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ABSTRACT

While a number of researchers have examined environmental degradation as an outcome of social factors, there is a dearth of cross-national, quantitative research linking pollution and well-being outcomes to the global processes of the world-economy. We develop a macro-level theoretical framework that builds on prior research in the world-system tradition, as well as work in the sociology of health, the environment and human ecology.  In a cross-national study of non-OECD countries between 1990-1997, we find that world-system factors do impact survival outcomes, but tend to do so indirectly.  Most notably, we find a significant positive influence of export commodity concentration on organic water pollution, which in turn has a significant positive effect on infant mortality.  We offer a synthesizing theoretical framework, acknowledging that world-system processes are complex, and are not necessarily captured in simple direct effects models. 

Trade Dependence, Pollution and Infant Mortality in Less Developed Countries:

A Study of World-System Influences on National Outcomes


In some countries, more than one child in ten dies within its first year of life (e.g.  World Resources Institute 1998:258-259; Kanji and Haipham 1992).  A number of studies have examined various macro-level causes associated with infant mortality.  Researchers have identified factors that include global processes such as foreign investment in Third World countries, as well as domestic ones such as education and commitment to public welfare (e.g. Kick et al. 1995).  Yet despite decades of research into its causes, infant mortality continues to be a serious worldwide problem.  


In this paper, we examine macro-level causes of infant mortality, giving attention to a relatively neglected aspect of the overall process--the proximal effect of environmental degradation on infant survival, and the social processes, both global and domestic, which lead to it.  More particularly, we examine a key world system dynamic—that of trade dependence as reflected in export commodity concentration—as it influences those domestic outcomes.

Linking the World-Economy to Domestic Processes

The idea that macro level processes of the world-economy may have an impact on national level outcomes is an outgrowth of dependency theory (e.g. Amin 1974; Frank 1979), which arose as a reaction to the post WWII development of modernization theory (e.g. Hoselitz 1960; Rostow 1960; Parsons 1966).  A basic tenet of modernization theory held that national development was an invariant process through which all countries progressed.  Second, this process could be accelerated by the intervention of wealthy countries, which would infuse the requisite investment capital, technology and ideology for development to occur. Dependency theorists took issue with both points.  First, they pointed out that the global environment in which countries were currently attempting to develop was significantly more competitive than that experienced by countries having developed in earlier periods.  Second, they argued that the intervention of wealthy countries did not accelerate development in poor countries. Instead, this intervention generated an unequal core-periphery relationship that actually retarded economic growth—sometimes referred to as “the development of underdevelopment” (Frank 1979), because developed countries were able to use their dominant position to extract capital from these dependent countries. 

This idea of unequal global linkages was expanded upon by Immanuel Wallerstein (1974, 1979, 1984) in his articulation of a “world-systems” perspective.  Wallerstein argued that the current capitalist world-economy, which originated in the 16th Century, reflected a tripartite global division of labor that generated and maintained a relative structural inequality across core, semiperipheral and peripheral “zones” of the world-economy.

Researchers have empirically examined the impacts of these unequal global relationships on various national level outcomes, such as economic growth (Chase-Dunn 1975, Bornschier and Chase-Dunn 1985, Bornschier, Chase-Dunn and Rubinson 1978, Firebaugh 1992, 1996; Dixon and Boswell 1996; Kentor 1998, Soysa and Oneal 1999), urbanization (Timberlake and Kentor 1983; Kentor 1981; Walters 1985), fertility rates (Ward 1984; Hout 1980), inequality (Korzeneiwicz and Moran 1998; Firebaugh 1999; Alderson and Nielsen 1999; Beer 1999), political instability (Boswell and Dixon 1990), and environmental impact (Burns et al. 1994, 1995, 1997; Kick et al. 1996).

