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ABSTRACT 

The purpose of this dissertation is to examine potential solutions to the problem of 

groundwater contamination between Arizona and Sonora, Mexico. The focus of the 

study is the binational Santa Cruz River, and other groundwater resources, shared by the 

two countries. The Santa Cruz River runs through the shared farming and cattle-raising 

areas to the south and east of Nogales, Sonora and Nogales, Arizona (Ambos Nogales). 

In addressing the potential problem of contamination in this border area, two approaches 

are applied to address this potential problem. First, an economic model, the Kathleen 

Segerson model, which was developed to assess the liability of farmers and agricultural 

chemical manufacturers in the United States, was expanded to include Mexico and to 

examine cross-border agricultural contamination. Secondly, a binational groundwater 

management model, the Bellagio Draft Treaty, was applied to the region of Ambos 

Nogales to see how it might work in addressing both cross-border agricultural 

contamination on the Santa Cruz River, as well as industrial and bacterial contamination 

in the Nogales Wash. 

Segerson showed that an economically efficient solution could be achieved by 

holding agricultural chemical manufacturers liable for groundwater contamination. 

However, the legal difficulties associated with establishing manufacturer liability are 

numerous and substantial. In addition, holding farmers to best management practices in 

Mexico is doubtful based on Mexico's ineffective environmental regulatory system. 
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Because of these difficulties, the conditions established by Segerson for the model to 

work cannot be met. A more effective solution lies in the Bellagio Draft Treaty. 

The Bellagio Draft Treaty was determined to be a potentially effective way to 

solve a specu-um of border water issues for the Ambos Nogales area. Some of the 

problems that could be addressed under the Draft Treaty include: water contamination, 

equitable division of shared water, health emergencies, and drought planning and 

response. While this dissertation determines that the Bellagio Draft Treaty could be 

applicable to the water related problems of Ambos Nogales. the author states that much 

work will be needed to actually expand the powers of a potential management agency, 

such as the International Boundary and Water Commission (IBWC). 
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CHAPTER 1 

INTRODUCTION 
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I. INTRODUCTION 

The purpose of this dissertation is to examine potential solutions to the problem of 

groundwater contamination between Arizona and Sonora, Mexico. The focus of die 

study is the binational Santa Cruz River, and other groundwater resources, shared by the 

two countries. The Santa Cruz River runs through the shared farming and cattle-raising 

areas to the south and east of Nogales, Sonora and Nogales, Arizona (Ambos Nogales). 

In addressing the potential problem of contamination in this border area, two approaches 

will be applied to address this potential problem. First, an economic model, the 

Segerson model, which was developed to assess groundwater contamination and the 

liability of farmers and agricultural chemical manufacturers in the United States, will be 

expanded to include Mexico. Secondly, a binational groundwater management model, 

the Bellagio Draft Treaty, which was specifically designed to address border 

envirormiental problems, will be applied to the region of Ambos Nogales to see how it 

might work in managing water resources. The Segerson model addresses rural 

agricultural groimdwater contamination on the Santa Cruz River, while the Bellagio Draft 

Treaty addresses cross-border agricultural contamination, as well as industrial and 

bacterial contamination in the urban area of the Nogales Wash. 

Part n of this chapter begins by discussing the extent, and the health effects, of 

groundwater contamination, then narrows the focus to agricultural groundwater 

contamination in Arizona. Part III considers various solutions to the problem of 
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agricultural groundwater contamination, and Part IV examines potential solutions to 

binational agricultural groundwater contamination in Ambos Nogales through assignment 

of liability, and comprehensive management of binational water resources by the Bellagio 

Draft Treaty, while Part VI describes the succeeding chapters of the dissertation. 

II. GROUNDWATER CONTAMINATION REPRESENTS A SERIOUS PROBLEM 

A. Drinking Water Pollution in the United States 

Perhaps the most serious environmental problem of our time has become chemical 

contamination of our groundwaters (Freeze and Cherry, 1979). Groundwater is often 

thought of as a pristine resource which can be tapped at will, but as early as 1980, former 

EPA assistant administrator for waste and wastewater. Beck, wamed, "our groundwaters, 

long considered pollution-free, are threatened with ruinous contamination" (USEPA, 

1984). Beginning in the 1970s, studies of wells contaminated by chemicals showed how 

vulnerable groundwater could be. When chemicals filter down through the soil into a 

groundwater supply, they do not easily disperse, degrade, or settle out. Once 

contaminated, an aquifer may remain contaminated for hundreds and even thousands of 

years (Council on Environmental Quality, 1981). According to Princeton University 

hazardous waste expert, Harris, "for all practical purposes, groundwater contamination is 

irreversible by natural processes" (Epstein et al., 1982). 
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Concern by the water-drinking public is heightened by findings of agencies like 

the United States Environmental Protection Agency (EPA). The EPA reports that the 

most frequently identified types of groundwater contamination are caused by; 

• Leaking underground storage tanks. Of the 5 to 6 million underground storage 

tanks in the United States, an estimated 400,000 are presumed to be leaking. Of 

all storage tanks in the country, 30 percent store petroleum or other hazardous 

materials (USEPA, 1994). 

• Septic tanks. Approximately 23 million domestic septic tanks exist in the United 

States and another 500,000 are installed each year. Roughly 1 billion gallons of 

untreated chemicals are dumped into septic systems designed for sanitary waste. 

These potentially toxic chemicals pass through septic systems unchanged and 

ultimately mix with groundwater (USEPA 1994). 

• Municipal landfills. There are 250,000 solid-waste disposal facilities in the 

United States, 6,000 of which are municipal solid-waste landfills. Only 25 

percent of these municipal facilities have groundwater-monitoring equipment 

(USEPA 1994). 

• Agricultural activities. Over one billion pounds of pesticides are produced 

armually in the United States. Seventy-seven percent of this amount is applied to 

agricultural land that overlie aquifers (USEPA 1994). 

• Abandoned hazardous waste sites. Forty-two percent of the approximately 33,000 
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abandoned hazardous waste sites result in contaminated groundwater (USEPA 

1994). 

Water contamination can have serious health cor.sequences, as evidenced by 

documented outbreaks of illnesses transmitted by drinking water. In the 1991-92 period 

reported on by the Center for Disease Control, 17,000 people became ill by either 

drinking or coming in contact with what they presumed to be clean, safe water (Center for 

Disease Control, 1993). One recent incident, which raised public awareness about the 

potential for widespread drinking water contamination in the United States, occurred in 

1993 in what was the largest waterbome disease outbreak in our country's history. In 

Milwaukee. Wisconsin, over 400.000 persons became ill, 4,400 were hospitalized, and 

over 100 individuals died, when Cryptosporidium slipped through water-filtration plants 

toward parents with young children, published an article entitled "Troubled Waters," 

(Fox and Lytle, 1996). Crytosporidium. which causes acute diarrhea in himians, is 

transported through the environment as an oocyst (a single-celled microscopic organism 

enclosed in a cyst, or capsule-like membrane) that is resistant to chlorination and is very 

small in size, which makes it difficult to remove v^th filtration. Crytosporidium is 

transmitted by consumption of oocysts excreted in the feces of infected humans or 

animals (especially cattle), and is communicated through contact with animals, person-to-

person (very commonly m day care centers), ingestion of fecally contaminated water or 

food, or contact with fecally contaminated surfaces. 
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Concern over drinking water quality is heightened by incidents such as that in 

Milwaukee, as evidenced by articles in popular magazines which question the quality of 

the nationDs drinking water. For example. Parents magazine, a publication directed 

which reported that 30 million Americans -- about one of every eight - are exposed to 

pesticides, lead, microbes, or radon every time they drink a glass of water or take a 

shower (Freidman, 1996). The article also stated that for every water-related disease 

outbreak that is reported, 25 go unreported. Extraordinary incidents, like that which 

occurred in Milwaukee, and the resultant news articles that it provokes, serve to deepen 

the publicDs concern about their drinking water. One major source of groundwater 

contamination results from agricultural application of pesticides and fertilizers. 

B. Agricultural Groundwater Contamination in the United States 

1. Introduction 

The use of chemicals to grow agricultural crops represents both a blessing and a 

curse. Chemicals allow crops to grow healthier and larger than could otherwise be 

expected, while at the same time potentially affecting the health of those who consume 

those crops. The two major agricultural chemicals which affect the quality of 

groundwater in the United States are pesticides and nitrogen. 
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a. Pesticides 

It has been almost 40 years since Carson sounded the alarm about the dangers of 

unrestricted use of pesticides in her book Silent Spring (Carson, 1962). Carson's appeal 

led to comprehensive studies on the effect of pesticides in the environment, to greater 

awareness of the hazards of pesticides, and to significant governmental reforms in the 

regulation of pesticides. Silent Spring pointed out that pesticides, which are essentially 

chemical poisons, kill not only the target pest, but also affect fish, birds, and mammals, 

including humans. Despite the impact of Silent Spring, the United States Department of 

Agriculture reports a 1800 percent increase of pesticide use since 1947, and estimates that 

2.5 billion tons of pesticides are applied to American soil each year (Office of 

Technology Assessment, 1982). Pimentel told the Mew York Times, "We're treating more 

acres and using more pesticides than ever before. Even after Carson, we haven't gained a 

whole lot" (Bofey, 1982). Recent pesticide related problems in the United States include: 

• In California, the pesticide 1,2 dibromo-3-chloropropane (DBCP) was foimd to 

have contaminated approximately 2550 groundwater wells in Fresno County in 

1979 (Lichtenberg et al., 1989). The DBCP not only resulted in an increased risk 

of contracting stomach cancer and leukemia for local residents, but also adversely 

effected himian reproduction processes, causing abnormally low or absent sperm 

counts in men (Jackson, 1982). 
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• In Wisconsin. 11 different types of pesticides were detected in almost 250 wells. 

Seven of the pesticides were found to exceed SDWA standards (Wisconsin 

Department of Natural Resources, 1985). 

• In Long Island, New York more than 4,400 wells were found to be tainted with 

Temik, one of the most toxic pesticides on the market. Tests also revealed the 

presence of two other pesticides; carbofuran, which contaminated more than 1.000 

wells, and Vydate, which was found in 100 wells (King, 1985). 

• Groundwater pesticide contamination is widespread in the farmbelt states of the 

Midwestern United States. Levels have generally been low, but studies show that 

following heavy rains, pesticide concentrations in groundwater increase 

noticeably (King, 1985). 

( 1 . )  I n d i r e c t  c o s t s  t o  s o c i e t y  

While the indirect problems linked to pesticide use generally go unnoticed by the 

public, they still represent a significant cost to society. In 1980, Cornell University 

Professor Pimentel and his colleagues calculated the indirect costs to society of pesticide 

use. They found that society bears a cost of almost $1 billion per year because of 

pesticide applications, as illustrated in Table 1.1 (Pimental and Perkins, 1980). These 

costs do not include the cost of human life when death occurs, or the medical costs due to 
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Table 1.1 Pimentel's Calculation of Yearly Indirect Costs to Society of Pesticide 

1. Human pesticide poisonings $184,000,000 
2. Poisonings of livestock and livestock products 12,000,000 
3. Reduced natural enemies and pesticide resistance 287,000,000 
4. Honey bee poisonings and reduced pollination 135,000,000 
5. Losses of crops and trees 70,000,000 
6. Fishery and wildlife losses 11,000,000 
7. Government pesticide pollution controls 140.000,000 

TOTAL $839,000,000 

Pimentel and Perkins, 1980 

pesticide-related cancer. 

The greatest cost calculated by Pimentel was that of reduced natural enemies of 

undesirable insects due to pesticide use, which results in heavier and repeated 

applications of chemicals. The second largest estimate is the cost of medical attention to 

humans in severe cases of pesticide contamination to treat symptoms such as: respiratory 

problems, blurred vision, chest pains, fatigue, diarrhea, nausea, vomiting, and muscular 

cramps. Third, is the ever increasing expenditures by the government to enact and enforce 

pesticide regulations. Honey bee poisonings, the fourth largest cost, result in the 

elimination of the pollinator of flowers and plants. Losses of livestock, fish and wildlife, 

and crops and trees round out the list. 
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b. Nitrogen 

Nitrogen is an essential nutrient whicii plants require to live. When continuous 

farming depletes the soil of its natural nitrogen sources, farmers commonly add nitrogen 

fertilizers to replace the lost nutrient. If properly managed, nitrogen can increase crop 

production and does not normally threaten health. However, when more nitrogen is 

added to the soil than crop can utilize, excess nitrate (NO3),' the common form of 

nitrogen which is used by plants, can leach into groundwater supplies and contaminate 

drinking water wells. 

Nitrate is the most common chemical contaminant found in the world's aquifers, 

and its concentration is increasing (Gish and Sadeghi, 1993). In regions with well-drained 

soils, there is a documented propensity toward degradation of large aquifer areas, by 

pesticides and fertilizers, with contaminant levels above the Safe Drinking Water Act 

(SDWA) standards (Spalding and Exner, 1993). A national pesticide survey (NPS) 

carried out by the EPA in 1992 indicated that an estimated 4.5 million people in the 

United States, including 66,000 infants under one year of age, were served by water 

systems or private wells whose water exceeded the 10 mg/L (milligrams per liter) SDWA 

maximum contaminant level (MCL) standard for nitrate (USEPA 1992). 

'Nitrogen fertilizer is commonly applied to plants in the form of sodium nitrate or 
potassium m'trate. 
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Ingestion of nitrate in drinking water can cause methemoglobinemia (or "blue 

baby" syndrome),* and in some cases death, in infants (Spalding and Exner, 1993). In the 

United States, between 1945 and 1988, there were 278 reported cases "blue baby" 

syndrome linked to nitrates in drinking water, and in 39 of those cases infants died (Rail, 

1989). A 1950 incident in Miimesota demonstrates how deadly results can occur in a 

short period of time. Nitrate contamination of drinking water wells resulted in 144 cases 

of infant methemoglobinemia with 14 deaths during a 30 day period in that midwestem 

farming state (Johnson et al., 1987). In addition to the threat of "blue baby" syndrome to 

children, studies indicate that consuming water contaminated by nitrates may increase the 

risk, to both adults and children, of: hypenension (Malberg et al., 1987); certain cancers, 

including stomach cancer (Eraser and Chilvers, 1981); and, non-Hodgkin's lymphoma 

(Weisenberger, 1991). The state of Arizona, like many states with a sizeable agricultural 

sector, also faces ground water contamination problems. 

" Blue baby syndrome is a blood disorder resulting from the gastric chemistry of infants. 
Due to certain bacteria that are present in their digestive systems at birth, human babies are 
extremely susceptible to acute nitrate poisoning. These bacteria convert nitrate into toxic nitrite. 
The nitrite reacts with hemoglobin (the iron-containing protein in the blood that carries oxygen 
to all parts of the body) to form methemoglobin (which does not carry oxygen). Therefore, the 
level of oxygen being transported throughout the body decreases in proportion to the amount of 
hemoglobin that is converted to methemoglobin. As the oxygen level in the blood diminishes, the 
baby is suffocated. This syndrome does not typically affect the older population. See, H. H. 
Comly. 1987. Cyanosis in Infants Caused by Nitrates in Well Water. 257 journal of the 

American Medical Association: 2788. 
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C. Arizona Agricultural Groundwater Contamination 

Arizona's population is becoming more dependent on groundwater sources for 

drinking water. In 1985, only 48 percent of the state's drinking water supply came from a 

groundwater source, while in 1993, groundwater supplied 60 percent of the state's 

drinking water (ADEQ, 1993). This puts an increasing segment of the state's population 

at risk when agricultural pesticides and fertilizers contaminate aquifers. 

Nitrate is one of the most common pollutants of Arizona's groundwater, and the 

Arizona Department of Environmental Quality (ADEQ) identifies agriculture as a major 

source of this pollutant (ADEQ, 1993), most likely as a result of historic cotton 

production in the area. Large sections of aquifers in the Phoenix metropolitan area, 

including Chandler, Glendale, and Mesa contain nitrate levels high enough to render them 

unfit for human consumption. Many rural areas of Arizona such as Bullhead City. 

Quartzsite, Marana. St. David, and other areas, have high nitrate levels related to 

agriculture and septic tank discharges. Recent studies in the Yuma Basin also revealed 

high nitrate levels related to agricultural practices (Towne and Yu, 1998). In Santa Cruz 

County, a 1997 ADEQ border groundwater quality study revealed that groundwater 

contained elevated nitrate values in the Santa Cruz River Basin as well (ADEQ, 1997). 

DBCP and ethylene dibromide (EDB) are two agricultural pesticides which have 

been repeatedly detected in Arizona groundwater, particularly in the Yuma and Phoenix 

areas (ADEQ, 1993). These pesticides, which have since been banned because of their 
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carcinogenic potential, were used extensively from the 1950s to the 1970s to control soil 

nematodes in citrus and cotton fields. ADEQ reports that over 80 drinking water wells in 

Axizona have been contaminated with DBCP and EDB (ADEQ, 1993). 

While the state has experienced no large-scale pesticide contamination incidents 

linked to cancer as in other states, Arizona has experienced its ovra share of agricultural 

groundwater contamination. This contamination could lead to direct and indirect effects 

on the environment, including adverse health consequences to humans, animals, and 

beneficial insects. The next section addresses how to deal with health damages, how to 

control the risk of aquifer contamination, and, whom to hold liable. 

D. Binational Water Management in Ambos Nogales 

As discussed in Chapter 5. the Santa Cruz Active Management Area (AMA) is the 

recipient of contaminants from Mexico that affect surface and groundwater resources. 

The Santa Cruz River is contaminated with nitrates and fecal coliform exceeding national 

quality standards. The binational Nogales Wash aquifer is contaminated with Volatile 

Organic Compounds (VOCs), among other contaminants, which have entered the AMA. 

The threat of drought and public heath emergencies face both Nogales, Arizona and 

Nogales, Sonora, and with both cities sharing the Santa Cruz River aquifer for potable 

water supplies the possibility for conflict over water is a real one. 

Transboundary groundwater management and equitable distribution is an issue 
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that was not widely addressed in this country until the 1980s (Hayton and Utton, 1989). 

Binational groundwater management has been even slower to develop. Hayton referred 

to this issue as more "a case of non-management than of mismanagement." In Ambos 

Nogales, as in other border sister cities, the lack of transboundary management policies 

can be considered to be on a "collision course" with growing population pressures along 

the U.S.-Mexican border. Hayton and Utton felt that the expanding population was the 

single most important factor affecting water quality and demand for water. One reason 

for this lack of emphasis on managing groundwater resources is governments have not 

identified it as a priority. As Hayton and Utton point out, governments respond to the felt 

needs of society and society has not demanded action. 

III. APPROACHES TO THE PROBLEM OF AGRICULTURAL GROUNDWATER 

CONTAMINATION AND BORDER WATER MANAGEMENT 

A. Farmer and Manufacturer Liability 

Ex post liability is one option which could hold polluting parties liable for aquifer 

clean up and health damages. An advantage of ex post liability is that all costs associated 

with cleanup and health damages could be potentially recovered. Costs can be recovered 

in one of two ways, either under a strict liability rule or through a negligence rule 

(Shavell, 1987). 



Under strict liability, the injurer would be required to pay for all cleanup and 

health costs resulting from their chemical contamination of the aquifer. The injurer's 

total cost would therefore equal the total accident cost. Because the injurer's financial 

goal is to minimize total costs, the injurer's goal will be the societal goal of total accident 

cost minimization. As a result, injurers will be led to select the socially optimal level of 

care, or that level of care which would be most beneficial to society as a whole, as seen in 

Chapter 3. 

The second way costs can be recovered is through implementation of a negligence 

rule. Under such a rule, die injurer would only be held liable for cleanup and health costs 

caused by the injurer if he or she acted negligently. Negligence would be some level of 

care below that specified by a court, usually called "due care". If the injurer exercises a 

level of care equal to or above due care, the injurer is not held liable. If the courts select a 

level of due care that is socially optimal, the expected liability for the injurer would be 

equal to total cleanup and health costs when no care is exercised, and the expected 

liability could be equal to zero when due care is exercised. 

The implication for the control of risk is that liability can be structured such that 

injurers have an incentive to adopt all cost-justified precautions, as explained in Chapter 

3. Once it is established that risk can and should be controlled, it must be determined 

who can be held liable. 
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B. Mexico and Potentially Liable Parties 

Liability is further complicated in a binational setting, such as in cities like 

Nogales, Arizona, which shares both a border and two aquifers with Nogales. Sonora, 

Mexico. The presence of farmers on both sides of the border introduces another potential 

polluter to the mix. Mexican farmers, in addition to U.S. farmers and pesticide 

manufacturers. As will be described in Chapter 5, lack of enforcement of environmental 

laws in Mexico results in additional contamination of southern Arizona aquifers. While 

Mexican farmers are protected by the sovereign immunity of the state of Mexico, U.S. 

manufacturers who market their products on both sides of the border are not. A careful 

analysis is required to arrive at an efficient assignation of liability, which incorporates 

legal, institutional, and economic considerations, for this more complex arrangement. 

