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Introduction

Supplementary Material contains details of how the Local Groundwater Balance Model was developed in a transdisciplinary process. Common term definitions, model description, general explanation of the study zone and characteristics of stakeholders and interviews, are provided. 

Study Zone

Three Mexican states, Yucatan, Campeche and Quintana Roo, constitute the Yucatan Peninsula, and share the Yucatan Peninsula Aquifer (YPA). However, as these areas have different economic structures and processes, groundwater problems are not the same. In fact, the YPA is the only source of water supply in the Yucatan state (González-Herrera et al. 2002). In the study area, the Geohydrological Reserve (GR) zone, there are thirteen municipalities: Seyé, Acanceh, Timucuy, Homún, Cuzamá, Tecoh, Tekit, Tahmek, Hoctún, Xocchel, Hocabá, Sanahcat, and Huhí. All of them are part of the recharge zone of the Ring of Cenotes. The Ring of Cenotes is an important and unique feature of the Yucatan Peninsula’s hydrogeology: this unit is formed by a complex system of >2000 sinkholes (locally called cenotes) that cover approximately 5 km arc wide with a radius of 90 km in the Yucatan state (Perry et al. 1989) as shown in Figure 1 of the main manuscript. Importantly, 99 out of these >2000 cenotes are Ramsar sites (Ramsar 2015). The Ring of Cenotes is product of a large meteor impact 65 million years ago, which fractured the surface layers of the Earth´s crust and led to the ring alignment of the aquifer outcrops (Sharpton et al. 1992, Pope et al. 1993). The aquifer is highly permeable, whereby untreated sewage reaches the aquifer quickly (Escolero et al. 2005). The months with highest temperatures are July and August, whereas the lowest ones are December and January (Villasuso and Méndez Ramos 2000). Rainfall is reflected as a non-uniform spatial distribution (CONAGUA 2012).
The methodology was applied to the municipality of Tecoh since water balances might vary among municipalities due to differences on groundwater flows velocity, precipitation and infiltration rates (Cervantes-Martínez 2007). Nevertheless, this methodology can be extended to other municipalities of the GR zone, and the complete region. In this paper we outline all the subsystems, and present one example (maize industry sector) considering virtual water for calculations.

Description of the Local Groundwater Balance Model

The Local Groundwater Balance Model developed in this study encompasses the analysis of the groundwater system in a local individual aquifer.

System Analysis

The system boundary was defined as the geographical boundary of the municipality (Tecoh, Yucatan). Five relevant processes: extraction, distributions, uses, treatment, and recycling were selected. A total of 39 flows were established. Water was the substance used for the mass balance. All calculations refer to the 2014, considering 365 days. Annual variations may be significant. The processes are further defined in Table 1 of the main manuscript.

Interviews and Stakeholders

Interviews and expert consultation were obtained during workshops performed in 2014. A total of 62 stakeholders (from more than 160) were involved for the development and validation of the LGBM. Stakeholders from various sectors and agencies in Yucatan working in the water sector (e.g. CICY, SEDUMA, CONAGUA, JAPAY) representatives of the Livestock sector, members of the maize industry in Yucatan, National Chamber of the different Industry sectors (CANACOME), members of the Technical Committee for the Study of the Groundwater System in Yucatan (Cotasmey), were asked about data regarding specific sectors.
A detailed list of the participants from various agencies and sectors involved is presented in Table S1.



Table S1 Detailed list of the participants from various agencies and sectors involved.
	Organization
	Responsibilities
	Sector
	Participants
	Contribution

	Ahau Local NGO
	User’s association
	All sectors
	10
	Workshops and interviews (groundwater data, karst, archaeology, and speleology)

	Local Livestock Association of Pig Farmers of Merida (Asociación Ganadera Local de Porcicultores de Mérida)
	User’s association
	Livestock
	2
	Interviews, informal conversations and expert consultation (estimation of total of pig farms, data about Biodigestion, oxidation lagoons and wastewater emissions)

	CDI (Programas de Turismo Alternativo en Zonas Indigenas)
	Implementation
	Agriculture and household
	2
	Interviews and workshops (data management of pesticides) 

	CICY (Water Science Unit)
	Research and coordination 
	All sectors
	2
	Interviews, workshops, informal conversations and estimations (data water uses, extraction, aquifer properties)

	CINVESTAV (Dep. of Human Ecology and Dep. of Applied Physics)
	Research and coordination
	All sectors
	3
	Interviews, informal converstaions, data estimation (groundwater fluxes)

	CIR-UADY (Health, Environment and Development Unit)
	Research
	All sectors
	2
	Intervies and workshops 

	Colectivo Na’ Lu’ Um (young committees)
	User’s association 
	All sectors
	12
	Workshops (communitarian water monitoring)

	Cámara Nacional de la Industria de la Transformación Yucatán
	User’s association
	Industry
	2
	Workshops (data about water uses and final disposal of effluents)

	Consultores en Agua Potable, Alcantarillado, Geohidrología & Hidráulica Costera, I.C.
	Consultancy
	All sectors
	1
	Workshops (data about hydraulics, geohydrology, sewage systems)

	Cámara de la Industria del Vestido de Yucatán
	User’s association
	Industry
	2
	Workshops

	CONAGUA
	Environmental Authority
	All sectors
	4
	Interviews, workshops, informal conversations (data from Repda)

	CONANP (Natural Protected Areas)
	Environmental Authority, coordination
	All sectors
	1
	Interviews, workshops, informal conversations (Aquatic ecosystems, Geohydrology)

	COTASMEY*
	Implementation, planning, research and management for the Yucatan aquifer, support to river basin organization of the Yucatan Peninsula
	All sectors
	30
	Workshops, Interviews, Informal conversations, expert consultation, data estimation (data GR zone and YPA) 

	Ecologistas Subacuaticos
	Environmental activism (communitarian activities, cenote clean-ups)
	All sectors
	2
	Interviews and workshops (groundwater pollution problems, hot-spots of pollution)

	ECA’s
	Communitarian activities to promote and strength communitarian participation in water related issues and to promote good uses of the resource among the population
	Household
	68
	Interviews, workshops (data about the main flows in household and agricultural sector)

	FIUADY
	Research on Hydrology and Hydraulics 
	All sectors
	2
	Interviews, workshops, informal conversations, data estimation (groundwater extraction, water supply infrastructure)

