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ABSTRACT  

  

  

The Nogales International Wastewater Treatment Plant releases treated 

wastewater from both Nogales, Arizona and Nogales, Sonora, Mexico into the 

Santa Cruz River. In recent years, the discharged effluent has contained high 

levels of cadmium and nickel, which exceed the plant’s permit standards. Due to 

the industrial demographic of the region, outdated infrastructure, and differences 

in sampling schedules of multiple organizations, the treatment facility and the 

treated effluent is an important area of study. To understand how the treated 

effluent is affecting the river, data were compiled from existing water quality 

databases and flow reports from 2008 to 2015. To address how flow quantity has 

changed during drought periods, effluent flows were compared to historical flood 

data produced by the USGS. To evaluate water quality issues, water quality 

reports produced by the International Boundary and Water Commission were 

examined for past exceedances of constituents. According to flow volumes 

reported at the U.S.-Mexico border, the majority of the effluent was produced in 

Nogales, Sonora. Results showed that spikes in effluent flow corresponded with 

rainfall events. Results also show that rainfall influences the flow volumes from 

Nogales, Arizona, but there is little impact to flow volumes from Mexico. Although 

the quality of the effluent generally meets the permitted standards, exceedances 

did occur. The potential impact of such exceedances on stream water quality was 

evaluated using measured and simulated data. Although outreach to stakeholders 

across the border and updated infrastructure has improved the quality of water in 

the river, there are still many areas to improve upon, including sampling and 

monitoring schedules. To identify opportunities for improvement, further studies 

should examine the specific fate of each contaminant present in the effluent.   
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 1.  INTRODUCTION  

1.1 Statement of Problem  

As existing groundwater supplies run low, the need for additional and 

reusable water resources become vital. One such resource is treated wastewater 

from a treatment facility. Existing uses for treated wastewater include irrigation of 

parks and golf courses, as well as for reestablishment and maintenance of riparian 

areas. Treated wastewater can still pose threats to environmental and human health. 

A major water quality issue associated with wastewater treatment plants is the 

release of high concentrations of nutrients, nitrogen and phosphorus. These nutrients 

are known to cause devastating eutrophication effects in rivers and lakes. Another 

potential concern is the presence of metal contaminants in the treated effluent, 

especially in locations where industrial and manufacturing facilities are present in 

significant number.  

Stream flow in the Upper Santa Cruz River is dependent on the effluent flow 

from the Nogales International Wastewater Treatment Plant. Consistent metal 

exceedances entering the wastewater treatment plant can impact the wastewater 

discharged into the Santa Cruz River. Metals can have a detrimental impact on 

aquatic ecosystems by accumulating in the tissue of native plant and animal species. 

Toxic levels of metals in tissue can cause harmful impacts to sensitive species 

populations. Likewise, high soluble metal species can potentially impact groundwater 

supplies.   

  

1.2 Importance  

This study will examine the influence of the Nogales International Treatment 

Plant on water quantity and water quality in the Santa Cruz River, as well as assess 

guidance headworks loadings of metals entering the treatment plant. Since the 

Nogales International Wastewater Treatment Plant was the first U.S.-Mexico 

treatment plant to go online, it can serve as an example for the operation of future 

transboundary treatment facilities. Addressing both the strengths and weaknesses of 

the treatment facility can assist plant operators, local stakeholders and regulatory 

agencies in identifying potential problems with the effluent, both in terms of water 



7  

  

quantity and water quality. The results of this study, along with previous studies 

regarding effluent in the Santa Cruz River, can help evaluate how discharged 

contaminants can impact surface water quality, as well as the impacts to local 

groundwater supplies.  
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  2 Background  

2.1 Nogales International Wastewater Treatment Plant  

The Nogales International Wastewater Treatment Plant (NIWTP) is a large 

wastewater treatment plant that serves the Nogales border region. The plant serves 

the sister cities Nogales, Sonora, Mexico and Nogales, Arizona, collectively referred 

to as Ambos Nogales. Wastewater is collected and delivered to the Nogales  

International Wastewater Treatment Plant by an underground sewer line, called the  

International Outfall Interceptor (IOI).The Nogales International Wastewater  

Treatment Plants is located roughly 10 miles north of Ambos Nogales near Rio Rico, 

Arizona (Figure 1). The treatment plant is located adjacent to the Santa Cruz River, 

where the treated effluent is discharged after completing the treatment process. The 

NIWTP is the only treatment plant that discharges wastewater into the Upper Santa  

Cruz River. Other treatment plants that release effluent into the Lower Santa Cruz  

River basin include the Tres Rios Wastewater Treatment Plant (formerly known as 

Ina Road Wastewater Treatment Plant) and the Agua Nueva Treatment Plant, which 

replaced the Roger Road Wastewater Treatment Plant, both located in Tucson, 

Arizona.  

The Nogales International Wastewater Treatment Plant was the first 

binational treatment facility that served the U.S. and Mexico. The treatment plant has 

experienced two major upgrades since it first went online in the late 1950’s. The first 

major improvement enhancement project was completed in 1991, and the most 

recent upgrade was completed in August 2009 (Sanchez 1995). The upgrade in  

2009 improved the biological nutrient removal by implementing Modified 

LudzackEttinger processes, rather than a lagoon based system (U.S. IBWC, 2014). 

After the most recent improvements, the Nogales International Wastewater 

Treatment Plant can efficiently treat 14.74 million gallons per day (MGD) of raw 

wastewater. However, the plant can temporarily operate beyond that capacity. The 

current residence time for wastewater within the treatment plant is roughly 12 hours 

(Light, 2016). The NIWTP is a standard treatment facility equipped with settling tanks 

to remove sludge, aeration basins to promote microbial populations to promote the 

consumption of nitrogen, phosphorus as well as organic matter, and UV light 

treatment for disinfection (removal of pathogens).   
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Funding for the operation of the treatment facility exceeds $5.5 annually. This 

cost is shared by Mexico, the City of Nogales, and annual funding given to the 

International Boundary and Water Commission (IBWC). The IBWC is responsible for 

overseeing plant processes and meeting permitted standards set by the ADEQ (U.S. 

IBWC, 2014). Table 1 summarizes the contaminants and standards of the NIWTP as 

set by the plant’s AZPDES permit. Table 2 summarizes assessment levels for given 

contaminants as set by the AZPDES permit  

  A sister wastewater treatment plant in Nogales, Sonora, Mexico, called Los 

Alisos, went online in late 2009. The main goal of the additional treatment plant was 

to divert a fraction of the wastewater away from the NIWTP in an effort to improve 

performance efficiency. This treatment plant, which has a significantly smaller 

operational capacity compared to the NIWTP, only treats wastewater from Nogales, 

Sonora, Mexico.  

  

2.2 AMBOS NOGALES  

Ambos Nogales refers to the sister cities of Nogales, Arizona and Nogales,  

Sonora. Despite being close in geographic location, the two cities differ with respects 

to water policy, industry, and population size. Nogales, Arizona’s economy thrives on 

the transport and distribution of produce, especially in the winter seasons, due to its 

proximity to a major port of entry (Calvin, 2003). The metal plating industry has a 

significant foothold in Nogales, Sonora’s economy (Lester, 2014). These metal 

plating and manufacturing warehouses are referred to as “maquiladoras”. Nogales,  

Sonora has a higher population, with over 210,000 people, compared to Nogales, 

Arizona with a population of just over 20,000 people  

  

2.3 SANTA CRUZ RIVER AND SANTA CRUZ WATERSHED  

The Santa Cruz River runs through the Santa Cruz Watershed, which is 

roughly. This watershed is unique in the fact that the local aquifer is shared by both 

nations (Sanchez,1995). The watershed encompasses nearly 8,000 square miles in 

the United States alone (U.S. Fish and Wildlife Service 2011). The minerology of the 
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area is heterogenous, by both iron and manganese iron oxides are present in alluvial 

sediment (Waters, 1988). It is estimated that the percent of iron oxides present in the 

Santa Cruz River is 10%.   

  The Santa Cruz River has historically provided fresh water resources of major 

cities in Mexico and Arizona. This water is used to more so for recreational purposes, 

however the water can infiltrate into the Santa Cruz River aquifer, which serves as 

the main potable water source for the residents of Nogales, Arizona (Sprouse, 2005). 

However, infiltration can be limited by zones of low permeability referred to as 

clogging layers. (Treese, 2009). Understanding the connection between surface and 

groundwater is important in order to manage the quantity and supply of water 

resources.  

Figure 2 shows the course of the river. The Santa Cruz River begins near the San  

Rafael Valley in Arizona and flows south across the border and into Mexico. The 

Santa Cruz River then meanders for 25 miles then begins to flow north past the 

border, near Nogales. The Santa Cruz River then meets the Gila River near Phoenix, 

Arizona, which then meets the Colorado River (U.S EPA, 2016).   

   With overuse of groundwater, the Santa Cruz River now runs ephemerally 

and the only source of permanent surface flow is due to discharged wastewater into 

the streambed (McAndrew, 2011). Therefore, the Santa Cruz River is now 

considered an effluent dependent river. This surface flow supports lost riparian 

habitats and ecosystem diversity in Southern Arizona. According to ADEQ’S Title 18 

Chapter 11 of water quality standards, the portion of the river upstream from the 

treatment plant has been designated for aquatic and wildlife in effluent dependent 

water (A&Wedw).  The discharged effluent also recharges local and regional aquifers 

that are subject to over pumping.   

