \, s, i
Q& % A

Legend
Towns

Permanent Streams
"""""""" — Perennial Streams

Arsenic mean value - sediment
A below criteria Mean Arsenic Values - Sediment
A exceeds aquatic life criteria (5900 ug/L August 2011 Figure E-13
AN not analysed



Kathy
Text Box
E


5 2.5 0 5 km
N

w E

SANTO DOMINGO

"
Sw_ 208W321sw, 5t
Aswm b &

Y SW. L sw_os
N - \ —
e T gASW 03 ASW 1QSW 123W{233W 24
i e \,‘_\_ g SW 04\
N wﬁsw 17 -

T N w27 o
- - K. W_30 a“\s\d‘

....... te .2 | (° @LALIB%RTAD 2

Sy : ; RGE :
! o : Mo, A f‘
5 3 55 Q9 (<) i
IoF S o v &) ! N ] %%, 52
o p . 24 sl eQO
g' . & &® 3 3 ® - P pedred
o - Qs i K i

N § 00t it
% 2 “_ &>’ SAN PEDRO DE LOVAGO 2
‘:r = , QQ = s A .\?
\ \"L, '__.- | .',.B@ 35— . C:g =
\ | > ey
& N A i @/é :
— B -z %,
=1 OO _ J’
Y . i “ «@’_4}_ L b
'% - . N ; =
& 3 | 5 : '8
% i Pl e SW/EB -
% T e SW_36 g Tl PESEEI a
: ‘o, -
% ~ /5 ."l [ J o ?/\%09\ e, B nals)
: Fi o "% [
7/ T SW_09
Q‘v.." y wS‘,é 5 A

Legend
Towns

Permanent Streams

"""""""" — Perennial Streams

Lead mean value - sediment
A below criteria Mean Lead Values - Sediment
A exceeds aquatic life criteria (35,000 ug/L August 2011 Figure E-14
AN not analysed



Kathy
Text Box
E


5 2.5 0 5 km
N

w E

SANTO DOMINGO

"
Sw_ 208W321sw, 5t
Aswm b &

Y SW. L sw_os
N - \ —
e T gASW 03 )SW 1QSW 123W{233W 24
i e \,‘_\_ g SW 04\
N wﬁsw 17 -

W N W27 ol
6 , \Q W 30 a“\s\d‘

....... te .2 | (° @LALIB%RTAD 2

Sy 5 ; :
! @ Q Mo, ;
: ~ N 4 q_/7 1 B X
i ‘ T = 2> i o il 05
| b - = - e
3" e & & § % 4 e g pedted
o g ,.fJ @e |

2 Vol o
S “\_ &/ SANPEDRO DE LOVAGO \
Ea 2. = " (Q 4
: SOFE Q@yss — Q.
: Ei-E A7 = Y
T <: %,l 3 ‘% ”‘__‘Q =
S (N _ >
\'. % J Y \\)?/ i ‘ 3%’;
\% L. U j’}“‘——ﬂ\ i / %
% . L __ SW.28 ) 15
2, ; 0 s, SW_36 3 Sl e
: p:it S o L]
3 g ,:xl [ A ?/\%JO ey p
i Fi o Y [
5 2, SW_09
T \, s, i
Q& % A

Legend
Towns

Permanent Streams

"""""""" — Perennial Streams

IMercury mean value - sediment
A below criteria Mean Mercury Values - Sediment
A exceeds aquatic life criteria (170 ug/L AUQUSt 2011 Figure E-15
AN not analysed



Kathy
Text Box
E


187

Appendix F
Surface Water Mean Results (n210) over
Time



Figure F-1. Surface Water Mean Results (n>10) vs Time

Note: Repeated figures to the right of the page show results with one or two greatest outliers removed in order to see trends more clearly.
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Appendix G
Benthic Invertebrate Results