	JAPAY
	Service provider, Coordination of the local sewage system, provides support to local communities in technical water related issues
	All sectors
	2
	Interviews, workshops, data estimation (efficiency of infrastructure, wastewater emissions, private wells) 

	Organismo de Cuenca Península de Yucatán
	Coordination, Implementation, Planning
	All sectors
	1
	Interviews (data from Repda)

	Municipalities representatives
	Coordination Implementation, planning
	All sectors
	2
	Interviews, informal conversations (data about tortilla industry, pig farms, water harvesting and water recycling practices)

	Local Rotary Club International
	User’s association (conformed by local business leaders and professionals to provide humanitarian services)
	Industry, household
	8
	Workshops (revision of MFA industry sector) 

	SSY
	Environmental Authority
	Agriculture, household
	3
	Interviews (data about water quality parameters, main fluxes, hot-spots of pollution different sectors)

	Sagarpa
	Environmental Authority
	Agriculture, livestock
	1
	Workshops (input data agricultural and livestock sector)

	Sedesol
	Local Authority
	Household, agriculture
	1
	Workshop (input data household water tanks, infraestructure on rural areas)

	Seduma
	Environmental Authority
	All sectors
	5
	Workshops, interviews, expert consultation, estimation (input data on different sectors)

	Sefotur
	Local Authority
	Industry
	1
	Workshops

	Semarnat
	Environmental authority
	Agriculture
	2
	Workshops, informal conversations (natural hazards, hot-spots of pollution, international support, funding)


Source: Based on the activities performed from June to December 2014.
*Directly involved in the elaboration and validation of MFA’s.



Table S2 Data sources used for the implementation of workshops and activities with stakeholders.
	Method
	Involved stakeholders
	Issues discussed
	Outcomes

	Interviews
	Local inhabitants
Experts working on the water sector
NGO’s
Industry
Academic sector
	Water pollution problems
Groundwater problems
Knowledge of rules and regulations
	Estimation of flows and identification of main flows

	Workshops
	Users
Managers
Local inhabitants
	Perception of problems
Interaction among sectors
Identification of main problems at present and for the future
	Correction and validation of MFAs by involving several disciplines and sectors

	Expert interviews
	Researchers
Authorities
	General data based on their experience
Possible constraints between sectors
Commentaries in general
	Water balance calculations





Previous Estimates of Water Balance

In this study we present a new approach to estimate local groundwater balance by involving stakeholders and by including relevant socio-economic sectors in an individual aquifer. Previous estimates of groundwater balances have been done within the overall Yucatan Peninsula region (Villasuso and Méndez Ramos 2000, González-Herrera et al. 2002, Escolero et al. 2005). Villasuso and Méndez Ramos (2000) have calculated the total volume of groundwater extracted 1,034 million m3 year-1 for the Yucatan Peninsula, and where the water availability is approximately 33,925 million m3/year. As regards of water balances, the main results are summarized in Table S3. The National Water Commission reports the official abstraction volume for the Yucatan estate. Determinations of flow characteristics in the aquifer (Northwestern of the peninsula) have been also determined (Steinich et al. 1996, González-Herrera et al. 2002). 




Table S3 Summary of published water balance estimates in the Yucatan Peninsula region.
	Region
	Water Balance
	Reference

	Yucatan Peninsula and Yucatan state
	9,905 Mm3 year-1 (for the Yucatan state) and 33,925 Mm3 year-1 (for the Yucatan Peninsula)
	(Villasuso and Méndez Ramos 2000)

	Yucatan state
	265 Mm3 year-1 (for the Yucatan state)
	(González-Herrera et al. 2002)

	Geohydrological Reserve Zone
	270 Mm3 year-1 (for the GR)
	(Escolero et al. 2005)




Modified Versions of MFA’s

Several sets of diagrams and MFA’s were iteratively obtained during workshops with stakeholders. Those diagrams were modified in a common arena where stakeholders were able to share ideas and express opinions to enrich the results.
An overview of the process for the development and validation of the LGBM is presented in Figure S1.

[image: ]
Fig. S1 Detailed process for the development and validation of the LGBM.
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Fig. S2 Example of the first set of diagrams constructed following existent literature.
[image: ]
Fig. S3 Example of the second set of diagrams constructed following expert opinion. 
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Fig. S4 Example of a third set of diagrams constructed by comparing the 1st and 2nd sets, and validated during workshops.
[image: ]
Fig. S5 Example of diagrams constructed by the stakeholders during workshops.
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Fig. S6 Example of diagrams validated during workshops by the stakeholders (amendments in color).
[image: ]
Fig. S7 Agriculture sector diagram validated during workshops (amendments in color).
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Fig. S8 Livestock sector diagram validated during workshops (amendments in color).


General Considerations for the Development of the Local Groundwater Balance Model

For the general water balance some considerations and assumptions were made. In this model inflows and outflows from and to other aquifers, water used for irrigation that is absorbed by vegetation, groundwater coastal discharge, submarine water into the ocean and other transboundary groundwater flows were not considered. Depending on the nature of available data, flows are accounting on kg or m3. ρwater = 1 kg L-1 or 1000 kg m-3. All processes are considered as no-stock, with 100% efficiency, unless otherwise stated. This was due to the heterogeneity of the area in terms of soil and the different economic sectors. Where available, all data reference the original source; otherwise, assumptions were made. Virtual mixer and splitter processes were employed in the MFA due to some restrictions of the software. These virtual processes do not influence calculations.
Virtual water is not considered in this model. However, there are two exceptions: i) we included drinkable bottled water since Yucatan state is one of the top consumers of purified bottle water in the country (CONAGUA 2014); ii) due to the lack of data, calculations regarding to the industrial sector (maize industry) were performed based on the amount of water contained in the final product (water content in tortillas) and literature data.
In the case of the septic tanks of households, we also assumed that the liquid part of the wastewater after a certain residence time completely flows out of the tank.
Agricultural activities are diverse in the region. For the model we only considered two different practices: seasonal (traditional practice where rain is mainly used) and irrigated land area (technically implemented). Specific properties of the soil were ignored. Other data, such as evapotranspiration was also excluded. For the sake of simplicity, seasonal process was considered as a yearly time period (365 days).
For calculations of the livestock sector, pig farms were divided in large farms (250 to 500 pigs) and small farms (1 to 249 pigs). Poultry was not considered due to the lack of data. In the livestock sector we accounted for the flows of large and small pig farms because: a) we obtained real data from the livestock sector in the regions (see Table 2 of the main text about the sources of data), b) Yucatan state is one of the top producers of pork meat in Mexico, and c) the wastewater farm emissions are usually directed to the aquifer and this possess high levels of contaminants. 
For the industrial sector, and due to the importance of the corn-derived products for the Mexican population, we focused only in the maize (tortilla) industry. This was because: a) tortilla industry represents almost the 90% of the micro industry in all the municipalities in Yucatan state (Domínguez Espinosa and Pacho Carrillo 2003), b) it is well known (González Barrera 2005) that wastewater emissions from this industry are extremely contaminant due to the elevated concentrations of high pH substances, c) is also known that wastewater are delivered directly to the aquifer and this contributes with soil degradation. For the calculations we also considered that the entire population in Tecoh consume tortillas. 
Some sectors were not included, e.g., tourism, due to the lack of data and since in some events estimations within this sector might be not possible. For this model, error margins values were available only for the Annual Precipitation Rate, therefore, error propagation was not performed for the calculation. Collection of this input data is still in progress. 
Definitions and Extended List of Reported Data