  

2.4 INTERNATIONAL OUTFALL INTERCEPTOR   

The International Outfall Interceptor (IOI) is the major conveyance system 

that transports raw, untreated wastewater from both Nogales, Sonora, Mexico and  

Nogales, Arizona to the headworks of the Nogales International Wastewater  
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Treatment Plant.  Overall, the pipeline measures over 8.5 miles long. The 

infrastructure runs underground along the Nogales Wash, a tributary to the Santa 

Cruz River, where surface water drains from higher elevations in the local Ambos  

Nogales subwatershed. The Nogales Wash collects urban runoff in both Nogales, 

Arizona and Nogales, Sonora (Lester,2014). Figure 3 is a map outlining the course of 

the IOI along the Nogales Wash in relation to the Nogales International Wastewater 

Treatment Plant.  

The IOI has been known to lack proper maintenance and upkeep that is 

needed to ensure the sufficient operation of the infrastructure. Since the IOI first 

operated in 1972, the pipeline structure has experienced substantial erosion and 

deterioration, causing cracks to form in the concrete. Figure 4 shows images taken in 

the IOI; cracks and the invasion of roots are visible in each image. Damage to the IOI 

could have been caused following damage to the concrete lining of the Nogales 

Wash. The debris of the lining could have compromised the physical structure and 

alignment to the underground infrastructure. It has been suggested stormwater 

entering the IOI can cause a build-up of sediment, which can cause damage to the 

IOI. The Office of Border Environmental Protection recommends that proper 

residential, industrial and commercial stormwater management practices, planning 

and funding can help protect the integrity of the IOI (Arizona Department of 

Environmental Quality, 2016).   

In the past, the IOI has failed at delivering untreated wastewater to the 

treatment plant.  These incidences can range from some leaks in the infrastructure 

where a small percentage of wastewater is lost, to complete failures where 

wastewater had been diverted to residential streets and the Nogales Wash. Leaks 

from the IOI threaten groundwater quality and potentially impact human health. 

These threats are caused by the release of industrial contaminants as well as 

biological contaminants that are commonly present in the untreated wastewater 

(Arizona Department of Environmental Quality, 2011). Other impairments to the IOI 

have been caused by intentional damage by humans. Major damage to the IOI have 

been repaired, although the repairs are costly. A thorough investigation of all 

occurrences has not been carried out, and small compromises to the structure have 

not been corrected.   
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2.5 NOGALES WASH   

  The Nogales Wash is the main drainage system in the Ambos Nogales  

Subwatershed. The Nogales Wash runs north, where it drains into the Santa Cruz 

River. Heavy storm events can cause sanitary sewer overflows of the IOI, where raw 

sewage can flow directly into the Nogales Wash. To combat health risks, the IBWC 

adds chlorine into the wash to promote disinfection.. Since water in the Nogales 

Wash does not flow into the NIWTP, chlorine residuals are not treated, and flow into 

the Santa Cruz River. The chlorine is eventually converted into chloride (Cl-).  

Chloride is known to complex with cadmium, creating cadmium chloride (CdCl2). 

Cadmium chloride is soluble is water, increasing the mobility of the metal and plant 

uptake (Lopez-Chuken U.J., 2011). Similarly, zinc and nickel complex with chloride.  

Zinc chloride (ZnCl2) and nickel chloride (NiCl2) are also mobile in aquatic systems.  

  

2.6 CONTAMINANTS OF CONCERN  

  There is a wide range of contaminants that can potentially be released from 

wastewater treatment plants into waterways. Since the Santa Cruz River is 

dependent on effluent from treatment facilities, the river is constantly under the 

potential threat of contamination. The major concern regarding wastewater quality is 

the presence and abundance of nutrients, commonly nitrogen and phosphorus. 

While nitrate and phosphate can be beneficial to aquatic ecosystems, high 

concentrations can lead to the growth of algal blooms and eutrophication. The lack of 

dissolved oxygen present in the river can lead to the decline of native aquatic life. 

The NIWTP uses aeration basins to support a healthy microbial population that 

consumes the nutrient sources before the effluent is released into the Santa Cruz 

River.    

  Nitrification of ammonia within the stream could produce nitrate, a 

contaminant of potential concern for human consumption of affected water. The 

nitrate present in the stream could potentially impact local groundwater, depending 

upon the extant surface-water/groundwater interactions within the system. According 
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to previous studies, nitrate has been found in private wells near the effluent 

dominated regions of the Santa Cruz River in concentrations exceeding the 

Maximum Contaminant Level, or MCL (McAndrew, 2011).   

  Microbial contamination in treated effluent is widely monitored and 

researched. Many microbial species found in wastewater pose a threat to human 

health through the fecal-oral route. Fecal coliforms and E. coli have been found in 

the effluent stretch of the Santa Cruz River in Nogales, however; it is uncertain 

whether the Nogales International Wastewater Treatment Plant is the sole source of 

E. coli (Sanders 2013). Research is currently being conducted to see if the presence 

of cattle near tributaries of the river has an influence on the occurrence of E. coli in 

the Santa Cruz River.   

  Persistent organic compounds, including compounds such as polychlorinated 

biphenyl and pesticides (DDT) can also be present in the wastewater. Unlike 

nutrients, most treatment facilities are not equipped to treat organic contaminants 

before the effluent is discharged into the river. The release of organic contaminants 

present in the surface water can negatively impact aquatic life. Depending on the 

properties of the organic contaminants, the compound can migrate with surface– 

water recharge and contaminate groundwater supplies. Since groundwater is one 

major source of drinking water in Southern Arizona, the presence of organic 

pollutants can pose risks to human health. Therefore, high concentrations of 

contaminants released from the NIWTP have the potential to negatively impact 

communities depending on the local aquifer.  

  Heavy metals and metalloids are often present in municipal wastewater in 

locations with significant industrial and manufacturing activities. In wastewater 

treatment plants, metal contaminants can sorb to the biosolids, which then cannot be 

used as soil amendments to agricultural fields if the metal concentrations exceed 

Class A standards. High concentrations of metals have historically been discharged 

from the Nogales International Wastewater Treatment Plant, see Table 3.  

  Heavy metals and metalloids that enter the river may migrate to groundwater 

depending upon metal speciation and the extant surface-water/groundwater 

interactions. A recent study examined the cadmium concentrations in groundwater 

from private wells within a mile of the Santa Cruz River. The two-year study found 
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cadmium in 45% of the surveyed wells during the dry season, and in 35% of wells 

after recent monsoon storms. Although cadmium was detected in the wells, the 

highest reported concentration was 0.2 μg/L, which is below the MCL of 5 μg/L 

(Ornelas, 2014).  

  

2.7 Maximum Allowable Headworks Loadings  

   To protect the water in the Santa Cruz River, the IBWC must follow maximum 

allowable headworks loadings (MAHL’s) for specific contaminants. These loading 

values, specific to each contaminant, are representative of the maximum 

concentration that can enter the treatment plant without having damaging 

implications on the biosolids, discharged effluent, and/or the microbial ecosystem 

mediating secondary treatment processes.  

The MAHLs were calculated for each treatment process by the IBWC. The allowable 

headworks loading is calculated by:  

Loading (lbs/day) =  8.34 pounds/1 gallon of water (CCriteria*Q)/(1-removal rate)  

Where Ccriteria is the max concentration that can be in the biosolids, or effluent 

according to permit standards, or max concentration to be toxic to the microbial 

communities, usually in units of mg/L. Q is the average discharge rate of the 

treatment plant, usually given in MGD. Removal rate is the average rate in which the 

plant can remove the contaminants of concern. Since the specific removal rate for 

the NIWTP is unknown, the IBWC assumes a general removal rate that is set by the 

EPA.    

The lowest loading value is then used to set the MAHL for the treatment plant after a  

25% safety factor is included. If concentrations of metal contaminants exceed the 

MAHLs, it is likely that treatment processes will be impaired, and potentially exceed 

discharged permitted standards. Exceedances in MAHL levels can impact more than 

one treatment process. Exceedances in MAHL levels can cause exceedances in 

effluent water quality discharged from the plant. Only exceedances in contaminants 

at the outfall of the treatment plant result in permit violations, exceedances in MAHL 

levels at the headworks of the plant don’t directly violate the AZPDES permit. MAHL 
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levels for cadmium, nickel and zinc are displayed in Table 4. Although MAHL levels 

are monitored and enforced, little is known regarding the implications of exceeding 

the MAHL of the treatment plant on water quality of the Santa Cruz river.   

The primary metals of concern are cadmium and nickel, but regulators are concerned 

with the increase in zinc concentration in the wastewater. The release of these 

metals into the Santa Cruz River can be attributed to the industrial growth of Ambos 

Nogales, specifically Nogales, Sonora, and a lack of sufficient hazardous waste 

disposal practices. Unlike nutrients and microbial contaminants, standard municipal 

wastewater treatment plants are not designed to treat or reduce concentrations of 

metals or metalloids.   

Heavy metals are known to bioaccumulate within the tissue of plants and 

aquatic life. Heavy metal contamination near the outfall of the NIWTP may cause 

negative impacts on wildlife near the Santa Cruz River. Recent studies have shown 

that the feathers of song sparrows in the area have elevated levels of cadmium, 

chromium and nickel, all of which have been present in discharged wastewater from 

the Nogales International Wastewater Treatment Plant at high concentrations  

(Lester, 2014). Given the designated use to protect aquatic wildlife in this stretch of 

the river  it is important to understand how the release of these metal contaminants 

impact the health of the environment downstream from the outfall.   

  

2.8 Equilibrium Chemistry of Metal Contaminants   

  The aqueous concentration and transport of heavy metals, such as nickel, 

cadmium and zinc, are heavily dependent on the chemical and physical properties of 

the stream system. At neutral pH, metals are likely to absorb to a variety of surfaces 

present in streambeds or precipitate out of solution. At pH of 7 or higher, between 

80%-100% of the cadmium present in an aquatic environment will be typically sorbed 

to hydrous ferric and other metals oxides (Dzombak 1990). The average pH of the 

Santa Cruz River near Nogales from 2009-2015 is 7.7; meaning that from previous 

research it is likely that the discharged metals will sorb to sediments. Metals can sorb 

to clay minerals, carbonates and other hydroxyl surfaces that are commonly found in 



16  

  

sediments. Sorption of heavy metals are also dependent on specific surface area of 

the liquid-sediment interface (Dzombak 1990).  

