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Abstract: Living near landfills is a known health hazard prompting recognition of 

environmental injustice. The study aim was to compare self-reported symptoms of ill 

health among residents of four neighborhoods, living in haphazardly constructed 

settlements surrounded by illegal dumpsites in Tijuana, Mexico. One adult from each of 

388 households located in Los Laureles Canyon were interviewed about demographics, 

health status, and symptoms. Distance from each residence to both the nearest dumpsite 

and the canyon bottom was assessed. The neighborhoods were selected from locations 

within the canyon, and varied with respect to proximity to dump sites. Residents of San 

Bernardo reported significantly higher frequencies of ill-health symptoms than the other 

neighborhoods, including extreme fatigue (OR 3.01 (95% CI 1.6–5.5)), skin 

problems/irritations (OR 2.73 (95% CI 1.3–5.9)), stomach discomfort (OR 2.47 (1.3–4.8)), 

eye irritation/tears (OR 2.02 (1.2–3.6)), and confusion/difficulty concentrating (OR 2.39 

(1.2–4.8)). Proximity to dumpsites did not explain these results, that varied only slightly 

when adjusted for distance to nearest dumpsite or distance to the canyon bottom. Because 

San Bernardo has no paved roads, we hypothesize that dust and the toxicants it carries is a 
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possible explanation for this difference. Studies are needed to further document this 

association and sources of toxicants. 

Keywords: cross-sectional survey; environmental; exposure; hazardous waste; Mexico; 

Superfund; symptoms 

 

1. Introduction 

Rapid urbanization and industrial development that takes place without adequate infrastructure such 

as sewer systems, potable water, and proper hazardous waste disposal can put human health at risk and 

cause environmental degradation [1]. Along the 3145 km US-Mexico border, industrialization 

accelerated in 1964 with the initiation of the Border Industrialization Program. This was a bi-national 

agreement providing economic incentives for foreign-owned facilities in Mexico to export products 

back to the US [2], while increasing the demand for labor. This encouraged migration from all parts of 

Mexico and resulted in a population growth along the Mexican side of the border from 3,762,963 

residents in 1950 to 13,246,991 residents in 1990 [3]. Since the mid-1990s, urbanization along the  

US-Mexico border continued its growth due to the North American Free Trade Agreement (NAFTA), 

characterized by the construction of manufacturing facilities in close proximity to worker housing 

lacking basic public infrastructure such as sewers, water, and paved streets [4–6]. The population of 

Tijuana, Mexico increased from 461,267 to 1.5 million residents between 1980 and 2010 [3], and it is 

currently the 5th largest city in Mexico. This growth pattern is expected to continue due to the 

continual demand for low skilled workers in the maquiladoras [1,7]. The maquiladoras are factories 

that produce a wide range of consumer goods for transnational corporations using raw materials 

imported mostly from the United States [8,9]. The 2010 population of the San Diego-Tijuana border 

region was 4.8 million, making it the largest bi-national metropolitan area shared between the United 

States and Mexico and the third largest bi-national metropolitan area in the world [3,10]. The 

environmental burdens of the border region’s haphazard development, are well documented [6,11], 

exposing residents to hazardous waste toxicants in the air, water, sewage, soil, and dust potentially 

causing health problems [2,7]. With the growth of the maquiladora industry, came a large surplus of 

hazardous waste [12]. For example, the U.S. owned maquiladora in Tijuana, “Metales y Derivados”, 

abandoned in 1994, was a lead recycling and smelter site that exposed nearby residents and workers to 

toxic levels of wind-blown lead particulates until its eventual clean-up in 2004 [13]. According to a 

2004 report by Texas Center for Policy studies, only about 10% of Mexico’s hazardous waste receives 

proper treatment, while 50–80% of Mexico’s hazardous wastes are dumped illegally [14]. 

Los Laureles Canyon, a 4.6 square miles area and home to approximately 80,000 residents [15], is a 

watershed sub-basin of the bi-national Tijuana River Basin. This basin straddles the US-Mexico 

border, where water originating in Mexico drains north to the US, and eventually the Pacific Ocean. 

Urbanization fueled by the growth of maquiladoras and other industries has taken place mostly before 

any adequate public infrastructure was built (i.e., there is deficit in paved roads, sewers, storm 

drainage, and other services). Residents have had to improvise and live without some basic public 

health necessities, often in conditions where they are exposed to hazardous environmental  
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toxicants [14,16]. The informal human settlements that do not officially meet standard building codes, 

zoning, or public infrastructure regulations are known in Mexico as Colonias. The houses are 

makeshift structures, illegally built in the canyons and surrounding hills to be close to the 

maquiladoras and other industries, because residents cannot afford proper housing in regular 

neighborhoods in Tijuana [16]. During the rainy season, dangerous flash flood waters can wash away 

community roads, cars, structures, sediment, and debris [17,18]. Because local waste management has 

not kept pace, canyon residents are also affected by the illegal dumping of wastes generated by 

residents, business, hospitals, and factories [4,19]. 

Exposure to outdoor and indoor environmental contaminants can cause a variety of health 

symptoms [20], presenting as common medical ailments such as headaches, difficulty concentrating, 

rashes, and breathing problems [21,22]. Soil and dust have been identified as important pathways of 

toxicant exposure [23–30]. A study conducted in Chiapas (Mexico) measuring the levels of 

dichlorodiphenyltrichloroethane (DDT) and its metabolites in soil and indoor dust, found that DDT 

concentration in the dust sampled was much higher than the DDT concentration found in soil [31]. 

Further, toxicants such as heavy metals have been found to be more orally bio-accessible in dust than 

in soil [30]. Along the US-Mexico border region, toxic exposure and environmental contaminant 

studies have focused on lead [32,33] and polybrominated diphenyl ethers (PBDE) exposure [34]. Other 

border population environmental exposure studies have focused on characterizing airborne particle 

emissions [35–38], toxicants in urban storm water runoff [39,40], and drinking water quality [41]. 

The main aim of the study was to explore potential associations of living and environmental 

conditions, including proximity to dumpsites, with health symptoms. Specifically, we conducted a 

cross sectional survey to assess health and living conditions among the residents of three colonias 

(neighborhoods) located within Los Laureles Canyon, and one located along the ridge of the canyon. 

These four locations were chosen because they each varied in their juxtaposition in relation to 

closeness and number of illegal dumpsites. The objectives were to conduct an environmental needs 

assessment and epidemiological survey to characterize this population’s demographics, living 

conditions, and self-report health, as an exploratory study of environmental risk factors in relation to 

vicinity to dumpsites. We assessed the prevalence of perceived toxicant exposure symptoms of 

residents, according to their locations in the canyon. No such studies have been published about the 

health effects associated with living in these heavily contaminated canyons. 

2. Methods 

2.1. Study Population 

Residents from four colonias were selected to participate in the survey. Three of the colonias, San 

Bernardo, Divinia Providencia, and Rancho Las Flores, are located within lower-lying areas of Los 

Laureles Canyon, whose residents are mostly a working class population. The fourth colonia,  

El Mirador, is located along the upper rim, above the canyon with more affluent residents than the 

other three colonias participating in the survey. 
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Figure 1. Map of Los Laureles Canyon including surveyed neighborhoods and dump sites. 

Figure image courtesy of Oscar Romo and Jennifer Hazard. 

 

There are many illegal dump sites of varying sizes and waste composition throughout the canyon  

(at its base, on the slopes and along the rim, Figure 1). This has raised concerns among residents about 

possible exposure risk and negative health impacts. At least 10 dumpsites are located along the East 

rim of the canyon adjacent to El Mirador and five of these are along the canyon ridge above Rancho 
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Las Flores. The contents of these dumpsites include construction debris, household waste, organic 

waste, old tires, and old appliances. In addition, there are six more dumpsites along the canyon bottom 

within or adjacent to Rancho Las Flores. Contents of these dumpsites include construction debris, old 

tires, animal waste, and soil. Two dumpsites are located on the west ridge of the canyon next to 

Divinia La Providencia, and one on the south edge of the colonia. These dumpsites contain a mixture 

of wastes. San Bernardo residents live in close proximity to 17 dump sites at the canyon’s most 

southern end and this is the only neighborhood with unpaved main roads and therefore more daily 

dusty conditions. Seven of these dumpsites are located along the southwestern ridge of the canyon, and 

consist of commercial waste, construction debris, ashes, and plastics. There are two dumpsites directly 

upstream from San Bernardo on the south side of the colonia consisting of hospital waste, commercial 

waste, and construction debris. Four dumpsites located along the south edge of San Bernardo consist of 

car parts, construction debris, plastics, foam, and mixed wastes. Lastly, there are four dumpsites 

adjacent to San Bernardo consisting of old pottery, industrial waste, household waste, construction 

debris, and organic waste [42]. 