The data collected in this study include the meteorological and hydrological data already published, and social data obtained from local and national statistics, such population size. Data about agricultural practices, individual groundwater extraction was obtained through the implementation of interviews, expert consultation and estimations based on the experience of members working on the different subsectors. The extended list of terms and definitions used for the LGBM is presented in Table S4.

Table S4 List of terms and definitions used for the model.
	Term
	Definition

	APU
	Represents the Animal Production Unit. Total weight of pigs / 100

	Aquifer
	Is a term used for describing a porous geological formation that contains water at full saturation and permits water to move through it under ordinary field conditions

	Average Annual Precipitation
	Is the average value of annual rainfall as reported for country –wide measurements over several years

	Biodigestor
	Anaerobic reactor that converts wastewater into clean water and natural gas

	CANACOME
	National Chamber of the Industry Sector (Cámara Nacional de Comercio de Mérida)

	CICY
	Yucatan Center for Scientific Research (Centro de Investigación Científica de Yucatán)

	CINVESTAV
	Center for Research and Advanced Studies (Centro de Investigación y de Estudios Avanzados)

	CIR-UADY
	Center for Regional Research – University of Yucatan (Centro de Investigaciones Regionales - Universidad Autónoma de Yucatán)

	CDI
	National Commission for the Indigenous Peoples Development (Comisión Nacional para el Desarrollo de los Pueblos Indígenas)

	CONAGUA
	National Water Commission (Comisión Nacional del Agua)

	CONANP
	National Commission of Natural Protected Areas (Comisión Nacional de Áreas Naturales Protegidas)

	COTASMEY
	Technical Committee for the Study of the Groundwater System in Yucatan (Comité Técnico de Aguas Subterráneas de la Zona Metropolitana de Yucatán)

	CONCITEY
	Yucatan Council of Science and Technology (Consejo de Ciencia, Innovación y Tecnología del Estado de Yucatán)

	ECA’s
	Units for water culture (Espacios de la Cultura de Agua)

	FIUADY
	Faculty of Engineering, University of Yucatan (Facultad de Ingeniería, Universidad Autónoma de Yucatán)

	Humidity
	% of water contained in a product, e.g., tortilla

	Indemaya
	Yucatan Institute for the Maya Culture Development (Instituto para el Desarrollo de la Cultura Maya del Estado de Yucatán)

	INEGI
	National Institute of Statistics and Geography (Instituto Nacional de Estadística y Geografía)

	JAPAY
	Water Supply Company of Yucatan (Junta de Agua Potable y Alcantarillado de Yucatán)

	Nixtamal
	Raw corn mass that has undergone alkaline hydrolysis with Ca(OH)2, and thoroughly washed with water

	Precipitation unit
	1 mm = 10 m3 ha-1

	Repda
	Registry of Aquifer Users (Registro de Usuarios del Acuifero)

	SSY
	Ministry of Health of Yucatan (Secretaria de Salud de Yucatan)

	Sagarpa
	Ministry of Agriculture, Livestock, Rural Development, Fishing and Food (Secretaria de Agricultura, Ganaderia y Desarrollo Rural, Pesca y Alimentacion)

	Sedesol
	Ministry of Social Development (Secretaría de Desarrollo Social)

	Seduma
	Ministry of Urban Development and Environment of Yucatan (Secretaría de Desarrollo Urbano y Medio Ambiente, Yucatán)

	Semarnat
	Ministry of Environment and Natural Resources (Secretaría de Medio Ambiente y Recursos Naturales)

	Sefotur
	Ministry of Tourism of Yucatan (Secretaría de Fomento Turístico)

	Septic tanks
	Tanks that are used as means of disposal of domestic sewage especially in rural areas.

	Tortilla
	Flat corn bread made of maize

	Patio
	Local family gardens in Yucatan usually containing plants and vegetables for own consumption 







Mathematical formulation of the model: The model is based on the mass conservation equation (Equation 1), as follows:
Local Groundwater Balance Model with all sectors combined and the relevant fluxes, Figure S9. 

	Repda Supply (Repda)
	WS = ESn + PL                                                                                                      Eq S1
	TransfCoeff: ESn / WS = 0.6

	Sectors Combined (Sctrs)
	ED3 + ED4 + ED5-6 + ESn + EPn + SLA = Y1 + SDn + SVB + TTT                 Eq S2

	Biodigestion (biodig)
	Y1 = SLA                                                                                                                Eq S3

	Water Loss (Soil) (WL)
	SDn + PL = SEn + GW                                                                                          Eq S4
	TransfCoeff: SEn / (SDn + PL) = 0.8

[image: C:\Users\Tzublal\Desktop\MFA Paper files\YPA-MFA-3.1_global-NoData.jpg]
Fig. S8 General System analysis for the municipality of Tecoh showing relevant fluxes.