 The immobilization of the heavy metals is controlled by specific equilibrium 

constants, known as Kads. These constants can be described by the following 

relationship:  

  Kads = Kintr  Kcoul  

  Where Kintr is a constant that represents the interaction between the metals 

and specific surface sites, and Kcoul describes interactions at the solid surface, which 

is dependent on pH and surface coverage (Farley 1984). Models, like the Langmuir 

and Freundlich isotherms, are commonly used to determine sorption of metals under 

specific environmental conditions (Dzombak 1986).   

  

2.9 Water Quality in the Santa Cruz River  

Two major organizations frequently monitor the water quality of the Santa Cruz River 

downstream from the NIWTP. The Friends of the Santa Cruz River has monitored 

the river since the 1980s. A summary of the average water quality parameters in the 

Santa Cruz River between the years 2008-2012 by FOSCR is reported in Table 5. 

Due to limited funding for FOSCR’s monitoring program, the group stopped sampling 

in the river after 2012. The IBWC also reports water quality data in their ambient 

water quality data reports. Average water quality in the Santa Cruz River from 

20142015 as reported by IBWC is summarized in Table 6.  
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    3 Materials and Methods  

3.1 Creation of AMC database  

  The Arizona-Mexico Commission (AMC) database was created by the ADEQ 

in order to organize the data the agency receives regarding the NIWTP and the 

effluent dependent stretch of the Santa Cruz River. The database is primarily used 

by ADEQ to determine water quality issues with the treated effluent. The overall goal 

of creating the AMC database is to compile data from multiple sources into a 

userfriendly software file (Microsoft Access) that can be shared by ADEQ to other 

agencies and academic institutions.  

  

3.1.1 Data Reports   

  The AMC Water Quality Database is an existing database produced by  

ADEQ that contained flow and water quality data between the years of 2008 and 

2012. Data updates were based on monthly and quarterly reports as well as field 

data from volunteer organizations.   

  

3.1.2 Data Collection  

The International Boundary and Water Commission is responsible to preform 

water quality sampling to comply with their Aquifer Protection Permit (APP) and their 

Arizona Pollution Discharge Elimination System (AZPDES) permit (AZ0025607). 

Once water quality reports are finalized, IBWC submits the results to ADEQ. Data 

include monthly flow reports, and quarterly pretreatment reports. IBWC is also 

responsible for water quality monitoring downstream, known as ambient water quality 

data monitoring. Other data reports include field data collected by Friends of the 

Santa Cruz River (FOSCR) and USGS field reports. Figure 5 depicts the different 

data that is imported into the AMC database. Data in the AMC database was 

updated from 2012 to the end of 2015. Despite the variety of data sources, the AMC 
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database is not inclusive of all the available data regarding water quantity and water 

quality in the Upper Santa Cruz River. Likewise, the data imported into the AMC 

water quality database is not completely representative of the water quantity or water 

quality conditions for other wastewater treatment plants that discharge into the Santa 

Cruz River.   

  

3.1.3 Monthly Flow Reports   

The monthly flow reports that are produced by IBWC contain monitored flow 

volumes from multiple locations along the IOI. These locations included at Manhole 1 

(at the U.S.-Mexico border), East Street, Escalada Street, at the headworks of the 

treatment facility (influent), and at the discharge point of the plant (effluent). The flow 

reports also determine volume contributions from Nogales, Mexico and Nogales, 

Arizona. The daily flow rates are derived from 24-hour composite samples, and are 

reported both in American units, gallons per day, and metric units, liters per second. 

The final reports are delivered electronically to ADEQ in PDF format. The documents 

are converted to excel worksheets, and eventually imported to the existing AMC 

database, after data was reviewed to ensure quality control.    

  

3.1.4 Quarterly Pretreatment and Ambient Water Quality Reports  

The quarterly pretreatment reports produced by IBWC are forwarded to 

ADEQ after they are finalized. The report includes water quality results from three 

locations, both outside and inside the treatment plant. The locations are at Manhole 

1, at the headworks of the treatment plant (referred to as “influent”), and at the 

discharge point of the treatment plant (referred to as “effluent”). The data reports also 

include Data Qualifiers (DQ), which represent detection limits of the sampling 

equipment. Concentrations less than the DQ are represented by “LT” followed by the 

appropriate detection limit standard. The pretreatment excel files were then directly 

imported to the AMC database.   
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3.1.5 Quality Control Checks  

Errors occurred when translating PDF flow reports to excel files. The most common 

errors included converting zero values (0) as the letter O, and adding spaces before and 

after decimal points. Although errors were minor, they carried over when trying to export the 

excel files to the AMC database file, leaving the field cell blank. The blank field cells in the 

AMC database made the identification of the errors very simple.  After errors were identified, 

they were manually corrected in the excel file and then imported to the AMC database. Error 

rates varied for each file conversion, but averaged around 0.5% per monthly report, which 

equals two conversion errors per roughly 420 flow data values.   

  

3.1.6 Other Database Imports  

In addition to the reports submitted by IBWC, ADEQ received data from other 

research groups. Friends of the Santa Cruz River (FOSCR) is a community lead 

group in Southern Arizona who often sample water quality conditions in the Santa 

Cruz River.  Sampled water quality parameters include water temperature, pH, 

turbidity, dissolved oxygen as well as nutrient and heavy metal concentrations. 

FOSCR volunteers also monitored flow rate, flow volume and depth of water in the 

streambed. Data were collected at varying locations along the Santa Cruz River 

upstream of the wastewater treatment facility. Stream water quality collected at the 

Rio Rico Bridge, located 2 miles downstream from the treatment plant, was used to 

determine how the metal concentrations change in comparison to the concentrations 

at the outfall. Samples were collected further upstream at the Santa Gertudis site, 

which is located near Tumácacori National Historical Park.  Santa Gertudis is roughly 

7 miles downstream from the Rio Rico Bridge sampling site. Figure 6 shows a site 

map of the sample locations from FOSCR.   

  

3.1.7 Data Distribution  

  The compiled database has been the main source of data for the following 

report. Other entities interested in the database contents include United States 

Geological Survey (USGS), and researchers at San Diego State University. The data 
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has also been shared with both U.S. and Mexican government agencies in an effort 

to support binational cooperation to improve water quality in the Santa Cruz River.   

3.2 Water Quantity Data Analysis  

  Flow rates are monitored at various locations in the IOI and within the 

treatment plant. The two monitoring locations of great importance is at Manhole 1, 

which is located at the border of the United States and Mexico in Nogales, and at the 

headworks of the treatment plant. Manhole 1 flow data represents the volume of 

wastewater that solely Mexico contributes to the total amount of influent into the 

treatment facility.  Since the flow volumes at the headworks of the treatment plant is 

a combination of wastewater from Arizona and Mexico, the difference in the volume 

entering the treatment plant, which is referred to as “Influent” and Manhole 1 flow 

represents Arizona’s contributions of wastewater. The volume of wastewater 

produced by Arizona is the only data in the IBWC monthly flow reports that is not 

directly measured or monitored. Using the relationship between Manhole 1 and 

influent flow data, portions of wastewater can be identified as “Arizona Contributions” 

and “Sonora Contributions” in the AMC database. The monthly flow reports also 

identify effluent flow, or the volume of water leaving the treatment facility.   

  It is hypothesized that stormwater has a significant impact on wastewater 

volumes entering the treatment plant. To analyze this, water quantity data was 

directly extracted from the monthly flow data that was imported into the AMC 

database. This data was then graphically analyzed to show changes in flow over the 

desired time period from 2008 to the end of 2015. Flow contributions were then 

compared to extrapolated gage height data in the nearby Nogales Wash produced 

by the United States Geological Survey. However, only data from 2012-2015 was 

analyzed. Flood height was used as a proxy to determine the time line of when 

heavy storm events occurred. A heavy storm event was characterized by a gage 

height of 3 feet or higher within the wash. Arizona flow contributions exceeding 

average influent flow was identified and extracted from the bulk database. Dates of 

each above average flow were also extracted in order to create a time line of high 

flow volumes.   

Flow rate in the Nogales Wash and Arizona’s wastewater contributions were 

compared to determine statistical relationship between storm events and wastewater 
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contributions. Average daily flow rates for the Nogales Wash were calculated from an 

USGS database. These values were converted from cubic feet per second (cfs) to 

millions of gallons per day (MGD). The daily flow values of the wash and Arizona’s 

contributions were analyzed using linear regression software in MATLAB.   

     

3.3 Water Quality Data Analysis  

A variety of reports and data were used to determine the impacts to water 

quality in the Santa Cruz River. The primary reports include IBWC discharge 

monitoring reports (DMR), pretreatment reports and ambient water quality reports 

gathered from a sample site downstream from the discharge point of the treatment 

plant. The NIWTP is required to monitor a wide range of contaminants through their 

AZPDES permit, illustrated in Table 1. The reporting of this monitoring is known as 

DMR reports. Failure to report contaminant monitoring directly violates the AZPDES 

permit. The DMR reports are submitted every quarter by IBWC, despite if there is an 

exceedance to the permit or not. Exceedances are represented as total 

concentrations, as opposed to dissolved concentrations. DMR samples are 

comprised of one 24-hour composite sample collected one day every two weeks for 

cadmium, nickel and zinc. Exceedances in the DMR reports are represented as 

exceeding daily maximum concentration, or exceeding monthly average 

concentrations (Morgan, 2016).  DMR monitoring occurs on a different sampling 

period that effluent pretreatment monitoring. Pretreatment reports contain sampled 

contaminant concentrations at the international border, the influent of the treatment 

plant, and the effluent. Samples are every day for thirty days every quarter. These 

concentrations are reported as total concentrations, similar to the DMR reports. Both 

DMR and pretreatment samples are collected in nitric acid preserved containers, and 

are digested prior to analysis in the contracted laboratory. Samples are analyzed 

using inductively coupled plasma mass spectrometry (ICP-MS), either EPA method 

200.7 or 200.8.  