C. The Bellagio Draft Treaty 

A second approach that will be examined in this paper to address the problem of 

managing transboundary water resources is the more comprehensive approach of the 

Bellagio Draft Treaty. The Bellagio Draft Treaty for management of transboundary 

waters was a document produced in 1989 by Utton with other scholars and persons who 

had developed expertise in the area of transboundary water issues, as a way for countries 

to manage shared water resources. The Treaty is a document that was designed to be 

general enough to be applied to many parts of the world. It called for establishment of a 
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binational commission with enforcement and oversight responsibilities which could: 

establish and maintain a database, protect water quality, identify transboundary 

groundwater conservation areas, develop comprehensive management plans, respond to 

public health emergencies, plan for drought, and incorporate public input. 

The economic consequences of no binational groundwater management can be 

uncontrolled competition to consume shared water resources and a "tragedy of the 

commons" scenario resulting in over exploitation of resources. This paper will apply the 

Bellagio Draft Treaty to an actual transboundary water resource problem and examine 

how well the principles in the Treaty would operate in practice. A literature search 

indicated that although the document was crafted with great care over a period of years, it 

was never applied to actually resolve a transboundary water problem. The author will 

apply the Treaty to the shared water resources in Nogales, Sonora and Nogales, Sonora 

(Ambos Nogales). The selected area will be used to analyze the potential effectiveness of 

the treaty to resolve groundwater contamination and other water-related problems in 

Ambos Nogales. 

IV. ORGANIZATION OF DISSERTATION 

Chapter 2 of this dissertation discusses the literature search and methodology. 

Chapter 3 develops a model assessing liability between farmers and agricultural chemical 

manufacturers, using first a United States only economic model, and secondly, a model 
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which incorporates Mexican farmers. Chapter 3 also discusses problems in application of 

the model. Chapter 4 describes the regulatory framework in the United States and 

describes the author's survey of public water systems in the Santa Cruz AMA. Chapter 5 

describes the regulatory framework in Mexico and explains why regulation does not 

adequately protect the environment in Mexico. Chapter 6 applies the Bellagio Draft 

Treaty to Ambos Nogales. The conclusion. Chapter 7, describes how best to address 

transboundary water management in Ambos Nogales. 
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CHAPTER! 

LITERATURE SEARCH AND MEHTODOLOGY 
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I. INTRODUCTION 

The first part of this chapter reviews literature related to the Bellagio Draft Treaty 

and the Segerson model for agricultiual groundwater contamination. Part III of the 

chapter explains the methodology used in the survey conducted by the author and 

described in Chapter 3. 

II. LITERATURE REVIEW 

A. The Bellagio Draft Treaty and Water Management in the U. S. -Mexico Border 

The Bellagio Draft Treaty compiled by Hayton and Utton was the result of input 

by many scholars and border policy makers over a period of about ten years (Hayton and 

Utton, 1989). Many of the principles which later were included in the Bellagio Draft 

Treaty were presented by Rogers and Utton in 1985 article "The Ixtapa Draft Agreement 

Relating to the Use of Transboundary Groundwaters" (Rogers and Utton, 1985). Rogers 

and Utton presented a groundwater management plan designed around the U.S.-Mexico 

border area. 

Mexican researcher Szekeiy made the case for a holistic planned Mexican policy 

and binational cooperation with the United States (Szekeiy, 1987). Sepulveda indicated 

that the history of the U.S.-Mexico border region has been one of permanent conflict 

(Sepulveda, 1984). Mexico's loss of territory to the U.S. in the 19th Century and other 

problems require the passage of time for nationalistic feelings to wane, however he does 
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see the International Boundary and Water Commission (IBWC) as the one institution 

capable of addressing border water issues. 

Transboundary aquifers represent many of the "Tragedy of the Commons" that 

Hardin and Bradem identified with other common resources such as commercial fishing 

in the high seas (Hardin and Baden, 1977). In the case of shared border aquifers, each 

country has an incentive to consume as much of the resource as it can without regard to 

the health of the aquifer or the needs of the other country. 

In examining border groundwater treaties in other countries Teclaff and Teclaff 

concluded that existing treaties and institutions were extremely inadequate to address the 

increasingly serious problems of groundwater contamination (Teclaff and Teclaff. 1979). 

Clark called for the IBWC to begin an inventory of U.S.-Mexican border groundwater 

supplies which would include drilling of monitor wells to measure water quality and 

water use as a basis for future planning (Clark, 1978). Utton presented a rough outline 

for the management of border groundwaters in 1978 calling for the promotion of safe 

yield, an amount of water which can be removed annually without producing undesirable 

affects and which will not exceed long-term annual recharge (Utton, 1978). Many of the 

concepts which would eventually become part of the Ixtapa and Bellagio Draft Treaties 

were outlined by Utton including: granting the IBWC powers to designate "international 

groundwater areas" and allowing the IBWC to apportion water based on the Helsinki 

Rules of the International Law Association (Utton, 1978). 

Mumme (1988) along with Utton (1978) and Utton and Rogers (1985) ail 
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emphasize the importance of equitable apportionment as a way to deal with international 

water resource disputes. Equity criteria in the fair apportionment of groundwaters would 

not be rigid, but as laid out in the Helsinki Rules, would include consideration of such 

factors as: l) the geology of the basin; 2) the hydrology of the basin, including the 

contribution by each coimtry; 3) the climate of the region; 4) the past and present 

utilization of waters in the basin; 5) the social and economic needs of each basin state. 

Mimime and Moore recognize the capabilities and great potential of the IBWC in 

referring to it as one of the most prestigious international resourc* management agencies 

in the world (Mumme and Moore, 1990). Ingram and White spelled out weaknesses of 

the IBWC as being reactive instead of anticipating problems prior to emergencies, and 

secretive, closed in decision-making instead of open and participatory (Ingram and 

White, 1993). Mumme identified additional weaknesses of the IBWC as not able to 

expand its water management functions and the agency's resistance to develop long-term 

management objectives (Mumme, 1993). Mumme and Sprouse evaluate the new regime 

of border institutions and point out the need for long range planning through a new border 

institution that could prioritize border environmental problems and coordinate existing 

institutions to solve problems (Mumme and Sprouse, 1999). 

Ingram, Laney, and Gillilan identified many of the problems and opportunities 

that exist between Nogales, Arizona and Nogales, Sonora in their shared use of 

groimdwater and surface water resources (Ingram, Laney, and Gillilan, 1995). The 

authors identify socioeconomic dividing lines, different perceptions and altitudes about 



36 

water, as well as shared social and economic linkages that exist between the two 

countries. One conclusion reached by the authors was that more efficient research 

management between the two countries would result from establishment of binational 

regional institutions with jurisdiction over a broad range of environmental issues. 

The author carried out a journal citation search to help determine whether of not 

the principles outlined in the Bellagio Draft Treaty had been previously applied to resolve 

water problems in an actual transborder groundwater area. The Bellagio Treaty was cited 

in four articles, one by Teclaff (1996), one by Elmusa (1995), and in two by Szekely 

(1993 a & b). Only Elmusa applied a concept from the Bellagio Treaty to an actual 

border crisis situation on the Palestine-Israel border. Elmusa used the doctrine of 

"equitable apportionment" from the Bellagio DraftTreaty to argue for a reallocation of 

water between Israel and the Palestim'ans, resulting in the Palestinians receiving a larger 

share of the water. Elmusa cites the Bellagio Draft Treaty as stating that all factors must 

be weighed and that prior use is not paramount, as in the case where Israel has 

historically used the shared groundwater water extensively. Elmusa's article could be 

considered a partial application of the Bellagio Draft Treaty. 

The author also contacted two members of the work group that developed the 

Bellagio Draft Treaty, Ingrain and Mumme, to see if they knew if the Treaty had ever 

been applied to an actual border area. Both replied that, to their knowledge, it had not. 

By examining the application of the Bellagio Draft Treaty to the management of water 

resources in Ambos Nogales is, to the best knowledge of the author, the first such 
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examination to taice place. 

B. Agricultural Groundwater Liability 

One aspect of transboundary groundwater contamination is agricultural 

groundwater contamination. This is a problem that presents a potential threat to 

groundwater users in Nogales, Sonora and Nogales. Arizona. Farming, and use of 

agricultural chemicals takes place on both sides of the border. Segerson developed an 

economic model for use in the United States, to examine the extent to which farmers 

should be held liable for groundwater contamination by agricultural chemicals (Segerson, 

1990). The question of shifting liability to the chemical manufacturers is examined as an 

option to holding farmers liable. Segerson concluded that farmer exemption from 

liability could lead to efficient levels of pesticide use. She reached this conclusion by 

demonstrating that farmers will act in a non-negligent manner to avoid liability. Chapter 

3 contains an explanation of this model, which is expanded to include Mexico. 

A 1987 US EPA study concluded that it was difficult to determine who should be 

considered the responsible party for agricultiiral groundwater contamination (EPA, 1987). 

The EPA identified several parties who had some involvement in the process, the farmer 

who applied the chemicals, the chemical manufacturer, the EPA who regulated the 

process, and state agencies that registered the chemicals. However, federal restrictions 

such as The Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) section 107 restricts farmer liability if the farmer is using a registered 
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pesticide. Several states have enacted similar limits on farmer liability (Minnesota 

Statures, 1991; North Dakota Code, 1990; Code of Georgia, 1990; and, Vermont Statutes. 

1990). 

The application of agricultural chemicals by the farmer is similar to the storage of 

manure on his property. It is part of the normal operation of the farm and it has the 

potential to harm neighboring parties. Centner states that groundwater contamination 

from agricultural chemicals can be viewed as a simple tort, a wrongful or injurious act 

(other than breaking a contract) for which a civil suit may be brought in court by private 

persons (Centner, 1991). If the suit is successful, the court may award the victims cash 

compensation for damages, "punitive" damages above the actual cost of the injury in 

order to punish the defendant, and/or a court order banning any future repetitions of the 

kind of behavior giving rise to the suit, where the farmer's actions can harm other parties 

who rely on the groundwater to drink. 

Brown has shown that in torts where damages are affected by level of care, 

efficiency can be obtained if the injurer is either strictly liable or liable for damages if he 

has not exercised due care" (Brown, 1973). In the case of agricultural chemicals, "due 

care" could be established by following all approved standards and instructions. Shavell 

demonstrated that strict liability is needed to provide an incentive for the farmer to 

exercise increased care and decrease use (Shavell, 1980). For efficiency the victim must 

also exercise care. 
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III. METHODOLOGY 

The author conducted a survey in the fall of 1996 to determine attitudes towards, 

and compliance with. Safe Drinking Water Act regulations by small public water system 

owners and operators within the Santa Cruz AMA. The owners and operators also 

enumerated water quality problems that affected their water systems. 

The first step of the study was to review files on the PWS' located in the Santa 

Cruz AMA at the Southern Regional Office of the Arizona Department of Environmental 

Quality (ADEQ) in Tucson in the spring of 1996. The author paid particular attention to 

violations reported by ADEQ inspectors. Names, locations, and contact phone numbers 

were also obtained at the Tucson office. Preparation for the study included several trips 

to the Santa Cruz AMA between May and August of 1996 to develop the research 

instrument and to conduct analysis. Sample questionnaires were tested on cooperating 

PWS owners, and representative water systems were examined to gain an understanding 

of their operation and potential problems. Feedback on the questionnaire was also 

received from the Head of the Drinking Water Section at the Phoenix headquarters of 

ADEQ, and from the ADEQ inspector of public water systems in the study area. 

In-depth interviews were conducted with 24 of the 27 public water system owners 

and/or operators in the Santa Cruz AMA. These interviews were conducted by the author 

from September through December of 1996, usually at the sites of the water systems. See 

Appendix I for a copy of the interview questionnaire. 

The questionnaire covered ten categories of information: system information. 
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consumer information, who bears treatment costs, water quality, water quantity, plant 

investment, opinions of the Safe Drinking Water Act, opinions of the Arizona 

Department of Environmental Quality, insurance needs, and border environmental issues. 

Chapter 3 will examine the Segerson model to control agricultural groundwater 

contamination and the model will be expanded to include Mexico. Obstacles to 

employing the Segerson model will also be analyzed. 
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CHAPTER 3 

FARMER AND CHEMICAL MANUFACTURER LIABILITY IN A 
BINATIONAL SETTING 
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I. INTRODUCTION 

This chapter examines liability in a binational setting as a tool to deal with the 

problem of agricultural aquifer contamination. Section II of this chapter describes the 

Segerson economic model which was designed to examine the efficiency of farmer 

exemption legislation in the United States. The model is expanded by the author, in 

Section III, to include Mexican farmers. Section IV describes the difficulties encountered 

by injured parties who attempt to employ ex post liability, in the form of toxic tort claims, 

to hold polluters liable. 

II. THE SEGERSON MODEL 

Segerson, in her 1990 article entitled. "Liability for Groundwater Contamination 

from Pesticides," (Segerson, 1990) established an economic model to describe the role of 

the farmer and the chemical manufacturer in agricultural contamination of groundwater. 

The Segerson model demonstrates the difficulty of assigning liability efficiently, and 

analyzes the effect of fanner exemption legislation on efficiency. 

Although farmers purchase and use pesticides, Segerson points out that they are 

not entirely responsible for the subsequent damages. Pesticides can be classified as 

inherently dangerous products which cannot be rendered safer by the manufacturer 

without reducing the product's beneficial properties, such that the dangers exist in each 

bag of the product produced. Because the manufacturer produces, markets, and sells the 

pesticide to farmers, the manufacturer is responsible for at least indirectly affecting 

pollution damages and becomes a part of the liability equation. A product liability 
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defense allows farmers to shift some of the burden of liability to manufacturers, affirming 

that the farmer is not exclusively responsible. This approach has the advantage of 

exploiting the fact that large manufacturers have many customers, and are better able to 

pay for damages. 

Segerson concludes that farmer exemption legislation is efficient when four 

conditions are met: 1) the exemption is conditional on non-negligent care by the farmer, 

2) the exemption is limited to the use of purchased products, 3) the manufacturer then 

bears the liability, 4) manufacturers are risk neutral.' Under these conditions, when the 

manufacturer is fiilly liable for all damages, the farmer will choose the efficient level of 

pesticide use. The negligence rule assures that both the farmer and the manufacturer 

exercise due care. The farmer exercises care to avoid liability, while the manufacturer 

exercises care in the production process and recommended use to minimize expected 

damages. By imposing full liability on the manufacturer, and holding farmers to a 

negligence standard, both the manufacturer and the farmer exercise sufficient care and 

production is efficient, causing Segerson to conclude that farmer exemption legislation is 

efficient (Munson, 1995).^ 

'Product liability insurance is available to manufacturers to protect them against 
exorbitant liability payments and to help spread the risk across consumers. 

^Munson also argues that farmers who apply pesticides in an approved manner should not 
be held liable under common law or statutory theories for contamination of groundwater. He 
argues that there is support for the belief that the majority of the pesticides found in groundwater 
do not originate from nonpoint sources such as the normal application of pesticides. Rather, the 
majority of pesticides found in groundwater may originate from quasi-point sources such as 
improper disposal and accidental spills. 
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III. ADDITION OF MEXICO TO THE SEGERSON MODEL 

Farming and cattle ranching occur on both sides of the Arizona-Sonora border 

along the Santa Cruz River (Figure 3.1). Within the Santa Cruz AMA, approximately 

2100 acres of land are being farmed, principally in areas adjacent to the Santa Cruz River 

(ADWR, 1996). The majority of land under cultivation is planted with forage crops, 

forage having replaced former staples such as cotton and com. Principal crops include 

alfalfa, barley, oats, rye, bermuda grass and fescue. Vegetable gardening comprised only 

5 percent of the agricultural sector, and most of these farms employ agricultural methods 

to grow organic foods In 1997, agriculture consumed 11,000 acre-feet of water, making 

it the largest single consumer of water in the AMA. 

The Mexican section of the Santa Cruz River farms approximately 2500 acres, the 

vast majority of which are irrigated, either by pumps, or by gravity intakes (Briggs, 

1999). Sonoran farmers use approximately 7,000 acre feet of water per year, and while 

farmers also grow forage crops for their cattle, over 50 percent of the agricultural sector 

Munson points out that there is growing pressure to impose liability on farmers for the 
cleanup of groundwater allegedly contaminated by their pesticide use, despite the fact that they 
comply with all laws regarding pesticide application. This type of liability, the author argues, 
ignores the fact that it is nearly impossible to trace normally applied pesticides, back to their 
source. The author argues that liability lies more properly with the manufacturers of pesticides, 
rather than with the farmers who apply them in accordance with label instructions. Mimson 
proposes a new system which calls for farmers to be exempt from liability for the normal 
application of pesticides in return for payment of a minor surcharge on pesticides that will be 
used to establish a groundwater cleanup fimd. 
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FIGURE 3.1 
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grows vegetables in Sonora, with principal vegetable crops consisting of com, beans, 

potatoes, and wheat. 

The expansion of the Segerson model to include Mexican farmers and the 

application of a rule of joint and several liability is a significant consideration that could 

potentially have far-reaching effects on groundwater contamination along the border.^ 

However, expansion of the Segerson model to include Mexico creates potential problems 

for the model. One potential problem with the application of a rule of joint and several 

liability in this binational setting is that Mexican farmers, as citizens of the sovereign 

State of Mexico, cannot be held liable by U.S. regulatory agencies or courts. The addition 

of Mexican farmers to the Segerson model adds a third potentially liable party, in 

addition to U.S. farmers and U.S. fertilizer manufacturers (See Table 3.1).'* If we follow 

the Segerson model and now allow both U.S. and Mexican farmers exemption from 

liability, as long as they exercise due care. Then, full liability will once 

^Nitrate contamination is more likely than pesticide contamination right along the border 
because in this area ammonium nitrate and ammonium sulfate, both nitrogen fertilizers, are 
applied in the production of alfalfa, which is v^ddely used as feed in cattle operations near the 
border. 

''in the United States, the selling price for ammonium nitrate was $245/ton in February 
1998. In Mexico, the price for ammonium nitrate, produced by Mexican manufacturers, was 
$226/ton. For purposes of the economic model developed in this article, the prices in the two 
countries are close enough to consider them roughly equal. Some U.S. fertilizer manitfacturers, 
such as Fertizona, sell nitrate fertilizer to both Mexican and U.S. farmers. The price of U.S. 
produced fertilizers is slightly higher in Mexico due to transportation costs and other costs 
associated with crossing the border. Ammoniimi nitrate and ammonium sulfate are two nitrogen 
fertilizers that are produced in the United States by the Fertizona company and sold in both 
Nogales, Arizona and Nogales, Sonora. 
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Table 3.1. Liability and Exemption Under the Segerson Model and the Extended 
Segerson Model with Mexico 

The Segerson Model 

Liable Exempt 

U.S. Famers X 

Manufacturers X 

The Extended Segerson Model 

Liable E.xempt 

U.S. Farmers X 

Mexican Farmers X 

Manufacturers X 

again be imposed on the manufacturers, resulting in both the manufacturer and Mexican 

and U.S. farmers exercising sufficient care and resulting in an efficient solution. 

Two potential problems exist in extending the Segerson model to include 

Mexican farmers. First, it is doubtful that the Mexican regulatory agencies can assure 

that Mexican fanners will exercise due care. As will be described in Chapter 5, Mexican 

laws are not consistently enforced. Thus, the first of Segerson's four conditions for 

efficiency is not met. In Chapter 4, it well be shown that U.S. regulatory agencies are not 

able to protect groundwater in the United States. If gaps exist in the U.S. regulatory 
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safety net, one must expect the situation in Mexico to be more difficult with fewer 

resources at their disposal. 

The second potential problem in extending the Segerson model lies in the 

difficulty in establishing the liability of manufacturers, which is examined in the next 

section. 

IV. EX POST LIABILITY IS DIFFICULT TO PROVE IN PRACTICE 

Toxic tort claims consist of alleged damage, caused by a toxic substance, to a 

person, to property, or the environment. Toxic torts provide a way for civil damages to 

be addressed monetarily. While in theory toxic tort litigation appears to be an efficient 

way to recover health and cleanup costs, in practice it is difficult for plaintiffs to recover 

these costs. The reasons why it is difficult for plaintiffs to hold polluters liable include: 

plaintiffs face potentially insurmountable obstacles in establishing causation, defendants 

have many ways to establish innocence, and Arizona law presents other legal roadblocks 

for plaintiffs. 