2.2. Data Collection 

Thirty one medical students from the Autonomous University of Baja California (UABC) School of 

Medicine and Psychology conducted the interviews by going door-to-door in each neighborhood. The 

students, led by medical school faculty, received 2 h of training by the local community organization 

Alter Terra that is partnering with us on this study. Starting from a centrally located intersection in 

each neighborhood, the interviewers were instructed to pair up, disperse in each direction, and 

approach every house for an interview. If there was no one home at that house, or if the person who 

answered refused to participate, the interviewers would go to the next house. All interviews were 

conducted in Spanish and took place between March and May of 2013. Interviewers explained to each 

participant that the purpose of the study was to assess their living conditions, and written informed 

consent was obtained. The residents were not aware that their responses would be analyzed within the 

context of adjacency to dumpsites. The study protocol and consent form was reviewed and approved 

by the University of California, San Diego Human Research Protection Program. 

2.3. Cross Sectional Survey 

Each survey was comprised of an in depth face-to-face 20 min interview consisting of 67  

single-part and 21 multi-part questions, including five sections: (1) demographics; (2) living 

conditions; (3) perceived toxicant exposure symptoms, general health and lifestyle; (4) use and quality 

of various public services including medical; and (5) social programs. In this paper we focus on the 

results of the first three sections of the survey. The purpose of these questions were to address possible 

health impact of toxicants and the common confounders of such associations such as socioeconomic 

status represented by education and employment, and distance to sources of soil toxicants in dump 

sites or the bottom of the canyon. 
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2.4. Data Analysis 

A total of 388 individuals, each representing a single household, were recruited. The response rate 

was 86.6%. Not all questions were answered by the participants, varying the sample sizes for each 

question. Participants were included in the data analysis if they answered at least 75% of questions in 

the questionnaire. The survey included questions about eleven perceived toxic exposure symptom 

variables among the households completing the surveys: (1) headaches; (2) confusion/difficulty 

concentrating; (3) memory problems; (4) ear/nose/throat irritations; (5) chest tightness; (6) difficulty 

breathing; (7) skin problems/irritations; (8) extreme fatigue; (9) stomach discomfort; (10) insomnia 

and (11) eye irritation/tears. Respondents were only aware that they were being asked the frequency of 

health symptoms, and were not made aware of the possible link between these symptoms and 

environmental exposure. These symptoms have been reported in previous studies and linked to 

toxicant exposure [21,22]. Arsenic exposure has been shown to cause headaches, sleeplessness, 

sleepiness, irritability, muscular fatigue [42], skin lesions [43], impaired lung function, and respiratory 

symptoms [44,45]. Lead exposure can cause abdominal pain [46,47], and impaired cognitive  

function [47–49]. Heavy metal dust and polycyclic aromatic hydrocarbon (PAH) dust exposure has 

been shown to cause symptoms such as dry cough, shortness of breath on exertion, and productive 

cough [50–52]. Respondents were asked to report the frequency of having each perceived toxic 

exposure symptom with six possible categorical responses. These responses ranged from “daily” to 

“very rarely”. Due to small number of participants in some of the categories of the variables we 

collected, we collapsed them for the purpose of data analyses. These categorical variables were 

dichotomized to the two responses of: (1) at least once a week; and (2) less often than once a week.  

For assessment of household education, we asked about the female head of household education level 

since most families are single mother families and this is a better reflection of the overall health 

education level of the household. The variable “female head of household education level”, with six 

categorical responses ranging from “no education” to “professional/teacher/doctorate degree” was 

collapsed into the three categories: (1) middle school and below; (2) high school; and (3) more than 

high school. The third variable, “employment status,” had the following six responses: (1) government 

employee; (2) laborer; (3) independent or office worker; (4) vender; (5) professional; (6) housewife; 

and (7) unemployed. These were collapsed into the following responses: (1) housewife/unemployed;  

(2) blue collar worker (laborer, vender); and (3) white collar worker (government employee, 

independent or office worker, and professional). In addition to a general question asking respondents if 

they lived or worked near a dumpsite, after the surveys were collected, we measured the distance of the 

middle of a respondent’s street to the bottom of the canyon and also to the nearest dumpsite was 

measured using Google Earth tools in order to better quantify the distance. We created two categorical 

variables, “Dumpsite Distance” and “Canyon Bottom Distance”. Each variable had the following four 

categories: (1) 100 m or less, (2) 101 to 200 m, (3) 201 to 300 m, and (4) More than 300 m. Extensive 

mapping of dumpsite locations was provided to us by our community partner Alter Terra [42]. 

Analysis was conducted using STATA version 10 (StataCorp LP, College Station, TX, USA).  

To measure differences in the means of continuous variables such as respondent’s age and number of 

years living in the colonias, the T-test and ANOVA tests were used. To test the hypothesis of 

differences between the colonias and the demographic and living condition categorical variables, 
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Pearson’s chi-square and Fisher’s Exact tests were applied. If the statistical test resulted in a p value 

<0.05, the variable was selected for logistic regression and calculation of odds ratios to further explore 

relationships between the independent correlate of colonia and each of the eleven dichotomized 

perceived toxic exposure symptom variables. To adjust for the covariates of age, gender, education 

level, and employment status, multivariate logistic regression was employed, and odds ratios were 

calculated. A 95% confidence interval was used to determine significance. Lastly, the covariates of 

Dumpsite Distance and Canyon Bottom Distance were each added separately to the multivariate model 

to assess the effects of these variables on the Odds Ratios. 

3. Results 

Demographic characteristics and living conditions of each colonia are presented in Table 1.  

In El Mirador there was a lower percentage of female respondents (p = 0.028) and fewer households 

with children (p = 0.001) than in the other colonias. Respondents from San Bernardo were the 

youngest on average (p = 0.007), and had lived in their colonia the least amount of time (p < 0.001). 

Among all respondents 15.8% were smokers. 

Table 1. Demographic characteristics and living conditions by colonia (n (%)) or (mean ±SD). 

Variable 
All 

Subjects 

El 

Mirador 

Las 

Flores 

Divinia 

Providencia 

San 

Bernardo 
p-Value 

a
 

Total 388 134 53 84 117  

Sex      0.028 

Males 155 (40.2 ) 64 (47.8) 16 (30.2) 37 (45.1) 38 (32.5)  

Females 231 (59.8) 70 (52.2) 37 (69.8) 45 (54.9) 79 (67.5)  

Missing 2 0 0 2 0  

Age 40.7±14.3 43.7±14.3 38.4 ±13.4 41.5 ±13.8 37.8 ±14.4 0.007 
c
 

Years living in colonia 15.3 ±11.14 19.6 ± 12.7 13.0 ±7.3 14.2 ±8.5 12.4 ±11.1 <0.001 
c
 

Current smoker 61 (15.8) 24 (18.1) 7 (13.2) 12 (14.29) 18 (15.5) 0.820 

Lives/works near dump 
d
 31 (8.4) 3 (2.4) 8 (15.1) 1 (1.3) 19 (17.1)  

Dumpsite distance 
d 
(N = 371)       

100 m or less 64 (17.3) 29 (23.2) 17 (32.7) 9 (11.3) 9 (7.9)  

101 to 200 m 144 (38.8) 40 (32.0) 35 (67.3) 34 (42.5) 35 (30.7)  

201 to 300 m 143 (38.5) 43 (34.4) 0 (0) 36 (45.0) 64 (56.1)  

More than 300 m 20 (5.4) 13 (10.4) 0 (0) 1 (1.3) 6 (5.3)  

More than one dumpsite within 300 m 
d
 63 (17.0) 0 (0) 5 (9.6) 0 (0) 58 (50.9)  

Has access to health care 354 (92.4) 120 (91.6) 48 (90.6) 77 (92.8) 109 (94)  

Has minor children living in home 244 (64.2) 70 (53.4) 44 (83.0) 57 (70.4) 73 (63.5) 0.001 

Employment category 
     

<0.001 

White collar worker 98 (25.3) 50 (37.3) 5 (9.4) 20 (24.1) 23 (19.7)  

Blue collar 109 (28.1) 26 (19.4) 13 (24.5) 30 (36.1) 40 (34.2)  

Unemployed/housewife 180 (46.5) 58 (43.3) 35 (66.0) 33 (39.8) 54 (46.2)  

Female head of household education level 
d
 

     
 

Middle school or below 246 (64.1 47 (35.34) 46 (86.8) 66 (78.6) 87 (76.3)  

High school 83 (21.6) 40 (30.1) 5 (9.4) 15 (17.9) 23 (20.2)  

More than high school 55 (14.3) 46 (34.6) 2 (3.4) 3 (3.6) 4 (3.5)  

Primary household water source 
f
 

     
 

Hydrant outside home 144 (37.1) 39 (29.3) 18 (34.0) 33 (39.3) 54 (46.6) 0.041 
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Table 1. Cont. 