Nickel and zinc concentrations in the samples collected by IBWC’s ambient 

monitoring are analyzed using ICP-MS analysis (EPA 200.7). IBWC’s monitoring 

data includes both total and dissolved concentrations. Total concentration samples 

are collected in the field in nitric acid preserved containers and digested prior to 
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analysis. Dissolved concentration samples are collected in non-preserve containers 

and filtered immediately upon arriving to the lab. After filtration, the sample are 

acidified in nitric acid for 24-hours, and digested prior to analysis. Cadmium 

concentrations provided by FOSCR between 2009-2012 and from IBWC in 

20142015 were also analyzed using inductively coupled plasma mass spectrometry 

(ICPMS) analysis (EPA 200.8). FOSCR ambient water quality data provides both 

total and dissolved metal constituents at various locations in the Santa Cruz River, 

similar to IBWC.   

Pretreatment reports also contain information regarding exceedances to the 

MAHL levels for each given sampling period. The MAHL is based on guidance 

parameters set by IBWC in order to protect the operational efficiency of the treatment 

plant. Each contaminant monitored by IBWC has its own unique MAHL. Most  

MAHL’s are in place to protect biosolids, but others are in place to protect effluent 

concentration and the native microbiology in the treatment facility. Base MAHL levels 

are representative of mass concentration of a contaminant at the operational 

capacity of the treatment plant, 14.74 MGD, with an added 25% safety factor. Since 

MAHL depend on flow, the monthly MAHL levels are standardized by IBWC for the 

given flow volume of the treatment plant. The actual loadings of each quarter during 

exceedances of cadmium and nickel were compared to MAHL levels for the 

corresponding sampling time. Table 7 summarizes and compares pretreatment, 

DMR and ambient water quality reports.  

The time of exceedances of the MAHL was then compared to ambient water 

quality data collected by FOSCR and IBWC at locations downstream from the  

NIWTP outfall, which was then compared to designated use standards for the Santa 

Cruz River, listed under the Arizona Administrative Code-Title 18, Chapter 11. This 

governance document provides set standards for dissolved contaminants in aquatic 

systems depending on the hardness of the water, as well as standards for full and 

partial body contact. Standards are classified as either acute or chronic. Acute 

standards are often used to refer to short, rapid exceedances of contaminants, 

therefore standard levels are usually high. Chronic standards are used to refer to 

systems that have prolonged exceedances, similar to the rate of exceedances at the 

Nogales International Wastewater Treatment Plant.  Of the designated water uses 
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defined in Title 18, Chapter 11, chronic, aquatic and wildlife standards are the 

strictest.   

To observe any exceedances that aren’t captured by DMR reports, 

pretreatment effluent concentrations of cadmium from 2009-2014, and of nickel and 

zinc from 2014-2015 were graphically compared to the permitted maximum daily 

concentrations.   

The ambient water quality reports from IBWC were analyzed to determine 

how influent loadings of cadmium, nickel and zinc impact the river downstream.  

Concentrations of zinc from IBWC ambient data were used in a PHREECQ model 

(example 8) to determine how the metals behave a surface water system where 

hydrous oxides are present. FOSCR data for cadmium downstream were used in a 

PHREEQC model (example 8) to determine how cadmium interacts with hydrous iron 

oxides. Since there is a presence of oxides in the Santa Cruz River, this model will 

help display the speciation of cadmium and zinc. However, other sediments, organic 

matter, carbonate and hydroxide complexes are neglected with this model. With 

limited known model parameters, nickel could not be modeled using example 8 in the 

PHREEQC program.  

  

3.3.1 PHREEQC Modeling   

The United States Geological Survey produced software assists with the 

modeling of chemical reactions in natural water systems. The software program 

includes multiple reactive chemistry scenarios, in which the user can change 

parameters to best fit the properties for a specific aquatic system. Only example 8 

was used in this project. This example examines the sorbtion complexation of metals 

(zinc and cadmium) to hydrous iron oxides. PHREEQC is unable to model nickel 

complexation.  

Each example contains default parameters that were changed to model the 

chemical conditions of the Santa Cruz River. Concentrations of cadmium and zinc as 

well as pH were changed in the PREEQC model to better depict the conditions at the 

Rio Rico Bridge sampling location. Concentrations of cadmium and zinc from the 

sample results were converted from mg/L to mmoles per kilogram of water  
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(mmol/kgw) in order to satisfy the input file for the PHREEQC model. Data used for  

PHREEQC modeling consist of maximum dissolved concentrations for cadmium and zinc. 

The maximum reported concentration of dissolved cadmium was reported in FOSCR 

ambient monitoring data in October 2009. The maximum zinc concentration was reported in 

IBWC ambient monitoring data in the 2nd quarter of 2014. Using the maximum concentration 

data provides a model of sorption given under the worst observed scenarios.  Once the 

parameters were changed, the model was run. Output data were in table and graphic forms. 

The output data presents concentration of dissolved species in water, and concentration of 

each metal bound to hydrous iron oxides via strong and weak interactions. The 

concentrations of weak and strong interactions were added together to determine total 

concentration sorbed to hydrous iron oxides. This data was then graphically represented as 

the independent variable, pH. The PHREEQC model requires the input of site-specific 

parameters that are not readily available for the Santa Cruz River. These parameters include 

the area and mass of the surface of the sediment. In the model, these parameters were left 

unchanged at 600 m2/g and 0.09g.  

  

3.3.1 Visual MINTEQ Modeling   

Visual MINTEQ is based on the MINTEQA2 software produced by the U.S. 

Environmental Protection Agency. The software program is used to determine the 

speciation of inorganic compounds in natural aquatic systems. Visual MINTEQ 

software was used to model the behavior of cadmium, nickel and zinc in the 

presence of dissolved organic carbon (DOC), which was not analyzed in the 

PHREEQC model. Like complexes with chloride, sorbed metals to DOM are soluble 

in aqueous environments. Average concentrations for cadmium, nickel and zinc 

observed in the ambient water quality data collected by IBWC in 2014 and 2015 

were used in the Visual MINTEQ model. Cadmium concentration was set to 0.32 

μg/L, nickel was 40 μg/L, and zinc was 47.27 μg/L. Dissolved organic carbon 

concentration was set at 12 mg/L. This concentration is derived from the average 

concentration of DOC found in the Santa Cruz River by the USGS. The pH of the 

system was set at the average observed pH of 7.7.  
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4 Results  

4.1 Analysis of Water Quantity Results   

Figure 7 shows how Arizona and Sonora contributions compare to the 

Influent flow. The trend lines represent a 7-day moving average of influent flow 

volumes. According to Figure 7, Sonora contributes a vast majority of the wastewater 

entering the treatment plant. On average, Nogales, Sonora contributes between 

8090% of the overall influent flow to the treatment plant per month.   

 It is observed in Figure 7 that the Arizona contributions had declined at the 

beginning of 2012, but begins to rise in June 2015. However, this phenomenon is not 

observed for the Mexico contributions during the same period. It is hypothesized that 

the rise in wastewater contributions are caused by an increase in the frequency and 

severity of recent storm events.   

Figure 8 graphically depicts the timeline of heavy storm events in the Nogales 

Wash compared to above average flow contributions from Arizona. A heavy storm 

event is defined as a flow of 3 feet or higher at the USGS stream gage in the 

Nogales Wash. The average daily influent contributions for Nogales, Arizona 

between the years of 2012 to 2015 is roughly 2.2 MGD.   

  

4.2 Analysis of Water Quality Results  

  Table 8 compares general water quality of the Santa Cruz River prior to and 

following the plant upgrade. Concentrations of ammonia, total Kjeldahl nitrogen 

(TKN), and total phosphorus decreased significantly after the plant upgrade in 

August 2009. The reduction for nitrogen species (ammonia and TKN) decreased by 

two orders of magnitude. Dissolved oxygen concentrations increased after the plant 

upgrade.   

  Tables 9 and 10 summarized MAHL and ambient data for cadmium in the 

Santa Cruz River during the time period in which cadmium was consistently 

exceeding permit standards, from 2009 to the beginning of 2012. Table 9 shows the 

permitted standards for dissolved cadmium impacting aquatic and wildlife in an 
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effluent dependent river both at the Rio Rico Bridge and Santa Gertudis sampling 

points. Some ambient water quality data is missing for the reports produced by 

IBWC. Missing data is represented by “NM”, or not monitored. The standards are 

dependent on the measured hardness of each water sample, and are determined 

using Arizona Administrative Code Title 18: Chapter 11.   

  Table 10 shows the overlap between exceedances monitored through the 

MAHL, the discharged monitoring reports, and the exceedances of water quality 

standards downstream of cadmium. Concentrations of cadmium exceeding the given 

standard are bolded. There are daily maximum exceedances as well as average 

monthly exceedances.   

  Tables 11, 12 and 13 summarize MAHL and ambient water quality data for 

nickel and zinc during 2014-2015. During this time, nickel had exceeded permit 

standards at the discharge site of the treatment plant. Table 10 shows the permitted 

standards for dissolved nickel and zinc impacting aquatic and wildlife in an effluent 

dependent river both at the Rio Rico Bridge and Santa Gertudis sampling points. The 

first quarter of all ambient water quality data and second quarter at Santa Gertudis 

were not monitored by IBWC. Missing data is represented by “NM”. The standards 

correlate with the measured hardness of each water sample, and are determined 

using Arizona Administrative Code Title 18: Chapter 11.   