Local Groundwater Balance Model with Subsystems and Sectors Combined, as shown in Figure S10

	Repda Splitter (RepdaSplit) [Virtual process]
	ESn = ED1 + ED2 + EA1 + EL1 + EIn                                                                  Eq S5

	Direct Extraction Splitter (DESplit) [Virtual process]
	ED5-6 = ED5 + ED6                                                                                              Eq S6

	Precipitation Splitter (PpSplit) [Virtual process]
	EPn = EPD + EPA1 + EPA2                                                                                  Eq S7

	Water Loss Mixer (WLMix) [Virtual process]
	SD1 + SD2 + SD3 + SA1 + SA2 + SL1 + Sin = SDn                                            Eq S8
	TransfCoeff: SDn / ∑ InputsWLMix = 1

	Home (DH)
	ED1 + ED3 + ED4 + ED5 = SD1 + Y2                                                                  Eq S9
	TransfCoeff: Y2 / ∑ InputsDH = 0.75

	Septik Tank (ST)
	Y2 = SD3                                                                                                              Eq S10

	Patio (DS)
	EPD + ED2 + ED6 = SD2                                                                                    Eq S11
	TransfCoeff: SD2 / ∑ InputsDS = 1

	Livestock (LG)
	EL1 = Y1 + SL1                                                                                                   Eq S12

	Agriculture Irrigation (AIrr)
	EA1 + EPA1 + SLA = SA1                                                                                  Eq S13


	Agriculture Seasonal (ASea)
	EPA2 = SA2                                                                                                         Eq S14

	Industry (Tortilla)
	EIn = SIn + TTT + SVB                                                                                       Eq S15

Local Groundwater Balance Model of the Industrial Sector (Maize Industry). Sub-Subsystem Industry (Tortilla)

	Repda Tortilla Splitter (RTSplitter)
	EIn = EI1 + EI2 + EI3                                                                                          Eq S16

	WWT Mixer (WWTMix)
	SI1 + SI2 = SIn                                                                                                     Eq S17

	Alkaline Hydrolysis (TBH)
	EI1 = Y3 + SI1                                                                                                      Eq S18

	Nixtamal Washing (TNW)
	EI2 + Y3 = SI2 + Y4                                                                                            Eq S19

	Tortilla Baking (TTB)
	EI3 + Y4 = TTT + SVB                                                                                        Eq S20
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Fig. S10 System analysis with Sectors combined.


As explained in Table 2 of the main text, the following numerical data is employed.

Sector: Household

In this model Household refers to an average rural house. According to CONAGUA (2016) households in Yucatán can have access to the public water supply, can be self-sufficient, or can have water tank delivery services. For this purpose, all households have water tanks. Water balance calculations were carried out considering water usage in the household as Internal usage “Home” and External usage “Patio”. Some considerations were not taken into account. For example, a reliable estimate of the amount of water use in laundry varies locally and is difficult to make. One reason for this is the high evaporation rate in the area and that no data has been published. Experts provided some estimates and it covered only the study area. Due to the high permeability of the soil it can be assumed that from the septic tanks the excreted liquid can penetrate into the aquifer completely. This is conditioned also by the fact that the small number of wastewater treatment plants usually are located just three to five meters deep in the soil (Marín et al. 2003), which prevents evaporation at the surface. Sewage flows from septic tanks are exported in pipelines.

Table S5 Known data for the Household sector.
	Entry
	Quantity
	Unit
	Source
	Variable Definition

	Number of houses
	3870
	---
	(INEGI 2015)
	TH

	Total water supply for household
	1,234,321
	m3
	(CONAGUA 2012)
	RepdaD

	Water consumption per house per tank (tinaco)
	1000
	L/house/day
	Own estimation
	Tank

	Annual precipitation rate, per year
	11,000
	m3/ha
	(CONAGUA 2012)
	APR

	Average house´s backyard “patio” surface
	1727
	m2
	(Dörflinger 2014)
	SSA

	Purified drinkable bottled water consumption per house (garrafon)
	20
	L/house/day
	Own estimation
	Gar

	“Patio” water consumption, for open spaces in rural households
	125
	L/house/day
	(Dörflinger 2014)
	SWC



Table S6 Transfer Coefficients for the Household sector.
	Entry
	Definition
	Value

	c1
	Water consumption Patio / water consumption Home (ED2 / ED1)
	1/3

	c2
	Water extraction Home ED5 / water extraction Patio ED6
	1/3

	c3
	SD1 / Y2
	1/3




Water supply for household usage is divided on two inputs: to Home, ED1, and to Patio, ED2, for whom relationship is dictated by c1:

RepdaD = ED1 + ED2                                                                                                      Eq S21

ED2 = c1 * ED1                                                                                                                Eq S22

Substituting Eq S22 in Eq S21, and solving for ED1 and ED2:
ED1 = RepdaD / (1 + c1) = 1,234,321 m3 / (4/3) 
ED1 = 925,741 m3 

ED2 = (1/3) * 925741 m3 
ED2 = 308,580 m3 

Calculation of ED3 is carried out by considering the average water consumption from stationary tanks “tinacos” per household per year:
ED3 = (Tank * TH * 365) / 1000                                                                                     Eq S23
ED3 = (1000 L house-1 day-1 * 3870 house * 365 day) / 1000
ED3 = 1,412,550 m3 

Likewise, calculation of ED4 is similar to ED3, by considering the average water consumption of bottled drinkable water “garrafon” per household:
ED4 = (Gar * TH * 365) / 1000                                                                                       Eq S24
ED4 = (20 L house-1 day-1 * 3870 house * 365 day) / 1000
ED4 = 28,251 m3 

Direct water supply from the groundwater by own-pumping on wells for household usage is divided on two inputs: to Home, ED5, and to Patio, ED6, for whom relationship is dictated by c2:
ED6 = (SWC * TH * 365) / 1000                                                                                     Eq S25
ED6 = (125 L house-1 day-1 * 3870 house * 365 day) / 1000
ED6 = 176,569 m3 

ED6 = c2 * ED5                                                                                                                Eq S26
ED5 = ED6 / c2 = 176,569 m3 / (1/3)
ED5 = 529,706 m3 

It is noteworthy to mention that the combination of ED5 and ED6 constitutes the ED5-6 virtual splitter process, Eq S6.

Precipitation was considered as an input to Patio process. It was taken into account the average annual precipitation rate, APR, and the average patio surface, SSA, for this flow:
EPD = APR * SSA * TH                                                                                                  Eq S27
EPD = 11,000 m3 ha-1* (1727 m2 house-1 / 10,000) * 3870 house
EPD = 7,351,839 m3 

Relationship between SD1 and Y2 is dictated by c3.
Y2 = SD3 (Considered with No stock)                                                                             Eq S10
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Fig. 11 System analysis of sectors considered for MFA construction (as Sectors combined subsystem from the general diagram) showing a) System analysis highlighting Household sector, and b) System analysis after data inputs taken from available and calculated data sources.


Sector: Agriculture

For the subsystem agriculture water balance calculations were carried out considering water usage in agriculture practices as Irrigation-aided agriculture, AIrr, and Seasonal agriculture, ASea.