Variable 
All 

Subjects 

El 

Mirador 

Las 

Flores 

Divinia 

Providencia 

San 

Bernardo 
p-Value 

a
 

Faucet inside the home 223 (57.7) 91 (68.4) 33 (62.26) 45 (53.6) 54 (46.6) 0.004 

Has a sink in the home 316 (84.0) 122 (94.6) 35 (67.3) 69 (86.25) 90 (78.26) <0.001 

Home effluent drainage 
f
 

     
 

Public sewer system 281 (73.0) 127 (95.5) 18 (34.0) 47 (56.0) 89 (77.4) <0.001 

Septic tank 81 (21.0) 6 (4.5) 23 (43.4) 32 (38.1) 20 (17.4) <0.001 

Other 
d,e

 23 (6.0) 0 (0.0) 9 (17.0) 10 (12.0) 4 (3.5)  

Type of toilet in home 
     

<0.001 

No toilet 36 (9.4) 3 (2.3) 8 (15.7) 14 (16.7) 11 (9.7)  

Water with a bucket 52 (13.61) 4 (3.0) 15 (29.4) 14 (16.7) 19 (16.7)  

Flushing toilet 294 (77.0) 126 (94.7) 28 (54.9) 56 (66.7) 84 (73.7)  

Type of floor in home 
d
 

     
 

Dirt 24 (6.45) 1 (.81) 6 (11.8) 9 (10.8) 8 (7.0)  

Cement 289 (77.7) 102 (82.3) 36 (70.6) 63 (75.9) 88 (77.2)  

Other 66 (17.84) 21 (17.9) 10 (19.6) 13 (16.1) 22 (19.3)  

Home cooking fuel 
d,f

 
     

 

Gas 362 (96.3) 127 (97.0) 52 (98.1) 79 (95.2) 104 (95.4) 0.76 

Electricity 25 (6.7) 11 (8.4) 3 (5.7) 4 (4.8) 7 (6.4) 0.81
b
 

Other 
d
 6 (1.6) 0 1 (1.9) 1 (1.2) 4 (3.7)  

Kitchen space in home 
d
 

     
 

No separate space 43 (11.2) 3 (2.3) 10 (18.9) 14 (16.7) 16 (14.0)  

Has a separate space 229 (59.8) 79 (59.9) 26 (49.1) 48 (57.1) 76 (66.7)  

Has a separate room 108 (28.2) 50 (37.9) 16 (30.2) 21 (25) 21 (18.4)  

Outside 3 (0.37) 1 (0.76) 1 (1.9) 0 1 (0.88)  

Type of home heating 
d,f

 
     

 

Gas 35 (9.1) 19 (14.3) 2 (3.8) 4 (4.8) 10 (8.8) 0.056 
b
 

Electricity 65 (16.9) 38 (28.6) 3 (5.7) 5 (6.0) 19 (16.7) <0.001 
b
 

Other 
d
 5 (1.3) 1 (.75) 0 2 (2.3) 2 (1.8)  

None 253 (65.9) 74 (55.7) 44 (83.0) 70 (83.3) 65 (57.0) <0.001 

Has a sink in the home 316 (84.04) 122 (94.57) 35 (67.31) 69 (86.25) 90 (78.26) <0.001 

Has a refrigerator 358 (92.3) 132 (98.5) 48 (90.6) 78 (92.9) 100 (85.5) 0.002 

Has a cellular phone 332 (85.6) 120 (89.6) 45 (85.0) 68 (81.0) 99 (84.6) 0.35 

a p-values are for Pearson chi-square, unless noted otherwise; b p-Values are for Fisher’s Exact Test;  
c p-Values are for ANOVA, F-test; d Too few responses in cells to calculate p-value with chi-square or 

Fisher’s exact Test; e Other drainage of effluents includes canyon, river, street; f Subjects could respond yes 

or no for each item in this category. 

There were statistically significant differences when comparing living conditions amongst the four 

colonias. Respondents from San Bernardo were least likely to have a water faucet inside their home  

(p = 0.004), and most likely to report their primary household water source as a public hydrant  

(p = 0.041). Respondents from Las Flores were least likely to report having a sink in their home  

(p < 0.001), plumbing for the drainage of effluent to the public sewer system (p < 0.001), and most 

likely to report having a septic tank (p < 0.001). Respondents from Las Flores and Divinia Providencia 

were most likely to report having no home heating (p < 0.001). Respondents from San Bernardo were 

more likely to live within 300 m of more than one dumpsite. Over 90% of respondents from each 
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colonia reported having access to healthcare by one of the government sponsored programs, or a 

private pharmacy or clinic. 

Table 2 presents the percentage of subjects who reported having each of the eleven perceived toxic 

exposure symptoms at least once a week. Respondents from Divinia Providencia and San Bernardo 

were significantly more likely to report having confusion or difficulty concentrating (p = 0.003), 

memory problems (p = 0.011), and ear/nose/ or throat irritations (p = 0.035) at least once a week.  

In addition, respondents from San Bernardo were most likely to report having skin problems/irritations 

(p = 0.032), extreme fatigue (p = 0.002), stomach discomfort (p = 0.003), and eye irritation/tears  

(p = 0.001) at least once a week. San Bernardo residents were most likely to report having a sick child 

at home within the past two weeks (p = 0.004), and to report that living in the canyon negatively 

affects their health (p = 0.001). Health questions regarding whether respondents had a history of 

having cancer, tuberculosis, diabetes, high blood pressure, or asthma did not vary significantly 

between the colonias (data not shown). 

Table 2. Perceived toxicant exposure symptoms by colonia (n (%)). 

Variable El Mirador Las Flores Divinia Providencia San Bernardo p-Value 
a
 

Number of subjects experiencing each symptom at least once a week 

Headache 34 (28.6) 18 (38.3) 31 (41.9) 45 (42.5) 0.12 

Confusion/difficulty concentrating 3 (3.5) 5 (11.9) 13 (19.4) 18 (22.5) 0.001 
b
 

Memory problems 5 (5.7) 8 (18.6) 14 (22.2) 19 (22.1) 0.01 

Ear, nose, or throat irritations 13 (12) 4 (8.5) 16 (22.5) 23 (23.5) 0.03 
b
 

Chest tightness 
b
 5 (5.7) 3 (7.0) 9 (13.9) 13 (16.9) 0.09 

b
 

Difficulty breathing 8 (9.4) 4 (9.5) 6 (9.4) 13 (16.5) 0.5 
b
 

Skin problems/irritations 4 (4.7) 4 (10.0) 7 (11.9) 15 (19.5) 0.03 
b
 

Extreme fatigue 10 (11.1) 5 (11.9) 12 (18.2) 28 (32.2) 0.002 

Stomach discomfort 
b
 4 (4.7) 9 (20.5) 10 (19.4) 21 (25.3) 0.001 

b
 

Insomnia 18 (19.2) 6 (13.6) 17 (27.9) 24 (29.0) 0.14 

Eye irritation/tears 18 (20.5) 7 (15.6) 21 (33.9) 30 (38.5) 0.01 

Subjects having a sick child in the home within the last two 

weeks 
6 (8.2) 11 (25.58) 16 (27.12) 26 (32.1) 0.004 

Subjects who responded living in the ravine negatively 

affects health 
44 (42.3) 35 (66.0 ) 41 (50) 72 (66.0) 0.001 

How subjects rated their health 
c
 

     
Very good 18 (13.5) 0 8 (9.5) 6 (5.1) 

 
Good 81 (60.9) 23 (43.4) 35 (41.7) 52 (44.4) 

 
So-so 27 (20.3) 29 (54.7) 35 (41.7) 50 (42.7) 

 
Poor 6 (4.5) 1 (1.9) 5 (6.0) 8 (6.8) 

 
Very poor 1 (0.75) 0 1 (1.2) 1 (0.85) 

 
a p-Values are for Pearson chi-square, except where specified; b p-Values are for Fisher’s exact test;  
c Too few responses in cells to calculate p-value with chi-square or Fisher’s exact Tests. 