Table G-1. Benthic Invertebrate Results by Family

Site Code CALO1 CARO1 HOYO01 MICO1 MIC02 MICO7 MIC08 MICO09
Sampling Method kick net | kick net | kick net | Eckman kick net Van Veen Van Veen Eckman | kick net | Eckman | kick net | Van Veen | Eckman | kick net
Sample Date 07/02/06 | 09/02/06 | 05/02/06 | 30/04/07 | 07/02/06 | 29/09/06 | 25/06/95 | 05/05/06 | 31/10/05 | 05/05/06 | 01/09/06 | 08/02/07 [ 01/09/06 | 06/02/06 | 25/06/95 | 01/09/06 | 09/02/06
Phylum Class Order Family count count count | count/m® | count count | count/m? | count/m? | count/m? | count/m? | count/m? | count | count/m? | count | count/m? | count/m? | count
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida - - - - - - - - - - - - - - - - -
Clitellata Haplotaxida Naididae - - - - - - 22 - - - - - - - - - -
Tubificidae - - - 65 - - 131 - - - - - 164 - 44 - -
Rhynchobdellida Glossiphoniidae - - - - - - - - - - - - - - - - -
Suborder Hirudinea | Hirudinea - 8 - - - - - - - - - 4 - - - - 2
Oligochaeta Oligochaeta Oligochaeta - - - - - 1 - - - - - 1 - - - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group - - - - - - - - - - 11 - - - - - -
Arthropoda Arthropoda Arthropoda - - - - - - - - - - - - - - - - -
Insecta Coleoptera Coleoptera 5 5 2 - - - - - - - - 3 - - - - -
Elmidae 8 2 1 11 2 - - - - 11 - 1 - - - - -
Muscidae - - - - - - - - - - - - - - R - i,
Psephenidae 2 3 - - 1 - - - - - - - - - R - i,
Diptera Ceratoppogonidae - - - - - - 33 - - 174 - - - - 22 - -
Chironomidae - 1 - 1657 - - 469 - 22 512 - 1 22 3 1515 4 27
Diptera - - - - - - - - - - - - 11 - - 4 -
Ephydridae - - - - - - - - - - - - - - R - -
Nymphomiidae - - - - - - 44 - - - - - - - 87 - -
Simuliidae 63 5 6 - - 4 - - - - - 1 - 4 - 7 40
Ephemeroptera Baetidae - - - - - - - - - - - - - R R 7 -
Leptoplebiidae - - - - - - - - - - - - - - R - i
Tricorythidae - - - - - - - - - - - - - - - 7 -
Hemiptera Hemiptera - - - - - - - - - - - - - - R - .
Megaloptera Corydalidae 8 1 7 - 7 - - - - - - 4 - 2 - - 4
Megaloptera - - - - - 12 - - - - - - - - - - -
Microsepta grp Microsepta - - - - - - - - - - - - - - R - .
Odonata Aeshnidae - - - - - - - - - - - - - - R - -
Caenagrionidae - - - - - - - - - - - - - - R - i
Gomphidae - - - - - - - - - - - - - - 33 - -
Suborder Anisoptera 2 - - - 1 5 - - - - - 4 - - - - -
Suborder Zygoptera 16 3 17 - 1 - - - - - - 1 - - - - 4
Plecoptera Perlidae 2 1 - - 1 - - - - - - 1 - - - - -
Plecoptera - - - - - - - - - - - - - - R - -
Subclass Ostracoda | Ostracoda - - - - - - - - - - - - 11 - - - R
Trichoptera Hidropsychidae - 4 1 - 1 - - - - - - 1 - - - - 2
Trichoptera 19 8 52 - 24 44 - - - - - 8 - 29 - 4 33
Mollusca Gastropoda Gastropoda Gastropoda 1 2 - - - - - - - - 11 32 - - - - -
Pelecypoda Pelecypoda Pelecypoda - - - - - - - 131 - 44 - - - - - - -
Nematoda | Nematoda Nematoda Nematoda - - - - - - - - - 11 11 - 11 - - - -
Total Count of Individuals 126 43 86 1733 38 66 699 131 22 752 33 62 219 38 1701 33 112
Total Count of Families 10 12 7 3 8 5 5 1 1 5 3 13 5 4 5 6 7
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Table G-1. Benthic Invertebrate Results by Family