Table S7 Known data for the Agriculture sector.
	Entry
	Quantity
	Units
	Source
	Variable Definition

	Sown surface “temporal” Seasonal agriculture
	1480
	ha
	Expert consultation
	SST

	Sown surface “riego” Irrigation-aided agriculture
	123
	ha
	Expert consultation
	SSR

	Total water supply for agriculture
	1,682,204
	m3
	(CONAGUA 2012)
	EA1




Precipitation as water supply for agriculture was considered for both, Irrigation and Seasonal type agriculture, taken into account the corresponding sown surfaces, SSR and SST, respectively, and the average annual precipitation rate APR:

EPA1 = APR * SSR                                                                                                          Eq S28
EPA1 = 11000 m3 ha-1 * 123 ha
EPA1 = 1,353,000 m3 

EPA2 = APR * SST                                                                                                          Eq S29
EPA2 = 11000 m3 ha-1 * 1480 ha
EPA2 = 16,280,000 m3 
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Fig. S12 System analysis of sectors considered for MFA construction (as Sectors combined subsystem from the general diagram) showing a) System analysis highlighting Agriculture sector, and b) System analysis after data inputs taken from available and calculated data sources.


Sector: Livestock

Livestock wastewater calculations were carried out according to available data. Large and small pig farms were considered. During some interviews it was estimated that the total number of pig farms in the municipality is 5 (large farms). There are several gaps regarding this subsystem not considered due to lack of data including soil type, estimation in losses during transportation, etc.


Table S8 Known data for the Livestock sector. 
	Entry
	Quantity
	Units
	Source
	Variable Definition

	Total water supply for livestock
	127,129
	m3
	(CONAGUA 2009)
	EL1

	Number of large pig farms
	5
	---
	Expert consultation
	TLF

	Average number of pigs per large pig farm
	500
	---
	Expert consultation
	TPLF

	Average weight of pigs (large pig farms)
	80
	kg
	Expert consultation
	AWP

	Slurry generated per large pig farm
	16
	L/APU/day
	Expert consultation
	SLURLF





Wastewater flow Y1 from livestock process was calculated considering the number of large pig farms TLF, the average number of pigs per large pig farm TPLF, average weight per pig AWP, and the amount of slurry generated per large farm SLURLF:
Y1 = (SLURLF * TLF * (TPLF * AWP / 100) * 365) / 1000                                         Eq S30
Y1 = (16 L APU-1 day-1*5 * (500 *80/100) APU * 365 day) / 1000
Y1 = 11,680 m3 

Flow SLA (directed to Agriculture Irrigation Process, Figure 4 of the main text) is considered as clean water after the process “Biodigestion”, with 100% efficiency from wastewater Y1 (personal communication with the livestock sector):
SLA = Y1                                                                                                                            Eq S3
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Fig. S13 System analysis of sectors considered for MFA construction (as Sectors combined subsystem from the general diagram) showing a) System analysis highlighting Livestock sector, and b) System analysis after data inputs taken from available and calculated data sources.

Sector: Maize tortilla industry

For the sector industry the maize (tortilla) industry was considered for this model. Within this sector it was necessary to account the input, losses and main flows used in the tortilla production and as part of the general water balance. Tortilla industry wastewater calculations were obtained according to available data for tortilla consumption per capita. We take a look of the wastewater generation in the industrial system.

Table S9 Known data for the Industry sector.
	Entry
	Quantity
	Unit
	Source
	Variable Definition

	Total population (Tecoh)
	16,200
	inhab
	(INEGI 2015)
	TP

	Average tortilla consumption per capita
	0.35
	kg
	(Domínguez Espinosa and Pacho Carrillo 2003)
	TTC



Table S10 Transfer Coefficients for the Industry sector.
	Entry
	Definition
	Value

	c4
	Content of water per tortilla (humidity)
	0.45

	c5
	Content of water in nixtamal (humidity)
	0.5

	c6
	Water for Hydrolysis (or Washing per maize mass unit)
	0.75

	c7
	Additional water to make tortillas (in Baking)
	0.25 L/kg nixtamal



Total amount of water at the end of the tortilla process, TTTw, was calculated from the known values of tortilla consumption per capita, TTC, and tortilla humidity, c4:

TTTw = c4 * (TTC * TP * 365)                                                                                       Eq S31
TTTw = 0.45 (0.35 kg inhab-1 day-1 * 16200 inhab* 365 day)
TTTw = 931,298 kg 

Therefore, the mass balance of tortillas TTTs, corresponding to the non-water constituents that do not change over the entire tortilla-making process:
TTTs = 0.55 (0.35 kg inhab-1 day-1 * 16200 inhab * 365 day)
TTTs = 1,138,253 kg = Y4s

Flow Y4 as input to Baking process is known as “Nixtamal”(Y4) and contains 50% humidity:
Y4s = Y4w   (50% nixtamal humidity)
Y4w = 1,138,253 kg 
Therefore:
Y4 = Y4w + Y4s                                                                                                               Eq S32
Y4 = 2,276,505 kg

Additional water needed for Baking process EI3, is related to the amount of nixtamal Y4, and defined by c7:
EI3 = c7 * Y4                                                                                                                    Eq S33
EI3 = 0.25 * 2,276,505 kg
EI3 = 569,126 kg 

Water used for both Alkaline Hydrolysis and Nixtamal Washing processes, EI1 and EI2, respectively, is related to the amount of nixtamal Y4, and defined by c6:
EI2 = 3 * Y4s                                                                                                                    Eq S34
EI2 = 3 * 1,138,253 kg
EI2 = 3,414,758 kg 
Likewise,
EI1 = EI2                                                                                                                          Eq S35
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Fig. S14 System analysis of Tortilla industry sector considered for MFA construction (as Industry (Tortilla) from the Sectors combined subsystem) showing a) System analysis, and b) System analysis after data inputs taken from available and calculated data sources.


Thus, these calculated flows from known data were used as data input for the constructed MFA in the STAN software (Cencic and Rechberger 2008). Numerically solved mass balance containing all calculated flows are provided in Table S11. 
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Table S11 Numerically solved mass balance flows and process list.