Given the clearly higher reporting of adverse health symptoms among San Bernardo residents, we 

further investigated the relationship between each perceived toxic exposure symptom and colonia by 

comparing responses from San Bernardo residents to residents from the other three colonias combined. 

Subjects in San Bernardo were significantly more likely to report experiencing confusion/difficulty 

concentrating (p = 0.012), ear, nose or throat irritations (p = 0.052), skin problems/irritation  
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(p = 0.009), extreme fatigue (p < 0.001), stomach discomfort (p = 0.013), and eye irritation/tears  

(p = 0.013) at least once a week (Table 3). The odds ratios of reporting these perceived toxic exposure 

symptoms for San Bernardo residents versus non-San Bernardo residents were calculated by univariate 

logistic regression (Table 4). Subjects from San Bernardo were more than twice as likely than non-San 

Bernardo residents to report having skin problems/irritations (OR 2.73, 95% CI 1.3–5.9), stomach 

discomfort (OR 2.47, 95% CI 1.3–4.8), eye irritation/tears (OR 2.02, 95% CI 1.2–3.6), 

confusion/difficulty concentrating (OR 2.39, 95% CI 1.2–4.8), and three times more likely to report 

having extreme fatigue (OR 3.01, 95% CI 1.6–5.5) at least once a week. These results were consistent 

and changed minimally when multivariate logistic regression was applied to control for the 

demographic factors of age, gender, education level, and employment status (Table 4). 

Table 3. Demographic characteristics, living conditions by colonia, and perceived toxicant 

exposure symptom San Bernardo compared to the other three colonias combined (n (%)) or 

(mean ± SD). 

Variable 
San Bernardo Other 3 Colonias Combined 

p-Value 
a
 

n = 117 n = 271 

Sex 
   

Males 38 (32.5) 117 (43.4) 0.042 

Females 79 (67.5) 152 (56.5) 
 

Age 37.8 ±14.4 41.9 ± 14.1 0.0095 b 

Years living in colonia 12.4 ± 11.1 16.6 ± 11 0.0006 b 

Lives or works near dump 19 (17.1%) 12 (4.6%) <0.001 

Dumpsite distance d (N = 371)   <0.001 c 

100 m or less 9 (7.9) 55 (21.4)  

101 to 200 m 35 (30.7) 109 (42.4)  

201 to 300 m 64 (56.1) 79 (30.7)  

More than 300 m 6 (5.3) 14 (5.5)  

More than one dumpsite within 300 m d 58 (50.9) 5 (2.0) <0.001 c 

Has minor children in home 73 (63.5) 171 (64.5) 0.844 

Female head of household education level 
  

<0.001 c 

Middle school and below 87 (76.3) 159 (58.9) 
 

High School 23 (20.2) 60 (22.2) 
 

More than high school 4 (3.5) 51 (18.9) 
 

Employment Status   0.117 

White collar worker 23 (20.0) 75 (27.8 
 

Blue collar 40 (39.2) 69 (25.6) 
 

Unemployed or housewife 54 (46.2) 126 (46.7) 
 

Has a sink in the home 90 (78.26) 226 (86.6) 0.042 

Has a flushing toilet in the home 84 (73.7) 210 (78.4) 0.321 

Has no home heating 65 (57.0) 188 (69.6) 0.017 

Kitchen is a separate room 21 (18.4) 87 (32.3) 0.006 

Principal source of domestic water d 
   

Hydrant 54 (46.6) 90 (33.3) 0.014 

Faucet inside the house 54 (46.55) 169 (62.6) 0.003 

Perceived toxicant exposure symptom 
  

Headache 45 (42.5) 83 (34.6) 0.162 

Confusion/Difficulty Concentrating 18 (22.5) 21 (10.8) 0.012 
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Table 3. Cont. 

Variable 
San Bernardo Other 3 Colonias Combined 

p-Value 
a
 

n = 117 n = 271 

Memory Problems 19 (22.0) 27 (13.9) 0.089 

Ear, nose, or throat irritations 23 (23.5) 33 (14.6) 0.052 

Chest tightness 13 (16.9) 17 (8.7) 0.051 

Difficulty Breathing 13 (16.5) 18 (9.4) 0.099 

Skin problems/irritations 15 (19.5) 15 (8.2) 0.009 

Extreme fatigue 28 (32.2) 27 (13.6) <0.001 

Stomach discomfort 21 (25.3) 23 (12.0) 0.006 

Insomnia 24 (28.9 41 (20.6) 0.131 

Eye irritation/tears 30 (38.5) 46 (23.6) 0.013 

a p-Values are for chi square test except where specified; b Two sample ttest; c Fishers Exact Test;  
d This specific dumpsite information was calculated using Google Earth tools. 

Table 4. Univariate and multivariate logistic regression models for risk factor of living in 

San Bernardo to predict having each perceived toxicant exposure symptom at least once  

a week. 

Predictor 

Variable  

OR for Each Symptom (95% CI) 

Skin 

Problems/Irritations 
Extreme Fatigue 

Stomach  

Discomforts 

Eye  

Irritation/Tears 

Confusion/Difficulty 

Concentrating 

Unadjusted Adjusted a Unadjusted Adjusted a Unadjusted Adjusted a Unadjusted Adjusted a Unadjusted Adjusted a 

Living in 2.73 2.94 3.01 3.06 2.47 2.46 2.02 2.06 2.39 2.09 

San Bernardo (1.3–5.9) * (1.3–6.8) * (1.6–5.5) *** (1.6–5.9) *** (1.3–4.8) ** (1.2–5.0) * (1.2–3.6) ** (1.1–3.8) * (1.2–4.8) * (1.0–4.4) * 

* p < 0.05; ** p < 0.01; *** p < 0.001; a Adjusted for age, sex, education level, employment category. 

We explored the effects of distance from dumpsite and distance from the bottom of the canyon for 

each neighborhood and added them separately to the multivariate models but the results were not 

changed substantially (data not shown). Adding the categorical variable “Dumpsite Distance” to the 

multivariate logistic regression slightly increased the OR’s for “Skin irritations”, and “Stomach 

discomfort”, and slightly decreased the OR for “Eye irritation”, “Extreme Fatigue”, and “Memory 

problems/confusion”. “Dumpsite Distance” was then removed, and when “Canyon Bottom Distance” 

was added to the multivariate logistic regression model, the OR decreased slightly for those symptoms. 

4. Discussion 

Our study is the first large scale investigation aimed at characterizing the demographics, living 

conditions, and perceived toxic exposure symptoms of the residents living in makeshift housing and 

poor environmental conditions in Los Laureles Canyon. Our results demonstrated that living 

conditions in each colonia varied and the San Bernardo residents reported having five of eleven 

perceived toxic exposure symptoms at least once a week 2 to 3 times more often than the other three 

colonias combined. They are also more likely to report having a sick child in the home within the past 

two weeks, and that living in the canyon had a negative effect on their health. Our results clearly point 

to one neighborhood and its residents suffering the most frequent symptoms of ill-health. Our initial 

hypothesis to explain these differences as a function of decreasing distance between the respondents’ 
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home and dumpsites or canyon bottom was not conclusive. By controlling for “Dumpsite Distance,” 

OR’s for “Skin irritations”, and “Stomach discomfort”, and slightly increased, while ORs for “Eye 

irritation”, “Extreme Fatigue”, and “Memory problems/confusion” slightly decreased. This indicates 

that “Dumpsite Distance” may be a contributing factor with regard to “Skin irritations”, and “Stomach 

discomfort” and less of a contributing factor to “Eye irritation”, “Extreme Fatigue”, and “Memory 

problems/confusion”. When we controlled for “Canyon Bottom Distance” ORs for these symptoms 

slightly decreased, indicating that location within the canyon may also be a factor. If distance to the 

nearest dumpsite or distance to the canyon bottom were the main contributing factors in the positive 

associations between Colonia San Bernardo and health symptoms, by controlling for these factors, one 

would expect the ORs to significantly decrease. With a larger sample size, we may have been able to 

demonstrate these relationships more conclusively. This was a descriptive study and if the variable 

“Dumpsite Distance” or “Canyon Bottom Distance” effect is small, a larger sample size would better 

detect this small difference [53]. Topographical differences between each colonia and the surrounding 

dumpsites may also be a factor. For example, if a colonia is located downwind or downstream from a 

dumpsite, the dumpsite proximity may affect residents differently than if the colonia is located 

upstream or upwind from a dumpsite, also indicating location within the canyon may be a contributing 

factor. Number and contents of dumpsite may also be contributing factors. Other studies have found 

spatial correlations of health symptoms of living near dump sites including an increased prevalence of 

self-reported eye irritation [54–57], skin rashes [54–58], abdominal pain [56], gastrointestinal 

symptoms [55,57,59], respiratory conditions such as wheezing and asthma [54,57,59–61], neurologic 

symptoms [62], muscle weakness [54], and fatigue [59]. The main limitations with these studies is that 

they rely on self-report and not on measures of direct exposure [63]. 