Site Code MIC10 MIGO1 MONO1 MONO2 MUHO01 P1J01 SIQO01 SIQ02 SUCO01 SUC02 SUCO03
Sampling Method Eckman | kick net | kick net | Eckman | kick net | Van Veen | Van Veen | kick net | Eckman | Van Veen | kick net | Van Veen | Van Veen | kick net | Van Veen | kick net | kick net
Sample Date 01/09/06 | 25/11/05 | 07/02/06 | 30/04/07 | 07/02/06 | 05/05/06 31/10/05 | 25/11/05 | 30/04/07 | 05/05/06 | 21/11/05 | 25/06/95 25/06/95 | 21/11/05 | 25/06/95 | 08/02/06 | 08/02/06
Phylum Class Order Family count/m? | count count | count/m® | count | count/m? | count/m® | count | count/m? | count/m® | count | count/m? | count/m? | count | count/m? | count/m?| count
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida - - - - - - - - - - - 44 - - - - -
Clitellata Haplotaxida Naididae - - - - - - - - - - - 174 22 - 87 - -
Tubificidae 4 - - - - - - - 11 22 - 185 44 - - - -
Rhynchobdellida Glossiphoniidae - - - - - 22 - - - - - 88 44 - - - -
Suborder Hirudinea | Hirudinea - - 3 - - - - - - - - - - - - 6 3
Oligochaeta Oligochaeta Oligochaeta - 1 - - - - - 1 - - - - - - - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group 4 - - - - - - - - - - - - - - - -
Arthropoda Arthropoda Arthropoda - - - - - - - - - - - - - - - - -
Insecta Coleoptera Coleoptera - 1 - - - - - - - - - - - - - 1 -
Elmidae 4 1 1 - - - - 2 - - 4 - - - - 6 1
Muscidae - - - - - - - - - - - - - - - - -
Psephenidae - - 2 - - - - 1 - - 4 - - - - 2 1
Diptera Ceratoppogonidae - - - - - - - - - - - 22 44 - 109 - -
Chironomidae 14 - - 11 6 - 110 3 - - - 283 3411 1 3477 - 1
Diptera 18 - - - - - - - - - - - - - R - -
Ephydridae - - - - - - - - - - - - - - 44 - -
Nymphomiidae - - - - - - - - - - - 316 599 - 98 - -
Simuliidae - - 3 - 6 - - 5 - - 5 - - 2 - 5 1
Ephemeroptera Baetidae 43 - - - - - - - - - - - - - R R -
Leptoplebiidae 90 - - - - - - - - - - - - - R R i
Tricorythidae 229 - - - - - - - - - - - - - R R i
Hemiptera Hemiptera 39 - - - - - - - - - - - - - - R -
Megaloptera Corydalidae - - 1 - 5 - - 4 - - - - - - - 1 -
Megaloptera - - - - - - - - - - - - - - - - -
Microsepta grp Microsepta - - - - - - 11 - - - - - - - - - -
Odonata Aeshnidae - - - - - - - - - - - - 11 - 185 R -
Caenagrionidae - - - - - - - - - - - - 44 - - - -
Gomphidae - - - - - - - - - - - - - - R - i
Suborder Anisoptera - 1 1 - - - - 1 - - 1 - - - - - 2
Suborder Zygoptera - 6 1 - 1 - - 2 - - 7 - - 1 - 1 2
Plecoptera Perlidae - - - - - - - - - - - - - - - 8 6
Plecoptera 4 - - - - - - - - - - - - - R R -
Subclass Ostracoda | Ostracoda - - - - - - 11 - - - - - - - - - -
Trichoptera Hidropsychidae 43 2 1 - 2 - - - - - - - - - - 1 -
Trichoptera 54 12 67 - 35 - - 17 - - 3 - - 1 - 14 9
Mollusca Gastropoda Gastropoda Gastropoda 4 - - - - - - - - - - - - - - - -
Pelecypoda Pelecypoda Pelecypoda - - - - - - - - - 33 - - - - - - -
Nematoda | Nematoda Nematoda Nematoda 4 - - - - - 65 - - - - - - - - - -
Total Count of Individuals 554 24 80 11 55 22 197 36 11 55 24 1112 4219 5 4000 45 26
Total Count of Families 14 7 9 1 6 1 4 9 1 5 6 7 8 4 6 10 9
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Table G-1. Benthic Invertebrate Results by Family