  Table 12 shows the overlap in exceedances between monitored MAHL 

levels, discharged monitoring reports and exceedances in water quality standards 

downstream of nickel, whereas Table 13 shows exceedances for zinc.  

Concentrations of nickel exceeding the given standard are bolded. Concentrations 

that are below the detection limit of the sampling instrument is reported with a less 

than symbol followed by the detection limit.  

  Figure 10 shows how effluent pretreatment concentrations of cadmium 

compare to AZPDES permit standards for maximum daily concentrations. This graph 

shows that there are multiple exceedances in 2009. Similarly, Figure 11 illustrates 

how effluent pretreatment concentrations of nickel compare to AZPDES permit 

standards for maximum daily concentrations. Exceedances in nickel concentrations 

are observed throughout 2015. Figure 12 depicts effluent pretreatment monitoring of 

zinc compared to AZPDES permit standards for maximum daily concentration. There 
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are two instances in March 2015 where zinc exceeded daily maximum 

concentrations.  

Tables 10, 12 and 13 also depict how total cadmium, nickel and zinc concentrations 

change within the river system. Rio Rico concentrations represent the concentrations 

in the stretch from the discharge point to the Rio Rico Bridge. Santa Gertudis 

concentrations represent the concentrations is the stretch of the river from Rio Rico 

Bridge to a location just south of Tumácacori National Historical Park. These 

samples are collected on a single day every quarter, unlike the sample timeline for 

pretreatment monitoring. An error occurred during the first quarter of 2015, and 

ambient water quality data was not collected at Rio Rico Bridge or Santa Gertudis 

sites.  

  Figure 13 is a graphical representation of PHREEQC model results for 

cadmium sorption to hydrous iron oxides based on total cadmium concentrations 

sampled at the Rio Rico Bridge. Figure 14 is a graphical representation of model 

results for zinc sorption to hydrous iron oxides based on the highest observed 

concentration at the Rio Rico Bridge. The average pH of the Santa Cruz River is 

marked on each figure. Dissolved Cd (or Zn) represents the amount of dissolved 

cadmium or zinc ions present in water at a given pH. This can also be referred to as 

Cd (or Zn) in solution.   

  Furthermore, Table 14 shows the Visual MINTEQ model results. The model 

results support the fact that cadmium, nickel and zinc can sorb to DOM and chloride 

to form dissolved species.   
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5 Discussion  

5.1 Evaluation of Water Quantity Data   

Assessing the overall contributions to the total influent, it is apparent that 

Mexico produces the majority of the total influent of wastewater. This can easy be 

explained by the fact that the population of Nogales, Sonora, Mexico is roughly 10 

times larger than the population of Nogales, Arizona. The larger the population, the 

more water is used for residential purposes. The total of Sonora’s wastewater can 

also originate from businesses and industrial warehouses. However, with the 

available infrastructure, it is impossible to assess the volume of wastewater leaving 

each individual facility with the available data.   

There is a noticeable and sharp decline in Mexican wastewater contributions 

beginning in December 2009. This correlates with the time that the Los Alisos 

treatment plant went online in Mexico. Before Los Alisos went online, the NIWTP was 

consistently treating volumes of wastewater larger than the operational capacity, 

which is represented in Figure 7. Operating above the maximum capacity could have 

potentially limited the efficiency of the treatment processes. The increase in effluent 

volume could also cause an increase in operation and maintenance costs. According 

to Figure 7, it appears that Los Alisos was successful in diverting wastewater 

produced by Mexico from NIWTP to allow the NIWTP to operate under the maximum 

capacity.   

There is a spike of total influent above the operational capacity at the end of  

2014 and beginning of 2015. The spike is short lived, and returns to levels under the 

14.74 MGD limit. It is suspected that the temporary spike in wastewater volume did 

not impact the treatment plant’s operations or efficiency.   

  It was hypothesized that the spike in wastewater in Arizona contributions 

beginning in June 2015 could potentially be caused by an increase of storm water 

runoff into the Nogales Wash via flood control infrastructure, or a significant change 

in subsurface hydrology due to increases in rainfall events. Based on Figure 8, it can 

be concluded that above average wastewater contributions from Arizona overlap with 

average rainfall in the area. Statistical analysis of this data shows the correlation 

between rainfall and flow volumes are not statistically significant. This can be 
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expected due to the lag time between the time of rainfall events, time of stage 

measurements in the Nogales Wash, and the inflow volume to the wastewater 

treatment plant.The primary periods of above average precipitation commonly occur 

during the summer monsoon season, from June to September. The strongest 

correlation between storm events and above average flow contributions are seen in 

the years 2012, 2014 and 2015. Heavy storm events occur in winter months, 

however these storms are not as frequent nor produce as much flooding as the 

monsoon storms, and are usually associated with El Niño weather events.   

The reported depth to groundwater in a variety of local wells near the Nogales 

Wash range from 11.5 feet to 161 feet. It is very unlikely that the water table would 

rise to the IOI, which is 3 feet below the ground surface. Therefore, it is unlikely that 

groundwater below the IOI is rising and infiltrating into the infrastructure. Stormwater 

can enter the wastewater conveyance system through other routes. Since the IOI 

runs directly underneath the Nogales Wash, stormwater from the wash can infiltrate 

through cracks in the concrete lining into the IOI. Stormwater can also enter the 

system through manholes. There are dozens on manholes from the international 

border to the NIWTP that can allow water to enter the IOI and flow to the headworks 

of the treatment plant.  

  

5.2  Evaluation of Water Quality Data   

  Upon analyzing table 8, it is clear that the water quality of the effluent has 

improved since the plant upgrade. The reduction of nutrients and increase in 

dissolved oxygen it is likely that that implementation of the Modified Ludzack-Ettinger 

treatment process has been successful in improving water quality in the Santa Cruz 

River.   

Prior to analyzing exceedances in the treatment plant and the river, it was 

hypothesized that exceedances in MAHL levels for cadmium and nickel can impact 

discharged effluent concentrations, and likely have an impact downstream. It is also 

hypothesized that zinc will not exceed ambient water quality standards downstream.   

After interpreting tables 9 and 10, it is apparent that there is a relationship 

between exceedances of maximum allowable headworks loadings, discharged 
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effluent and downstream ambient water quality for cadmium. From the first quarter of 

2009 to the middle of 2010, most exceedances in MAHL levels for cadmium, were 

shown to have cause elevated concentrations of cadmium at the Rio Rico Bridge 

site. The same is true with MAHL exceedances that occurred in 2011. However, it is 

unknown whether or not exceedances occurred at the Santa Gertudis site in 2012 

due to the fact the detection limit is larger than the concentrations needed to exceed 

ADEQ standards. The permit standard for dissolved cadmium to protect aquatic and 

wildlife in effluent dependent waters range from 0.67 μg/L to 0.95 μg/L, however the 

detection limit was 1-2 μg/L.Cadmium concentrations decrease slightly from the Rio 

Rico Bridge to Santa Gertudis. The reduction of cadmium concentration could be a 

result of cadmium sorbtion to sediment surfaces, therefore, the concentrations would 

not be dissolved species, and would not be captured in the Title 18: Chapter 11.   

There were few exceedences for cadmium in 2014, which proved to have a 

positive impact on the river downstream. There are 5 MAHL exceedances that did 

not impact the discharged effluent. In 2011, headworks loadings 100% greater than 

MAHL levels were seen. Despite the exceedance entering the plant, discharge 

exceedances did not occur, suggesting that small percentage exceedances of 

cadmium only impact biosolids, and not the effluent.  

  Upon interpreting tables 10 and 11, it appears that exceedances in MAHL 

levels for nickel correspond to exceedances in discharged effluent concentrations. 

However, there is only one instance in 2015 where an exceedance in MAHL caused 

an exceedance in ambient water quality data with a designated use to protect 

aquatic and wildlife. It is important to note that there were DMR exceedances in 

2013, however downstream ambient water quality data was not available, therefore 

these DMR exceedances were not analyzed.  

When comparing Table 9 and Figure 10, it is apparent that there are more 

exceedances of cadmium captured by the quarterly pretreatment monitoring 

compared to the AZPDES monitoring through the DMR reports. The exceedances in 

2009 were captured fairly well in the DMR reports. However, the number of actual 

exceedances are not captured on the DMR reports. Similar results are observed for 

nickel (comparing Table 10 and Figure 11). Therefore, it can be concluded that the 
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sampling frequency according to the AZPDES permit does not adequately capture 

every exceedance that was present.  

  It is apparent that sampling protocol stated by the treatment plant’s AZPDES 

permit is not adequate in observing all exceedances leaving the treatment plant. 

According to the presented data, it is suggested that sampling frequencies increase, 

from 1 day every two weeks, to 1 day every week, or even more frequent. Since the 

pretreatment data was able to capture exceedances that the DMR reports did not, 

perhaps it would be beneficial to use the pretreatment reports produced by IBWC as 

regulatory reports, similar to the DMR reports.   

  Although the pretreatment data did capture the missed exceedances, the 

report can still miss contaminant exceedances. A sampling schedule based on one 

24-hour composite sample every 30 days may not be sufficient to capture significant 

temporal variability in concentrations. The only way to capture each contaminant 

exceedance in the discharged effluent is to monitor the effluent every day. However, 

this is not practical due to limited sampling costs.   

Since monitoring times are different for MAHL, and ambient water quality, 

there are inconsistencies among the data. Spikes of cadmium, nickel and zinc have 

entered the treatment plant during different days of the sampling period. This trend is 

easily captured in daily headworks loading data, which was not evaluated in this 

project. However, the ambient water quality data consists of a 24-hour composite 

sample, which occurs one day every roughly every 3 months. Therefore, there is a 

no possibility of capturing each spike of the contaminants. The differences in 

sampling times could be the reason why there is little evidence suggesting 

exceedances in nickel MAHL levels cause ambient water quality data exceedances.   