A. Obstacles to Establishing Causation 

In toxic tort litigation plaintiffs face potentially insurmountable obstacles when 

they attempt to establish causation. In general, plaintiffs face two hurdles that they must 

overcome to establish causation. First, they must prove that the toxic substance in 

question can cause the type of harm that the plaintiff suffers. Secondly, the plaintiff must 

prove that his or her exposiire to the substance actually resulted in the harm claimed 
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(Menell and Stewart, 1994). As Menell and Stewart point out. traditionally, the standard 

for causation has been, ''the preponderance of the evidence" or "but for" standard. In 

other words, the jury must be persuaded that it is more likely than not that the plaintiff's 

cancer was caused by the defendant's chemicals. Many times, the standard will not allow 

recovery by the plaintiff even though it is established that the defendant's substance has 

caused a significant increase of cancer, for example, in the exposed population. The 

plaintiff faces difficulty in even persuading the court to allow an epidemiologic study into 

evidence as proof of causation. Common law causation usually uses the "A hit B" 

paradigm. Epidemiology studies rely on statistical generalizations based in group 

experiences, and even if the studies are allowed into evidence, plaintiff must still prove 

that the defendant caused her cancer, not just that cancers rates were increased because of 

the population's exposure to the defendant's toxic substances. In Arizona specifically, if 

the plaintiff hopes to have any chance to win, they must establish: 

• The toxic substance was unreasonably dangerous. The problem for the plaintiff is 

that since substances, such as pesticides and fertilizers, must use concentrated 

chemicals to be effective. Because the chemicals must be inherently dangerous in 

order for them to protect the plants, to establish that they are "unreasonably" 

dangerous can be difficult (Foderman et al. 1996). 

The plaintiff suffered bodily harm or property damage. The problems faced by 

the plaintiff under this obstacle include the problematic nature of burden of proof 

when diseases occur many years after the contaminating event, and the difficulty 
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in establishing the extent of exposure after the passage of many years. 

Defendants personally caused the damages and defendant had conUrol over the 

condition causing the conduct from which the risks were created (State of New 

York V. Fermenta ASC Corp., 1995).^ A case of TCE contamination of an 

aquifer in Tucson, Arizona showed that it is not entirely possible to do this, as 

plaintiffs were successful in obtaining compensation from the responsible parties 

(Gelt et al., 1999; Wadsworth, 2000). In the case of one automobile hitting 

another this is fairly easy to establish, however, the causal link by which 

exposures to substances such as nitrates and pesticides result in illnesses, such as 

cancer, are often incompletely understood. In a widely publicized and 

popularized article published in Science in 1987, scientists from the Universityof 

California at Berkeley concluded that many diseases associated with exposure to a 

^The state of New York, the county and the Suffolk County Water Authority (SCWA) 
brought action against manufacturers and distributors of a herbicide which degraded into 
tetrachloroterephtlalic acid (TCPA), alleging claims of public and private nuisance and trespass. 
The Supreme Court, Suffolk County held that the plaintiffs failed to establish the TCPA in the 
water supply was in excess of 50 parts per billion (ppb), or was harmful or potentially harmful to 
the health, safety and comfort of a considerable number of persons, as required to establish a 
claim of public nuisance. Plaintiffs also failed to establish that invasion of TCAP into 
groundwater and an interest in the S WCA's private use and enjoyment of land resulted from 
defendants' engaging in abnormally dangerous condition or activity, or as a result of negligence 
or unreasonable conduct, as required to support a claim of private nuisance. The SCWA was 
able, however, to establish a claim of trespass based on unlav^ invasion of TCAP into 
groundwater in an amount exceeding 50 ppb. SCWA was able to establish that the defendants 
manufactured and distributed Dachtal which xmtil 1989 was sold in Suffolk County. They were 
able to show that the defendants advised consumers that it be applied to the soil and that Dachtal 
contains DCPA which breaks dovm into TCPA, and therefore that the unlawful invasion of 
DCPA to the groundwater was du-ect and intentional. SCWA was also able to establish that it 
had been tangibly and appreciably damaged by the invasion of TCPA. 
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certain toxic substance, are also associated with other risk factors, such as 

smoking, alcohol consumption, or other dietary habits (Ames et al. 1987).^ The 

authors suggest that impacts of synthetic pollution in drinking water and synthetic 

pesticide residues in foods represent a minimal carcinogenic hazard relative to 

natural carcinogens. This issue remains unresolved and hotly contested, as seen 

by a rebuttal article published in Science and signed by 17 noted scientists 

published shortly after the first article (Epstein and Swatrz, 1988).^ These articles 

demonstrate the difficulty in establishing causation begins, not in the courts, but 

in the scientific community. 

The obstacles that plaintiffs face in trying to establish causation in toxic tort cases 

are real and sometimes seemingly insurmountable. However, these are not the only 

^ This study suggests that the cancer threat firom exposure to various environmental contaminants 
is much less than exposures to many common household items such as peanut butter, raw 
mushrooms, and wine. In addition, most plants create their own natural chemicals to ward off 
insects and diseases, and according to the authors, we are almost completely ignorant of the 
carcinogenic potential of natural chemicals in the world. The authors state that in choosing 
between artificial pesticides and raising the plants' natural toxins through breeding, they would 
prefer the former. They cite an example where plant breeders produced an insect-resistant 
potato, which had to be withdrawn from the market due to its acute toxicity to humans because 
of high levels of the natural plant toxins solanine and chaconine. 

^This rebuttal article to the article, was also cosigned by 15 other noted scientists. 
Epstein and Swartz claim that pesticides in food and drinking water results in 1.5 million U.S. 
cancers, and among other things, Ames et al. ignore the possibility of interactive effects of 
contaminants found in drinking water. Epstein and Swartz conclude their rebuttal by saying that 
Ames's views and recommendations are out of step with the majority of the scientific 
community and that the views even "contrast strikingly with those previously and strenuotisly 
propounded" by Ames himself. 



52 

obstacles plaintiffs must overcome, they must also surmount the various techniques by 

which defendants in toxic tort litigation establish their innocence. 

B. Defendants Have Many Ways to Avoid Liability 

Another difficulty for plaintiffs in toxic tort cases is the fact that defendants have 

many ways to avoid liability in toxic tort cases. Among the strategies used by defendants 

are: 

• Defendants will claim that a significant passage of time occurred from when the 

product was sold until the alleged injurious exposure occurred; the product was 

used in a manner unforeseeable by the producer and this resulted in an assumption 

of risk by the plaintiff; and, unforeseeable and unexpected alteration of the 

product implied comparative negligence on the part of the plaintiff (Froderman et 

al. 1996). 

• Defendants will attempt to introduce evidence of the claimant's exposure to toxic 

products of another producer, or exposure of a general nature caused by exposure 

to potentially toxic substance in one's daily life and surroundings (Ames et al. 

1987).® 

• Defendants may offer evidence that their conduct was in compliance with any 

^For example, Ames points out that familiar household grocery store goods such as beer, 
coffee, shrimp, bread, and cola products all contain formaldehyde, a natural carcinogenic and 
mutagenic (capable of causing genetic mutations) aldehyde. In addition, formaldehyde is 
commonly found in high concentrations in the air inside of mobile homes. Under normal 
circumstances the human body detoxifies the formaldehyde consimied or inhaled. 



applicable statutes or regulations (Freebee V. Chevron Chemical Cos., 1884). 

• Defendants can argue federal preemption, where federal law may expressly 

preempt inconsistent state regulation or litigation (Froderman et al. 1996).'° 

As outlined above, defendants have various tactics that they can use to avoid 

liability in toxic tort litigation. Beyond this obstacle, the state of Arizona also has 

established legal obstacles for plaintiffs to overcome. 

C. Additional Obstacles to Plaintiffs in Toxic Tort Litigation 

In addition to the previously mentioned obstacles faced by plaintiffs to recover 

costs in toxic tort litigation, added burdens for plaintiffs are: the requirement that for 

toxic tort litigation, the state of Arizona requires the existence of a present physical 

injury, and the litigation must be brought within the established statute of limitations for 

the state. 

Proof of the existence of a present physical injury creates a highly burdensome 

task for the plaintiff because of the potential for passage of long periods of time between 

exposure and manifestation (Burns v. Jaquays Mining Corp. 156 Ariz. 375, 752 P.2d 28 

(Ct. App. 1987); DeStories v. City of Phcenix 154 Ariz 604, 744 P.2d 705 (Ct. App. 

1987)). While the "discovery" time can be long, and is interpreted conjunctively in the 

Ferebee v. Chevron Chemical Cos. 736 F. 2d 1529 (D.C. Cir. 1884). Such evidence 
is not conclusive, however. 

'°5ee, Froderman supra note 12, at 69. Also, implicit preemption may be present, as is 
found under FIFRA, the Federal Insecticide, Fimgicide and Rodenticide Act. 
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state of Arizona {Lcnvhon v. LP. J. Institutional Supply. 159 Ariz. 179, 765 P.2d 1003 

(Ct. App. 1988)." these claims must still be brought within the applicable Arizona statute 

of limitations, once discovery is made. In the state of Arizona, suits based on statute 

created claims must be brought within one year (A.R.S. § 12-541(3)). Suits for trespass 

or personal injury must be commenced within two years (A.R.S. § 12-511) (Hazine V. 

MontgomeryElevator Co. (1993)).'^ Fraud claims must be initiated within three years 

(A.R.S. § 12-543(3)), while for claims arising out of contract, a statute of limitation of 

four years exits (A.R.S. § 12-550). These two additional burdens make it more difficult 

for plaintiffs to recover damages in toxic torts. 

D. Weaknesses of Toxic Torts and Strengths of Ex Ante Regulation 

Because the plaintiff's burden of proof for causation is seemingly insurmountable, 

because the defense has a multitude of ways to avoid liability, and because Arizona law 

presents additional obstacles against plaintiffs, that toxic tort litigation alone is 

insufficient to control health and environmental damage. Because of this inherent 

weakness of toxic torts and because of the inability to enforce Segerson's conditions on 

Mexican farmers who might engage in negligent handling of fertilizers, the author 

"in Lawhon the court found: "A cause of action 'accrues' when the plaintiff discovers or 
the exercises of reasonable diligence should have discovered that he or she has been injured and 
by a particular defendant's negligent conduct. The cause of action does not accrue until the 
plaintiff knows or should have know of both the what and who elements of the causation." 

Hazine held that Arizona's 12 year statute of repose for strict product liability was 
unconstitutional. 
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concludes that the Segerson model is not likely to resolve agricultural border 

groundwater contamination on the Santa Cruz River. The next chapter examines the 

United States regulatory structure designed to protect the public's drinking water. It also 

evaluates the effectiveness of the country's regulatory safety net in the Santa Cruz AMA. 
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CHAPTER 4 

GROUNDWATER REGULATION IN THE UNITED STATES 
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I. INTRODUCTION 

This chapter examines the state and federal regulatory protection of groundwater 

in the United States. Part II describes the Arizona approach to aquifer protection, which 

includes the Aquifer Protection Permit Program (APP), the federal Safe Drinking Water 

Act and its enforcement by the Arizona Department of Environmental Quality. Part II 

also describes a survey of public water systems conducted by the author I the Santa Cruz 

AMA. The survey illustrates the problems that public water system owners have in 

complying with the Safe Drinking Water Act. An evaluation of these programs reveals 

that there are some gaps in the regulatory safety net. 

II. STATE AND FEDERAL REGULATION 

A. Introduction 

In the United States, regulations exist to protect aquifers at the federal, state, and 

local levels (see Table 4.1). On the federal level, the SDWA, through the EPA. 

establishes national water quality minimum standards. The state of Arizona, through 

ADEQ, then writes state regulations which must incorporate the minimum standards set 

by the EPA. Potentially polluting activities which occur in Southern Arizona include 

farming, landfills, septic tanks, and underground storage tanks. Potentially polluting 
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parties depend on such things as loans for underground storage tanks or fertilizers for 

crop protection in order to engage in their businesses. Therefore, lenders and product 

manufacturers are identified as being indirectly responsible for contaminants entering the 

aquifer. The quantity of contaminants discharged into the aquifer by potentially polluting 

activities is regulated in Arizona by the APP Program. 

On the local level, the City of Nogales, Arizona, with funding from the EPA, has 

established a wellhead protection program. The Program has produced a curriculum in 

the public schools to educate students about preventing contamination of the city's 

aquifer, has promoted re-use of treated PCE-contaminated water on golf courses, and has 

identified Well Head Protection Areas for the cities of Rio Rico and Nogales. Arizona. 

If a contaminant enters the aquifer from a potentially polluting activity, managing 

to elude the safety net put in place by the three levels of government to stop it, it might 

then be pumped from the aquifer into a PWS. Chlorine is often used in Santa Cruz 

County to pre-treat water, so if the contaminant is a bacterial coliform, it may be stopped 

by this final protective measure. If the contaminant reaches the PWS, and has been 

determined to exceed SDWA maximum contaminant levels, responses by the PWS owner 

are mandated by the SDWA (as explained in Section III. C. of this chapter). The final 

step in this multi-layered process of attempting to protect drinking water occurs when the 

water reaches the household faucet and a consumer drinks it. 
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B. The Arizona Aquifer Protection Permit Program 

1. Introduction 

The Aquifer Protection Permit Program, enacted in 1986 as part of the Arizona 

Environmental Quality Act (AEQA), is considered the cornerstone of Arizona's 

groundwater protection strategy. The APP program requires individuals to obtain a 

permit from the Department of Environmental Quality for any discharge or potential 

discharge of a pollutant into an aquifer, the land surface, or to the vadose zone, which has 

a reasonable probability of reaching the aquifer. Facilities regulated by the APP include 

wastewater treatment facilities, landfills, mines, groundwater recharge projects using 

wastewater effluent, surface impoundments, injection wells, and land treatment facilities 

(ADEQ, 1993). Facilities that obtained a groundwater quality protection permit under the 

GWPP program, or received "interim status" by virtue of filing a Notice of Disposal 

(NOD), are allowed to continue discharging so long as they do not violate any aquifer 

water quality standard. Facilities beginning operations after September 27, 1989 had to 

apply for an aquifer protection permit prior to discharging (Fennemore Craig, 1992). 

New facilities must obtain a permit before they begin operations. Existing 

facilities must comply with APP regulations by the year 2001. Facilities that closed prior 

to the enactment of the AEQA, and where groundwater contamination has occurred, are 

dealt with by the Water Quality Assurance Revolving Fund (WQARF), also known as the 

State Superflmd Program (Fennemore Craig, 1992). 
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2. Permits 

The APP program issues two types of permits: general permits and individual 

permits. General permits are issued by rule, instead of by application from the individual 

discharging facility as is the case of individual permits. General permits are issued to 

activities which are large in number, where the cost of issuing individual permits is not 

justified by environmental or health concerns, where activities are of a similar nature, and 

where the activities in general meet the requirement of an individual APP permit (ADEQ, 

1993). 

Unless covered by a general permit, every discharging facility must apply for an 

individual aquifer protection permit. The process for receiving an individual permit 

requires a formal application requiring the applicant to supply details about facility 

design, discharge characteristics, and site information which would include 

hydrogeologic studies. Individual aquifer permit recipients are also required to provide 

monitoring, record-keeping and reporting, contingency plans, discharge limitations, 

compliance schedules, post-closure plans, alert levels, and other requirements that may be 

unique to the individual situation which ADEQ deems appropriate. Alert levels are based 

on site specific conditions and can be measured at the point of release, the point of 

compliance (Fermemore Craig, 1992), or at an intervening point. In addition, ADEQ 

requires applicants to demonstrate that they possess the technical and financial resources 

to comply with APP requirements. 

All permitted facilities must demonstrate that the facility is designed to ensure the 
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greatest degree of discharge reduction achievable through the application of Best 

Available Demonstrated Control Technology (BADCT). In addition to assuring that 

facilities will employ BADCT, individual applicants must demonstrate either that 

discharged pollutants will not cause or contribute to violation of aquifer water quality 

standards, or that discharged pollutants will not further degrade an existing violating 

aquifer. 

Applicants must meet BADCT criteria which requires them to limit discharges to 

the maxim extent possible regardless of cost for three categories of pollutants: (1) in the 

case of organic substances which are known carcinogens listed in 42 United States Code, 

§ 241 (b) (4); (2) any organic substance listed in 40 Code of Federal Regulations § 261.33 

(e); and (3) any organic toxic substance listed by the EPA director, which she has 

determined to be a substantial threat to human health. 

2. The APP and Agriadture 

The Agricultural Best Management Practices (BMP) Program is designed to 

regulate pollution from the use of nitrogen fertilizers and from concentrated animal 

feeding operations. Best Management Practices are defined as those practices which 

prevent or reduce discharges of pollutants into the environment. These practices can 

include structural and nonstructural controls as well as operation and maintenance 

approaches. BMP may be applied before, during, or after pollutant discharge in order to 

reduce or eliminate contamination of the water. Economic, institutional, and technical 
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factors considerations are included in the development of BMPs. 

The conditions of these general agricultural permits include BMPs which have 

been identified by ADEQ to be "the most practical and effective means of reducing or 

preventing the discharge of pollutants by regulated agricultural activities" (Fennemore 

Craig, 1992). They hold the farmer to the standard of "reasonably" minimizing the impact 

to groundwater by causing no more discharge than is economically necessary. 

Agricultural BMPs may vary within the state depending on local regional and 

hydrogeologic circumstances. By complying with ADEQ best management practices 

farmers are in compliance with the aquifer permit requirement. If the best management 

practices are violated, ADEQ can revoke the agricultiu^al general permit and require the 

farmer to apply for an individual aquifer protection permit. 

The three key elements to the Agricultural Best Management Practices Program 

are: 

1. Permit holder compliance. In order for a fertilizer user or feedlot operator to 

maintain his or her permit, they must conduct their activities in accordance with 

best management practices. 

2. Enforcement. Failure to meet best management practices will result in 

revocation of the person's individual permit and possible penalties. 

3. Training and research. Training will be offered by the ADEQ to members of 

the agricultural community engaged in regulated activities with regard to best 

management practices. 
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3. AFP Compliance in the Santa Cruz Active Management Area 

The Santa Cruz AMA, roughly encompassing the area of Santa Cruz County, was 

authorized in 1994 with the passage of Senate Bill 1380 (ADWR, 1996). In addition to 

border-related problems, such as VOCs entering the AMA from Mexico (Varady and 

Mack, 1995), a number of potentially polluting activities occur within the Santa Cruz 

AMA, including: TCE from industrial point sources; nitrates from septic tanks and 

alfalfa production; bacterial contamination from cattle and septic tanks; metals from 

landfills; and, gasoline from leaking underground storage tanks (LUST) (Sprouse and 

Cory, 1997). 

Within the boundaries of the Santa Cruz AMA there exist six LUST sites, ten 

wastewater treatment plants, four landfills (one active and three inactive), and two 

WQARF sites (see Figure 4.1). All but two of these facilities are located either along the 

Santa Cruz River or the Nogales Wash. Of the wastewater treatment plants, six are in the 

process of applying for an APP, and four have general permits. Two of the landfills are 

closed, one is in the process of closing, and the fourth is in the process of submitting a 

solid waste facility plan. Five of the LUST sites are located around Nogales, and the 

sixth is in Amado. The two WQARF sites in the Santa Cruz AMA are the Nogales Wash 

and the United Musical Instruments (UMI) Plant in Nogales. 

The Nogales Wash was listed on the WQARF priority list in 1987. The study 

area is approximately nine miles long extending from the U.S.-Mexico border to just 

north of the Nogales International Wastewater Treatment Plant (NIWTP). The width of 
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the site varies from 0.5 mile to three miles and the site encompasses Nogales Wash and a 

portion of the City of Nogales, Arizona (ADEQ, 1996). Volatile organic compounds, 

m'trogen, coiiforms, semi-volatile organic compounds, and naturally occurring radio

nuclides were all found as a result of the ADEQ testing. 

In 1980, UMI (formerly C.G. Conn) filed a notice of hazardous waste activity 

with the U.S. Environmental Protection Agency (EPA) as required by the Resource 

Conservation and Recovery Act (RCRA), because of an impoundment pond on their 

property that had been used to dispose of industrial solvents. Volatile Organic 

Compounds were found in the groundwater and the impoundment was excavated and 

closed (Woodward-Clyde, 1995). One City of Nogales water well located near the plant 

was also closed. 

4. Conclusion 

While not all potentially polluting activities in the Santa Cruz AMA contaminate 

groundwater, some, such as the LUST and WQARF sites, clearly do. Despite the 

establishment of the APP program and a well head protection program in Nogales, these 

programs have not been able to prevent groundwater from being contaminated in the 

Santa Cruz AMA. In addition, their is a high probability of additional contaminants 

flowing into the AMA from Mexico, as will be discussed in Chapter 5. 
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C. The Safe Drinking Water Act 

The Safe Drinking Water Act is another key link in the regulatory chain designed 

to protect public drinking water. In 1974, the Safe Drinking Water Act was passed by 

Congress with the express purpose of protecting drinking water from hazardous 

contaminants. The original Act established national primary drinking water regulations 

which specified maximum contaminant levels and treatment techniques, underground 

injection control regulations to protect sources of underground drinking water, and 

groundwater protection grants for state wellhead protection programs (Congressional 

Research Service, 1996). Regulations instituted under the SDWA apply to both privately 

and publicly owned water systems which served at least 25 people or had 15 service 

connections at least 60 days per year. 

The EPA is the federal agency responsible for promulgating regulations to carry 

out the provisions of the Act. In particular, the EPA is required to set standards and 

identify treatment techniques for contaminants, establish requirements for monitoring 

water quality, and ensure the proper operation and maintenance of water systems. Under 

the terms of the Act, water suppliers are responsible for making sure that the drinking 

water meets EPA standards, and for complying with established monitoring, operation, 

and maintenance protocols. However, it is important to note that the SDWA does not 

provide funding to support mandated treatment activities. 