Site Code VICO1
Sampling Method Eckman Van Veen
Sample Date 30/04/07 | 31/10/05 | 05/05/06
Phylum Class Order Family count/m? | count/m? | count/m?
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida - - -
Clitellata Haplotaxida Naididae - - -
Tubificidae - - -
Rhynchobdellida Glossiphoniidae - - -
Suborder Hirudinea | Hirudinea - - -
Oligochaeta Oligochaeta Oligochaeta - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group - - -
Arthropoda Arthropoda Arthropoda - 11 -
Insecta Coleoptera Coleoptera - - -
Elmidae - - 11
Muscidae 44 - -
Psephenidae - - -
Diptera Ceratoppogonidae - - -
Chironomidae 11 44 -
Diptera - - -
Ephydridae - - -
Nymphomiidae - - -
Simuliidae - - -
Ephemeroptera Baetidae - - -
Leptoplebiidae - - -
Tricorythidae - - -
Hemiptera Hemiptera - - -
Megaloptera Corydalidae - - -
Megaloptera - - -
Microsepta grp Microsepta - - -
Odonata Aeshnidae - - -
Caenagrionidae - - -
Gomphidae - - -
Suborder Anisoptera - - -
Suborder Zygoptera - - -
Plecoptera Perlidae - - -
Plecoptera - - -
Subclass Ostracoda | Ostracoda - - -
Trichoptera Hidropsychidae - - -
Trichoptera - - -
Mollusca Gastropoda Gastropoda Gastropoda - - -
Pelecypoda Pelecypoda Pelecypoda - - 11
Nematoda | Nematoda Nematoda Nematoda - 11 -
Total Count of Individuals 55 66 22
Total Count of Families 2 3 2
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Table G-2. Benthic Invertebrate Results by Species
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Site Code CALO1 CARO1 HOYO01 MICO01 MIC02 MICO7 MIC08
Sampling Method | kick net | kick net | kick net | Eckman kick net Van Veen Van Veen Eckman | kick net | Eckman | kick net | Van Veen
Sample Date | 07/02/06 | 09/02/06 | 05/02/06 | 30/04/07 | 07/02/06 | 29/09/06 | 25/06/95 05/05/06 | 31/10/05 | 05/05/06 | 01/09/06 | 08/02/07 | 01/09/06 | 06/02/06 | 25/06/95
Phylum Class Order Family Species count count count | count/m? | count count | count/m? | count/m® | count/m? | count/m? | count/m? | count | count/m? | count | count/m?
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida Branchiobdellida sp - - - - - - - - - - - - - - -
Clitellata Haplotaxida Naididae Nais communis - - - - - - 22 - - - - - - - -
Tubificidae Limnodrilus sp - - - 65 - - 131 - - - - - 164 - 44
Rhynchobdellida Glossiphoniidae Placobdella parasitica - - - - - - - - - - - - - - -
Placobdella sp - - - - - - - - - - - - - i, R
Suborder Hirudinea | Hirudinea Hirudinea sp - 8 - - - - - - - - - 4 - - -
Oligochaeta Oligochaeta Oligochaeta Oligochaeta sp - - - - - 1 - - - - - 1 - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group Hydracarina sp - - - - - - - - - - 11 - - - -
Arthropoda Arthropoda Arthropoda Arthropoda sp - - - - - - - - - - - - - - -
Insecta Coleoptera Coleoptera Coleoptera sp 5 5 2 - - - - - - - - 3 - - -
Elmidae Elmidae sp 8 2 1 11 2 - - - - 11 - 1 - - -
Lara sp - - - - - - - - - - - - - - -
Muscidae Limnophora sp - - - - - - - - - - - - - - R
Psephenidae Psephenidae sp 2 3 - - 1 - - - - - - - - - R
Diptera Ceratoppogonidae Bezzia sp. - - - - - - 33 - - - - - - - 22
Culicoides sp - - - - - - - - - 174 - - - - -
Chironomidae Chironomidae sp - 1 - 1657 - - - - 22 512 - 1 - 3 -
Chironomus sp - - - - - - - - - - - - 11 - -
Coelotanypus concinnus - - - - - - 33 - - - - - - - 240
Coelotanypus sp - - - - - - - - - - - - 11 - -
Cricotopus sp - - - - - - - - - - - - - - R
Cryptochironomus sp - - - - - - - - - - - - - R _
Dicrotenidipes sp - - - - - - - - - - - - - - R
Glyptontenidpes sp - - - - - - - - - - - - - - R
Lenziella sp. - - - - - - - - - - - - i i 65
Ortocladius sp - - - - - - - - - - - - - - R
Paracladopelma sp - - - - - - 33 - - - - - - - -
Polypedilum sp - - - - - - 174 - - - - - - - 698
Procladius sp - - - - - - 185 - - - - - - - 360
Rheotanytarsus sp - - - - - - - - - - - - - - R
Stictochironoms sp - - - - - - - - - - - - - - -
Tanytarsus sp - - - - - - - - - - - - - - -
Xenochironomus xenolabis - - - - - - 44 - - - - - - - 152
Diptera Diptera sp - - - - - - - - - - - - 11 - -