Other inconsistencies with the ambient data relates to funding and data 

availability. Although IBWC monitors for ambient water quality, only data from 2014, 

and 2015 were used in this project. FOSCR ambient water quality data sampling 

ended in early 2012 due to limited available funding. Ambient water quality data from 

2013 are not presented in this project.  

  Upon assessing all ambient data in tables 9, 11 and 12 it is concluded that 

there a strong decrease in total concentrations of cadmium, nickel and zinc from the 
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Rio Rico Bridge to the Stanta Gertudis sampling points. The reduction in 

concentration could be explained by behavior of cadmium and zinc simulated in the 

PHREEQC models. Cadmium and zinc, and possibly nickel, are likely to sorb to 

sediments in the riverbed. Plants can also uptake these metals, resulting in lower 

total concentrations in the river. Future collection and analysis of plant and sediment 

samples is needed in order to understand how cadmium, nickel and zinc behave in 

the Santa Cruz River.   

  Prior to using the PHREEQC models, it was hypothesized that the discharged 

contaminants would likely sorb to the sediment. Based on the PHREEQC model 

results, it is concluded that most of the cadmium and zinc will sorb to hydrous iron 

oxides, and support the hypothesis. This is also evident when evaluating the 

saturation indices of each model run. The saturation index for cadmium was -5.16, 

and the saturation index for zinc was -1.99. The negative saturation values indicate 

that cadmium and zinc are undersaturated However, the model results neglect many 

other complexes of cadmium and zinc. Therefore, it should not be concluded that all 

dissolved cadmium or zinc will sorb only to iron oxides.   

Table 14 shows the concentrations of possible metal complexes in the Santa 

Cruz River. The Visual MINTEQ model results include aqueous concentrations 

including complexes with chloride, DOM, and carbonate complexes. It is concluded 

that cadmium, nickel and zinc form soluble complexes with chloride and DOM, 

however these concentrations are smaller than the concentrations of the insoluble 

complexes.   

The results from the Visual MINTEQ model expand on the PHREECQ model, 

yet support the results. There are unknowns that are assumed in Visual MINTEQ. 

Sampling and examining all water quality parameters in the Santa Cruz River would 

limit these unknowns and improve the accuracy of the model.   

This project only examined 3 of the metal contaminants that are released 

from the NIWTP out of the 40 contaminants that are monitored through the plant’s 

AZPDES permit. The research methods of this project can be applied to characterize 

potential issues with other water quality contaminants. It is suggested that chromium 

and copper should be examined to determine potential threats to ambient water 

quality. Organic compounds and emerging contaminants are neglected in the 
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pretreatment data reports. Therefore, it is necessary for outside funding in order to 

determine water quality impacts of these contaminants in the river. Pesticides and 

PCBs should be examined due to the risk they pose to aquatic wildlife.  
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6 CONCLUSIONS  

The majority of the wastewater that sustains perennial flows in the Upper 

Santa Cruz River in Arizona is supplied by Nogales, Sonora, Mexico. If Mexico were 

to treat all their wastewater at the Los Alisos or another treatment plant in Mexico, 

the effluent-dependent stretch of the Santa Cruz River would likely cease to flow year 

round. This could dramatically impact groundwater supplies in Southern  

Arizona, in addition to devastate the riparian ecosystem near Nogales, Arizona. 

Based on the available data, it is possible that increased stormwater may have an 

impact on above average influent flow for Arizona. Further data collection and 

analysis is needed to determine whether extreme stormwater flows have an impact 

on the IOI.   

There appears to be a relationship between MAHL exceedances for 

cadmium, nickel, and zinc entering the treatment plant, and dissolved concentrations 

exceeding permitted standards downstream. Therefore, set MAHL levels are 

representative of the tolerance of the treatment plant. However, the permitted 

sampling rates for DMR reports are not adequate at capturing all contaminant 

exceedances discharged from the treatment plant.   

Once in the river system, the metals are likely to sorb to the sediment once it 

is released from the treatment plant. This is consistent with the observed significant 

decreases in concentrations of the elements in stream water at sampling points 

downgradient of the plant outfall. There are differences in sampling times in effluent 

and downstream monitoring. These differences limit the accuracy of determining how 

discharged contaminants influence the Santa Cruz River. To better understand how 

the influent influences the river, it is suggested that the permitted sampling plan is 

revisited and revised.  Since the treatment plant is not designed to mitigate problems 

associated with high metal concentrations, the best solution to avoid water quality 

problems is to communicate the risks to water quality with the owners of facilities in 

Nogales, Sonora, Mexico that are contributing to the influent metal load.  
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7. Appendix A- Graphics  

 

  

Figure 1: Site map of the Nogales International Wastewater Treatment Plant  
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Figure 2: Map depicting the course of the Santa Cruz River. Photo courtesy of the 

National Park Service.  
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Figure 3: Map of IOI and Nogales Wash in the Arizona portion of the Santa Cruz 

River Watershed. Map courtesy of Hans Huth of AZ Department of Environmental 

Quality.   
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Figure 4: Two images from inside the IOI. First image show cracks while the second image 

shows invasion of roots into the IOI. Both photos are on the U.S. side of the border. Photos 

courtesy of Border Environmental Cooperation Commission.  
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  Figure 5: Diagram of data imported into the AMC database  
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Figure 6: Sites of collected FOSCR and IBWC ambient water quality samples.   
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Figure 7: Weekly flow volumes into the treatment plant, including contributions from 

Nogales, Mexico and Nogales, Arizona.  
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Figure 8: Overlap of flood events in the Nogales Wash and Arizona influent flow  

  

contributions between 2012 and 2015.  
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Figure 10: Number of discharged exceedances (above daily max) for cadmium from 

the NIWTP between 2009-2014. Daily max for cadmium is 4.8 μg/L from 2009- 2014. 

Daily max is 5.4 μg/L from 2014 forward.  
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Figure 11: Number of discharged exceedances (above daily max) for nickel from the 

NIWTP between 2014-2015. Daily Max for nickel is 110 μg/L  
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Figure 12: Number of discharged exceedances (above daily max) for zinc from the  

NIWTP between 2014-2015. Daily Max for zinc is 330 μg/L  
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Figure 13: Model results showing complexation of cadmium with hydrous iron oxides 

for maximum concentration reports at Rio Rico Bridge. (8.3 μg/L- October 2009)   
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Figure 14: Model results showing complexation of zinc with hydrous iron oxides for 

maximum concentration at Rio Rico Bridge (60 μg/L of dissolved Zn)  
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Appendix B- Tables and Raw Data  

Contaminant  AZPDES Standards      Monitor  
Frequency  

Sample type  
Monthly  
Average  

Weekly  
Average  

Daily   
Maximum  

Carbonaceous Biochemical 

Oxygen Demand 5-day  
25 mg/L  40 mg/L    

-  

1x/week  24-hour Composite  

CBOD  85%removal  -  -  1x/week  24-hour Composite  
Total Suspended Solids   30 mg/L  45 mg/L  -  1x/week  24-hour Composite  

TSS  85%removal  -  -  1x/week  24-hour Composite  
E. coli  126cfu/.1L  -  575 cfu/.1L  1x/week  Discrete  

Total Residual Chlorine   10 μg/L  -  15 μg/L  1x/day  Discrete  

Chronic Toxicity   
Pseudokirchneriella subcapitata   

1.0 TUc  -  

  

1.6 TUc  1x/3months  24- hour composite  

Chronic Toxicity   
Pimephales promelas  

1.0 TUc  -  1.6 TUc  1x/3months  24- hour Composite  

Chronic Toxicity   
Ceriodaphnia dubia  

1.0 TUc  -  1.6 TUc  1x/3months  24- hour Composite  

Cadmium  2.3 μg/L  -  5.4 μg/L  1x2weeks  24-hour Composite  
Chromium (Total)  100 μg/L  -  146 μg/L  1x2weeks  24-hour Composite  

Chromium IV  8.0 μg/L  -  16 μg/L  1x2 weeks  Discrete  

Copper  9.8 μg/L  -  20 μg/L  1x2 weeks  24-hour Composite  
Cyanide  7.9 μg/L  -  16 μg/L  1x2 weeks  Discrete  

Lead  3.2 μg/L  -  6.4 μg/L  1x2 weeks  24-hour Composite  
Mercury  0.01 μg/L  -  0.02 μg/L  1x2 weeks  Discrete  

Nickel  62 μg/L  -  110 μg/L  1x2 weeks  24-hour Composite  

Selenium   2 μg/L  -  3 μg/L  1x2 weeks  24-hour Composite  
Silver  3.2 μg/L  -  6.5 μg/L  1x2 weeks  24-hour Composite  

Zinc  130 μg/L  -  330 μg/L  1x2 weeks  24-hour Composite  
Hydrogen Sulfide  2 μg/L  -  3 μg/L  1x2 weeks  Discrete  

Sulfides  Report  -  Report  1x3 months  Discrete  
Thallium  75 μg/L  -  109 μg/L  1x3 months   24-hour Composite  

Hardness (CaCo3)  report(mg/L)  -  report(mg/L)  1x2 weeks  24-hour Composite  

Benzo(a)pyrene  0.20 μg/L  -  0.29 μg/L  1x3 months   24-hour Composite  
Di (2-ethylhexyl) 

Phthalate (DEHP)  
199 μg/L  -  400 μg/L  1x3 months   24-hour Composite  

Hexachloro-cyclopentadiene  0.25 μg/L   -  0.49 μg/L  1x3 months   24-hour Composite  

Chloridane  0.16 μg/L  -  0.33 μg/L  1x3 months   24-hour Composite  
DDD  0.001 μg/L  -  0.002 μg/L  1x3 months   24-hour Composite  

DDE  0.001 μg/L  -  0.002 μg/L  1x3 months   24-hour Composite  
DDT  0.001 μg/L  -  0.002 μg/L  1x3 months   24-hour Composite  

Dieldrin  0.049 μg/L  -  0.099 μg/L  1x3 months   24-hour Composite  

Endosulfan Sulfate  0.049 μg/L  -  0.099 μg/L  1x3 months   24-hour Composite  
Endosulfan (Total)  0.049 μg/L  -  0.099 μg/L  1x3 months   24-hour Composite  

Endrin aldehyde  0.033 μg/L  -  0.066 μg/L  1x3 months  24-hour Composite  
Heptachlor  0.008 μg/L  -  0.016 μg/L  1x3 months  24-hour Composite  

Heptachlor epoxide  0.008 μg/L  -  0.016 μg/L  1x3 months  24-hour Composite  

PCBs  0.016 μg/L  -  0.033 μg/L  1x3 months  24-hour Composite  
2,3,7,8- (TCDD)  0.0009 μg/L  -  0.0013μg/L  1x3 months  24-hour Composite  

Toxaphene  0.0002 μg/L  -  0.0003μg/L  1x3 months  24-hour Composite  
pH  Not less than 6.5 & no greater than 9.0  1x daily  Discrete  
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Table 1: Summary of Effluent Limitation and Monitoring Requirements of the NIWTP as 

presented in AZPDES Permit AZ0025607, effective between March 2014 and March 2019.  