According to our survey data we cannot conclude that the close proximity to dumpsites are what is 

causing San Bernardo residents to report more ill health than the other colonias. Hypothesizing disease 

causation using spatial analysis is challenging due to the many possible etiological factors contributing 

to the onset of disease [64]. Without a measure of direct exposure, other environmental factors cannot 

be ruled out. 

By reviewing the history of that specific neighborhood, it was found that before the houses started 

being built in 2004, the developer of San Bernardo scraped the native topsoil to form building lots. 

Residents bought lots and started building their own makeshift homes before any infrastructure such as 

paved roads and sewer, services were in place. This practice of removing all native vegetation has 

created very dusty conditions for this neighborhood [16]. Studies have shown land surface 

characteristics, such as vegetation, topography, surface winds, and soil wetness are important factors in 

controlling dust emissions [65,66], and those living near unpaved roads can have an increased 

exposure to unsafe levels of dust [67]. On the main road into the community, women and children 

walk along side moving vehicles on daily basis breathing and ingesting the dust from the disturbed soil 

near the bottom of the canyon, getting covered with dust on their skin, hair, and the insides their 

homes. Climate models of this region project a decrease in rainfall leading to dryer conditions, leading 

to dustier conditions in the future [68]. In contrast, residents from the other colonias live with much 

less dust, where houses were built without a mass removal of topsoil. 

Prevalence of wheezing and atopic symptoms have been partly explained by housing and indoor 

environmental conditions in other populations [36,69], and house dust has been identified as an 
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important pathway of toxic exposure. House dust may absorb pollutants released from activities and 

materials within a home or attahced to particles from outside the home [23,30]. Studies have found 

higher concentrations of toxicants in dust compared to soil [30,31]. 

In addition to dusty conditions, living with animals in San Bernardo was a common observation. 

This leads to further exposure from eating eggs and meat or drinking milk from these animals. It was 

observed that residents from the other colonias live with fewer domestic animals because of limited 

space on the side or upper part of the canyon compared to the bottom of the canyon. 

Even though our findings with regard to close proximity to dumpsites was inconclusive, previous 

studies have shown the negative effects of toxic waste sites on the environment and human health [70] 

including an increase in respiratory symptoms, reduced lung function [71,72], and spatial associations 

of an increased risk of certain birth defects [73–78], low birth weight [79], and an increased incidence 

of miscarriages [80]. 

The large number of such dump sites and the thousands of residents living near them in make shift 

houses under extremely dusty conditions is a unique case of environmental injustice due to the sheer 

magnitude of those affected, when compared to what is documented in the literature from the US and 

the more developed countries [81,82]. 

Findings that residents in different colonias experience a different amount of perceived toxicant 

exposure symptoms supports the hypothesis that the living environments of the four colonias studied 

may be different with respect to exposure to hazardous environmental toxicants. More specifically,  

our findings suggest that the living conditions in San Bernardo are related to reporting more  

symptoms than the other colonias. Their symptoms of skin problems/irritations, stomach discomforts, 

eye irritation/tears, confusion/difficulty concentrating, and extreme fatigue are consistent with  

previous studies reporting symptoms that are present when one is exposed to environmental  

toxicants [21,22,83–85]. 

The study does have limitations. This is not a case control study. However, having a control 

population with no exposure and located outside the canyon, would have other more significant biases 

of SES, health care access, and non-environmental factors. This study was dependent on self-reported 

symptoms of residents, unconfirmed by a physician. The link between the living environment and 

evidence of perceived toxic exposure is therefore inferred ecologically. The consistency of results for 

the San Bernardo colonia compared to all other colonias and after adjusting for multiple covariates is 

somewhat reassuring in support of this association between living in this neighborhood and reported 

symptoms. Further, the reporting by San Bernardo residents that living in the canyon is affecting their 

health at a higher frequency than that from other areas is additional internal validity regarding adverse 

health impact from the environment on their health. Direct evidence of this relationship is needed by 

analyzing the drinking water, soil, dust or air quality in each colonia to identify toxicants causing such 

health symptoms among Los Laureles Canyon residents [23,27,28,31]. The connection between 

environmental exposure to toxic substances and symptoms could be further realized by the use of 

biomarkers. Biomarkers of blood, urine, breast milk, and toenails have been used in studies to detect 

environmental exposures of toxic substances [34,84,86–90]. 

Another limitation was that we used convenient sampling rather than random sampling. This 

introduces the possibility of selection bias. Random sampling, such as calling random phone numbers 

out of a phone book, was not logistically possible, because many of these residents have no landline 
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phone connected to their address. Those who wished not to participate or who were not at home when 

the survey was conducted may have had different responses than those who participated. However, the 

fact that our response rate was very high and we chose every household in the selected streets of the  

4 neighborhoods is likely to limit selection bias. The information collected was self-report of 

symptoms and not actual diseases diagnosed by a physician. Self-report data is sometimes subjective 

because it is dependent on a person’s memory as well as their perception of the symptom. Confirming 

the residents’ symptoms with health outcome data from the local health clinics is not feasible, given 

the nature of Tijuana’s healthcare system where there isn’t a specific clinic or hospital in the vicinity 

where Los Laureles Canyon residents receive medical treatment. 

Lastly the potential confounding factor of socio-economic status was based on education and 

occupation, which has been used to reflect socioeconomic status in other health outcome research [91]. 

We found no significant differences in the self-reporting of common chronic diseases reported between 

groups. Not including household income might lead to residual confounding among those with higher 

education but low income employment. However, most canyon residents are not wealthy and only 

14% had education higher than high school, 

5. Conclusions 

Our findings suggest that living conditions in Los Laureles Canyon are affecting residents’ health. 

This is a case of global environmental injustice resulting from expansion of multi-national industries, 

illegal dumping, poverty and poor housing in areas that lack proper public infrastructure. Specifically, 

those living in San Bernardo are reporting more perceived toxicant exposure symptoms. These 

symptoms includes confusion/difficulty concentrating, ear, nose or throat irritations, skin 

problems/irritations, extreme fatigue, stomach discomfort, and eye irritation/tears. We could not verify 

that proximity to sources of toxicants in soil can explain these symptoms among residents of this 

specific neighborhood, but we believe dust and the toxicants it carries might be one possible 

explanation and the factor specifically affecting this neighborhood. This exploratory study indicates 

that more studies are needed to further investigate which toxicants residents are being exposed to and 

the source of that exposure. This study does provide initial evidence about reported symptoms in this 

population to support larger and more complex epidemiologic designs. Such studies will be able to 

document the source of toxicants and how soil toxicants may lead to exposure of grossly underserved 

populations at the global level and potential plans to prevent future exposure through urban planning 

remediation effort as basic as paving the roads in such areas. 

Acknowledgments 

Research reported in this publication was supported by the National Institute of Environmental 

Health Sciences of the National Institutes of Health under Award Number P42ES010337. The content 

is solely the responsibility of the authors and does not necessarily represent the official views of the 

National Institutes of Health. The present study was conducted as part of the University of California, 

San Diego, Superfund Research Center’s Community Engagement Core facilitating knowledge 

exchange to reduce exposures to hazardous wastes and improve environmental public health in the San 

Diego-Tijuana binational city region. The purpose of this study was to work with Tijuana community 



Int. J. Environ. Res. Public Health 2014, 11 9546 

 

 

partners, and conduct an environmental health needs assessment and environmental epidemiological 

survey about perceived toxic exposure symptoms, while providing Action Research Opportunities for 

students. Successfully meeting these objectives was possible thanks to collaboration with community 

partner Alter Terra, led by Oscar Romo, and Jennifer Hazard, who are also thanked for providing 

Figure 1, and the Autonomous University of Baja California School of Medicine and Psychology. 

Author Contributions 

Wael Al-Delaimy designed the study and research methods and supervised data collection.  