Site Code CALO1 CARO1 HOYO01 MICO01 MIC02 MICO7 MIC08
Sampling Method | kick net | kick net | kick net | Eckman kick net Van Veen Van Veen Eckman | kick net | Eckman | kick net | Van Veen
Sample Date | 07/02/06 | 09/02/06 | 05/02/06 | 30/04/07 | 07/02/06 | 29/09/06 | 25/06/95 05/05/06 | 31/10/05 | 05/05/06 | 01/09/06 | 08/02/07 | 01/09/06 | 06/02/06 | 25/06/95
Phylum Class Order Family Species count count count | count/m? | count count | count/m? | count/m® | count/m? | count/m? | count/m? | count | count/m? | count | count/m?
Ephydridae Notophilia sp - - - - - - - - - - - - - - -
Nymphomiidae Palaeopdipteron walkeri - - - - - - 44 - - - - - - - 87
Simuliidae Simuliidae sp 63 5 6 - - 4 - - - - - 1 - 4 -
Simulium sp - - - - - - - - - - - - - _ R
Ephemeroptera Baetidae Baetodes sp - - - - - - - - - - - - - - -
Dactilobaetis sp - - - - - - - - - - - - - - R
Leptoplebiidae Paraleptophlebia sp - - - - - - - - - - - - - - -
Traverella sp - - - - - - - - - - - - - i, R
Tricorythidae Tricorythodes sp - - - - - - - - - - - - - - -
Hemiptera Hemiptera Hemiptera sp - - - - - - - - - - - - - - -
Megaloptera Corydalidae Corydalidae sp 8 1 7 - 7 - - - - - - 4 - 2 -
Megaloptera Megaloptera sp - - - - - 12 - - - - - - - - -
Microsepta Group Microsepta Microsepta sp - - - - - - - - - - - - - - -
Odonata Aeshnidae Aeshna marchali - - - - - - - - - - - - - - R
Anax amazili - - - - - - - - - - - - - - -
Caenagrionidae Argia sp. - - - - - - - - - - - - - - R
Gomphidae Phyllogomphoides sp - - - - - - - - - - - - - - 33
Suborder Anisoptera | Anisoptera sp 2 - - - 1 5 - - - - - 4 - - R
Suborder Zygoptera | Zygoptera sp 16 3 17 - 1 - - - - - - 1 - - -
Plecoptera Perlidae Perlidae sp 2 1 - - 1 - - - - - - 1 - - -
Plecoptera Plecoptera sp - - - - - - - - - - - - . R
Subclass Ostracoda | Ostracoda Ostracoda sp - - - - - - - - - - - - 11 - R
Trichoptera Hidropsychidae Hidropsyche sp - 4 1 - 1 - - - - - - 1 - - -
Trichoptera Trichoptera sp 19 8 52 - 24 44 - - - - - 8 - 29 -
Mollusca Gastropoda Gastropoda Gastropoda Gastropoda sp 1 2 - - - - - - - - 11 32 - - -
Pelecypoda Pelecypoda Pelecypoda Pelecypoda sp - - - - - - - 131 - 44 - - - - -
Nematoda | Nematoda Nematoda Nematoda Nematoda sp - - - - - - - - - 11 11 - 11 - R
Total Count of Individuals 126 43 86 1733 38 66 699 131 22 752 33 62 219 38 1701
Total Count of Species 10 12 7 3 8 5 9 1 1 5 3 13 6 4 9
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Table G-2. Benthic Invertebrate Results by Species