Primary enforcement responsibility for the SDWA in Arizona is through ADEQ. 

The EPA plays an oversight role providing guidance, technical assistance, and some 
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financing. While the state has been delegated "primacy", actual enforcement relies 

heavily upon community water systems demonstrating compliance through periodic 

sampling and testing requirements. If state enforcement is inadequate, emergency federal 

enforcement provisions are available to the EPA in the form of issuing orders for public 

notification of SDWA violations, mandating clean up, requiring the use of an alternative 

supply, and imposing daily fines. 

Public water systems must comply with three major types of requirements under 

the SDWA: sampling and reporting, record keeping, and public notification (Fermemore 

Craig, 1992). All water suppliers must collect samples from the water system, take them 

to a certified laboratory for analysis, and send the results to ADEQ. The laboratory 

results, name of the person who collected the samples, dates and locations of sampling 

points, steps taken to correct problems, sanitary survey reports, and other information 

must be kept on file by the water supplier (USEPA, 1993). Finally, if there is a violation 

of a requirement, steps must be taken to notify the public. 

The SDWA is an attempt to strike a balance between capturing the documented 

health benefits associated with drinking safe water and bearing the significant costs of 

precaution. Monitoring turbidity, bacteria, total chloroform, lead and copper, 

radionucledes, as well as inorganic, synthetic organic, volatile organic, and chlorinated 

organic chemicals can help reduce an array of health risks, varying fi-om gastroenteric 

infections, to liver and kidney damage, to several types of cancer. However, the 

additional costs imposed by monitoring, sampling, treatment, and record-keeping were 
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too much for many small water systems to bear. 

I. The 1996 Reauthorization of the Safe Drinking Water Act 

The 1986 Amendment to the SDWA included considerable new requirements on 

the EPA, local public water systems, and states (Congressional Research Services, 1996). 

Numerous issues emerged upon implementation of the new amendments including: 

EPA's inability to meet the established schedule for promulgating standards, progress of 

states in adopting new standards, and the financial and technical ability of small public 

water systems to comply with monitoring and treatment standards. Because of the 

sudden growth in federal requirements many state and municipal organizations targeted 

the SDWA as an example of "unfunded federal mandates", which has the effect of 

imposing costs on states without providing fimding. 

More recently, on August 6, 1996, action was again taken by the federal 

government to help remedy drinking water quality and compliance problems with the 

Reauthorization of the Safe Drinking Water Act (P.L. 104-182). The Act acknowledged 

the unique problems faced by smaller public water systems in attempting to ease their 

financial burden, while at the same time providing for new steps to protect public health. 

Changes in the Act that affect small public water systems within the Santa Cruz 

AMA include: funding for a new state revolving fimd; variance technology; possible 

reductions in water testing; required consumer information on water quality; more money 

for well-head protection programs; waiving operator certification costs; and, reduction in 
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the increase in the number of contaminants tested for. 

2. SDWA Compliance in Santa Cruz County 

Results of the author's study of PWS compliance with the SDWA in the Santa 

Crtiz AMA in 1996 showed that most drinking water systems are very small (1000 or 

fewer persons served), and that most systems are out of compliance with the SDWA (see 

Figure 4.2) (Sprouse, Cory and Varady, 1996). The reasons for non-compliance were 

primarily due to lack of water quality testing and operator/maintenance inadequacies, but 

bacterial contamination and nitrates were found in some of the systems as well. (See 

Appendix 2 for a description of a survey done with public water system owners and 

operators in the Santa Cruz AMA.) 

Bacterial exceedances occurred in 26 percent and inorganic contamination 

(nitrate) occurred in four percent of the PWSs in SCAMA. Fifty-eight percent of the 

public water systems were in violation of SDWA regulations because of failure to comply 

with proper sampling procedures. Thirty-five percent of the water systems were out of 

compliance because they did not have an appropriately certified operator, while 19 

percent had major operation and maintenance deficiencies. Failure to comply with 

SDWA standards does not necessarily mean increased health risks but more likely an 

inability or unwillingness to meet the increasing costs associated with compliance. 

Results from Santa Cruz County may not be unique to this area. Similar results 

were found from a study of eastern Pima County where 51 percent of the small public 



71 

F I G U R E  4 . 2  
S A N T A  C R U Z  A M A  

P U B L I C  W A T E R  S Y S T E M S  

M E X i C a  

LECENP 
SYMaOL SIZE • POPULATION SERVED 
Aiiimii • ajoiaMLOOO 
& Sim • 1MB3JOO A tMrfm • tasm ijn 
SEOGfWPHC SVMSOLS 

rti 



water systems were in non-compliance with SDWA standards. Two percent of these 

small systems failed to meet MCL standards, and posed serious risks to human health. 

Sixty-four percent of the small systems failed to comply with operator certification, 57 

percent failed to comply with sampling procedures, and 17.8 percent failed to comply 

with operation and maintenance standards (Cory and Moy, 1995). 

Statewide, of the 1,540 public water systems in the state of Arizona that served 

1,000 people or fewer in 1990, 826 (54 percent) were in non-compliance, with at least 

one major violation (Arroyo, 1991). Nationwide, 30 percent of public water systems 

serving fewer than 500 customers had violations of the MCL for total coliforms (National 

Research Council, 1997). These results indicate that while the SDWA has addressed 

many of the problems related to drinking water contamination, it is not the final answer, 

as many water quality problems still exist. 

3. Characteristics of Public Water Systems in the Santa Cniz AAJA 

The author conducted a survey of public water systems in the Fall of 1996 to 

determine why they were having trouble complying with the Safe Drinking Water Act 

(see Appendix I for the survey questionnaire and results.) Table 4.2 identifies the 27 

PWS' located in the Santa Cruz AMA by the following characteristics; ADEQ system 

identification number, name, type, years of operation, population, whether or not they 

chlorinate, the number of pressure tanks, and the number of wells. Ten of the PWS' are 

classified as "community" water systems which serve residential customers. Sixteen of 
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the systems are classified as "transient non-community" systems which serve businesses 

such as motels, RV parks, and restaurants. One PWS is classified as a "non-transient 

non-community" system which serves the Su Casa Produce Company in Nogales. 

The system that had been operating for the longest period of time in the study area 

is Nogales Water, operating continuously for 82 years. Rancho Santa Cruz Guest Ranch 

and the United States Forest Service Administrative Site are the most recent systems. 

with only one year each of operation. 

The majority of systems (18 of 24) chlorinate their water to protect it from 

bacteriological contamination. Those that do not chlorinate are small systems that do not 

want to occur the added capital cost, or they feel that their water supply is from a safe 

source. The number of storage tanks per system is between zero and five while pressure 

tank use ranges from zero to 29. Rio Rico Utilities uses 29 pressure tanks because many 

of the houses in its expansive service area are located at or near the top of mountains, 

which requires increased amoimts of pressure to boost the water to higher elevations.' 

The number of wells varies from one (most common), to eight for Valle Verde Water 

Company. 

'Rio Rico is a fairly wealthy community in comparison to Nogales, Arizona. Houses are 
more expensive and sit on larger lots, and many residents are retirees from other states. 
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Table 4.2 
Basic Data on Santa Cruz AMA Water Systems 

# of years #of #of #of 

Sys # System Name type operating persons chlorinate stor tnks pres tnks wells 

12701 Tumacocori NM TN 66 125 yes I 4 J 

12322 Rancho SC TN 1 35 no 0 2 2 

12314 Nogales Serv Sta TN 26 110 yes 0 1 1 

12004 Nogales Water CO 82 22000 yes 5 6 6 

12013 Kino Springs # 1 CO 14 120 yes 1 I 2 

12015 Kino Springs #2 CO 14 122 yes 2 2 2 

12323 Su Casa Produce NN 10 45 yes 0 1 I 

10063 Lakewood Water CO 14 900 no 2 3 2 

12336 SC Chili-Amado TN 53 20 no 0 1 1 

12337 SC Chili-Tubac TN 31 20 no 0 1 1 

12036 Copper Ram TN 32 100 yes 0 1 1 

12307 Pena Blanca Lake TN 40 80 yes 1 0 1 

12034 Burro Inn TN 4 120 no 1 2 1 

12341 Wisdom Cafe TN 52 100 yes 1 1 1 

12009 Valle Verde CO 39 2400 yes I 7 8 

12302 Ta De Distributing TN 30 55 yes 0 4 1 

12011 Rio Rico Utilities CO 3 9000 yes I 29 4 

12001 Citizens Utilities CO 35 1450 no 1 5 3 

12306 MtnView Campgd CO 24 66 yes 0 1 1 

12030 Granada MHP CO 15 30 yes 2 I 2 

12607 USPS Admin Site TN 1 22 yes 1 1 1 

12302 Patagonia Lake TN 26 556 yes 1 I 1 

12305 Mi Casa Campgd TN 25 300 yes 2 2 2 

12311 Town& Cntry MHP CO 25 900 yes 1 1 2 

CO = community water system 

TN = transient non-community water system 

NN = non-transient non-communit>' water 
system 
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The size of systems ranged from Nogales Water, serving 22.000 persons per day 

(including hotel and restaurant customers in Mexico), to Santa Cruz Chili which operates 

only part of the year and serves an average of only 20 persons per day. Aside from larger 

water companies like Nogales Water. Rio Rico utilities, Valle Verde Water Company. 

Citizen's Utilities, and the campgrounds, most water systems (17) are very small, serving 

125 or fewer customers. 

a. Survey Results 

Survey results reveal that water systems in the Santa Cruz AMA suffer numerous 

problems identified and addressed in the SDWA Reauthorization. In particular, most of 

the water system owners who responded to the present survey reported: having had MCL 

violations of water from their systems, dissatisfaction with what they see as the excessive 

costs associated with testing, identified needed capital expenditures to improve their 

water systems, expressed disagreement or uncertainty with the contaminants they are 

required to monitor, stated that they had not done vulnerability assessments to protect 

their water source, and most were pleased with some aspects of drinking water regulation. 

Most water system owners reported having experienced MCL violations at some 

point when testing their drinking water. Seventy-four percent of the PWS' reported 

having had MCL violation in their water samples (figure 4.3). Eighty-five percent of the 

systems reported having found total coliform in their tests, with ten percent reporting 

fecal coliform and five percent reporting uraniimi or radon (figure 4.4). In identifying the 
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source of water contaminants, 55 percent of respondents replied that water contamination 

was due to sampling error, and 15 percent said it was due to chlorinator malfunction 

(figure 4.5). Other responses to the source of water contamination question included 

"don't know" (five percent), "proximity to Nogales Wash" (15 percent), and "mine 

seepage" (five percent). Proximity to Nogales Wash refers to wells that draw 

groundwater from the Nogales Wash aquifer. The aquifer has long been recognized as 

having contaminated water from Nogales, Sonora (see Chapter 5). 

Many water system owners were dissatisfied with the excessive cost of water 

testing (figure 4.6). Forty percent of the PWS owners responded that testing costs were 

the most difficult regulation to comply with, while 75 percent responded by saying that 

government subsidies and/or reduced sampling would be the biggest help to them, when 

asked what would be the best way to improve difficult regulations (figure 4.7). Forty-two 

percent felt that ADEQ should do the water testing instead of the owners (figure 4.8). 

These responses illustrate the fact that water owners have felt their budgets strained by 

the constant increase in testing mandated by the SDWA. and that they feel that they 

would like some economic relief. 

Respondents realize that they need to make improvements in their water systems 

and they also would like loans to help them pay for those improvements. Forty-eight 

percent of water owners responded that they would utilize loans, if available (figure 4.9), 

and 54 percent said that they would like to make capital expenditures of at least $ 10,000 

or more in the future (figure 4.10). 
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A majority of owners expressed disagreement or uncertainty with the requirement 

to monitor the presence of all the contaminants for which they are required to monitor. 

Seventy-one percent of respondents said they either disagreed with the contaminant list 

they monitor, or that they did not have enough scientific expertise to express an opinion 

(figure 4.11). Many owners commented that while they did not have the technical 

training to say certain contaminants did not need to be tested for, they had the feeling that 

they were testing for too many. One owner commented, "the testing should be based on 

the contaminants in the community" rather than on broad country-vvide standards." 

Another owner commented that the government should be very sure that the public 

interest is in jeopardy before requiring that any contaminant be tested for. Since the 

nimiber of contaminants tested for affects the cost of testing for water system owners, 

many Santa Cruz AMA owners would like to see a reduction in the number of 

contaminants tested for. 

Very few of the water systems have performed a vulnerability assessment to 

protect their source water. Three-quarters of the respondents said that they had never 

completed a vulnerability assessment, and many of those who had done one commented 

that their assessment was of an informal nature and not very thorough (figure 4.12). 

Vulnerability assessments are not required by ADEQ, but are encouraged as a way 

small water systems to keep their water safe. 

^This water system owner owned a small rural business that was affected by the increased 
testing costs imposed on small public water systems by the Safe Drinking Water Act. 
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Public water systems owners appreciated the value of MCL standards in 

protecting public health and they felt that ADEQ enforcement of regulations seemed to be 

fair. When asked if they thought MCL standards protected public health, 90 percent said 

yes (figure 4.13), and 64 percent responded that ADEQ enforcement was just right (figure 

4.14). These responses indicate that water system owners are supportive of regulation and 

realize its value to public health. 

One critical implication of the study for this paper is the identification by 15 

percent of the public water systems that "proximity to the Nogales Wash" was a source of 

contamination for drinking water wells in Nogales, Arizona. All of the water systems 

located near the Nogales Wash identified it as a source of contamination. This means that 

contaminated water coming from Nogales, Sonora had a direct effect on wells in .Arizona, 

and neither U.S. nor Mexican regulation was able to stop it from happening. An 

alternative approach, such as application of the Bellagio Draft Treaty (discussed in 

Chapter 6) may provide for more groundwater protection. 

III. CONCLUSION 

The regulatory framework established to protect aquifers from contamination and 

to insure that consumers receive safe drinking water has had uneven results, as seen in the 

example of the Santa Cruz AMA. Despite this system of protection, contaminants are 

still found in groundwater and in drinking water, and PWS do not do required sampling. 

In addition to local threats to aquifers from rural agricultural fertilizers, urban 
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contaminants from industrial plants and bacteria from inadequate wastewater 

infrastructure, also cross the border from Mexico to further threaten the quality of 

drinking water in Arizona, as described in Chapter 5. 
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CHAPTERS 

REGULATORY PROTECTION OF WATER QUALITY IN MEXICO 
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I. INTRODUCTION 

While Mexico has an elaborate regulatory system designed to protect the water 

and environment, in practice the environment suffers daily degradation and Mexican 

citizens must deal with threats to their health. The United States also bears the 

consequences of Mexico's regulatory failures as Arizona aquifers are faced with an 

additional source of potential contaminants. 

Since Mexico has no effective liability framework comparable to that in the 

United States (Ingram, Laney and Gillilan, 1995), this chapter focuses on the ex ante 

protection of water in Mexico. Section one describes the Mexican regulatory system and 

how it is intended to operate ui theory. Section two describes how the system works in 

practice, why the environment is not being protected in Mexico, and the implications of 

regulatory failure for both Mexico and the United States. 

II. THE REGULATORY STRUCTURE 

A. Introduction 

As in the United States, the Mexican Constitution is the supreme law of the land 

and forms the foundation for laws written and passed. The Constitution of Mexico 

establishes the basis upon which laws and regulations are created, through a three-tiered 

process (see Figure 5.1), to deal with environmental problems in Mexico. The following 
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section describes various aspects of the regulatory process, in particular: the process by 

which environmental laws are created, regulations of wastewater discharges into bodies 

of water, water pollution discharge limits, and groundwater and sewage treatment 

regulation. 

B. The Mexican Constitution and the Environment 

Mexican environmental law derives primarily from Article 27 of the Mexican 

Constitution, the principle legal basis for most environmental conservation and land use 

planning in Mexico. Article 27 authorizes the Mexican federal government to impose 

restrictive measures on owners of private property in order to protect the air, water, and 

soil for the public good. Under Article 27, all natural resources in Mexico are considered 

part of the natural heritage of the people, and are held in trust for the Mexican people by 

the federal govenmient. The Article states, "the Nation shall have at all times the right to 

impose on private property such limitations as the public interest may demand as well as 

the right to regulate the development of natural resources, which are susceptible to 

appropriation, in order to conserve them and equitably to distribute the public wealth" 

(Political Constitution of the United States of Mexico) (italics added by author). 

A second article in the Mexican Constitution addressing the envirormient is 

Article 73, which forms the basis for Mexican legislation designed to protect human 

health from the adverse effects of environmental pollution. Section 1 of Article 73, 
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authorizes Congress, "to enact laws on citizenship, naturalization, colonization, 

emigration, immigration and public health of the Republic" (italics added by author). 

Section 16 of Article 73 is even more specific in authorizing the federal government to 

regulate sanitation, environmental cleanup, and environmental pollution. 

While Articles 27 and 73 establish the basis of environmental regulation, the 

practical application of these aspects of the Constitution in Mexico are managed through 

a three-tiered government approach. 

C. The Three-tiered Approach 

Under the umbrella of the Mexican Constitution, Mexico's three-tiered system 

creates and enforces environmental law (Rawley, 1994). The three tiers are: the General 

Law of Environmental Protection and Ecological Balance (General Ecology Law), 

regulations promulgated by the President of the Republic, and the Normas Oficiales 

Mexicanas (NOMs). 

The first tier is statutory, embodied in the General Ecology Law, enacted by the 

Mexican Congress in 1988. The objectives of the General Ecology Law are established 

in Article I which states, "this law regulates all sections of the Mexican Constitution that 

refer to the preservation and restoration of ecological equilibrium, as well as the 

protection of the envirormient, within the national boundaries and any territorial areas 

where the nation exercises its power and jurisdiction" (General Law of Environmental 
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Protection and Ecological Balance, 1998). The General Ecology Law adds flesh to the 

Mexican Constitution's environmental provisions and provides a comprehensive 

framework that is the basis for detailed regulations that govern environmental protection 

and natural resource conservation in Mexico. 

The second tier of the Mexican environmental system is regulations promulgated 

by the Presidency of the Republic, in coordination with affected federal agencies which 

implement the General Ecology Law. These regulations are the equivalent of 

environmental statutes, such as the Clean Water Act in the United States. In order to 

have force of law, they must be signed by both the President of Mexico and the Secretary 

of the federal agency (Secretariat) or agencies in charge of the subject matter of the 

particular regulation (Rawley, 1994). 

The regulations promulgated by the Office of the President are the basis for 

technical standards, or Normas Oficials Mexicanas (NOMs), which form the third tier of 

Mexico's environmental system. These standards are media- and industry-specific and 

are promulgated by the Secretary of the Environment, Natural Resources, and Fishing (La 

Secretaria del Medio Ambiente, Recursos Naturales y Pesca) (SEMARNAP), an agency 

which has responsibilities similar to those of the U.S. Environmental Protection Agency 

(Bustamante and Flemenbaum, 1996). 

While the regulations promulgated by the Office of the President provide general 

policy guidelines, the NOMs spell out the specific and point-by-point environmental 
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requirements. NOMs, previously known as Technical Environmental Standards (Normas 

Tecnicas Ecologicas), establish the requirements, conditions, and procedures that 

industries regulated by the standards must observe. SEMARNAP has not developed all 

of the NOMs required under Mexico's environmental program, but as of Spring 1996, 

they had developed 206 NOMs relating to air emission, wastewater discharge limitations, 

and hazardous waste management (Wolfsen te al. 1996). 

SEMARNAP's environmental functions are carried out by two agencies: the 

National Institute of Ecology (Instituto Nacional de Ecologi'a), and the Federal Attorney 

General for Environmental Protection (Procuraduria Federal de Proteccion al Medio 

Ambiente) (PROFEPA). The National Institute of Ecology is responsible for developing 

regulations and NOMs, ruling on environmental impact statements, granting permits, 

licenses, and authorizations, and studying state environmental programs. The 

responsibilities of PROFEPA include enforcing environmental laws, regulations, and 

tandards, conducting audits and evaluations, determining sanctions, and educating the 

public on environmental issues (Wolfsen et al. 1996). 

PROFEPA was created in 1992 to insiure industrial observance of environmental 

regulations. In order to conduct an investigation, PROFEPA investigators are required to 

secure an inspection order outlining the scope and motivation for the inspection. The 

inspectors then present the order to the facility under investigation, and the facility is 

required to allow the inspectors to view all necessary documents and operations in order 
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to complete the investigation (EPA 1993). 

PROFEPA conducts two types of investigations: (1) a comprehensive inspection 

which confirms the company's compliance with all applicable regulations and norms; and 

(2) a shorter inspection, in which PROFEPA confirms facility compliance with permits 

and required paperwork. PROFEPA prioritizes facilities in terms of the likelihood that 

they will be significant polluters. Significant polluters are those dealing with petroleum, 

petrochemicals, and other hazardous substances. PROFEPA encourages public 

participation and responds to public complaints as evidenced by potential violations 

reported in 187 facilities within Mexico City in 1992 and 1993. Each facility was 

inspected by PROFEPA, which ordered total or partial shutdowns in ninety-one facilities 

and recommended management and operation changes in the other ninety-six. 