Keith Pezzoli participated in survey design, and research methods. Catherine Larsen participated in 

data collection and carried out the statistical analysis. All three authors drafted and approved the  

final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. U.S. Environmental Protection Agency (EPA); the Secretaría de Medio Ambiente  

Recursos Naturales (SEMARNAT). Strategy for Indicator Development Border 2012:  

US-Mexico Environmental Program Report. April 2006. Available online: 

www.epa.gov/border2012/indicators.htm (accessed on 26 January 2014). 

2. U.S. Environmental Protection Agency (EPA); the Secretaría de Medio Ambiente Recursos 

Naturales (SEMARNAT). Border 2020: US-Mexico Environmental Program. 2012. Available 

online: http://www2.epa.gov/border2020 (accessed on 26 January 2014). 

3. Instituto Nacional de Estadista y Geographia. Principales Resultados del Censo de Poblacion y 

Vivienda (INEGI) 2010: Baja California. Aguascalientes, Ags. 2011. Available online: 

www.inegi.org.mx (accessed on 26 January 2014). 

4. Buenrostro, O.; Bocco, G. Solid waste management in municipalities in Mexico: Goals and 

perspectives. Resour. Conserv. Recy 2003, 39, 251–263. 

5. U.S. Environmental Protection Agency (EPA); the Secretaría de Medio Ambiente Recursos 

Naturales (SEMARNAT). Border 2012: US-Mexico Border Environmental Program. 2003. 

Available online: www.epa.gov/border2012/ (accessed on 26 January 2014). 

6. Schmidt, C.W. Bordering on environmental disaster. Environ. Health Perspect. 2000, 108,  

A308–A315. 

7. U.S. Environmental Protection Agency (EPA); the Secretaría de Medio Ambiente Recursos 

Naturales (SEMARNAT). Border 2012 U.S.-Mexico Environmental Program State of the Border 

Region: Indicators Report. 2011. Available online: http://www2.epa.gov/sites/production/files/ 

documents/border-2012_indicator-rpt_eng.pdf (accessed on 26 January 2014). 

8. Morales, G.; Aguilera, B.; Armstrong, D.K. The maquiladora program. United States Department 

of Labor. 1994. Available online: www.dol.gov/ilab/media/reports/nao/maquilad.htm (accessed 

on 26 January 2014). 



Int. J. Environ. Res. Public Health 2014, 11 9547 

 

 

9. Big maq attack: A 50-year-old export industry that provides millions of jobs has to  

reinvent itself quickly to stay competitive. Economist, 26 October 2013. Available online: 

www.economist.com/news/business/21588370-50-year-old-export-industry-provides-millions-

jobs-has-reinvent-itself-quickly (accessed on 9 September 2014). 

10. United States Census Bureau. States and County Quickfacts: San Diego County, CA. Available 

online: http://quickfacts.census.gov (accessed on 26 January 2014). 

11. Kiy, R.; Kada, N. Blurred Borders: Transboundry Impacts and Impacts and Solutions in the  

San Diego-Tijuana Region; International Community Foundation: San Diego, CA, USA,  

2004. Available online: www.icfdn.org/publications/blurredborders/documents/BBfullreport.pdf 

(accessed on 26 January 2014). 

12. Perry, D.M.; Sanchez, R.; Glaze, W.H.; Mazari, M. Binational management of hazardous waste: 

The maquiladora industry at the US-Mexico border. Environ. Manag. 1990, 14, 441–450. 

13. U.S. Environmental Protection Agency (EPA). Metales y Derivados EPA Final Report Clean-up. 

2004. Available online: www.epa.gov/region9/waste/features/metales/final_summary_report.pdf 

(accessed on 26 January 2014). 

14. Dutton, R.J. Survey of Health and Environmental Conditions in Texas Border Counties  

and Colonias. 2000. Available online: www.epa.gov/orsearth/projects_publications/survey_ 

of_health_env_conditions_texas_border_counties_colonias.html (accessed on 26 January 2014). 

15. Instituto Metropolitano de Planeacion de Tijuana (IMPLAN Tijuana). Programa Parcial de 

Mejoramiento Urbano de la Subcuenca Los Laureles 2007–2015. [Los Laureles Master Plan 

2007–2015.] Available online: www.implantijuana.org/planes-y-programas/ppmu-ll-2007–2015/ 

(accessed on 26 January 2014). 

16. Los Laureles Canyon: Research in Action [Video Online]. 2009. Available online: 

www.ucsd.tv/loslaureles/ (accessed on 26 January 2014). 

17. Rotella, M. Girl’s Body Spotted near Tijuana River. NBC San Diego News. 24 January 2010. 

Available online: www.nbcsandiego.com/news/local/River-Recovery-Mission-Underway-for-

Children--82551007.html (accessed on 26 January 2014). 

18. Rotella, S. Fast Growth Blamed for Tijuana Flood Damage. Los Angeles Times, 10 December 

1992. Available online: http://articles.latimes.com/1992-12-10/news/mn-2536_1_city-officials 

(accessed on 26 January 2014). 

19. Jacott, M.; Cyrus, R.; Winfield, M. The Generation and Management of Hazardous Wastes and 

Transboundary Hazardous Waste Shipments between Mexico, Canada and the United States since 

NAFTA: A 2004 Update. Texas Center for Policy Studies; Austin, Tx, USA, 2004. Available 

online: www.texascenter.org/publications/hazwaste04.pdf (accessed on 26 January 2014). 

20. Wang, B.; Li, X.; Xu, X.; Sun, Y.; Zhang, Q. Prevalence of and risk factors for subjective 

symptoms in urban preschool children without a cause identified by the guardian. Int. Arch. 

Occup. Environ. Health 2012, 85, 483–491. 

21. Klaassen, C.D. Toxic Effects of Metals. In Casarett and Doull’s Toxicology: The Basic Science of 

Poisons, 6th ed.; Pergamon Press: New York, NY, USA, 2001; pp. 811–868. 

22. Marshall, L.; Weir, E.; Ablelsohn, A.; Sanborn, M.D. Identifying and managing adverse 

environmental health effects: 1. Taking an exposure history. Can. Med. Assoc. J. 2002, 166, 

1049–1055. 



Int. J. Environ. Res. Public Health 2014, 11 9548 

 

 

23. Butte, W.; Heinzow, B. Pollutants in house dust as indicators of indoor contamination. Rev. 

Environ. Contam. Toxicol. 2002, 175, 1–46. 

24. Calderon, J.; Ortiz-Perez, D.; Yanez, L.; Diaz-Barriga, F. Human exposure to metals. Pathways of 

exposure, biomarkers of effect, and host factors. Ecotoxicol. Environ. Saf. 2003, 56, 93–103. 

25. Carrizales, L.; Razo, I.; Tellez-Hernandez, J.I.; Torres-Nerio, R.; Torres, A.; Batres, L.E.; 

Cubillas, A.C.; Díaz-Barriga, F. Exposure to arsenic and lead of children living near a  

copper-smelter in San Luis Potosi, Mexico: Importance of soil contamination for exposure of 

children. Environ. Res. 2006, 101, 1–10. 

26. Costilla-Salazar, R.; Trejo-Acevedo, A.; Rocha-Amador, D.; Gaspar-Ramirez, O.; Diaz-Barriga, F.; 

Perez-Maldonado, I.N. Assessment of polychlorinated biphenyls and mercury levels in soil and 

biological samples from San Felipe, Nuevo Mercurio, Zacatecas, Mexico. Bull. Environ. Contam. 

Toxicol. 2001, 86, 212–216. 

27. Hwang, H.M.; Park, E.K.; Young, T.M.; Hammock, B.D. Occurrence of endocrine-disrupting 

chemicals in indoor dust. Sci. Total. Environ. 2008, 404, 26–35. 

28. Rudel, R.A.; Camann, D.E.; Spengler, J.D.; Korn, L.R.; Brody, J.G. Phtalates, alkylphenols, 

pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor 

air and dust. Environ. Sci. Technol. 2003, 37, 4543–4553. 

29. Trejo-Acevedo, A.; Diaz-Barriga, F.; Carrizales, L.; Dominguez, G.; Costilla, R.; Ize-Lema, I.; 

Yarto-Ramírez, M.; Gavilán-García, A.; Jesús Mejía-Saavedra, J.; Pérez-Maldonado, I.N. 

Exposure assessment of persistent organic pollutants and metals in Mexican children. Chemosphere 

2009, 74, 974–980. 

30. Weinhold, B. Metals: Fresh track on indoor dust. Environ. Health Perspect. 2008, 116, A198,  

doi:10.1289/ehp.116-a198. 