Site Code MICO09 MIC10 MIGO1 MONO1 MONO02 MUHO1 P1J01 SIQO01
Sampling Method | Eckman | kick net Eckman | kick net | kick net | Eckman | kick net | Van Veen | Van Veen | kick net | Eckman | Van Veen | kick net | Van Veen
Sample Date | 01/09/06 | 09/02/06 | 01/09/06 | 25/11/05 | 07/02/06 | 30/04/07 | 07/02/06 | 05/05/06 31/10/05 | 25/11/05 | 30/04/07 05/05/06 | 21/11/05 | 25/06/95
Phylum Class Order Family Species count/m® | count | count/m® | count count | count/m?| count | count/m® | count/m® | count | count/m? | count/m® | count | count/m?
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida Branchiobdellida sp - - - - - - - - - - - - - 44
Clitellata Haplotaxida Naididae Nais communis - - - - - - - - - - - - - 174
Tubificidae Limnodrilus sp - - 4 - - - - - - - 11 22 - 185
Rhynchobdellida Glossiphoniidae Placobdella parasitica - - - - - - - - - - - - - 44
Placobdella sp - - - - - - - 22 - - - - - 44
Suborder Hirudinea | Hirudinea Hirudinea sp - 2 - - 3 - - - - - - - - R
Oligochaeta Oligochaeta Oligochaeta Oligochaeta sp - - - 1 - - - - - 1 - - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group Hydracarina sp - - 4 - - - - - - - - - - -
Arthropoda Arthropoda Arthropoda Arthropoda sp - - - - - - - - - - - - - -
Insecta Coleoptera Coleoptera Coleoptera sp - - - 1 - - - - - - - - - -
Elmidae Elmidae sp - - 4 1 1 - - - - 2 - - 4 -
Lara sp - - - - - - - - - - - - - -
Muscidae Limnophora sp - - - - - - - - - - - - - -
Psephenidae Psephenidae sp - - - - 2 - - - - 1 - - 4 -
Diptera Ceratoppogonidae Bezzia sp. - - - - - - - - - - - ; ; 22
Culicoides sp - - - - - - - - - - - - - -
Chironomidae Chironomidae sp - 27 - - - 11 6 - - 3 - - - -
Chironomus sp - - - - - - - - - - - - - -
Coelotanypus concinnus - - - - - - - - - - - - - 33
Coelotanypus sp - - - - - - - - - - - - - -
Cricotopus sp - - - - - - - - - - - - - -
Cryptochironomus sp - - 7 - - - - - - - - - - -
Dicrotenidipes sp - - - - - - - - - - - - - -
Glyptontenidpes sp - - - - - - - - - - - - - -
Lenziella sp. - - - - - - - - - - - - i i
Ortocladius sp - - - - - - - - 33 - - - - -
Paracladopelma sp - - - - - - - - - - - - - 11
Polypedilum sp - - - - - - - - - - - - - 109
Procladius sp - - - - - - - - - - - - - 65
Rheotanytarsus sp - - 7 - - - - - 44 - - - - -
Stictochironoms sp - - - - - - - - - - - - B, B,
Tanytarsus sp 4 - - - - - - - 33 - - - - -
Xenochironomus xenolabis - - - - - - - - - - - - - 65
Diptera Diptera sp 4 - 18 - - - - - - - - - - -