	
	
	Process
	Flow
	Flow name
	Source process
	Destination Process
	Mass flow [t/a]
	Mass flow (calculated) [t/a]
	Relevant Process type

	Process name: Agriculture Irrigation
	Uses

	 
	 Input
	

	 
	 
	AIrr
	EPA1
	Precipitation AI
	PpSplitter,Precipitation splitter
	AIrr,Agriculture Irrigation
	1,353,000.00
	1,353,000.00
	

	 
	 
	AIrr
	EA1
	RepdaA
	RepdaSplit,Repda Splitter
	AIrr,Agriculture Irrigation
	1,682,203.64
	1,682,203.64
	

	 
	 
	AIrr
	SLA
	SLA
	Biod-sub,Biodig-sub
	AIrr,Agriculture Irrigation
	
	11,680.00
	

	 
	 Output
	

	 
	 
	AIrr
	SA1
	SA1
	AIrr,Agriculture Irrigation
	WLMix,Water Loss Mixer
	
	3,046,883.64
	

	Process name: Agriculture Seasonal
	Uses

	 
	 Input
	

	 
	 
	ASea
	EPA2
	Precipitation AI
	PpSplitter,Precipitation splitter
	ASea,Agriculture Seasonal
	16,280,000.00
	16,280,000.00
	

	 
	 Output
	

	 
	 
	ASea
	SA2
	SA2
	ASea,Agriculture Seasonal
	WLMix,Water Loss Mixer
	
	16,280,000.00
	

	Process name: Basic Hydrolysis
	Uses

	 
	 Input
	

	 
	 
	TBH
	EI1
	EI1
	RTSplitter,Repda Tortilla Splitter
	TBH,Basic Hydrolysis
	3,414.76
	3,414.76
	

	 
	 Output
	

	 
	 
	TBH
	Y3
	Y3
	TBH,Basic Hydrolysis
	TNW,Nixtamal Washing
	
	0.00
	

	 
	 
	TBH
	SI1
	SI1
	TBH,Basic Hydrolysis
	WWTMix,WWT Mixer
	
	3,414.76
	

	Process name: Biodigestion
	Treatment & Recycling

	 
	 Input
	

	 
	 
	biodig
	Y1
	Y1
	LG,Livestock
	Biod-sub,Biodig-sub
	11,680.00
	11,680.00
	

	 
	 Output
	

	 
	 
	biodig
	SLA
	SLA
	Biod-sub,Biodig-sub
	AIrr,Agriculture Irrigation
	
	11,680.00
	

	Process name: Biodig-sub
	Virtual

	 
	 Input
	

	 
	 
	Biod-sub
	Y1
	Y1
	LG,Livestock
	Biod-sub,Biodig-sub
	11,680.00
	11,680.00
	

	 
	 Output
	

	 
	 
	Biod-sub
	SLA
	SLA
	Biod-sub,Biodig-sub
	AIrr,Agriculture Irrigation
	
	11,680.00
	

	Process name: Direct Extraction Splitter
	Virtual

	 
	 Input
	

	 
	 
	DESplitter
	ED5-6
	Direct Extraction
	
	DESplitter,Direct Extraction Splitter
	
	706,275.00
	

	 
	 Output
	

	 
	 
	DESplitter
	ED6
	Direct Extraction S
	DESplitter,Direct Extraction Splitter
	DS,Solar
	176,568.75
	176,568.75
	

	 
	 
	DESplitter
	ED5
	Direct Extraction H
	DESplitter,Direct Extraction Splitter
	DH,Home
	529,706.25
	529,706.25
	

	Process name: Home
	Uses

	 
	 Input
	

	 
	 
	DH
	ED1
	RepdaH
	RepdaSplit,Repda Splitter
	DH,Home
	925,740.94
	925,740.94
	

	 
	 
	DH
	ED5
	Direct Extraction H
	DESplitter,Direct Extraction Splitter
	DH,Home
	529,706.25
	529,706.25
	

	 
	 
	DH
	ED3
	Tanks
	
	DH,Home
	1,412,550.00
	1,412,550.00
	

	 
	 
	DH
	ED4
	Drinking
	
	DH,Home
	28,251.00
	28,251.00
	

	 
	 Output
	

	 
	 
	DH
	SD1
	WWH
	DH,Home
	WLMix,Water Loss Mixer
	
	724,062.05
	

	 
	 
	DH
	Y2
	WW to ST
	DH,Home
	ST,Septik Tank
	
	2,172,186.14
	

	Process name: Industry (Tortilla)
	Uses

	 
	 Input
	

	 
	 
	Tortilla
	EIn
	EIn
	RepdaSplit,Repda Splitter
	RTSplitter,Repda Tortilla Splitter
	7,398.64
	7,398.64
	

	 
	 Output
	

	 
	 
	Tortilla
	SIn
	SIn
	WWTMix,WWT Mixer
	WLMix,Water Loss Mixer
	
	5,691.26
	

	 
	 
	Tortilla
	TTTw
	W in TTT
	TTB,Tortilla Baking
	
	931.30
	931.30
	

	 
	 
	Tortilla
	SVB
	Vapour loss
	TTB,Tortilla Baking
	
	
	776.08
	

	Process name: Livestock
	Uses

	 
	 Input
	

	 
	 
	LG
	EL1
	RepdaL
	RepdaSplit,Repda Splitter
	LG,Livestock
	127,128.98
	127,128.98
	

	 
	 Output
	

	 
	 
	LG
	Y1
	Y1
	LG,Livestock
	Biod-sub,Biodig-sub
	11,680.00
	11,680.00
	

	 
	 
	LG
	SL1
	Small Farms
	LG,Livestock
	WLMix,Water Loss Mixer
	
	115,448.98
	

	Process name: Nixtamal Washing
	Uses

	 
	 Input
	

	 
	 
	TNW
	EI2
	EI2
	RTSplitter,Repda Tortilla Splitter
	TNW,Nixtamal Washing
	3,414.76
	3,414.76
	

	 
	 
	TNW
	Y3
	Y3
	TBH,Basic Hydrolysis
	TNW,Nixtamal Washing
	
	0.00
	

	 
	 Output
	

	 
	 
	TNW
	Y4w
	Y4w
	TNW,Nixtamal Washing
	TTB,Tortilla Baking
	1,138.25
	1,138.25
	

	 
	 
	TNW
	SI2
	SI2
	TNW,Nixtamal Washing
	WWTMix,WWT Mixer
	
	2,276.51
	

	Process name: Precipitation splitter
	Virtual

	 
	 Input
	

	 
	 
	PpSplitter
	EPn
	Precipitation
	
	PpSplitter,Precipitation splitter
	
	24,984,839.00
	

	 
	 Output
	

	 
	 