31. Martínez-Salinas, R.I.; Díaz-Barriga, F.; Batres-Esquivel, L.E.; Pérez-Maldonado, I.N. 

Assessment of the levels of DDT and its metabolites in soil and dust samples from Chiapas, 

Mexico. Bull. Environ. Contam. Toxicol. 2011, 86, 33–37. 

32. Gonzalez, E.J.; Pham, P.G.; Ericson, J.E.; Baker, D.B. Tijuana childhood lead risk assessment 

revisited: Validating a GIS model with environmental data. J. Environ. Manag. 2002, 29,  

559–565. 

33. Medlin, J. Studying lead in Tijuana Tots. Environ. Health Perspect. 2000, 108, A301:1–A301:1. 

34. Pérez-Maldonado, I.N.; Ramirez-Jimenez Mdel, R.; Martinez-Arevalo, L.P.; Lopez-Guzman, O.D.; 

Athanasiadou, M.; Bergman, A.; Yarto-Ramírez, M.; Gavilán-García, A.; Yáñez, L.;  

Díaz-Barriga, F. Exposure assessment of polybrominated diphenyl ethers (PBDEs) in Mexican 

children. Chemosphere 2009, 75, 1215–1220. 

35. Mukerjee, S.; Shadwick, D.S.; Smith, L.A.; Somerville, M.C.; Dean, K.E.; Bowser, J.J. 

Techniques to assess cross-border air pollution and application to a US-Mexico border region.  

Sci. Total. Environ. 2001, 276, 205–224. 

36. Olvera, H.A.; Lopez, M.; Guerrero, V.; Garcia, H.; Li, W. Ultrafine particle levels at an 

international port of entry between US and Mexico: Exposure implications for users, workers, and 

neighbors. J. Expo. Sci. Environ. Epidemiol. 2013, 23, 289–298. 



Int. J. Environ. Res. Public Health 2014, 11 9549 

 

 

37. Osornio-Vargas, A.R.; Serrano, J.; Rojas-Bracho, L.; Miranda, J.; Garcia-Cuellar, C.; Reyna, M.A.; 

Flores, G.; Zuk, M.; Quintero, M.; Vázquez, I.; et al. In vitro biological effects of airborne PM2.5 

and PM10 from a semi-desert city on the Mexico-US border. Chemosphere 2011, 83, 618–626. 

38. Watson, J.G.; Chow, J.C. Source characterization of major emission sources in the Imperial and 

Mexicali Valleys along the US/Mexico Border. Sci. Total. Environ. 2001, 276, 33–47. 

39. García-Flores, E.; Wakida, F.T.; Espinoza-Gomez, J.H. Sources of polycyclic aromatic hydrocarbons 

in urban storm water runoff in Tijuana, Mexico. Int. J. Environ. Res. 2013, 7, 387–394. 

40. Riveles, K.; Gersberg, M. Toxicity identification evaluation of wet and dry weather runoff from 

the Tijuana River. Bull. Environ. Contam. Toxicol. 1999, 63, 625–632. 

41. Graham, J.P.; VanDerslice, J. The effectiveness of large household water storage tanks for 

protecting the quality of drinking water. Water Health 2007, 5, 307–313. 

42. Romo, O.; Hazard-Leonard, J. Los Laureles Canyon Transborder Trash Tracking Study: Tijuana 

Rivershed. 12 January 2012. Available online: www.trashtracking.com/uploads/Final_ 

TransborderTrashTrackingReport.pdf (accessed on 20 August 2014) 

43. Sińczuk-Walczak, H.; Szymczak, M.; Hałatek, T. Effects of occupational exposure to arsenic on 

the nervous system: Clinical and neurophysiological studies. Int. J. Occup. Med. Environ. Health 

2010, 23, 347–355. 

44. Fatmi, Z.; Abbasi, I.N.; Ahmed, M.; Kazi, A.; Kayama, F. Burden of skin lesions of  

arsenicosis at higher exposure through groundwater of taluka Gambat district Khairpur, Pakistan: 

A cross-sectional survey. Environ. Geochem. Health 2013, 35, 341–346. 

45. Parvez, F.; Chen, Y.; Brandt-Rauf, P.W.; Slavkovich, V.; Islam, T.; Ahmed, A.; Argos, M.; 

Hassan, R.; Yunus, M.; Haque, S.E.; et al. A prospective study of respiratory symptoms 

associated with chronic arsenic exposure in Bangladesh: Findings from the Health Effects of 

Arsenic Longitudinal Study (HEALS). Thorax 2010, 65, 528–533. 

46. Parvez, F.; Chen, Y.; Yunus, M.; Olopade, C.; Segers, S.; Slavkovich, V.; Argos, M.; Hasan, R.; 

Ahmed, A.; Islam, T.; et al. Arsenic exposure and impaired lung function. Findings from a large 

population-based prospective cohort study. Am. J. Respir. Crit. Care Med. 2013, 188, 813–819. 

47. Mongolu, S.; Sharp, P. Acute abdominal pain and constipation due to lead poisoning. Acute Med. 

2013, 12, 224–226. 

48. Rosin, A. The long-term consequences of exposure to lead. Isr. Med. Assoc. J. 2009, 11, 689–694. 

49. Lindgren, K.N.; Masten, V.L.; Tiburzi, M.J.; Ford, D.P.; Bleecker, M.L. The factor structure of 

the Profile of Mood States (POMS) and its relationship to occupational lead exposure. J. Occup. 

Environ. Med. 1999, 41, 3–10. 

50. Wright, R.O.; Tsaih, S.W.; Schwartz, J.; Spiro, A., 3rd; McDonald, K.; Weiss, S.T.; Hu, H. Lead 

exposure biomarkers and MiniMental status exam scores in older men. Epidemiology 2003, 14, 

713–718. 

51. Landrigan, P.J.; Lioy, P.J.; Thurston, G.; Berkowitz, G.; Chen, L.C.; Chillrud, S.N.; Gavett, S.H.; 

Georgopoulos, P.G.; Geyh, A.S.; Levin, S.; et al. Health and environmental consequences of the 

world trade center disaster. Environ. Health Perspect. 2004, 112, 731–739. 

52. Schröter, U.; Kronenberger, H.; Meier-Sydow, J. Results of a questionnaire survey of pulmonary 

complaints in dental technicians: Effect of inhalation exposure to heavy metal dusts  

(cobalt-chromium alloys). Pneumologie 1990, 44 (Suppl. 1), 322–324. 



Int. J. Environ. Res. Public Health 2014, 11 9550 

 

 

53. Suresh, K.; Chandrashekara, S. Sample size estimation and power analysis for clinical research 

studies. J. Hum. Reprod Sci. 2012, 5, 7–13. 

54. Hertzman, C.; Hayes, M.; Singer, J.; Highland, J. Upper Ottawa street landfill site health study. 

Environ. Health Perspect. 1987, 75, 173–195. 

55. Logue, J.N.; Stroman, R.M.; Reid, D.; Hayes, C.W.; Sivarajah, K. Investigation of potential health 

effects associated with well water chemical contamination in Londonderry Township, 

Pennsylvania, U.S.A. Arch. Environ. Health 1985, 40, 155–160. 

56. Paigen, B.; Goldman, L.R.; Highland, J.H.; Magnant, M.M.; Steegman, A.T. Prevalence of health 

problems in children living near Love Canal. Hazard. Waste Hazard. Mat. 1985, 2, 23–43. 

57. Zmirou, D.; Deloraine, A.; Saviuc, P.; Tillier, C.; Boucharlat, A.; Maury, N. Short-term health 

effects of an industrial toxic waste landfill: A retrospective follow-up study in Montchanin, 

France. Arch. Environ. Health 1994, 49, 228–238. 

58. Logue, J.N.; Fox, J.M. Residential health study of families living near the Drake Chemical 

Superfund site in Lock Haven, Pennsylvania. Arch. Environ. Health 1986, 41, 222–228. 

59. Ozonoff, D.; Colten, M.E.; Cupples, A.; Heeren, T.; Schatzkin, A.; Mangione, T.; Dresner, M.; 

Colton, T. Health problems reported by residents of a neighborhood contaminated by a hazardous 

waste facility. Am. J. Ind. Med. 1987, 11, 581–597. 

60. Deloraine, A.; Zmirou, D.; Tillier, C.; Boucharlat, A.; Bouti, H. Case-control assessment of the 

short-term health effects of an industrial toxic waste landfill. Environ. Res. 1995, 68, 124–132. 