Contaminant  Assessment Level      Monitor  
Frequency  

Sample type  

Monthly  
Average  

Weekly  
Average  

Daily   
Maximum  

Ammonia  Depends on 

temp & pH  
  

-  

Depends on 

temp & pH  
2x/month  Discrete  

Temperature  -  -  -  2x/month  Discrete  

pH  -  -  -  2x/month  Discrete  

Oil and Grease  10 mg/L  -  15 mg/L  1x3months  Discrete  

Arsenic  120 μg/L  -  250 μg/L  1x3months  24-hour Composite  

Iron  820 μg/L  -  1640 μg/L  1x3months  24-hour Composite  

Benzidiene  0.005 μg/L  -  0.01 μg/L  1x3months  24-hour Composite  

Benz(a)anthracene  0.1 μg/L  -  0.2 μg/L  1x3months  24-hour Composite  

Benzo(k)fluoranthene(PAH)  1.9 μg/L  -  2.8 μg/L  1x3months  24-hour Composite  

3,4-benzofluoranthene  1.9 μg/L  -  2.8 μg/L  1x3months  24-hour Composite  

Bis(2-chloroethyl) ether  1.0 μg/L  -  1.5 μg/L  1x3months  24-hour Composite  

p-Bromodiphyenyl ether  11.5 μg/L  -  23.0 μg/L  1x3months  24-hour Composite  

Chrysene  19.0 μg/L  -  27.7 μg/L  1x3months  24-hour Composite  

Dibenz(ah)anthracene(PAH)  1.9 μg/L  -  2.8 μg/L  1x3months  24-hour Composite  

Dibutyl Phthalate  28.7 μg/L  -  57.5 μg/L  1x3months  24-hour Composite  

1,4-Dichlorobenzene  640 μg/L  -  1280 μg/L  1x3months  24-hour Composite  

3,3-Dichlorbenzidiene  3.0 μg/L  -  4.4 μg/L  1x3months  24-hour Composite  

1,2-Diphenylhydrazine  1.8 μg/L  -  2.6 μg/L  1x3months  24-hour Composite  

Hexachlorobutadiene  6.7 μg/L  -  13.5 μg/L  1x3months  24-hour Composite  

Indeno (1,2,3-cd) Pyrene  1.9 μg/L  -  2.8 μg/L  1x3months  24-hour Composite  

N-nitrosodimethyl-amine  0.03 μg/L  -  0.04 μg/L  1x3months  24-hour Composite  

Phenanthrene  5.2 μg/L  -  10.4 μg/L  1x3months  24-hour Composite  

p-chloro-m-cresol  3.9 μg/L  -  7.7 μg/L  1x3months  24-hour Composite  

2,4- Dinitrophenol  7.5 μg/L  -  15.1 μg/L  1x3months  24-hour Composite  

4,6-Dinitro-o-cresol  19.7 μg/L  -  39.4 μg/L  1x3months  24-hour Composite  

2,4,6-Trichlorophenol  20.5 μg/L  -  41.1 μg/L  1x3months  24-hour Composite  

Alachlor  139 μg/L  -  279 μg/L  1x3months  24-hour Composite  

Aldrin   3.0 μg/L  -  4.4 μg/L  1x3months  24-hour Composite  

Endrin  0.03 μg/L  -  0.07 μg/L  1x3months  24-hour Composite  

Table 2: Summary of Trace Substance Monitoring. Exceedances in standards do not 

cause a violation in the AZPDES permit. Exceedances may cause IBWC to 

reevaluate the potential for releases of these contaminants.    
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Contaminant 

of Concern  

Number of  

Exceedances  

(Monthly)  

Monthly  

Average  

Max  

Daily  

Maximum  

Time  

Frame  

Impacts in  

NIWTP  

Cadmium  17  2.3 μg/L  5.4 μg/L  2008- 

2011  

Biosolids, 

Effluent  

Nickel  7  62 μg/L  110 μg/L  2013  

&2015  

Biosolids, 

Effluent  

Zinc  0  130 μg/L  330 μg/L  N/A  Microbiology  

Table 3: Summary of past exceedances for cadmium, nickel, and zinc at the outfall of 

the treatment plant.  
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Contaminant  MAHL   

Eff (kg/m)  

MAHL   

Mic  

(kg/mon)  

MAHL   

Sol  

(kg/mon)  

Safety  

(kg/mon)  

Impact  

Cadmium  25  8699  7  5.88  Biosolids  

Nickel  288  636  251  188  Biosolids  

Zinc  -  485  2382  364  Microorganisms  

Table 4: Base MAHL (Maximum Allowable Headworks Loadings) standards based 

on average flow (14.474 MGD) to protect effluent, microbiology and biosolids. Bolded 

values indicate the strictest headworks loading; safety factor is 25% reduction of 

bolded values.  
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Parameter  Result  Units  

Air Temperature  15.7  °C  

Ammonia  5.98  mg/L  

Arsenic, dissolved  5.58  μg/L  

Arsenic, total  6.47  μg/L  

Cadmium, dissolved  2.34  μg/L  

Cadmium, total  2.96  μg/L  

Calcium, total    51.2  mg/L  

Chlorine, free  3.77  μg/L  

Chlorine, total  1.88  μg/L  

Conductivity, field (25°C)  732.05  μS/cm  

Copper, dissolved  6.78  μg/L  

Copper, total  8.37  μg/L  

Dissolved oxygen  5.25   mg/L  

E. coli  21,458  CFU/100mL  

Fecal coliform  23  CFU/100mL  

Lead, dissolved  3.21  μg/L  

Lead, total  3.31  μg/L  

Magnesium, total   8.27  mg/L  

Nitrite-Nitrate  6.07  mg/L  

Kjeldahl Nitrogen, total  12.5  mg/L  

pH, field  7.7  SU  

Phosphorus, total  3.7  mg/L  

Selenium, dissolved  Less than 2  μg/L  

Selenium, total  Less than 2  μg/L  

Turbidity  15.26  NTU  

Water Temperature  17.04  °C  

Zinc, dissolved  52.5  μg/L  

Zinc, total  56.1  μg/L  

Table 5: Baseline water quality measured between 2008-2012at Rio Rico Bridge and Santa 

Gertudis by Friends of the Santa Cruz River.  
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Parameter  Result  Units   

Ammonia as N  1.43  mg/L  

Cadmium, dissolved   0.23  μg/L  

Cadmium, total  0.32  μg/L  

Carbonaceous Oxygen  

Demand  

2.33  mg/L  

Chlorine, Total Residual  0.01  μg/L  

Chromium, dissolved  Less than 5  μg/L  

Chromium, total  5.55  μg/L  

Conductivity  736.89  mg/L  

Copper, dissolved  Less than 10  μg/L  

Copper, total  13.64  μg/L  

Dissolved Oxygen  7.07  mg/L  

E. coli  1285  CFU/100mL  

Hardness (as CaCO3)  184.36  mg/L  

Nickel, dissolved  35.45  μg/L  

Nickel, total  40.00  μg/L  

Nitrate-Nitrite as N  6.00  mg/L  

Nitrogen, Total Kjeldahl  1.73  mg/L  

Phosphorus (ortho)  1.93  mg/L  

pH  7.9  SU  

Water temperature  19.24  °C  

Zinc, dissolved  29.09  μg/L  

Zinc, total  47.27  μg/L  

Table 6: Baseline water quality measured between 2014-2015 at Rio Rico Bridge and Santa 

Gertudis by the International Boundary and Water Commission  
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  DMR Reports  Pretreatment Reports  Ambient Water Quality Reports  

Type  24-hour composite  24-hour composite  Discrete  

Time  1 sample/ 2weeks*  30 consecutive days/3 

months  

1 sample/3 months  

Purpose  Determine compliance  

with AZPDES permit  

Determine loadings into & 

out of treatment plant  

Determine compliance with 

surface water quality standards  

Location  Outfall of plant  Border, headworks of 

plant, & outfall of plant  

Downstream at Rio Rico Bridge  

& Santa Gertudis  

Group  IBWC  IBWC  IBWC /FOSCR  

Table 7: Summary of reports used to determine water quality of effluent discharged from 

the NIWTP  

*1 sample/ 2weeks sampling time is specific to cadmium, nickel and zinc. Other 

contaminants listed in AZPDES permit might be sampled at different frequencies.   