	PpSplitter
	EPD
	Precipitation D
	PpSplitter,Precipitation splitter
	DS,Solar
	7,351,839.00
	7,351,839.00
	

	 
	 
	PpSplitter
	EPA1
	Precipitation AI
	PpSplitter,Precipitation splitter
	AIrr,Agriculture Irrigation
	1,353,000.00
	1,353,000.00
	

	 
	 
	PpSplitter
	EPA2
	Precipitation AI
	PpSplitter,Precipitation splitter
	ASea,Agriculture Seasonal
	16,280,000.00
	16,280,000.00
	

	Process name: Repda Splitter
	Virtual

	 
	 Input
	

	 
	 
	RepdaSplit
	ESn
	Main Inputs
	Repda,Repda supply
	RepdaSplit,Repda Splitter
	
	3,051,052.51
	

	 
	 Output
	

	 
	 
	RepdaSplit
	ED2
	RepdaS
	RepdaSplit,Repda Splitter
	DS,Solar
	308,580.31
	308,580.31
	

	 
	 
	RepdaSplit
	ED1
	RepdaH
	RepdaSplit,Repda Splitter
	DH,Home
	925,740.94
	925,740.94
	

	 
	 
	RepdaSplit
	EA1
	RepdaA
	RepdaSplit,Repda Splitter
	AIrr,Agriculture Irrigation
	1,682,203.64
	1,682,203.64
	

	 
	 
	RepdaSplit
	EL1
	RepdaL
	RepdaSplit,Repda Splitter
	LG,Livestock
	127,128.98
	127,128.98
	

	 
	 
	RepdaSplit
	EIn
	EIn
	RepdaSplit,Repda Splitter
	RTSplitter,Repda Tortilla Splitter
	7,398.64
	7,398.64
	

	Process name: Repda supply
	Distribution

	 
	 Input
	

	 
	 
	Repda
	WS
	Supply
	
	Repda,Repda supply
	
	5,085,087.52
	

	 
	 Output
	

	 
	 
	Repda
	ESn
	Main Inputs
	Repda,Repda supply
	RepdaSplit,Repda Splitter
	
	3,051,052.51
	

	 
	 
	Repda
	PL
	Pipping losses
	Repda,Repda supply
	WL,Water Loss (Soil)
	
	2,034,035.01
	

	Process name: Repda Tortilla Splitter
	Virtual

	 
	 Input
	

	 
	 
	RTSplitter
	EIn
	EIn
	RepdaSplit,Repda Splitter
	RTSplitter,Repda Tortilla Splitter
	7,398.64
	7,398.64
	

	 
	 Output
	

	 
	 
	RTSplitter
	EI1
	EI1
	RTSplitter,Repda Tortilla Splitter
	TBH,Basic Hydrolysis
	3,414.76
	3,414.76
	

	 
	 
	RTSplitter
	EI2
	EI2
	RTSplitter,Repda Tortilla Splitter
	TNW,Nixtamal Washing
	3,414.76
	3,414.76
	

	 
	 
	RTSplitter
	EI3
	EI3
	RTSplitter,Repda Tortilla Splitter
	TTB,Tortilla Baking
	569.13
	569.13
	

	Process name: Sectors combined
	Uses

	 
	 Input
	

	 
	 
	Sctrs
	ED5-6
	Direct Extraction
	
	DESplitter,Direct Extraction Splitter
	
	706,275.00
	

	 
	 
	Sctrs
	ED4
	Drinking
	
	DH,Home
	28,251.00
	28,251.00
	

	 
	 
	Sctrs
	ED3
	Tanks
	
	DH,Home
	1,412,550.00
	1,412,550.00
	

	 
	 
	Sctrs
	ESn
	Main Inputs
	Repda,Repda supply
	RepdaSplit,Repda Splitter
	
	3,051,052.51
	

	 
	 
	Sctrs
	EPn
	Precipitation
	
	PpSplitter,Precipitation splitter
	
	24,984,839.00
	

	 
	 
	Sctrs
	SLA
	SLA
	Biod-sub,Biodig-sub
	AIrr,Agriculture Irrigation
	
	11,680.00
	

	 
	 Output
	

	 
	 
	Sctrs
	Y1
	Y1
	LG,Livestock
	Biod-sub,Biodig-sub
	11,680.00
	11,680.00
	

	 
	 
	Sctrs
	SDn
	WWn
	WLMix,Water Loss Mixer
	WL,Water Loss (Soil)
	
	30,181,260.13
	

	 
	 
	Sctrs
	SVB
	Vapour loss
	TTB,Tortilla Baking
	
	
	776.08
	

	 
	 
	Sctrs
	TTTw
	W in TTT
	TTB,Tortilla Baking
	
	931.30
	931.30
	

	Process name: Septik Tank
	Treatment & Recycling

	 
	 Input
	

	 
	 
	ST
	Y2
	WW to ST
	DH,Home
	ST,Septik Tank
	
	2,172,186.14
	

	 
	 Output
	

	 
	 
	ST
	SD3
	WW to WL
	ST,Septik Tank
	WLMix,Water Loss Mixer
	
	2,172,186.14
	

	Process name: Solar
	Uses

	 
	 Input
	

	 
	 
	DS
	EPD
	Precipitation D
	PpSplitter,Precipitation splitter
	DS,Solar
	7,351,839.00
	7,351,839.00
	

	 
	 
	DS
	ED2
	RepdaS
	RepdaSplit,Repda Splitter
	DS,Solar
	308,580.31
	308,580.31
	

	 
	 
	DS
	ED6
	Direct Extraction S
	DESplitter,Direct Extraction Splitter
	DS,Solar
	176,568.75
	176,568.75
	

	 
	 Output
	

	 
	 
	DS
	SD2
	WWS
	DS,Solar
	WLMix,Water Loss Mixer
	
	7,836,988.06
	

	Process name: Tortilla Baking
	Uses

	 
	 Input
	

	 
	 
	TTB
	EI3
	EI3
	RTSplitter,Repda Tortilla Splitter
	TTB,Tortilla Baking
	569.13
	569.13
	

	 
	 
	TTB
	Y4w
	Y4w
	TNW,Nixtamal Washing
	TTB,Tortilla Baking
	1,138.25
	1,138.25
	

	 
	 Output
	

	 
	 
	TTB
	TTTw
	W in TTT
	TTB,Tortilla Baking
	
	931.30
	931.30
	

	 
	 