61. Najem, G.R.; Strunck, T.; Feuerman, M. Health effects of a Superfund hazardous chemical waste 

disposal site. Am. J. Prev. Med. 1994, 10, 151–155. 

62. Dayal, H.; Gupta, S.; Trieff, N.; Maierson, D.; Reich, D. Symptom clusters in a community with 

chronic exposure to chemicals in two Superfund sites. Arch. Environ. Health 1995, 50, 108–111. 

63. Vrijheid, M. Health effects of residence near hazardous waste landfill sites: A review of 

epidemiologic literature. Environ. Health Perspect. 2000, 108 (Suppl. 1), 101–112. 

64. Mayer, J.D. The role of spatial-analysis and geographic data in the detection of disease causation. 

Soc. Sci. Med. 1983, 17, 1213–1221. 

65. Engelstaedter, S.; Kohfeld, K.E.; Tegen, I.; Harrison, S.P. Controls of dust emissions by 

vegetation and topographic depressions: An evaluation using dust storm frequency data. Geophys. 

Res. Lett. 2003, 30, doi:10.1029/2002gl016471. 

66. Groeneveld, D.P.; Huntington, J.L.; Barz, D.D. Floating brine crusts, reduction of evaporation and 

possible replacement of fresh water to control dust from Owens Lake bed, California. J. Hydrol. 

2010, 392, 211–218. 

67. Dionisio, K.L.; Rooney, M.S.; Arku, R.E.; Friedman, A.B.; Hughes, A.F.; Vallarino, J.;  

Agyei-Mensah, S.; Spengler, J.D.; Ezzati, M. Within-neighborhood patterns and sources of 

particle pollution: Mobile monitoring and geographic information system analysis in four 

communities in Accra, Ghana. Environ. Health Perspect. 2010, 118, 607–613. 

68. Cayan, D.R.; Maurer, E.P.; Dettinger, M.D.; Tyree, M.; Hayhoe, K. Climate change scenarios for 

the California region. Clim. Chang. 2008, 87, S21–S42. 

  



Int. J. Environ. Res. Public Health 2014, 11 9551 

 

 

69. Litt, J.S.; Goss, C.; Diao, L.H.; Allshouse, A.; Diaz-Castillo, S.; Bardwell, R.A.; Hendrikson, E.; 

Miller, S.L.; DiGuiseppi, C. Housing environments and child health conditions among recent 

Mexican immigrant families: A population-based study. J. Immigr. Minor. Health 2010, 12,  

617–625. 

70. Chatham-Stephens, K.; Caravanos, J.; Ericson, B.; Sunga-Amparo, J.; Susilorini, B.; Sharma, P.; 

Landrigan, P.J.; Fuller, R. Burden of disease from toxic waste sites in India, Indonesia, and the 

Philippines in 2010. Environ. Health Perspect. 2013, 121, 791–796. 

71. Filigrana, P.A.; Gomez, O.L.; Mendez, F. Impact of a final disposal site of solid waste in 

respiratory health of older adults. Biomedica 2011, 31, 322–334. 

72. Mosquera-Becerra, J.; Gómez-Gutiérrez, O.L.; Mendez-Paz, F. Impact perception on health, 

social and physical environments of the municipal solid waste disposal site in Cali. Rev. Salud 

Publica 2009, 11, 549–558. 

73. Croen, L.A.; Shaw, G.M.; Sanbonmatsu, L.; Selvin, S.; Buffler, P.A. Maternal residential 

proximity to hazardous waste sites and risk for selected congenital malformations. Epidemiology 

1997, 8, 347–354. 

74. Dolk, H.; Vrijheid, M.; Armstrong, B.; Abramsky, L.; Bianchi, F.; Garne, E.; Nelen, V.;  

Robert, E.; Scott, J.E.; Stone, D.; et al. Risk of congenital anomalies living near hazardous-waste 

landfill sites in Europe: The EUROHAZCON study. Lancet 1998, 352, 423–427. 

75. Dummer, T.J.; Dickenson, H.O.; Parker, L. Adverse pregnancy outcomes near landfill sites in 

Cumbria, northwest England 1950–1993. Arch. Environ. Health 2003, 58, 692–698. 

76. Elliott, P.; Richardson, S.; Abellan, J.J.; Thomson, A.; de Hoogh, C.; Jarup, L.; Briggs, D.J. 

Geographic density of landfill sites and risk of congenital anomalies in England. Occup. Environ. 

Med. 2009, 66, 81–89. 

77. Geschwind, S.A.; Stolwijk, J.A.; Bracken, M.; Fitzgerald, E.; Stark, A.; Olsen, C.; Melius, J.  

Risk of congenital malformations associated with proximity to hazardous waste sites. Am. J. Epi. 

1992, 135, 1197–1207. 

78. Orr, M.; Bove, F.; Kaye, W.; Stone, M. Elevated birth defects in racial minority children of 

women living near hazardous waste sites. Int. J. Hyg. Environ. Health 2002, 205, 19–27. 

79. Goldman, L.R.; Paigen, P.; Magnant, M.M.; Highland, J.H. Low birth weight, prematurity and 

birth defects in children living near the hazardous waste site, Love Canal. Hazard Waste Hazard 

Mat. 1985, 2, 209–223. 

80. Dunne, M.P.; Burnett, P.; Lawton, J.; Raphael, B. The health effects of chemical waste in an 

urban community. Med. J. Aust. 1990, 152, 592–597. 

81. Brulle, R.J.; Pellow, D.N. Environmental justice: Human health and environmental inequalities. 

Ann. Rev. Pub. Health 2006, 27, 103–124. 

82. Pellow, D.N. Resisting Global Toxics. Transnational Movements for Environmental Justice; MIT 

Press: Cambridge, MA, USA, 2007. 

83. Julander, A.; Hindsen, M.; Skare, L.; Liden, C. Cobalt-containing alloys and their ability to 

release cobalt and cause dermatitis. Contact Dermat. 2009, 60, 165–170. 

  



Int. J. Environ. Res. Public Health 2014, 11 9552 

 

 

84. Morrone, A.; Bordignon, V.; Barnabas, G.A.; Dassoni, F.; Latini, O.; Padovese, V.; Ensoli, F.; 

Cristaudo, A. Clinical-epidemiological features of contact dermatitis in rural and urban 

communities in northern Ethiopia: Correlation with environmental or occupational exposure. Int. 

J. Dermatol. 2013, doi:10.1111/j.1365-4632.2012.05777.x. 

85. Yamamoto, M.; Tsurugi, Y.; Matsuda, S.; Luong, N.A. Occupational exposure, environmental 

pollution and chronic respiratory symptoms in Vietnam. J. UOEH 2000, 22, 325–337. 

86. Callan, A.C.; Hinwood, A.L.; Ramalingam, M.; Boyce, M.; Heyworth, J.; McCafferty, P.;  

Odland, J.Ø. Maternal exposure to metals-concentrations and predictors of exposure. Environ. 

Res. 2013, 126, 111–117. 

87. Casas, M.; Valvi, D.; Luque, N.; Ballesteros-Gomez, A.; Carsin, A.E.; Fernandez, M.F.;  

Koch, H.M.; Mendez, M.A.; Sunyer, J.; Rubio, S.; et al. Dietary and sociodemographic 

determinants of bisphenol A urine concentrations in pregnant women and children. Environ. Int. 

2013, 56, 10–18. 

88. Clayton, E.M.R.; Todd, M.; Dowd, J.B.; Aiello, A.E. The impact of bisphenol A and triclosan on 

immune parameters in the U.S. population, NHANES 2003–2006. Environ. Health Perspect. 

2011, 119, 390–396. 

89. Martínez-Salinas, R.I.; Elena Leal, M.; Batres-Esquivel, L.E.; Dominguez-Cortinas, G.;  

Calderon, J.; Diaz-Barriga, F.; Pérez-Maldonado, I.N. Exposure of children to polycyclic aromatic 

hydrocarbons in Mexico: Assessment of multiple sources. Int Arch Occup Environ Health 2010, 

83, 617–623. 

90. Muenning, P.; Song, X.; Payne-Sturges, D.C.; Gee, G.C. Blood and urine levels of long half-life 

toxicants by nativity among immigrants to the United States. Sci. Total Environ. 2011, 412–413, 

109–113. 

91. Duncan, G.J.; Daly, M.C.; McDonogh, P.; Williams, D.R. Optimal indicators of socioeconomic 

status for health research. Am. J. Public Health 2002, 92, 1151–1157. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 