  

  

  

  

  

  

  

  



55  

  

  

  

  

  

  

  

Parameter  Concentration before 
upgrade   
(Jan 08- Aug 09)  

Concentration after 
upgrade   
(Aug 09- May 12)  

Dissolved Oxygen  3.18 mg/L  6.40 mg/L  

Ammonia  14.07 mg/L  0.31 mg/L  

Total Kjeldahl Nitrogen  21.71 mg/L  1.76 mg/L  

Total Phosphorus  5.87 mg/L  2.55 mg/L  

  

Table 8: Water quality improvements before and after NIWTP upgrade in August 

2009. Concentrations were collected at Rio Rico Bridge and Santa Gertudis.  
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Qrtr  Hardness as  

CaCO3- Rio Rico  

 (mg/L)  

Dissolved cadmium 
standard-RR  
(μg/L)  

Hardness as  

CaCO3 –S. Gertudis  

(mg/L)  

Dissolved cadmium 
standard-SG  
(μg/L)  

1st 2009  159  .77  NM  NM  

2nd 2009  157  .76  NM  NM  

3rd 2009  148  .74  NM  NM  

4th 2009  148  .74  NM  NM  

1st 2010   153  .75  NM  NM  

2nd 2010  147  .73  NM  NM  

3rd 2010  160  .78  NM  NM  

4th 2010  170  .81  NM  NM  

1st 2011  154  .76  NM  NM  

2nd 2011  147  .73  199  .91  

3rd 2011  144  .72  187  .87  

4th 2011  146  .73  188  .87  

1st 2012  141  .71  199  .91  

1st 2014  NM  -  NM  -  

2nd 2014  130  .67  NM  -  

3rd 2014  145  .73  203  .92  

4th 2014  150  .74  214  .95  

Table 9: Water quality standards for releases of dissolved cadmium based on Table 3 of 

ADEQ’s Title 18 Chapter 11. Standards are for designated use for aquatic and wildlife in 

effluent dependent water (A&Wedw).   
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Qrtr  MAHL  

(kg/m

)  

Loadin

g  

(kg/m)  

Process  

Impaire

d  

DMR  

Exceedanc

e  

(ave 

=2.42)  

(μg/L)  

DMR  

Exceedanc

e  

(max =5.4)  

(μg/L)  

Rio 

Ricotot

al Cd 

(μg/L)  

Rio 
Ricodissolve
d Cd  
(μg/L)  

S.  

Gertudistot

al Cd (μg/L)  

S.  

Gertudisdissolv

ed Cd (μg/L)  

1st  

200

9  

4.41  35.4  Solids  

Effluent  

3.43- Jan  

3.60-Feb  

6.3- Mar  4.8  <2  NM  NM  

2nd 

200

9  

4.26  37.8  Solids  

Effluent  

  
2.90-April  

  2.7  2.5  NM  NM  

3rd  

200

9  

6.33  80.1  Solids  

Effluent  

4. 90

-July  

5. 25

-Aug  

8.0-Sept  

5.6- July  

5.8- Aug  

3.8  3.5  NM  NM  

4th  

200

9  

4.47  69.0  Solids  

Effluent  

6.5- Oct  

8.10-Nov  

3.3- Dec  

7.0- Oct  

10.3- Nov  

9.1  8.3  NM  NM  

1st  

201

0   

5.34  37.2  Solids  

Effluent  

2.7-Jan    <2  <2  NM  NM  

2nd 

201

0  

4.74  33.3  Solids  

Effluent  

3.0-May  

3.7-Jun  

  4.1  3.5  NM  NM  

3rd  

201

0  

6.32  1.93        <2  <2  NM  NM  

4th  5.97  8.38  Solids      2.3  2.06  NM  NM  
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201

0  

1st  

201

1  

4.8  9.6  Solids      <2  <2  NM  NM  

2nd  

201

1  

5.43  9.3  Solids      <1  <2  <1  <1  

3rd  

201

1  

5.67  24.9  Solids  

Effluent  

2.7-Aug  

3.0- Sept  

  1.6  1.7  <1  <1  

4th  

201

1  

5.66  32.88  Solids  

Effluent  

3.0-Oct    <1  <1  <1  <1  

1st  

201

2  

5.5  7.2        <1  <1  <1  <1  

1st  

201

4  

4.69  .99        NM  NM  NM  NM  

2nd 

201

4  

4.62  6.16  Solids      .2  .2  NM  NM  

3rd  

201

4  

5.20  3.17        .3  .2  1  .3  

4th  

201

4  

5.83  0.82        .3  .3  .2  .2  

Table 10: MAHL exceedances compared to downstream water quality exceedances for 

cadmium. NM indicates that ambient water quality data was not monitored for that quarter.   

  

  

QRTR  Hardness as 
CaCO3 Rio 
Rico  
(mg/L)  

Dissolved 
nickel 
standard-RR  
(μg/L)  

Dissolved 
zinc 
standard-RR  
(μg/L)  

Hardness as 

CaCO3   
S. Gertudis  

(mg/L)  

Dissolved 
nickel 
standard-SG  
(μg/L)  

Dissolved 
zinc 
standard-SG  
(μg/L)  

1st 2014  NM  NM  NM  NM  NM  NM  

2nd 2014  130  64.93  146.4  NM  NM  NM  

3rd 2014  145  71.22  160.5  203  94.67  213.5  
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4th 2014  150  72.87  165.2  214  98.99  223.3  

1st 2015  NM  NM  NM  NM  NM  NM  

2nd 2015  174  83.09  187.4  264  118.23  266.7  

3rd 2015  167  80.26  181.0  207  96.24  217.1  

4th 2015  167  80.26  181.0  207  96.24  217.1  

Table 11:  Water quality standards for releases of dissolved nickel and zinc based on Tables 

17 and 20 of ADEQ’s Title 18 Chapter 11. Standards are for designated use for aquatic and 

wildlife in effluent dependent water (A&Wedw).  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Qrtr  MAHL  

(kg/m)  

Loading  

(kg/m)  

Process  

Impaired  

DMR  

Exceedance  

(daily max=110)  

(μg/L)  

Rio Rico 

total Ni 

(μg/L)  

Rio Rico 
dissolved 
Ni  
(μg/L)  

S.  

Gertudis 

total Ni 

(μg/L)  

S.   

Gertudis 
dissolved Ni  
(μg/L)  

1st 2014  158.32  280.06  Solids    NM  NM  NM  NM  

2nd 2014  155.77  169.21  Solids    40  40  NM  NM  
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3rd 2014  175.32  154.08      <20  <20  <20  <20  

4th 2014  196.55  57.37      30  30  <20  <20  

1st 2015  181.54  356.83  Solids  

Effluent  

370  NM  NM  NM  NM  

2nd 2015  181.54  396.83  Solids  

Effluent  

120  150  100  <20  <20  

3rd 2015  176.81  223.45  Solids  

Effluent  

190  30  30  <20  <20  

4th 2015  180.90  161.22      70  70  20  20  

Table 12: MAHL exceedances compared to downstream water quality exceedances for 

nickel. NM indicates that ambient water quality data was not monitored for that quarter. < 

indicates that sample concentration falls below the detection limit.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Qrtr  MAHL  

(kg/m)  

Loading  

(kg/m)  

Process  

Impaired  

DMR  

exceedance  

(max =330)  

(μg/L)  

Rio 

Rico 

total 

Zn 

(μg/L)  

Rio Rico 
dissolved 
Zn  
(μg/L)  

S.  

Gertudistotal 

C (μg/L)  

S.  

Gertudisdissolved 

C (μg/L)  
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1st 

2014  

306.11  305.55      NM  NM  NM  NM  

2nd 

2014  

301.18  323.18  Microbiology    60  60  NM  NM  

3rd 

2014  

338.98  377.95  Microbiology    30  <20  60  <20  

4th 

2014  

380.02  305.64      50  50  <20  <20  

1st 

2015  

351.00  303.49      NM  NM  NM  NM  

2nd 

2015  

351.00  314.50      170  40  <20  <20  

3rd 

2015  

341.86  309.97      20  <20  30  <20  

4th 

2015  

351.00  314.50      40  30  <20  20  

  

Table 13: MAHL exceedances compared to downstream water quality exceedances for zinc. 

NM indicates that ambient water quality data was not monitored for that quarter. < 

indicates that sample concentration falls below the detection limit.  
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Compound  ug/L  

FA-(aq)  32997.09  

FA2Cd(aq)  1.465851  

FA2Zn(aq)  369.8204  

FACd+(aq)  0.21888  

FANi+(aq)  195.4012  

FAZn+(aq)  46.72865  

Cd(CO3)2-2  0.00032  

Cd(OH)2  

(aq)  

2.37E-07  

Cd(OH)3-  1.48E-12  

Cd(OH)4-2  1.22E-18  

Cd+2  0.023338  

Cd2OH+3  2.37E-13  

CdCl+  5.03E-10  

CdCl2 (aq)  5.68E-19  

CdCO3 (aq)  0.010134  

CdHCO3+  0.006652  

CdOH+  7.46E-05  

Ni(OH)2 (aq)  0.000968  

Ni(OH)3-  6.55E-07  

Ni+2  3.943616  

NiCl+  4.03E-10  

NiCl2 (aq)  4.2E-21  

NiCO3 (aq)  3.5784  

NiHCO3+  5.780925  

NiOH+  0.022373  

OH-  9.69136  

Zn(CO3)2-2  0.040578  

Zn(OH)2 (aq)  0.054566  
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Zn(OH)3-  1.16E-05  

Zn(OH)4-2  1.53E-10  

Zn+2  1.834759  

Zn2OH+3  6.63E-09  

ZnCl+  1.4E-09  

ZnCl2 (aq)  4.04E-19  

ZnCl3-  1.6E-28  

ZnCl4-2  3.47E-38  

ZnCO3 (aq)  2.445084  

ZnHCO3+  0.65375  

ZnOH+  0.080777  

Table 14: Visual MINTEQ modeling results of cadmium, nickel and zinc speciation 
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