	TTB
	SVB
	Vapour loss
	TTB,Tortilla Baking
	
	
	776.08
	

	Process name: Water Loss (Soil)
	Not specified

	 
	 Input
	

	 
	 
	WL
	SDn
	WWn
	WLMix,Water Loss Mixer
	WL,Water Loss (Soil)
	
	30,181,260.13
	

	 
	 
	WL
	PL
	Pipping losses
	Repda,Repda supply
	WL,Water Loss (Soil)
	
	2,034,035.01
	

	 
	 Output
	

	 
	 
	WL
	SEn
	Evapotranspiration
	WL,Water Loss (Soil)
	
	
	25,772,236.11
	

	 
	 
	WL
	GW
	To Groundwater
	WL,Water Loss (Soil)
	
	
	6,443,059.03
	

	Process name: Water Loss Mixer
	Virtual

	 
	 Input
	

	 
	 
	WLMix
	SD2
	WWS
	DS,Solar
	WLMix,Water Loss Mixer
	
	7,836,988.06
	

	 
	 
	WLMix
	SD1
	WWH
	DH,Home
	WLMix,Water Loss Mixer
	
	724,062.05
	

	 
	 
	WLMix
	SD3
	WW to WL
	ST,Septik Tank
	WLMix,Water Loss Mixer
	
	2,172,186.14
	

	 
	 
	WLMix
	SA1
	SA1
	AIrr,Agriculture Irrigation
	WLMix,Water Loss Mixer
	
	3,046,883.64
	

	 
	 
	WLMix
	SA2
	SA2
	ASea,Agriculture Seasonal
	WLMix,Water Loss Mixer
	
	16,280,000.00
	

	 
	 
	WLMix
	SL1
	Small Farms
	LG,Livestock
	WLMix,Water Loss Mixer
	
	115,448.98
	

	 
	 
	WLMix
	SIn
	SIn
	WWTMix,WWT Mixer
	WLMix,Water Loss Mixer
	
	5,691.26
	

	 
	 Output
	

	 
	 
	WLMix
	SDn
	WWn
	WLMix,Water Loss Mixer
	WL,Water Loss (Soil)
	
	30,181,260.13
	

	Process name: WWT Mixer
	Virtual

	 
	 Input
	

	 
	 
	WWTMix
	SI1
	SI1
	TBH,Basic Hydrolysis
	WWTMix,WWT Mixer
	
	3,414.76
	

	 
	 
	WWTMix
	SI2
	SI2
	TNW,Nixtamal Washing
	WWTMix,WWT Mixer
	
	2,276.51
	

	 
	 Output
	

	 
	 
	WWTMix
	SIn
	SIn
	WWTMix,WWT Mixer
	WLMix,Water Loss Mixer
	
	5,691.26
	




Example of interviews performed during workshops with stakeholders.

	PROYECTO GROUNDWATER MAYA 2014

· Información general y socio demográfica

	No. Entrevista:
	
	Nombre de entrevistado:
	

	Edad:
	
	Ocupación:
	

	Lugar de Nacimiento:

	
	Lengua materna:
	


	Escolaridad:

	

	Presentación:

Esta entrevista es parte de nuestra investigación desarrollada por la Universidad Ludwig Maximilian de Munich, Alemania. En el estudio estamos interesados en conocer su opinión en relación a la problemática actual del agua subterránea y cenotes del estado. Por ello hemos diseñado una serie de preguntas que nos permitirán obtener esta información relevante. La entrevista no tomará mucho tiempo y puede interrumpirla para hacer una pausa para descansar si usted así lo desea. La información obtenida a través de estas entrevistas será para el uso directo del proyecto de investigación y se presentará en un informe sin identificar opiniones o nombres individuales para proteger su privacidad.


	Duración de entrevista:
	


	Hora de inicio y fin de entrevista:
	


	Nombre de quien realiza la entrevista:

	
Yolanda López Maldonado

	Lugar y fecha de entrevista:

	
Mérida, Yucatán

	Declaración de confidencialidad: Todos los datos proporcionados en esta entrevista son estrictamente confidenciales. El entrevistado puede obtener copia de la misma.



· Información sobre área de trabajo y especialización:


	Disciplina o área de especialización:
	Especie porcícola

	Tiempo que lleva en la disciplina:

	
19

	Posición/trabajo actual:

	
Responsable del depto. de protección ambiental de la Asociación de Porcicultores de Mérida

	¿Ha publicado/trabajado cuestiones relacionadas con el tema del agua recientemente?
	Si

	¿Tiene experiencia trabajando/colaborando con las comunidades?
	Monitoreo de granjas en todo el estado
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· Example of general questions asked during the workshops with stakeholders

	1. ¿Cómo considera la calidad del agua en Yucatán de acuerdo a los siguientes criterios? Explique            A) Deseable                                  B)No deseable
2. ¿De donde proviene el agua para consumo humano en Yucatán?
3. ¿Pudiera por favor dibujarme los flujos del agua en Yucatán indicando: origen o fuente de donde se extrae, hacia donde se envía para tratamiento –si lo hubiera-, el uso que se le da y hacia donde es enviada el agua residual de todo este proceso?
4. ¿Que factores (naturales o humanos) pueden estar afectando la calidad del agua en Yucatán?
5. ¿Como cree que esto este afectando a la población actual?
6. ¿Cual es la forma mas común y de donde se obtiene el agua para el uso de la industria, ganadería, agricultura, hogares?
7. ¿Cuál es la forma mas común y a donde se envían los desechos o aguas residuales después de que son utilizadas en industria, ganadería, agricultura, hogares? 
8. ¿Cual es la forma mas común y de donde se obtiene el agua para la cría de animales en zonas rurales y zonas urbanas? Existe alguna diferencia?
9. ¿Sabe usted que se hace con las aguas residuales de las granjas porcícolas en Yucatan?
10. ¿Que tan frecuente cree usted que los hogares usan agua de lluvia par alas actividades descritas en los puntos anteriores (riego, hogar, cría de animales, etc)?
11. ¿Sabes si existen posibles liberaciones intencionales de sustancias peligrosas, material o de aguas residuales en el sistema de aguas subterráneas y cenotes? Que sector cree que este generándolo?
12. ¿Pudiera darme un estimado del numero de pozos registrados en Yucatan?
13.  ¿Pudiera darme un estimado del numero de tinacos que un hogar ubicado en una zona rural tiene para almacenar agua?
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