PROFEPA is authorized to impose administrative or criminal penalties, 

depending upon the gravity of the violation. Administrative penalties include fines, 

facility closure, or arrest for thirty-six hours. Fines are generally imposed for lack of 

proper permits and other paperwork requirements. Fines range from twenty to twenty 

thousand times the average daily wage in Mexico City (US $100 to $100,000) per day for 

as long as a violation continues. PROFEPA can order temporary or permanent plant 

closures which can apply to the entire facility or to just one section of the plant. A 

temporary closure is ordered when the problem is remedial. Permanent closures are rare, 

as are criminal proceedings. Criminal sanctions can include fines from one hundred to 
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twenty thousand times the daily minimum wage in Mexico City ($500 to $100,000) and 

one month to six-year imprisonment (EPA, 1993). 

In order to understand how the Mexican regulatory structure operates in principle, 

we must also look at the National Water Commission (Comision Nacional del Agua) 

(CNA), also a part of SEMARNAP. The primary function of CNA is to issue permits, to 

promote and execute plans to preserve and improve the quality of water, and to assess and 

collect fees for wastewater discharges. CNA's jurisdiction e.xtends over national waters, 

while states and local authorities govern discharges into drainage and sewer systems 

(Comision Nacional de Agua, 1990). 

D. Discharges into V/oter 

Any facility discharging contaminants into any body of water, other than a 

municipal sewer system, is required to file a Wastewater Permit Application (Solicitud de 

Permiso Para Descarga de Aguas Residuales) with CNA. If facilities discharge 

contaminants into a municipal sewer system, they must register with the municipality by 

submitting a Wastewater Registration Application (Solicitud de Registro Para Descarga 

de Aguas Residuales). If the new facility does not have access to a municipal water 

source, it must file a request for a Water Well License (Licencia de Explotacion del Pozo) 

from CNA. 
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Facilities are required to comply with all NOMs issued by SEMARNAP and all 

specific conditions issued by CNA in the Particular Conditions of Discharge 

(Condiciones Particulares de Descarga de Aguas Residuales). The Particular Conditions 

establish discharge limits, in addition to sampling, analysis, and reporting requirements. 

CNA sets its discharge limits based on SEMARNAP promulgated ambient water quality 

criteria. The NOMs establish minimum discharge limits, but any specific limits set by 

CNA takes precedence over the general NOM standards. CNA usually requires monthly 

reports on handling, treating, and disposal of wastewater (Comision Nacional de Agua, 

1990). 

1. iVater Pollution Discharge Limits 

Mexican effluent discharges are limited through the application of specific 

numerical discharge standards, as they are in the United States. These standards are 

expressed in the technical norms promulgated by SEMARNAP. There had been 33 

technical norms specifically addressing pollutant discharges issued as of March 1993 

(Rawley, 1994). Table 5.1 presents a comparison of U.S. and Mexican discharge limits 

for petroleum industries operating along the U.S.-Mexico border. The chart illustrates 

that Mexico has control standards approximating those in the United States. In particular, 

Mexican standards are comparable to U.S. standards, although generally not as 
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Table 5.1. Comparison of Mexican Standards with U.S. Refining Standards for Direct 
Discharges from the Petroleum Industry in Their Respective Countries. 

Parameter Mexico: 
Allowable Daily 
Avg. 

Mexico: 
Maximum 
Allowable 
Limits 

U.S. Best 
Practicable 
Control 
Technology 

U.S. Best 
Available 
Technology 

U.S. New 
Source Per
formance 
Standards 

pH 
6-9 (pH units) 6-9 6-9 NA 6-9 

Biological 
Oxygen 
Demand 

60 milligrams/ 
liter (mg/l) 

72 mg/l 48 mg/l NA 48 mg/l 

Total 
Suspended 
Particulate 
Matter 

70 mg/l 85 mg/l 33 mg/l NA 33 mg/l 

Oil and 
Grease 40 mg/l 48 mg/l 15 mg/l NA 15 mg/l 

Hexavalent 
Chromium 0.2 mg/l 0.25 mg/l 0.06mg/l 0.06 mg/l 0.06 mg/l 

Total 
Chromium 1.0 mg/l 1.2 mg/l 0.6 mg/l 0.06 mg/l 0.06 mg./l 

Phenols 
(4AAP) 1.0 mg/l 1.2 mg/I 0.9 mg/l 0.9 mg/l 0.9 mg/l 

Chemical 
Oxygen 
Demand 
(COD) 

100 mg/l 120 mg/l 248 mg/l 248 mg/l 248 mg/l 

Sulfides 0.5 mg/l 1.0 mg/l 0.3 mg/l 0.3 mg/l 0.3 mg/l 

Ammonia 
(as 
Nitrogen) 

NA NA 33 mg/l 33 mg/l 33 mg/l 

Source: U.S. EPA, 1993 
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restrictive, for allowable pH, biological oxygen demand, total chromium, phenols, and 

sulfides. For the category of allowable chemical oxygen demand, Mexico actually has 

tighter standards than those of the EPA (USEPA, 1993). 

2. Groundwater and Sewage Treatment 

U.S. and Mexican laws regulating groundwater contamination are similar, with 

both countries allowing underground injection only after studies indicate that drinking 

water aquifers will not be affected. A major difference in U.S. and Mexican regulation of 

groundwater contamination is that in Mexico, complete authority rests in the hands of the 

federal government. In the United States, regulation of groundwater is primarily the 

responsibility of the individual states, as will be addressed in Section II of this chapter. 

The General Ecology Law is fairly comprehensive in terms of water pollution, 

covering areas such as: mining, industry, municipalities, agricultural and livestock 

activities, fertilizers and toxic substances, pesticides, infiltration into aquifers, federal 

facilities and solid waste dumping (EPA, 1993). While Mexican federal law requires pre-

treatment of indirect discharges to wastewater treatment systems and sets standards for 

municipal wastewater treatment facilities, no federal regulations require that mimicipal 

water treatment systems employ secondary, or even primary, treatment, as required in the 

United States. As for Mexican urban wastewater, the General Ecology Law only requires 

an unspecified form of treatment before discharge. 
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E. State and Local Water Management 

Under Article 45 of the National Water Law (Ley de Aguas Nacionales) CNA can 

give responsibility to city authorities to coordinate with state governments for the 

exploitation and use of national waters. COAPAES (Comision de Agua Potable y 

Acantarillado del Estado de Sonora, or the Commision for Potable and Wastewater for 

the State of Sonora) is the water agency for the state of Sonora operating in Nogales, 

Sonora which has received assignation from CNA to remove and use national water. In 

addition to cities, communal farmers, small land owners, ranchers and rural communities 

also have the right to exploit national waters, with authority granted from CNA (Fry and 

Cervera, 1995). 

F. Conclusion 

As described above, Mexico has an elaborate regulatory system designed to 

protect Mexican water resources. However, despite the fact that some Mexican 

regulations (with the most obvious exception being sewage treatment) appear as strict as 

U.S. regulations, contaminants regularly continue to flow across the border into the Santa 

Cruz AMA. The reasons for this lack of ex ante protection are described in Section IL 
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III. WHY REGULATION DOES NOT PROTECT THE ENVIRONMENT IN MEXICO 

A. Introduction 

Mexico is well known for its unenviable predicament of having a rapidly growing 

population (Simon, 1997; Snook, 1993)' and a recession-plagued economy (Heyman, 

1991; Lustic, 1998),- two complex problems which exacerbate many social and political 

' Mexico's growing population, which has quadrupled over the last 50 years, from 25 
million in 1956 to 90 million in 1997, can contribute to environmental destruction by placing 
more demand on increasingly scarce farmland and natural resources. The poor in Mexico, in 
particular, are often blamed for putting the strain on Mexico's environment by cutting down the 
forests to plant its com, crowding the cities, and causing future problems by having too many 
children. 

The battle of habitat for the Monarch butterfly represents a classic environmental 
stalemate in Mexico between people who want to preserve a natural resource on one side, and a 
growing local population who want to exploit it on the other side. Monarch butterfly sanctuaries 
are scattered throughout the rugged Chincua mountains in the state of Michoacan, where the 
butterflies take refuge every winter. In 1986 President Miguel de la Madrid established a 40.000 
acre protected reserve in five areas of the Chincua mountains. The local economy, which had 
been supported by the local logging industry suffered and blamed the butterflies for their 
poverty. Local people claim that the forest belongs to the people who live there. The battle goes 
on between the two groups, with some scientists predicting that at the current rate of habitat 
destruction through clandestine logging, the butterfly sanctuaries could be destroyed within a 
decade. See also, Laura Snook. 1993. "Conservation of the Monarch Butterfly Reserves in 
Mexico: Focus on the Forest," Biology and Conservation of the Monarch Butterfly, Science 
Series of the Natural History Museum of Los Angeles County, no. 38. 

'See, Josiah Heyman. 1991. Life and Labor on the Border. Tucson: University of Arizona 
Press. To illustrate how weak the Mexican economy has become, between 1970 and 1987 the 
Mexican peso was devalued more that 100 times. During this period, Mexico was faced with 
decreasing prices for its oil, which forced an increasing reliance on loans from intemational 
banks restilting in an austerity program and drastically reduced public spending. Unemployment 
arose and real wagers and standards of living declined. See also, Nora Lustig. 1998. Mexico: The 
Remaking of an Economy. Washington, D.C.: The Brookings Institution. Nora Lustig is a senior 
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problems in the country, including the environment. But, beyond population pressures 

and economic woes, it is the Mexican regulatory framework, which itself can inhibit 

environmental cleanup and in some instances contribute to environmental contamination. 

Fundamental differences distinguish the regulatory frameworks in the U.S. and 

Mexico which are designed to protect the environment, in general, and drinking water 

quality, in particular. These differences combine with reasons unique to developing 

countries such as Mexico, which result in a lack of effective environmental protection in 

Mexico. This combination of regulatory differences and unique reasons include: a 

centralized decision-making process in Mexico, economic development is a higher 

priority than environmental protection, no public right-to-know laws exist, and 

environmental laws not consistently enforced in Mexico. The resulting lack of 

compliance to regulation results in environmental degradation and health dangers in 

Mexico and contamination of groundwater in the United States. Analyses of these points 

fellow in the Foreign Policy Studies program at the Brookings Institution and senior advisor and 
chief of the Poverty and Inequality Advisory Unit at the Inter-American Development Bank. She 
describes the most recent shocks to the Mexican economy including the 1995 shock when private 
consumption declined by more than nine percent; open unemployment rose to more than seven 
percent; more than one million jobs were lost in the formal sector; and average real wages 
declined by 12.5 percent. In addition, average wages in the manufacturing sector between 
January 1995 and July 1997 fell by almost 40 percent, and oil revenues, the largest source of 
foreign capital for Mexico, are approaching record lows. Lustig states that it is probable that the 
current economic difficulties could continue until the year 2033, if the Mexican government 
continues to rely on economic growth alone to solve the problems. 
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help to explain why Mexican ex ante environmental regulation does not protect the 

United States from contaminated water crossing the border from Mexico. 

B. Centralized Management and Patronage 

Concentration of power in the Mexican federal government has resulted in a 

centralized decision-making process that affects water management and the distribution 

of assistance to outlying states (Butte). The system is reinforced and perpetuated by the 

patronage system of bureaucratic job staffing. 

I. Centralized Water Management 

In the United States water management and use is an area of public policy with 

distinctly drawn lines of responsibility between state and local governments on the one 

hand, and the federal government on the other. Water control is exercised at the state and 

local levels because of most water rights being in private hands, and because of state laws 

which give states primary authority in much water management. The role of the federal 

government is limited to certain areas of responsibility such as: resolving disputes 

between states, managing interstate waterways, judicial oversight of interstate compacts 

among states, a strong role in financing water development projects, the negotiation of 

international treaties, and regulation of water quality (Mumme, 1982). 
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By contrast, in Mexico the federal government is the sole political entity 

responsible for administering water law. As mentioned. Article 27 of the Mexican 

Constitution establishes that all water rights reside in the hands of the nation as a whole. 

Consequently, the federal government is the primary source of legislation affecting water 

rights and water management, and it has been responsible for developing and regulating 

national water resources. 

The result of this centralized water management policy in Mexico is that decisions 

affecting remote local areas, both in terms of distance and political reach from the capital, 

will have the fate of their drinking water quality decided by so-called Mexico City 

"technocrats", who are considered to be ineffecitive because they are so far removed from 

the problem. The distance of states from the national capital also affects their opportunity 

to receive national financial aid. 

a. Mexican states Jurthest from the center of power receive less assistance 

Mexican state and local governments display the same hierarchical characteristics 

which exist throughout the entire Mexican political system. Accordingly, state 

governors, who are closely aligned with the president, must adhere to policies dictated by 

the central Mexican government. The same relationship exists between the state 

governor and the local presidente municipal (city mayor) (Williams, 1996). Because of 

this hierarchical political arrangement, and an entrenched system of patronage (Mumme, 
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1991), the local population plays a negligible role in the balance of local politics. In 

addition to the tradition of authoritarianism in Mexican politics, in burgeoning border 

states like Sonora, many potential voters are migrants with little or no interest in local 

politics or environmental questions (Williams, 1996). 

Because of their economic and political dependence upon state and federal 

governments, Mexican border cities have been held captive to federal priorities for urban 

improvements (Mumme, 1991). Most border communities have higher vmtten standards 

of health than many in the interior. As a result, the federal government has used these 

high standards as an excuse to limit or postpone improvements, especially in cases where 

the benefits to the Mexican community as a whole are perceived as limited. The needs of 

Nogales, Sonora, for example, are low on the agenda of the highly centralized Mexican 

federal system. While Nogales, Sonora, with its rapidly expanding population, has 

pressing needs for improved water and sewer projects, there is only faint hope that it wall 

receive the federal aid necessary. The border is too far from Mexico City, which has its 

own environmental ordeals to contend wdth (Ingram, Laney, and Gillilan, 1995). 

The centralized structure of government leads to an extreme concentration of 

power and resources in the hands of the leaders in Mexico City. The same relationship 

holds true for water management as it does for all other aspects of governmental control. 

Problems in areas lying outside the main center of power are not addressed with the same 

urgency as are problems closer and seemingly more pressing to Mexico City decision-
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makers. Therefore, resources are allocated very sparingly to the outlying areas. 

Patronage is an outgrowth of the centralized system of management which helps to 

perpetuate the subservient nature of remote states and localities. 

b. Patronage weakens environmental protection 

As is common throughout the Mexican political system, patronage, or the 

appointment of political "clients" to bureaucratic jobs, is widely practiced in staffing 

pollution control organizations. Besides creating conditions necessary for widespread 

corruption in environmental policy enforcement, patronage also frustrates the desperate 

need for technically qualified personnel who serve as the first line defense in protecting 

the environment from contamination (Mumme, 1991). 

In addition to creating a hot-house environment for the growth of corruption, this 

relationship discourages local initiative or input and encourages the hierarchical power 

structvire necessary to force state and local officials to support the pre-packaged party 

policies made in Mexico City. Of course, patronage is a two way street with state and 

local officials receiving projects and other 'favors' in return for their loyalty. 

C. Environmental Protection Is Seen as the Opposite of Economic Development 

As in most developing coimtries, Mexico feels that it must promote economic 

development in order to meet the most basic needs of its rapidly growing population. 
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Added to this is the country's severe and lengthy economic crises, which further limits 

funds for environmental protection (United States Department of Commerce, 1996). 

Funding for environmental projects in Mexico are limited because the government offers 

little incentive for investment. In addition, end-user fees, or passing costs on to 

consumers, are often not a feasible option for project financing in Mexico. In addition, 

end-user fees, or passing costs on to consumers, are not often a feasible option for project 

financing in Mexico. The U.S. Department of Commerce reports that the inability to 

ftmd environmental projects means that needed cleanup and protection projects will not 

take place. The impact on the environment is that is will probably get worse. These 

factors combine to create a tension in Mexico between its desire for economic grov^^th and 

the protection of the envirormient. 

Evaluating Mexico's willingness to promote environmental regulation is 

complicated by the mixed signals coming from the government. Various environmental 

reforms were enacted in Mexico during the debates over passage of the North American 

Free Trade Agreement (NAFTA), but the sincerity of Mexico's policy reforms are 

questioned by environmentalists (Williams, 1996). The condition of the Mexican 

economy determines the political feasibility of environmental projects. The former 

director of Mexico's National University's Ocean Science Institute stated the dilemma 

succinctly by saying, "you cannot worry more about the monarch butterfly than people 

who don't have enough to eat" (Hughes, 1995). Because NAFTA requires no tri-national 
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standardization of environmental regulations, Mexico can move toward less stringent 

environmental standards with impunity. As an example of this move, in May 1995 

President Zedillo discontinued public health and environmental impact statements for 

small businesses (Williams, 1996). This environment vs. development tension is seen in 

the Mexican government's stance on the maquiladora industry (foreign-owned assembly 

plants operating on Mexican soil). The maquiladora industry, triggered by the 

implementation of the 1968 Border Industrialization Program (BIP), was once viewed as 

a necessary evil, but it is now seen as an integral part of Mexico's long-term economic 

strategy. 

1. PROFEPA Weaknesses 

From a political perspective, Mexico has historically been plagued by structural 

problems its regulatory policy (Mumme, Bath, and Assetto. 1988). This is illustrated by 

the government seeking to respond to demands for environmental protect by deferring the 

high cost of regulation by employing rhetorical or symbolic reform. The government has 

chosen to emphasize low-cost future-oriented solutions in the area of planning and 

development. In addition, environmental regulation has long displayed noncoercive 

characteristics, such as persuasion and positive incentives, instead of imposing sanctions 

and fines on important economic institutions. These structural problems and noncoercive 

characteristics are conspicuous in the operation of PROFEPA. 
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The capacity of PROFEPA to enforce environmental regulation is clearly lacking 

and the inspection program is still glaringly under-ftinded. Mumme acknowledges that, 

the "numbers of (environmental inspectors) are a fraction of what is necessary to police 

enviroiimental practices nationwide" (Mumme, 1991) and particularly in the borderlands, 

funding "carcely covers salaries, much less operating expenses, for those handling 

inspections, data analysis, and enforcement" (Mumme, 1991). A spokesman for the 

Mexican National Council of Environmental Industrial Businessmen noted, "the 

inspection of the maquiladora industry is virtually non-existent... which is a great 

environmental problem for Mexico" (Public Citizen, 1996). The shortage of inspectors is 

exemplified in Matamoros, Tamaulipus, Mexico, a city with 106 maquiladoras and not a 

single Ministry of Labor inspector. The nearest inspector was located in Ciudad Victoria, 

200 miles to the south (Moure-Eraso et al. 1990). Coronado, a leader of the green party, 

better known as the PatidoVerde Ecologista in Matamoros, Taumulipis, said, "PROFEPA 

has been a white elephant since its inception. It doesn't carry out the mission it was 

created to do. When there is a complaint against any company or individual that is 

contaminating the environment, one must request help through Ciudad Victoria. They 

always argue that they don't have the personnel, the vehicles, or the resources to do it" 

(Espinoza, 1999). 

Mexico is more interested in economic development than environmental 

protection, even if it means giving seemingly free-rein to industry (Gregory, 1996). As 
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Margadant stated, "as to antipollution norms, formulated in relation to industry, it is 

obvious that in a country with a high degree of unemployment, and a demographic curve 

that makes it necessary to create about 800,000 new jobs a year, we cannot scare 

investments away by strict application of our ecological legal principles" (Margadant, 

1981). 

2. No Public Right-to-Know Laws in Mexico 

Another reason for a lack of environmental protection in Mexico lies in the 

seemingly free reign given to industry because of the country's economic adversity, as 

seen in the fact that Mexico has no public right-to-know laws. Public access to 

information in the United States has been an effective ex ante incentive for contaminant-

generating industries to limit the amount of contaminants they discharge into the 

environment (Gregory, 1996). Millions of pounds of pollutants are kept out of the 

environment because right-to-know laws allow citizens access to information concerning 

dangerous substances which are used and released into the environment by local 

industry.^ 

^ Gregory points out that while EPA's Toxic Release Inventory, developed under the 
Emergency Planning and Community Right to Know Act of 1986 (EPCRA), is widely 
recognized as the world's most extensive right-to-know program, EPA estimates that it actually 
only reports on five percent of yearly releases and transfers of toxic chemicals in the United 
States. 
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In Mexico, however, this potent means of pollution prevention does not exist. 

Use and discharge of toxic chemicals into the environment is considered to be solely 

within the power the regulating agency. Data submitted by the company to the regulatory 

agency is considered to be confidential business information, and public disclosure is 

considered "a violation not only of agreements between the industry and government, but 

of law (Gregory, 1996). The supervising Mexican regulatory agencies normally take the 

side of the polluting industry over that of the public welfare. 

Mexican researchers recognize this missing link in protecting the environment. 