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Site Code MICO09 MIC10 MIGO1 MONO1 MONO02 MUHO1 P1J01 SIQO01
Sampling Method | Eckman | kick net Eckman | kick net | kick net | Eckman | kick net | Van Veen | Van Veen | kick net | Eckman | Van Veen | kick net | Van Veen
Sample Date | 01/09/06 | 09/02/06 | 01/09/06 | 25/11/05 | 07/02/06 | 30/04/07 | 07/02/06 | 05/05/06 31/10/05 | 25/11/05 | 30/04/07 05/05/06 | 21/11/05 | 25/06/95
Phylum Class Order Family Species count/m® | count | count/m® | count count | count/m?| count | count/m® | count/m® | count | count/m? | count/m® | count | count/m?
Ephydridae Notophilia sp - - - - - - - - - - - - - -
Nymphomiidae Palaeopdipteron walkeri - - - - - - - - - - - - - 316
Simuliidae Simuliidae sp - 40 - - 3 - 6 - - 5 - - 5 -
Simulium sp 7 - - - - - - - - - - - - -
Ephemeroptera Baetidae Baetodes sp 7 - 14 - - - - - - - - - - R
Dactilobaetis sp - - 29 - - - - - - - - - - -
Leptoplebiidae Paraleptophlebia sp - - 61 - - - - - - - - - - -
Traverella sp - - 29 - - - - - - - - - - -
Tricorythidae Tricorythodes sp 7 - 229 - - - - - - - - - - -
Hemiptera Hemiptera Hemiptera sp - - 39 - - - - - - - - - - -
Megaloptera Corydalidae Corydalidae sp - 4 - - 1 - 5 - - 4 - - - -
Megaloptera Megaloptera sp - - - - - - - - - - - - - -
Microsepta Group Microsepta Microsepta sp - - - - - - - - 11 - - - - -
Odonata Aeshnidae Aeshna marchali - - - - - - - - - - - - - -
Anax amazili - - - - - - - - - - - - - -
Caenagrionidae Argia sp. - - - - - - - - - - - - - -
Gomphidae Phyllogomphoides sp - - - - - - - - - - - - - -
Suborder Anisoptera | Anisoptera sp - - - 1 1 - - - - 1 - - 1 -
Suborder Zygoptera | Zygoptera sp - 4 - 6 1 - 1 - - 2 - - 7 -
Plecoptera Perlidae Perlidae sp - - - - - - - - - - - - - -
Plecoptera Plecoptera sp - - 4 - - - - - - - - - - -
Subclass Ostracoda | Ostracoda Ostracoda sp - - - - - - - - 11 - - - - -
Trichoptera Hidropsychidae Hidropsyche sp - 2 43 2 1 - 2 - - - - - - -
Trichoptera Trichoptera sp 4 33 54 12 67 - 35 - - 17 - - 3 -
Mollusca Gastropoda Gastropoda Gastropoda Gastropoda sp - - 4 - - - - - - - - - - -
Pelecypoda Pelecypoda Pelecypoda Pelecypoda sp - - - - - - - - - - - 33 - -
Nematoda | Nematoda Nematoda Nematoda Nematoda sp - - 4 - - - - - 65 - - - - -
Total Count of Individuals 33 112 554 24 80 11 55 22 197 36 11 55 24 1112
Total Count of Species 6 7 17 7 9 1 6 1 6 9 1 2 6 12
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Table G-2. Benthic Invertebrate Results by Species