Garcia, a legal expert at the Mexican National University (UNAM), stated that in order 

for Mexico to bring into reality the constitutional right of citizens for information, the 

government must meet its constitutional obligation to publish lists of companies 

operating in Mexico which produce and use contaminants (Garcia, 1993). In this way. 

instead of letting political appointees use their arbitrary authority, society itself can 

resolve the tradeoff between economics and health. Garcia said that if a plan were put 

into practice that allowed reasonable participation by the entire population, fewer 

contaminants would be dumped into the environment and the country would be better off. 

Unfortunately, there is no indication that Mexico is willing to implement this sort of 

change. 
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D. Institutional Failures Result in Health and Environmental Damages 

Mexico's choice of economic development over environmental protection 

demonstrates that the quality of the environment will be sacrificed under the right 

conditions. Even as the government is not hiring sufficient inspectors to protect the 

envirormient, private citizens are not even empowered to protect themselves because 

Mexico has no public right-to-know laws on the books. The result of under-funding, and 

the low priority given to environmental protection, combined with a centralized political 

system that ignores the needs of the border and the limited funding available for 

envirorunental projects, is environmental contamination by agricultural chemicals, toxic 

dumping, municipal waste problems, and public expressions of dissatisfaction with 

government efforts to protect the environment and water. 

1. Agricultural Chemicals 

The use of chemical pesticides and fertilizers to control insects and increase 

agricultural production in Mexico, as in the U.S., has had negative impacts on the 

environment, on public health, and has negatively affected production of agricultural 

goods. Mexican environmental scientists Ivan Restrepo and Susana Franco, analyzed 

reported cases of toxic poisonings by agricultural chemicals between 1963 and 1987 

(Restrepo and Franco, 1988). Results indicated that the poisons were not restricted to any 

one geographical region but were scattered around the country. The number of 
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poisonings totaled more than 4000 persons with confirmed deaths of 44 persons, but in 

most cases the number of deaths associated with a specific incident were unknown or 

unreported. Toxic poisonings are not reported by any Mexican goverrunent agency, so 

these estimates are probably vastly underestimated (Simonian, 1988). 

Among the worst cases of agricultural contamination in Mexico is the Comarca 

Lagunera region, one of the country's most important agricultural regions, located in the 

states of Coahuila and Durango in north central Mexico. In this cotton growing area, 

over 1100 cases of toxic poisonings took place in two separate incidents, principally 

because of excess application of agricultural chemicals. Evidence indicates that the 

poisonings occur because sellers of agricultural chemicals regularly advise farmers to use 

more chemicals than are necessary in order to be sure the crops are free of insects. Aside 

from the poisonings, contamination of surface water in the region is at dangerous levels. 

Two rivers in the area, the Nazas and the Aguanaval, are so contaminated that the 

chemicals cause the deaths of fish and birds as well as beneficial insects, small 

crustaceans, and zooplankton, which serve as food for the fish. While the Comarca 

Lagunera for decades has served as a high producing agricultural land, it is now seen as 

"a zone of ecological disaster" (Restrepo, 1992). 

Victims of agricultural chemical contamination not only reside in rural areas like 

Comarca Lagimaera, but are also found in urban areas, like Mexico City. Food 

contamination specialist, Albert found that the milk of breast-feeding mothers in the 
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Mexican capital contained pesticide residues, in some cases at levels high enough to 

present a health threat (Albert, 1981). In addition, studies in four major Mexican cities 

found DDT and 10 other pesticides in chicken eggs being sold for human consumption 

(Leff, I'JQl). Even when the concentration of pesticides are below United Nations Food 

and Health Organization (FAO) maximum allowable standards. Dr. Restrepo states that 

the accumulation of these substances in the human body over time will lead to serious 

health problems in the future (Restrepo, 1992). 

The surface water quality of the Santa Cruz River in Sonora is also contaminated. 

A University of Sonora showed that nitrate levels exceeded maximum permissible levels 

established by the Norma OJicial for water quality (Solis, 1998). The nitrate is probably 

a direct result of farming practices in the area. The highest concentration was found near 

the community of Paredes, where the City ofNogales, Sonora has an infiltration gallery 

to transfer the river water to its potable water system. 

Concentrations of fecal coliform were found to exceed Mexican permissible levels 

in all seven test locations on the Santa Cruz River. As with nitrates, the community of 

Paredes again showed the highest concentration of fecal coliform colonies. The report 

concluded that the majority of residents of Paredes were identified as having problems 

with diarrhea, stomachaches, headaches, and vomiting. The last two were especially 

common in children. The researchers stated that these illnesses could be attributed to the 

water not receiving any kind of treatment prior to consumption. 
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The university researchers also found that the Nogales Wash in Mexico exhibited 

high levels (in excess of national standards) of both coliform and suspended solids/ The 

same water that flows through Paredes and downtown Nogales, Sonora also flow into 

Arizona. The health dangers faced by the citizens in Sonoran are virtually the same as 

those that flow across the border into Arizona. This is a clear case of regulatory failure 

and points out the need for another kind of control for transboundary waters. 

2. Toxic Waste Dumping 

Toxic waste, which is in theory regulated by SEMARNAP, in practice is illegally 

dumped in places where it regularly contaminants the soil and water. Estimates are that 

only 10 percent of the approximately 6.2 million tons of toxic industrial waste produced 

each year in Mexico is disposed of properly (Eaton, 1996). The other 90 percent is 

discharged into municipal drainage systems, stored on site at the manufacturer's plant, 

mixed with other industrial wastes and dumped in municipal landfills, or concealed in 

clandestine dump sites. "Each year, seven million tons of toxic waste are, without 

control, illegally dumped in drains and marine waters. Only one percent are under 

surveillance in the country," stated Oscar Canton Cetina, Chair of the Mexican Ecology 

•"Suspended solids are closely linked to the presence of a wide range of industrial and 
agricultural chemicals in surface water. 
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Commission (Public Citizen, 1996). The Mexican state of San Luis Potosi alone contains 

more than 70 clandestine dump sites for hazardous waste (Eaton, 1996). 

Toxic dumping is practiced even by Mexico's largest state-owned companies. 

Recently, the international envirormiental group. Greenpeace, filed a criminal complaint 

against Petroleos Mexicanos (PEMEX), the national oil company of Mexico. Greenpeace 

documented that thousands of gallons of toxic waste were dumped in wetlands along the 

Gulf Coast of Mexico by the national petroleum giant. Greenpeace spokesman, Alejandro 

Calvillo, said that Pemex had established 60 such dumping sites in the state of Veracruz. 

Calvillo went on to say that Pemex was "without a doubt the top environmental criminal 

in Mexico" (Arizona Daily Star, 1998). If the government of Mexico cannot even control 

the companies that it owns and operates, it would appear unlikely that it could control 

privately owned companies either. 

Toxic dmnping represents a particularly dangerous threat to the health of people 

living in the border region. The region is uniquely in jeopardy because of the 

concentration of toxic materials, heavy transportation, and highly vulnerable, and 

growing, populations in these areas. This combination increases the probability of 

hazardous events arising from toxic material use, transportation and disposal along the 

border. Tiefenbacher, of the Center for Hazard and Environmental Geography, at 

Southwest Texas State University, refers the region as la frontera quimica (the chemical 

border), and describes the area as one poised for calamity (Tiefenbacher, 1998). 
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Nogales, Sonora is one Mexican town particularly in jeopardy. A recent study 

calculated the amount of waste being produced by maquiladoras and determined that 

three border cities were in danger and presented "great risks" to their residents (Bowen, 

Kontuly, and Hepner, 1995). By calculating the number of tons of toxic waste generated 

per person per year, the study concluded that of the three cities, Nogales, Sonora would 

suffer the most severe consequences from a toxic waste spill. Additionally, cataloging of 

toxic materials, permitting of environmentally threatening activities, and regulatory 

inspections are not commonplace for Mexican industries. 

Kopinak identifies another reason for the heightened risk of severe consequences 

from a toxic waste spill (Kopinak, 1996). She points out the Nogales, Sonora's growth in 

the last generation was based almost exclusively on maquiladora growth. No urban 

planning was done except for that directly related to maquiladora growth, which accounts 

for Nogales, Sonora's weak infrastructural development. Kopinak identifies Nogales, 

Sonora as the place on the border where one can most clearly observe what she calls a 

"maquiladora culture," in which the community is centered around assembly and riveting. 

The high possibility of a toxic spill presents a significant challenge to emergency 

planners and emergency responders. Since Nogales, Arizona shares surface and 

groundwater resources with Nogales, Sonora, the contamination would probably not stop 

at the border. 
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3. Municipal Waste Problems 

While health damages for Mexican citizens working in maquiladoras have been a 

focus of some documentation (Moure-Eraso et al. 1990), it is more unusual to find 

Mexican documentation of public water system contamination. One such study was 

published by Sanchez in 1995 which documented that industrial hazardous waste had 

been dumped into the municipal sewerage system of Nogales, Sonora. In addition, 

Sanchez reported that VOCs had been detected in water wells that trucks use to supply 

water to low income neighborhoods (Sanchez, 1995). Ingram and her colleagues reported 

that, of wells sampled and analyzed in 1991, almost all water coming from wells in 

Nogales, Sonora were contaminated from either fecal coliform bacteria, volatile organic 

compounds, or, in some cases, both (Ingram, Laney, and Gillilan, 1995). Ingram found 

that, for the city of Nogales, Sonora, the leading cause of mortality for children aged four 

and under were intestinal infections and parasites, both of which are commonly 

associated with consumption of contaminated water. A 1998 International Boimdary and 

Water Commission (IBWC) report confirms that this VOC problem in Nogales, Sonora 

has not been resolved (IBWC, 1998). The study reported that four drinking water wells 

located on the Nogales Wash had exceeded Mexican drinking water limits for PCE. 

Water samples from one well had PCE at 140 parts per billion (ppb). The Mexican limit 

is 8 ppb. 
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In addition to being the recipients of contaminated water, Mexican cities can also 

be the source of toxic wastewater dumping. Untreated wastewater dumped by cities into 

rivers and waterways can later affect a full range of activities downstream, such as 

farming, fishing, bathing, and drinking. This type of dumping may commonly go by 

undetected, however an e-mail posting on a bi-national listserver made the public aware 

of at least one ongoing incident. 

In a posting on the BECCnet intemet listserver, farmers in northern Sonora, 

Mexico, observed the lack of enforcement of environmental laws by the National Water 

Commission just a few miles from the U.S.-Mexico border. The posting stated that the 

National Water Commission "authorized and permitted that municipal wastewater is 

dumped directly into the Magdalena river" (BECCnet, 1996). The towns of Imuris. 

Magdalena. and Santa Ana, were named as dumping untreated wastewater directly into 

the Magdalena River, which resulted in soil and water contamination, and represented a 

serious threat to public health of downstream users throughout the region. The group of 

Sonoran farmers subsequently formed themselves into an organization called The 

Committee for CleanUp of the Magdalena River, and filed a citizen complaint through 

the Council for Environmental Cooperation (CEC),' which is authorized to investigate 

'The Commission for Environmental Cooperation (CEC) is an international organization 
whose members include Canada, Mexico and the United States. The CEC was created under the 
North American Agreement for Environmental Cooperation (NAAEC) to address regional 
environmental concerns, help prevent potential trade and environmental conflicts and to promote 
the effective enforcement of environmental law. The Agreement complements the 
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nonenforcement of environmental laws in the three NAFTA countries." The complaint is 

presently moving through the CEC process. 

4. Citizen Dissatisfaction with the Environment 

Perhaps the clearest indication that the environment in Mexico is in trouble can be 

obtained by asking the Mexican people themselves what their opinion is. A 1996 survey 

of Mexican residents along the U.S.-Mexico border in Sonora reported that 87 percent of 

respondents were "not very satisfied" or only "somewhat satisfied" with the actions of the 

Mexican government to protect the environment (Behavior Research Center, 1996). Only 

nine percent of respondents said that they were "very satisfied" with the government's 

environmental provisions established in the North American Free Trade Agreement (NAFTA). 

'Under Article 14 of the NAAEC, the Secretariat may consider a submission from any 
non-governmental organization or person asserting that a Party to the NAAEC is failing to 
effectively enforce its environmental law. Where the Secretariat determines that the Article 14(1) 
criteria are met, it shall then determine whether the submission merits requesting a response from 
the Party named in the submission under Article 14(2). In light of any response provided by that 
Party, the Secretariat may recommend to the Council that a factual record be prepared, in 
accordance to Article 15. The Council, comprised of the environmental ministers (or their 
equivalent) of Canada, Mexico and the U.S., may then instruct the Secretariat to prepare a factual 
record on the submission. The final factual record is made publicly available upon a 2/3 vote of 
the Council. 

If history is any indication, the Sonoran farmers may not have a great chance of receiving 
satisfaction through the CEC. Since 1995 the CEC has received 20 Article 14 submissions. Of 
these, six (30 percent) are currently being reviewed by the Secretariat under Article 14(1) of the 
NAAEC, five (25 percent) are at some later stage in the process, and for eight of these (40 
percent) the process has been terminated for a variety of different reasons. Only one submission 
(5 percent) has resulted in the preparation and release of a factual record. These figures were 
calculated based on data available at ±e CEC Web site: http://www.cec.org. 

http://www.cec.org
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efforts. Similarly, when asked to rate the cleanliness of drinking water, 68 percent of 

Sonoran residents responded "only fair" or "poor". The same percentage was reported 

when Sonorans were asked to rate the cleanliness of die air. 

With the vast majority of the toxic industrial waste in Mexico disposed of 

illegally, untreated municipal wastewater dumped into rivers used by farmers and other 

secondary users, and the numerous health consequences reported at maquiladora plants, it 

is no surprise that Mexicans have a negative perception of both the environment and their 

government's action to protect it. 

E. Water Contaminants from Mexico Flow into the United States 

While there are many potentially polluting activities which take place within the 

Santa Cruz AMA which threaten the quality of the water in the aquifer (as discussed in 

Chapter 4), contaminants flowing across the border from Mexico represent a greater 

threat to the aquifer than any local potentially polluting activity. The Nogales Wash 

flows northward from Nogales, Sonora through Nogales, Arizona. The confluence of the 

Wash with the Santa Cruz River takes place in Rio Rico, Arizona, eight miles north of 

Nogales after which the Santa Cruz River then continues its northward flow towards 

Tucson. Raw sewage, petroleum, heavy metals, DDT, parasites such as Giardia and 

Cryptosporidium, and fecal colifonns, have been found in the Nogales Wash on the U.S. 

side of the border (Varady and Mack, 1995). An ongoing ADEQ study of water wells 
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located near the Nogales Wash has detected VOCs, bacteria, and nitrates in 

concentrations exceeding MCLs (ADEQ, 1996). These contaminants pose a threat to the 

underlying aquifer and to the health and lives of humans and livestock that may come 

into contact with the water. 

The presence of contaminants in the water crossing the border has provoked two 

serious health emergencies in recent years (Varady, Ingram, and Milich, 1995). 

Following heavy rains in October 1990, volatile organic compounds (VOCs) such as 

tetrachioroethene (PCE) and trichloroethane (TCE) were found to be at such high levels 

that the Santa Cruz Board of Supervisors declared a health emergency. Such seasonal 

rainstorms also commonly cause untreated sewage to run directly into the Wash and 

through downtown Nogales from Mexican sources such as outhouses, industry, septic 

tanks, and sewer lines. The combination of geographical proximity and human action has 

resulted in other, related envirorunental crisis. In February 1994, for example, 2,000 

residents had to be evacuated from downtown Nogales, Arizona, because of the presence 

of potentially explosive fiimes emanating from the Nogales Wash, the result of petroleum 

products dumped into the Wash in upstream Sonora. 

Aquifers in Santa Cruz County face an ongoing threat to their groundwater 

sources from the contaminants found crossing the border in the Nogales Wash. The 

environmental regulatory framework in Mexico does not protect the envirorunent in 

Mexico or assure that water entering the United States from Mexico is safe. The 
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implication of this to aquifers is that they are subject to potential contamination, and all 

related treatment costs, from a source (Mexico) which cannot be held legally liable. 

III. CONCLUSIONS 

This chapter illustrates that Mexican regulatory attempts to protect the 

environment are not enough. As would be expected from a developing counu^ with 

growing environmental problems and a small pot of money to deal with them, well-

intentioned attempts to resolve the problem are often under funded, and voluntary 

cooperation by contaminating industries is preferred over confrontation. The 

centralization of decision-making in Mexico takes power away from state and local 

decision-makers, those who are closest to the problem and presumably most thoroughly 

understand the situation. Water management has the same centralized structure and. like 

the federal government, employs the patronage system. Patronage serves to keep 

qualified technical people out of pollution control regulatory organizations and greatly 

increases the opportunity for corruption. 

Despite having some strict environmental laws on the books, Mexico is unable to 

spend money on environmental protection because of severe and seemingly interminable 

economic problems. The result of this under-budgeting is environmental degradation and 

health damages, including surface and groundwater contamination. The relatively closed 

nature of the Mexican government means that no right-to-know laws exist in Mexico, 
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which results in people have no access to information about, or the ability to respond to. 

pollutants which are being released into the environment. 

The border is also adversely affected by Mexican regulatory failings. Along the 

Santa Cruz River in Sonora. nitrate contamination by agricultural fertilizer and fecal 

coliform contamination have made many people sick in Mexican towns on the river. This 

creates the possibility the downstream Arizona will be affected as well. The Nogales 

Wash also contains an assortment of industrial chemicals which flow through Nogales, 

Arizona. Nogales, Sonora also faces great risk to its residents and would suffer severe 

consequences in case of a toxic spill. 

The regulatory failings in Mexico are one reason why the Segerson model to 

protect aquifers from contamination by agricultural chemicals (described in Chapter 3) 

could not be effectively expanded to include Mexico. If farmers on both sides of the 

border cannot be held to a standard of exercising "due care" in the application of 

agricultural chemicals, the model carmot work. 

When Mexico's problems with enforcement are added to the pervasive non

compliance by PWS and gaps in the APP program in the United States (see Chapter 4), it 

is clear that regulation does not effectively protect aquifers. As in Mexico, regulatory 

agencies in the United States lack the flmds and the personnel necessary to assure 

compliance by PWS. The national and international sources of groundwater 

contamination in the Santa Cruz AMA and the inability of Mexican and U.S. regulatory 
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agencies to resolve the problem is a compelling reason to look at the Bellagio Draft 

Treaty. While the Segerson Model examined cross-border aquifer contamination by 

agricultural chemicals, the Bellagio Draft Treaty is able to address both agricultural 

contamination on the Santa Cruz River as well as industrial and bacterial contamination 

in the Nogales Wash. A broader watershed management approach, such as this, could 

address a multitude of related binational water problems in the region (Tecle, 1988). The 

next chapter will examine the Bellagio Draft Treaty and its application to the area of 

Ambos Nogales. 
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CHAPTER 6 

APPLICATION OF THE BELLAGIO DRAFT TREATY TO AMBOS NOGALES 
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I. INTRODUCTION 

The creation of the Bellagio Draft Treaty, and its predecessor the Ixtapa Draft 

Treaty, was based on the observation of those who worked on border water issues that no 

effective border management institutions existed (Hayton and Utton, 1992). This absence 

of the necessary institutions to manage transboundary water resulted in problems such as 

water contamination, groundwater overdraft, increased health risks to border residents, 

and a lack of planning for natural disasters such as floods and droughts. Rapidly 

increasing border populations added a further sense of urgency to address this issue. A 

"tragedy of the commons" was occurring on the border as each country had an incentive 

to consume as much of the shared aquifer as they could, or engage in activities that result 

in aquifer contamination without regard to the consequences for the other country. 

Part II of this chapter describes the Ixtapa Draft Treaty and its influence on the 

later Bellagio Draft Treaty. Part III analyzes how the Bellagio Draft Treaty could be 

applied to resolve water issues in Ambos Nogales. The Conclusion of the chapter 

identifies issues that could affect application of the Bellagio Draft Treaty to Ambos 

Nogales. 

II. THE IXTAPA DRAFT TREATY 

The Ixtapa Working Group was formed to consider the rising competition for 

groundwater and increasing threats of contamination that usually accompanies population 
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increase and industrial development (Rogers and Utton, 1985). The small 

interdisciplinary group of water resource specialists also wrestled with the question of 

how to insure that each party receives a fair share of transboundary resources to avoid 

potential conflicts. The Group met over a period of three years to develop a draft 

agreement to allocate and manage transboundary groimdwaters. The group shared views 

from the perspective of different disciplines in hopes of addressing the problems before a 

crises situation arose. 

The Group met twice at Ixtapa and once at Puerto Vallarta to develop a draft 

agreement to allocate and manage transboundary ground waters. The Ixtapa Draft 

reflected the experience the Group members had in working on the U.S.- Mexico border, 

although the Draft was not intended to be directed towards any particular border region, 

but it was hoped the Draft would be useftil in a broader context. 

General considerations of the Ixtapa Draft Treaty call for management activities such 

as: conjunctive (or joint) management of surface and groundwater resources, spacing 

of wells according to a reasoned development scheme; careful development of 

hydrologic information; controls placed on drilling in areas where groimdwater is 

being depleted; anticipation and minimization of conflicts and shortages; inclusion 

water quality in the plaiming process; management powers placed in an agency 

capable of enforcing and carrying out policies; equitable apportionment of both 

surface and groundwater; allocation of shared waters determined through amicable 
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negotiation and deliberation, rather than unilaterally; each country administering the 

water within its jurisdiction; the managing commission receives sufficient supervisory 

powers to ensure that each party abides by agreement and in cases of prolonged 

drought the commission has sufficient powers to ensure that each party abides by 

agreements, and; in cases of prolonged drought, the commission is authorized to use 

transboundary waters as drought reserves. Most of the management activities that 

appeared in the Ixtapa Draft Treaty were refined and included in the Bellagio Draft 

Treaty. 

III. APPLICATION OF THE BELLAGIO TREATY TO AMBOS NOGALES 

The designers of the Bellagio Draft Treaty recognized that in the case of the 

United States and Mexico, the International Boundary and Water Commission 

(IBWC) would be the logical organization to assume the work outlined in the Treaty. 

The IBWC is the binational agency established in 1944 to manage water resources on 

the United States-Mexican border, but it was never given management powers like 

those outlined in the Bellagio Treaty. In applying the Bellagio Treaty to the situation 

in Ambos Nogales, some of the problems faced in this region include surface and 

groundwater contamination, and potential overdraft of the Santa Cruz River aquifer. 

Drought and flooding emergencies, as well as water-related health threats, also plague 

the region. The parts of the treaty that are particularly applicable in Ambos Nogales 

include: the establishment and maintenance of a regional database, protection of water 
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quality measures, establishment of Transboundary Groundwater Conservation Areas 

and Comprehensive Management Plans, preparation for health emergencies, allowing 

for transboundary transfers, and planning for drought. 

Establishment and maintenance of a database for groundwater and surface water 

resources is of critical importance to the area. This is particularly true in the Santa 

Cruz River area where both cities have established drinking water wells. In order to 

properly manage water resources greater knowledge about their quantity and quality 

is needed. Regular and systematic collection of hydrologic and hydrometeorlogic 

data is necessary to estimate available surface water and groundwater resources. 

The Arizona side of the border is managed by the Santa Cruz Active Management 

Area of the Arizona Department of Water Resources which takes monthly surface and 

groundwater measurements are taken of the river (AD WR, 1999). In addition, the 

USGS has two water gauges in the area, one on the border in Buena Vista, Arizona, 

and one about 20 miles north of the border in Tubac, Arizona. ADEQ regularly 

measures surface and groundwater quality of the Nogales and issues yearly reports. 

The City of Nogales, Arizona keeps regular records of how much water is pumped 

from the Santa Cruz River aquifer. In Arizona a regular supply of water data is 

available. 

In Mexico, water data is not so readily available. An IBWC water gauge 

operated in Mexico from the 1954 to the 1974 at the point furthest south of the Santa 

Cruz River in El Cajon, Sonora (Quintanar, 1999). When the gauge was knocked out 
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by a flood in the mid-1970's this valuable source of stream flow data was never 

replaced. As discussed in Chapter 5, in 1998 the University of Sonora published a 

study on the water quality of the Santa Cruz River in Mexico. Also in 1998 (and 

discussed in Chapter 5), the IBWC reported on a study of groundwater contamination 

in the Nogales Wash. No records are kept of pumping by the City of Nogales, Sonora 

from the Santa Cruz River aquifer. This scarcity of data collection in Mexico 

indicates that only "spotty" data is available. There is no systematic collection of data 

as envisioned in the Bellagio Treaty. 

Under the Bellagio Treaty, the IBWC would identify inadequacies in the available 

data and devise a plan to address these inadequacies. The IBWC would then use the 

data collected to assess the impact of potential development on transboundary 

groundwaters, study potential alternative sources of groundwater and surface water 

for the region, and examine die potential consequences of drought, flood, and 

contaminants in the border area. Particularly useful for the Ambos Nogales area 

would be the collection of surface and groundwater quantity and quality data in the 

Santa Cruz River and Nogales Wash. 

One provision of the Bellagio Treaty requires each country to notify the 

Commission of any actual or plaimed significantly polluting discharge into 

transboundary waters. As Arizona is down gradient from Sonora any contaminants 

that are discharged in Nogales, Sonora or along the Mexican section of the Santa Cruz 

River could, and often does, end up in Arizona. This "early warning system" for 



128 

Arizona in terms of emergency preparedness and planning would be of considerable 

value. 

If the Commission determines that groundwater withdrawals exceed recharge 

resulting in a danger to yield or to water quality, if aquifers have become 

contaminated or persistent drought conditions exist, the Commission can declare the 

region a Transboundary Groundwater Conservation Area (TGCA). This designation 

would require the concurrence of both countries. Once a TGCA has been established, 

the Commission prepares a Comprehensive Management Plan (CMP) which can 

protect, control, and rationally develop waters located in the TGCA. The plan would 

include identification of contaminants and monitoring of water quality, tracking the 

use of toxic and hazardous substances, and establish protected zones where land use is 

regulated. The establishment of a TGCA and CMP for Ambos Nogales would be 

particularly usefiil for Ambos Nogales as the Santa Cruz River has agricultural 

contaminants and the Nogales Wash and Nogales Wash aquifer have been 

documented (in Chapter 5) to contain industrial contaminants and fecal coliform. In 

the City of Nogales, Sonora, with its large number of maquiladoras, a CMP would 

promote public health on both sides of the border to identify the specific industries 

which are contaminating surface and groundwater. 

The CMP would also allow the Commission to allocate uses of groundwater and 

surface water, including pumping limitations, criteria for new wells, retirement of 

present wells, and imposition of extraction fees. Ambos Nogales faces regular 
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periods of drought and there is presently no plan to allocate Santa Cruz River water 

between the two countries during times of drought. Such an allocation by the CMP 

could help avoid conflict over shared water resources and facilitate planning. 

In cases of imminent or actual threats to border public health, the Commission could 

declare a public health emergency for a specified period. The Commission would have 

authority to investigate areas of imminent or actual contamination and to institute 

preventative measures to eliminate or mitigate the hazard in public health. In Ambos 

Nogaies, as in other border sister cities, the transmission of water related diseases such as 

Lupus does not stop at the border.' While each country has its own health legislation a 

binational agency is needed to coordinate health measures across the border. 

Water transfers between the two countries are not precluded under the Bellagio 

Treaty. In the case of Ambos Nogaies, the Nogaies International Wastewater Treatment 

Plant presently treats on average nine mgd of wastewater from Mexico (IBWC. 1999). 

The Mexican effluent is then discharged into the Santa Cruz River where it recharges 

aquifers and replenishes a lush riparian area which is home to the endangered Gila 

Topminnow. Because of the value of the effluent to Arizona there is talk of negotiating 

with Mexico to pay for Mexico's treatment costs in exchange for guaranteed flows of 

Mexican wastewater to Arizona. As growth continues in Santa Cruz County and the use 

of water increases, public demands for an agreement over the Mexican effluent may also 

'Knight reported lupus struck 94 out of every 100,000 people in Nogaies, Arizona, nearly twice the highest rate 
previously recorded in the United States. 
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increase. The Bellagio Treaty is useful in this area because it accommodates such 

binational agreements. 

The Bellagio Treaty would require the Commission to prepare a Draft Management 

Plan to deal with drought in the border region. The Drought Plan would include 

identifying the hydrometeorlogical pre-conditions for the declaration of a Drought Alert 

or a Drought Emergency. The Plan would also outline what conservation or other 

measures would be prescribed. The Drought Plan could also reserve certain 

transboundary aquifers for use in times of drought. And it could provide for increases or 

decreases in normal allowable allocations prescribed by Comprehensive Management 

Plans in a Transboundary Groundwater Conservation Areas. As mentioned, the Ambos 

Nogales region has a proclivity to periodic droughts. It would be useful to have a drought 

plan and an identification of pre-conditions which would require conservation and other 

measures. However reservation of resources for drought times, as prescribed in the 

Bellagio Draft, doesn't appear to be a possibility in the Ambos Nogales area, as aquifers 

are presently used to meet current drinking water demands. The exception is the Nogales 

Wash aquifer which Mexico uses in times of drought. Since the Wash is contaminated it 

might provide water of uncertain quality. 

IV. CONCLUSION 

From the above analysis, the sections of the Bellagio Draft Treaty examined would be 
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applicable to the situation in Ambos Nogales. In particular, the Treaty would be useful to 

help resolve issues of water contamination, management of water quantities, for health 

emergencies, and in planning for drought. Some issues exist which could affect the 

applicability of the Treaty. First, the IBWC does not presently have the authority to 

intensively manage water resources in the ways outlined in the Bellagio Draft. Such 

management would require both the Mexican and the U.S. governments to grant more 

authority to the IBWC. Such an act would probably need to be precipitated by a border 

water emergency such as a serious and long term drought, well fields drying up. or 

widespread water contamination. 

A second issue affecting the Treaty application involves resistance to the potential 

loss of power by state and local political authorities associated with increased power to 

the IBWC. The state of Arizona, for example, has long demonstrated an anti-federal 

inclination, preferring to keep the federal government at arm's length when it comes to 

managing state resources. It is doubtful that local water-supply authorities in Nogales, 

Arizona or Nogales, Sonora would willingly give up their decision-making power and 

their ability to pump water to their customers, so customers on the other side of the 

border could receive more water. The IBWC's authority would have to be imposed on 

state and local authorities against their wishes. However, since it serves the greater good 

of imposing order to the chaos of border water management, the long-term benefits would 

presimiably outweigh short-term opposition. These issues are further addressed in 



Chapter VII, along with projected areas of future research. 
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CHAPTER 7 

CONCLUSION 
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Two approaches have been examined which could address transboundary water 

problems in Ambos Nogales. First, the extended Segerson model analyzed border 

agricultural contamination. The model showed that an economically efficient solution 

could be achieved by holding agricultural chemical manufacturers liable for groundwater 

contamination. However, the legal difficulties associated with establishing manufacturer 

liability are numerous and substantial. In addition, holding farmers to best management 

practices in Mexico is doubtful based on Mexico's ineffective environmental regulatory 

system. Because of these difficulties, the conditions established by Segerson for the 

model to work carmot be met. A more practical solution could lie in the Bellagio Draft 

Treaty. 

The second approach to transboundary water problems applied the Bellagio Draft 

Treaty to Ambos Nogales area as a way to manage border water issues. The Treaty- was 

found to be a potentially effective way to solve a spectrum of border water issues for the 

Ambos Nogales area. Some of the problems that could potentially be addressed include: 

water contamination, equitable division of shared water, health emergencies, and drought 

planning and response. 

While this dissertation determined that the Bellagio Draft Treaty could be 

applicable to the water related problems of Ambos Nogales, that is only the first step. 

Future research could analyze how the powers of the IBWC could be expanded an what 

procedural steps would need to be followed through both the United States and Mexican 
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governments to make the change occur. It would be expected that the states which border 

Mexico would support the expansion of IB WC power if they see it as an opportunity to 

bring more funding to the border. 

As in the past, solving water problems in the border region is not a high priority 

for either state or federal governments on either side of the border. While these water 

issues are something that could seemingly resolved quickly v/ith the right resources, there 

has been no willingness to do so by the responsible agencies. It is possible that the 

political will to expand the IB WC's power could only come in response to a border 

emergency such as a severe drought, or a water-related health emergency. Such an 

incident might be useful in two ways. First, to focus national interest on the border and 

force the federal government to respond and attempt to resolve the problem. Secondly, a 

border emergency might inspire the states to think about releasing their grip on power 

over local border issues to give the IBWC power to resolve water problems in a more 

comprehensive way. If granting the IBWC more power seems difficult in the United 

States, it will probably be more difficult for Mexico to give up national power to a 

binational institution. 

Another aspect of applying the Bellagio Treay to a specific border area is 

the issue of how other governmental institutions operating along the U.S.-Mexico border 

would fit into the equation. The Environmental Protection Agency, the Border 

Environment Cooperation Commission, the North American Development Bank, and 
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various Mexican and U.S. non-govemmental organizations engage in border 

infrastructure projects on the border. The presence of these institutions and organizations 

would require the IBWC to coordinate its activities in such a way as to include these 

other groups into the decision-making process. How that coordination could talce place 

could provide a topic for another area of future research. 

The water problems which exist on the United State-Mexico border will continue 

to exist and growing demands for water will probably intensify the problems. While 

many solutions are offered to resolve border water problems, few solutions are as well 

conceived and as comprehensive as the Bellagio Draft Treaty. The treaty would need to 

be modified so that it accommodates the particular area to which it is applied, and it 

would need to somehow accommodate other groups working on the border. However, 

the Treaty can serve as a valuable guide in future efforts to manage our shared water 

resources v^rith Mexico. 
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APPENDIX A 
Survey Questions and Responses for Public Water Systems 

Santa Cruz Active Management Area 
Number of Interviews: 24 

I. System Information 

1. Do you chlorinate your system? 
Yes 75% 
No 25% 

II. Water Quality 

2. Have you ever had samples exceed MCLs? 
Yes 75% 
No 25% 

3. For which contaminants? 
Total coliform 70% 
Fecal coliform 10% 
Uranium/radon 5% 
others 15% 

4. What are the sources of the contaminants you have found? 
Sampling error 58% 
Chlorinator malfunction 16% 
System non-use 5% 
Mines 5% 
Closeness to Nogales Wash 5% 
Don't know 16% 

5. Does your testing reveal the presence of contaminants which vary seasonally? 
Yes 47% 
No 53% 

6. Are the maximum contaminant level (MCL) standards protective of public 
health? 

Yes 90% 
No 10% 

7. Should ADEQ do the sampling mstead of system owners? 
Yes 42% 
No 42% 
Don't Know 16% 
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8. Should ADEQ pay for the testing? 
Yes 42% 
No 50% 
Don't Know 8% 

9. What do your think is the overall quality of the source of your water? 
Good 88% 
Medium 12% 

III. Water Quantity 

10. Do you have adequate supplies for the next 10 years? 
Yes 100% 

11. Do you have water education programs? 
Yes 56% 
No 44% 

IV. Plant Investment 

12. What capital expenditures do you plan for the future? 
None 43% 
A Variety 52% 
Piunps 5% 

13. Will you spend more than $10,000 in the future for capital expenditures? 
Yes 54% 
No 46% 

14. Does regulation prevent you from using cost-saving measures? 
Yes 9% 
No 91% 

V. Safe Drinking Water Act 

15. Do you agree with the list of contaminants that you are required to monitor? 
Yes 29% 
No 38% 
Don't Know 33% 

16. Do you think monitoring protects public health? 
Yes 100% 

17. Would you utilized loans if they were available? (0,1) 
Yes 48% 
No 52% 



18. Do you agree with the current standard setting process? 
Yes 73% 
No 6% 
Don't Know 21% 

19. Should standards be based on benefit-cost analysis or health standards? 
Benefit-cost 13% 
Health 42% 
BoUi 46% 

20. Have you done a vulnerability assessment? 
Yes 25% 
No 75% 

21. Have you ever applied for the waiver program? 
Yes 42% 
No 58% 

VI. Arizona Department of Environmental Quality 

22. Is ADEQ enforcement too strict or too lax? 
Too strict 8% 
Too lax 8% 
Too strict in some areas and 
too lax in others 4% 
Just right 67% 

23. What regulations do you find most difficult to comply with ADEQ? 
Testing cost 39% 
None 22% 
Backflow 9% 
Backflow & testing cost 9% 
Paperwork 4% 
Everything 4% 

24. How could this be improved? 
Government subsidy 38% 
Govn't subsidy and 
reduced sampling 23% 
Reduced sampling 15% 
Organize sampling better 15% 
It can't be improved 9% 

25. Would you like ADEQ fimctions to be centralized? 
Yes 28%' 
No 50% 
No preference 22% 
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26. Would you prefer to deal with a regional or a central ADEQ office? 
Regional office 75% 
Central office 8% 
No preference 17% 

27. What are the strengths and weaknesses? 
Its less cumbersome to deal with a local office 
There is conflision over what we should do 
from one or the other office 

XI. Insurance 

28. Is insurance available for your water system? 
Yes 59% 
No 41% 

29. Do you have insurance to protect you in case a water customer gets sick and sues 
you? 

Yes 65% 
No 10% 
Don't know 25% 

30. Have you ever been sued? 
No 100% 

31. Would you sue someone who contaminated your water supply? 
Yes 82% 
No 7% 
Don't know 11% 

VII. Border 

32. Are you aware of the existence of the Border Environment Cooperation Commission 
(BECC)? 

Yes 54% 
No 46% 

33. What do you think of the Nogales, Sonora Water Project? 
It's a good idea 46% 
It's a bad idea 17% 
No opinion 37% 

67% 

33% 
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34. What do you think of Nogales, Mexico treating their own sewage? 
It's a good idea 46% 
Don't know 42% 
No opinion 37% 

35. Will it increase water quality? 
Yes 13% 
Uncertain 87% 

36. Decrease the water table? 
Yes 
No 4% 
Uncertain 88% 



142 

REFERENCES 



143 

Albert, Lilia. 1981. Residues de plaguicidas organoclorados en leche maternay riesgo 
para la salud. Boletin de la Oficina Sanitaria Panamericana, 9(1). 

Ames, Bruce N., Renae Magaw, and Lois Swirsky Gold. 1987. Ranking Possible 
Carcinogenic Hazards. 236 SCIENCE 271. 

Anderson, C.A.. 1955. Potential Development of Water Resources of the Upper Santa 
Cruz River Basin in Santa Cruz County, Arizona, and in Sonora, Mexico. State of 
Arizona, State Land Department. Phoenix, Arizona. 

Arizona Daily Star. 1998. Mexican Firm is Accused of Toxic Dumping. 
December 4. 

Arizona Department of Environmental Quality. 1994. Economic Impact Statement 
Statement: Request for Review and Approval of Rules. Report of proposed rules 
implementing the requirements of the Safe Drinking Water Act report prepared for the 
Governor's Regulatory Review Council. 

Arizona Department of Environmental Quality. Office of Water Quality, Groundwater 
Hydrology Section. 1993. Groundwater Protection in Arizona: An Assessment of 
Groundwater Quality and the Effectiveness of Groundwater Programs. Phoenix, Arizona. 

Arizona Department of Environmental Quality. 1995. 1994 Annual Report. Phoenix, 
Arizona. 

Arizona Department of Environmental Quality. 1996. Phase III Groundwater 
Investigation, Nogales Wash Study Area. 

Arizona Department of Environmental Quality. 1997. Groundwater Quality Study in the 
Upper Santa Cruz Valley. 

Arizona Department of Water Resources. 1996. State of the AMA: Santa Cruz Active 
Management Area. Arizona Department of Water Resources, Phoenix, Arizona. 

Arizona Department of Water Resources. 1999. Third Management Plan Concept Paper 
for the Santa Cruz Active Management Area. Arizona Department of Water Resources, 
Phoenix, Arizona. 

Arroyo. 1991. Water Resources Research Center, University of Arizona (October) 5(3):3. 



144 

Baumol, W.J., and W. Oates, "The Use of Standards and Prices for Protection of the 
Environment," Chap. 18 m Environmental Economics: A Reader, edited by Anil 
Markandya and Julie Richardson (New York: St. Martin's Press, 1992), 229-239. 

BECCnet Internet Listserver. 1996. Operated by the Udall Center for Studies in Public 
Policy, University of Arizona, December 14 posting. 

Behavior Research Center, Inc. 1996." United States/Mexico Border Environmental 
Health Study." A survey prepared for The Morris K. Udall Foundation. 

Boffey, Phillip M.. 1982. "Twenty Years After 'Silent Spring': Still a Troubled 
Landscape." New York Times, May 25. 

Bowen, Mace M., Thomas Kontuly, and George Hepner. 1995. Estimating Maquiladora 
Hazardous Waste Generation on the U.S./Mexico Border. 19 ENVIRONMENTAL 
MANAGEMENT 2. 

Brown, J. 1973. Toward an Economic Theory of Liability. 2 JOURNAL OF LEGAL STUDIES 
323. 

Brusco, Mike. 1983. The Trouble with Temik: Your Well is Poisoned. New Farm. 

September/October. 

Bustamante, Sertio B. and Arieh M. Flemenbaum. 1996. The New Voice of Mexican 
Environmental Regulation: Official Mexican Standards: A Tool Required in the Field, 2 
Nafta: Law And Business Review Of The Americas (3) 102. 

Butte, Woodfin. "Mexico, Constitutional Structure," Selected Mexican Cases 
(unpublished, boimd monograph in University of Houston Law Library, K.GC.B877) 

Cameron, Diane, Brett Hulsey, and John Peck. 1994. Danger on Tap: Protecting 
America's Drinking Water. Madison, WI; Sierra Club Great Lakes Program. 

Camp, Dresser, & McKee. 1997. Element 4: Socio-economic Evaluation Ambos Nogales 
Facility Plan. A consultant report prepared for the Ambos Nogales Facility Plan 
Binational Technical Committee. Prepared under contract to the International Boundary 
and Water Commission. July. 

Carson, Rachel. 1962. Silent Spring. Boston: Houghton Mifflin. 
Center for Disease Control and Prevention. 1993. Surveillance for Waterbome Disease 
Outbreaks—United States, 1991-1992. 