Site Code SIQ02 SUCO01 SUC02 SUCO03 VICO1
Sampling Method | Van Veen | kick net | Van Veen | kick net | kick net | Eckman Van Veen

Sample Date | 25/06/95 | 21/11/05 | 25/06/95 08/02/06 | 08/02/06 | 30/04/07 31/10/05 | 05/05/06

Phylum Class Order Family Species count/m® | count | count/m? | count/m? | count | count/m? | count/m? | count/m?
Annelida Branchiobdellida | Branchiobdellida Branchiobdellida Branchiobdellida sp - - - - - - - -
Clitellata Haplotaxida Naididae Nais communis 22 - 87 - - - - -
Tubificidae Limnodrilus sp 44 - - - - - - -
Rhynchobdellida Glossiphoniidae Placobdella parasitica - - - - - - - -
Placobdella sp 44 - - - - - - -
Suborder Hirudinea | Hirudinea Hirudinea sp - - - 6 3 - - -
Oligochaeta Oligochaeta Oligochaeta Oligochaeta sp - - - - - - - -
Arthropoda | Arachnida Trombidiformes Hydracarina group Hydracarina sp - - - - - - - -
Arthropoda Arthropoda Arthropoda Arthropoda sp - - - - - - 11 -
Insecta Coleoptera Coleoptera Coleoptera sp - - - 1 - - - -
Elmidae Elmidae sp - - - 6 1 - - -
Lara sp - - - - - - - 11
Muscidae Limnophora sp - - - - - a4 - -
Psephenidae Psephenidae sp - - - 2 1 - - -
Diptera Ceratoppogonidae Bezzia sp. 44 - 109 - - - - -
Culicoides sp - - - - - - - R
Chironomidae Chironomidae sp - 1 - - 1 11 - -
Chironomus sp - - - - - - - -
Coelotanypus concinnus - - - - - - - -
Coelotanypus sp - - - - - - - R
Cricotopus sp - - - - - - 44 -
Cryptochironomus sp - - 316 - - - - -
Dicrotenidipes sp 272 - 480 - - - - -
Glyptontenidpes sp - - 534 - - - - R
Lenziella sp. - - 240 - - - - -
Ortocladius sp - - - - - - - -
Paracladopelma sp - - - - - - - -
Polypedilum sp 2463 - 1221 - - - - -
Procladius sp 523 - 523 - - - - -
Rheotanytarsus sp - - - - - - - -
Stictochironoms sp 44 - - - - - - -
Tanytarsus sp - - - - - - - -
Xenochironomus xenolabis 109 - 163 - - - - -
Diptera Diptera sp - - - - - - - -
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Site Code SIQ02 SUCO01 SUC02 SUCO03 VICO1
Sampling Method | Van Veen | kick net | Van Veen | kick net | kick net | Eckman Van Veen
Sample Date | 25/06/95 | 21/11/05 | 25/06/95 08/02/06 | 08/02/06 | 30/04/07 31/10/05 | 05/05/06
Phylum Class Order Family Species count/m® | count | count/m? | count/m? | count | count/m? | count/m? | count/m?

Ephydridae Notophilia sp - - 44 - - - - -

Nymphomiidae Palaeopdipteron walkeri 599 - 98 - - - - -

Simuliidae Simuliidae sp - 2 - 5 1 - - -

Simulium sp - - - - - - - -

Ephemeroptera Baetidae Baetodes sp - - - - - - - -

Dactilobaetis sp - - - - - - - -

Leptoplebiidae Paraleptophlebia sp - - - - - - - -

Traverella sp - - - - - - - -

Tricorythidae Tricorythodes sp - - - - - - - -

Hemiptera Hemiptera Hemiptera sp - - - - - - - -

Megaloptera Corydalidae Corydalidae sp - - - 1 - - - -

Megaloptera Megaloptera sp - - - - - - - -

Microsepta Group Microsepta Microsepta sp - - - - - - - -

Odonata Aeshnidae Aeshna marchali - - 185 - - - - -

Anax amazili 11 - - - - - - -

Caenagrionidae Argia sp. 44 - - - - - - -

Gomphidae Phyllogomphoides sp - - - - - - - R

Suborder Anisoptera | Anisoptera sp - - - - 2 - - -

Suborder Zygoptera | Zygoptera sp - 1 - 1 2 - - -

Plecoptera Perlidae Perlidae sp - - - 8 6 - - -

Plecoptera Plecoptera sp - - - - - - - -

Subclass Ostracoda | Ostracoda Ostracoda sp - - - - - - - -

Trichoptera Hidropsychidae Hidropsyche sp - - - 1 - - - -

Trichoptera Trichoptera sp - 1 - 14 9 - - -

Mollusca Gastropoda Gastropoda Gastropoda Gastropoda sp - - - - - - - -
Pelecypoda Pelecypoda Pelecypoda Pelecypoda sp - - - - - - - 11

Nematoda | Nematoda Nematoda Nematoda Nematoda sp - - - - - - 11 -
Total Count of Individuals 4219 5 4000 45 26 55 66 22
Total Count of Species 12 4 12 10 9 2 3 2
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