145 

Centner, T.J. 1991. "Liability Rules for Groundwater Pesticide Contamination." In, 
Procedural Conference on Pesticides in Aquatic and Terrestrial Environments. Virginia 
Water Resources Center, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia. 

Cesarman, Fernando. 1986. Paisaje Roto: La Ruta del Ecocidio. Mexico City; Ediciones 
Oceano. 

Clark, Robert. 1978. "Institutional Alternatives for Mexico-U.S. Groundwater 
Management." 18 Natural Resources Journal 1. 

Comision Nacional del Agua. 1990. Water Policies and Strategies. Mexico City, D.F. 

Comly, H. H. 1987. Cyanosis in Infants Caused by Nitrates in Well Water. 257 JOURNAL 
OF the AMERICAN MEDICAL ASSOCIATION: 2788. 

Cory. Dennis. 1997. "Arizona Aquifer Protection." Initiative. Udall Center for Studies in 
Public Policy. Tucson, Arizona. Summer. 

Cory, D., and M. Moy. 1995. Reauthorization of the Safe Drinking Water Act and the 
Viability of Rural Public Water Systems. The Environmental Law Forum. University 
of Arizona, College of Law (May). 

Congressional Research Service. 1996. Reauthorization of the Safe Drinking Water Act. 
United States Congress. 

Council on Environmental Quality. 1981. Contamination of Groundwater by Toxic 
Organic Chemicals. Washington, D.C. January. 

Eaton, David. 1996. "A Test of Mexico's Metal: Metclad Corporation Given the Final Go 
Ahead." Business Mexico Vol. W-\2No\. VI-1 Special Edition, 79-81. 

Sharif S. Elmusa. 1995. Dividing Common Water Resources According to International 
Water Law: The Case of the Palestinian-Israeli Waters. 35 Natural Resources 

Journal 2. 

Epstein, Samuel S, Lester Brown, and Carl Pope. 1982. Hazardous Waste in America. 
San Francisco: Sierra Club Books. 

Epstein, Samuel S. and Joel B. Swartz. 1988. Technical Comment: Carcinogenic Risk 
Estimation. 240 science 1043. 



146 

Espinoza, Noel J. 1999. The Brownsville Herald. January 30. 

Fennemore Craig. 1992. "Groundwater Quality Protection," Chapter 9 in/Irirona 
Environmental Law, Washington, D.C.: Federal Publications, Inc. 

Fox, Ken and Darren A. Lytle. 1996. Milwaukee's Crypto Outbreak: Investigation and 
Recommendations. 88 Journal American Water Works Association 9. 

Fraser, Patricia and Clair Chilvers. 1981. "Health Aspects of Nitrate in Drinking Water," 
from Water Supply and Health, H. Van Lelyveld and B.C.J. Zoeteman, editors. New 
York: Elsevier. 

Freeze Allan R., and John Cherry. 1979. Groundwater. Englewood Cliffs, N.J.: 
Prentice-Hall. 

Friedman, Mel. 1996. "Troubled Waters." Parents, March: 50-54. 

Froderman, Troy B., M. David Kamas, and Anthony R. Lucia. 1996. Toxic Tort Law in 
Arizona. Eau Claire, Wl: National Business Institute, Inc. 

Fry, Jana, and Luis Ernesto Cervera. 1995. Water Resources in the Upper Santa Cruz 
River Basin. Arizona State University and El Colegio de la Fronter Norte. 

Gelt, Joe, Jim Henderson, Kenneth Seasholes, Barbara Tellman, and Gary Woodared. 
1999. Water in the Tucson Area: Seeking Sustainability. Water Resources Research 
Center, College of Agriculture, and University of Arizona. 

Gish, Timothy j., and Ali Sadeghi. 1993. Agricultural Water Quality Priorities: A 
Symposium Overview, 22 journal of environmental quality 389. 

Gregory, Michael. 1996. "Public Access to Environment^ Information on the U.S.
Mexico Border." Paper presented to the West Texas Regional Poison Center Second 
Annual Binational Conference Addressing Concerns in Toxicology and Environmental 
Health, Toxicology Has No Borders, El Paso, Texas, September 6. 

Hardin, Garrett and John Baden. 1977. Managing the Commons. San Francisco : W. H. 
Freeman. 

Hayton, Robert D. and Albert E. Utton. 1989. The Bellagio Draft Treaty. 29 Natural 
Resources Journal 663. 



147 

Heyman, Josiah. 1991. Life and Labor on the Border. Tucson: University of Arizona 
Press. 

Hill, M.J., G. Hawksworth, and G. Tattersall, Bacteria, Nitrosamines and Cancer of the 
Stomach, 28 BRITISH Journal of Cancer 562 (1973). 

International Boundary and Water Commission. 1999. Wastewater Flows into the 
Nogales International Wastewater Treatment Plant. Unbound data given to the author 
from the IBWC Nogales, Arizona office. December. 

Hughes, Sally. 1995. "Between a Rock and a Hard Place." Mexico Business, May: 18. 

Helen Ingram and David White. 1993. International Boundary and Water Commission: 
An Institutional Mismatch. 33 Natural Resources Journal 153. 

Ingram, Helen, Nancy Laney, and David Gillilan. 1995. Divided Waters: Bridging the 
U.S.-Mexico Border. Tucson: University of Arizona Press. 

Institute Nacional de Estadistica Geograflca e Informacion. 1979. Mapo Nogales HI2-2. 

International Boundary and Water Commission. 1998. Binational Nogales Wash United 
States/Mexico Groundwater Monitoring Program, Interim Report. May. 77p. 

Is Nitrate Contamination a Serious Problem"! 1998. On Tap, drinking Water News 

for America's Small Communities. Vol. 7, Issue 1, Spring 26. 

Jackson, Richard. 1982. Literature Review on the Toxological Aspects of DBCP and an 
Epidemiological Comparison of Patterns of DBCP Contamination with Mortality Rates 
from Selected Cancers in Fresno, California. 

Johnson, C.J., P.A. Bonrud, T.L.Dosch, A.W. Kilness, K..A. Senger, D.C. Busch, and 
M.R. Jeyer. 1987. Fatal Outcome of Methemoglobinemia in an Infant. 257 Journal of 

the American Medical Association: 2796. 

King, Jonathan. 1985. Troubled Water. Emmaus: Rodale Press. 

Kopinak, Kathryn. 1996. Desert Capitalism: Maquiladoras in North America's western 
Industrial Corridor. Tucson: University of Arizona Press 

Knight, Danielle. 1998. "Searching for Answers to High Lupus Rate Along the U.S.-Mexico 
Border." Inter Press News Service. July 2. 



148 

Lawson, Lin. 1995. Upper Santa Cruz River Intensive Survey: A Volunteer Driven Study 
of the Water Quality and Biology of an Effluent Dominated Desert Grassland Stream in 
Southeast Arizona. Phoenix: Arizona Department of Environmental Quality. 

Leff, Enrique. 1991. "Medio Ambiente y Desarollo en Mexico," in La Situation 
Ambiental en America Latina, edited by El Centro Interdisciplinario de Estudios Sobre el 
Desarrollo Latinoamericano (CIEDLA). 

Lichtenberg, Erik, David Zilberman and Kenneth T. Bogen. 1989. Regulating 
Environmental Health Risks under Uncertainty: Groundwater Contamination in 
California, 17 JOURNAL of ENVIRONMENTAL ECONOMICS AND MANAGEMENT 22. 

Lustig, Nora. 1998. Mexico: The Remaking of an Economy. Washington, D.C.: The 
Brookings Institution 

Malberg, J.W., e.P. Savage, and J. Osteryoung. 1978. Nitrates in Drinking Water and the 
Early Onset of Hypertension, 15 environmental pollution 155. 

Margadant, Guillermo Floris. 1981. "History, Structure and Character of Mexican Law." 
Paper written for the Conference on Legal Aspects of Trade and Investment Between the 
US. and Mexico, sponsored by the University of Houston and the Universidad 
Panamericana, Mexico City. 

"Minnesota Statutes Annoted," Section 18C & 18D (Supp. 1991). 

Moure-Eraso, Rafael, Meg Wilcox, Laura Punnett, Leslie Copeland, Charles Levenstein. 
Back to the Future: Sweatshop Conditions on the Mexico-US. Border. I Community 
Health Impact of Maquiladora Industrial Activity. American Journal Of Industrial 
Medicine 25 (3): 311-324. 

Mumme, Stephen P. 1982. "The Politics of Water Apportionment and Pollution Problems 
in United States-Mexico Relations." U.S.-Mexico Project Series, No. 5. Overseas 
Development Council. 

Mumme, Stephen P.. 1988. Apportioning Groundwater Beneath the U.S.-Mexico Border. 
Research Report Series 45, Center for U.S.-Mexican Studies, University of California at 
San Diego. 

Mumme, Stephen P. 1991. Clearing the Air: Environmental Reform in Mexico. 
Environment 33 (10) 1991:6-11. 



149 

Mumme, Stephen P.. 1993. Innovation and Reform in Trans boundary Resource 
Management: A Critical Look at the International Boundary and Water Commission, 
United States and Mexico. 33 natural resources journal 93. 

Mumme, Stephen P. C. Richard Bath, and Valerie J. Assetto. 1988. Political 
Development and Environmental Policy in Mexico. XXIIII Latin American research 
Review I. 

Mumme, Stephen P. and Scott Moore. 1990. "Agency Autonomy in Transboundary 
Resource Management: The United States Section of the Interstate Boundary and Water 
Commission, United States and Mexico." Natural Resources Journal 30: 661. 

Mumme, Stephen P. and Terry Sprouse. 1999. Beyond BECC: Envisioning Needed 
Institutional Reforms for Environmental Protection on the Mexico-U.S. Border, Chapter 
38 in Handbook of Global Environmental Policy and Administration, edited by Dennis L. 
Soden and Brent S. Steel. New York: Marcel Dekker, Inc. 

Munson, Dennis. 1995. Get off Farmer Brown's Back: A Common Sense Approach to 
Farmer Liability For Groundwater Contamination Caused By the Normal Application of 
Pesticides, 18 Hamline Law Review 521. 

National Research Council. 1997. Safe Water From Every Tap: Improving Water Service 
Small Communities. Washington D.C.: National Academy Press. 

North Dakota Century Code Annotated," Section 22-33-12. 

Office of Technological Assessment. 1982. Impacts of Technology on U.S. Cropland and 
Rangeland Productivity. Washington, D.C.: Congress of the United States. 

"Official Code of Georgia Annotated," Section 2-7-170 (1990). 

Organization for Economic Co-operation and Development. 1996. Environmental 
Performance in OECD Countries: Progress in the 1990s. Paris: Organization for 
Economic Co-operation and Development. 

Pearce, David W. and R. Kerry Turner, "Taxation and Optimal Pollution," chap. 6 in 
Economics of Natural Resources and the Environment. (Baltimore: The Johns Hopkins 
University Press, 1991), 84-101. 

Pimentel, David and John Perkins, eds. 1980. Pest Control: Cultural and Environmental 
Aspects. American Association for the Advancement of Science Select Symposium. 
Boulder; Westview Press. 



150 

Public Citizen's Global Trade Watch. 1996. NAFTA's Broken Promises: The Border 
Betrayed. Washington D.C.: Public Citizen Publications. 

Quintanar, Jesus. 1999. Telephone conversation with Jesus Quintanar, head of Nogales, Sonora 
office of the Mexican Section of the IBWC. October 26. 

Rail, C.D. 1989. Groundwater Contamination: Sources, Control, and Preventive 
Measures. Lancaster: Technomic. 

Ramirez Garcia, Eduardo.1993. "Aspectos Juridicos de la Proteccion Ambiental," in, 
Energia y Medio Ambiente, edited by Rosfo Vargas S. And Marizno Bauer E. Mexico 
City: Universidad Nacional Autonoma de Mexico. 

Rawley, Anne. 1994. Mexico's Legal System of Environmental Protection. 
Environmental Law Reporter 24 (August): 10432-10448. 

Restrepo, Ivan 1992. Los Plaguicidas en Mexico. Mexico, D.F.:Comisi6n Nacional de 
Derechos Humanos. 

Restrepo, Ivan, and Susana Franco. 1988. Naturaleza Muerta. Mexico City: Ediciones 
Oceano, S.A. 

Rodgers, Ann Berkley and Albert Utton. 1985. "The Ixtapa Draft Agreement Relating to 
the Use of Transboundary Groundwaters." 25 NATURAL RESOURCES JOURNAL 3. 

Sanchez, Roberto A. 1995. Water Quality Problems in Nogales, Sonora, Supplement I, 
103 Environmental Health Perspectives 95. 

Segerson, Kathleen. 1990. "Liability for Groundwater Contamination from Pesticides." 
19 Journal of Environmental Economics and Management: 227. 

Sepulveda, Cesar. 1984. "Los Recursos Hidraulicos en la Zona Fronteriza Mexico-
Estados Unidos: Perspectiva de la Problematica Hacia el Ano 2000-Algunas 
Recomendaciones." From, The U.S.-Mexico Border Region: Anticipating Resource 
Needs and Issues to the Year 2000. Edited by Cesar Sepulveda and Albert Utton. El Paso: 
Texas Western Press. 

Simon, Joel. 1997. Endangered Mexico. San Francisco: Sierra Club Books. 

Steven Shavell. 1980. Strict Liability Versus Negligence. 16 Journal Of Legal Studies 

1. 



151 

Shavell, Steven. 1987. "Liability and Deterrence: Basic Theory," Chapter 2 in Economic 
Analysis of Accident Law, Harvard University Press, Cambridge, MA. 

Simonian, Lane. 1988. Pesticide Use in Mexico: Decades of Abuse. 18 The Ecologist 

2/3. 

Snook, Laura. 1993. "Conservation of the Monarch Butterfly Reserves in Mexico: Focus 
on the Forest," Biology and Conservation of (he Monarch Butterfly, Science Series of the 
Nattiral History Museum of Los Angeles County, no. 38. 

Solo-Gabriele, Helena and Shondra Neumeister. 1996. U.S. Outbreaks of 
Cryptosporidiosis. 88 journal american water works Association 9. 

Spalding, R.F. and M.E. E.xner. 1993. Occurrence of Nitrate in Groundwater — A Review. 
22 Journal of Environmental Quality 392. 

Sprouse, T, D. Cory, and R. Varady. 1996. Aquifer Contamination and Safe Drinking 
Water: The Recent Santa Cruz County Experience. Hydrology and Water Resources (n 
Arizona and the Southwest, Vol. 26. Proceedings of the 1996 Meeting of the Arizona 
Section, American Water Resource Association and the Hydrology Section, Arizona-
Nevada Academy of Science. 

Sprouse, Terry and Dennis Cory. 1997. Regulation and Liability in the Control of 
Environmental Risk: Aquifer Protection in the Santa Cruz Active Management Area. The 
Environmental Law Forum, University of Arizona, College of Law, (Spring). 

Super, M., H. Heese, D. MacKenzie, W.S. Dempster, J. DuPless, and J.J. Ferrerira. 1981. 
An Epidemiologic Study of Well-water Nitrates in a Group of South West African 
Namibian Infants, 15 Water Resources 1265. 

Alberto Szekely. 1993a. How to Accommodate an Uncertain Future into Institutional 
Responsiveness and Planning: The Case of Mexico and the United States. 33 NATURAL 
RESOURCES JOURNAL: 387 (spring). 

Alberto Szekely. 1993b. Emerging Boundary Environmental Challenges and Institutional 
Issues: Mexico and the United States. 33 N/^TURAL RESOURCES JOURNAL 33 (winter). 

Szekely, Alberto. 1987. "Transboundary Resources: A View From Mexico." 26 
NATURAL RESOURCES JOURNAL 4. 

Teclaff, Ludwik A.. 1996. Evolution of the River Basin Concept in National and 
International Water Law. 36 NATURAL RESOURCES JOURNAL 2. 



152 

Teclaff, Ludwik A. and Eileen Teclaff. 1979. "Transboundary Ground Water Pollution: 
Survey and Trends in Treaty Law." 19 NATURAL RESOURCES JOURNAL 3. 

Tecle, Aregai. 1988. Choice of Multicriterion Decision Making Techniques for Water 
shed Management." Ph.D Dissertaion. School of Renewable Natural Resources. 
University of Arizona. 

Tiefenbacher, John. 1998. La Frontera Quimica: Toxic Emission and Spills Along the 
U.S.-Mexico Border. 8 Journal of Borderland Studies 1. Spring. 

Tietenberg, T.H., "Economic Instruments for Environmental Regulation," Chapter 21 in 
Environmental Economics: A Reader, edited by Anil Markandya and Julie Richardson 
(New York: St. Martin's Press, 1992), 267-286. 

Towne, Douglas C. and Wang K.Yu. 1998. Ambient Groundwater Quality of the Yuma 
Basin: A 1995 Baseline Study. Paper presented at the 11th Annual Symposium of the 
Arizona Hydrologic Society. 

Udall Center for Studies in Public Policy, Technical Task Group. 1993. Ambos Nogales 
Water Resources Study: Santa Cruz Watershed and Nogales, Arizona. Prepared under 
auspices of Udall Center Ambos Nogales Water Resources 
Project. August. 

United Nations. 1975. The Helsinki Rules of the Uses of Waters of International Rivers, 
art. 5, in Management of International Water Resources: Institutional and Legal Aspects. 
United Nations Document ST/ESA/5 188-89. 

United States Department of Commerce, International Trade Administration. 1996. 
Funding Sources for Environmental Projects in Mexico. Mega-Tech, Inc. 

United States Environmental Protection Agency, Office of Water. 1996. Environmental 
Indicators of Water Quality in the United States. Washington, D.C. 

United States Environmental Protection Agency, Office of General Counsel. 1993. 
Evaluation of Mexico's Environmental Laws, Regulations and Standards: Preliminary 
Version of Final Report. Washington, D.C. 

United States Envirormiental Protection Agency. 1984. Environmental Progress and 
Challenges: An EPA Perspective. Washington, D.C. June. 



153 

United States Environmental Protection Agency. 1987. Agricultural Chemicals in 
Ground Water: Proposed Pesticide Strategy. Office of Pesticides and Toxic Substances. 
Washington, D.C. 

United Slates Environmental Protection Agency. Office of Water. Office of Pesticides 
and Toxic Substances. 1992. National Survey of Pesticides in Drinking Water Wells. 
Phase 11 report. USEP.A Rep. 570/9-91-021. Washington, D.C. 

United States Environmental Protection Agency. Office of Water. 1994. The Quality of 
Our Nations Water: 1992. Washington, D.C. 

United States Environmental Protection Agency. 1993. The Safe Drinking Water Act: A 
Pocket Guide To the Requirements For the Operators of Small Water Systems. Booklet 
prepared by the Environmental Protection Agency, Region 9. San Francisco, CA. 

Utton. Albert E. 1978. International Groundwater Management: The Case of the U.S.
Mexican Frontier. NEBRASKA LAW REVIEW, vol. 57. 

Utton, Albert E. and Ludwik A. Teclaff. 1987. Transboundary Resources Law. Westview 
Press: Boulder and London. 

Varady, Robert G., Helen Ingram, and Lenard Milich. 1995. The Sonoran Primeria Alta: 
Shared Environmental Problems and Challenges, JOURNAL of THE SOUTHWEST, v. 37 (1), 

102-22. 

Varady, R.G., and M. Mack. 1995. Transboundary Water Resources and Public Health in 
the U.S.-Mexico Border Region, JOURNAL OF ENVIRONMENTAL HEALTH 57 (8), 8-14. 

"Vermont Statutes Annotated," Title 10, Section 1410(d) (Supp. 1990). 

Wadsworth, Mari. 2000. "A Wash Full of Homeless People and A Quagmire of Local 
Politics Raise Vital Questions About Tucson's Future." Tucson Weekly. March 28. 

Weisenburger, D.D. Potential Health Consequences of Ground-water Contamination by 
Nitrates in Nebraska, 309-315. In I. Bogardi and R.D. Luzelka (ed.) Nitrate 
Contamination: Exposure, Consequence, and Control. NATO ASI Ser. G: 
Ecological Sciences 30. Springer-Verlag, Berlin (1991). 

Wetzstein, M.E., and t.j. Centner. 1992. Regulating Agricultural Contamination of 
Groundwater Through Strict Liability and Negligence Legislation. journal of 
Environmental Economics and Management 22 (January): 1-11. 



154 

Williams, Edward. 1996. The Maquiladora Industry and Environmental Degradation in 
the United States-Mexico Borderlands. ST. Mary's Law Journal 27 (4): 765-816. 

Wisconsin Department of Natural Resources. 1985. Groundwater Pesticide Sampling 
Program Summary. 

Wolfsen, Paulette, Melissa Loyd, Carla Sibert Carlsson and Monica Jara Hernandez. 
1996. Mexican Environmental Regulations: How They Affect Your Business Decisions. 
Natural Resources And Environment 10 (4): 48-51; 78-79. 

Woodward-Clyde Consultants. 1995. United Musical Instruments USA, Inc. Treated 
Groundwater Alternative End-Use Feasibility Study. August. 