Various dimensions of global dependence have been identified. Much of the empirical research has focused on stocks of foreign capital (Chase-Dunn 1975; Bornschier 1980; Bornschier and Chase-Dunn 1985; Bornschier, Chase-Dunn and Rubinson 1978; Firebaugh 1992, 1996; Dixon and Boswell 1996; Kentor 1998; Soysa and Oneal 1999; Alderson and Oneal 1999).  Other aspects of dependence have also been examined, such as portfolio investments (Manning 2000) and debt dependence (Suter 1992). 

In this research, trade dependence also has received significant attention.  Hirshman (1980) describes three forms of trade dependence: trade composition, partner concentration and commodity concentration.  Trade composition is the level of processing of its imports and exports. Partner concentration refers to the number of partners a country trades with, while commodity concentration reflects the diversity of a country’s exports or imports. 

There are two ways of interpreting these three measures of trade specialization. Comparative advantage theory (Magee 1980) would suggest that this specialization is the result of countries “doing what they do best” vis-à-vis their global competitors. Dependency and world-systems perspectives would argue, however, that this specialization is a function of the global division of labor (Wallerstein 1974). More dependent countries take on these specific trade characteristics because of their position in the world-economy (Dixon 1985).

In their review of empirical cross-national studies, Rubinson and Holtzman (1981) conclude that export commodity concentration has significant negative effects on economic development in less developed countries.  In a related vein, there is evidence that export commodity concentration, particularly in the agricultural sector, leads to ecological degradation (Smith 1994).  In this paper we focus on how export commodity concentration affects the survival chances of infants in a country, both directly and indirectly through its deleterious environmental impact.

Theoretical and Empirical Work Relating to Causes of Infant Mortality

In attempting to identify macro-level causes of infant mortality, some researchers have pointed to the impact of a country's level of internal development (Shin 1975), or to its dependent position in the world economy (Nolan and White 1983; Wimberley 1990; Jackman 1975; Fain et al. 1996/97; Cutright and Adams 1984; Dixon 1984), and its more proximal effects on national institutions (Kick, Davis, Burns, and Li 1995).  


A number of researchers have found that dependence on foreign capital adversely affects the survival of children in developing countries (Shen and Williamson 1997; Wimberley 1990; Kick, Davis, Burns, and Li 1995).  The dependency associated with a country's position in the global economy often leads to a situation in which precious resources are taken out of the country, thereby making the country less able to meet basic human needs, such as adequate health care (Wimberley and Bello 1992; London and Williams 1988; Bornschier and Chase-Dunn 1975 & 1985; Frank 1980; Boswell and Dixon 1990).  

Yet a number of questions about the linkages between the level of a country's development and its human welfare outcomes, particularly in terms of infant mortality, have not been fully resolved (Hicks and Streeten 1979; Kick et al. 1995). There is evidence that, at least under some conditions, foreign investment in developing countries may have a beneficial effect on infant survivability in those countries (e.g. Meyer 1996; Bullock and Firebaugh 1990; Firebaugh and Beck 1994).  Firebaugh (1992) argues that the key to domestic development is to have at least a modicum of capital in circulation, and even if the source of that capital is foreign,   there are positive domestic effects, particularly in terms of well-being measures, such as health and chances of survival.  


Yet even in countries that have been able to benefit from foreign investment, economic growth has tended to concentrate in urban areas (Timberlake and Kentor 1982; Kentor 1981; London and Smith 1988), with the result being economic stagnation and lack of infrastructural development in rural agricultural areas (Curry 1985).  This mismatch has, in some areas, led to the widespread use of pesticides in non-urbanized agricultural regions, and citing toxic waste dumps in locations close to aquifers--practices which in turn have affected groundwater and other critical sources of human livelihood (e.g. Hunter and Arbona 1995; Coye 1986).


Not surprisingly, there is a relationship between the quality of a country's water supply and its levels of infant survivability (Seipel 1994).  Export dependence has a negative impact on the quality of the domestic environment of Third World countries, including the quality of the drinking water in those countries (Bello 1992; Robinson 1985).


Thus, the linkage between global dependence and infant mortality appears to be mediated by a number of factors.  Most proximally, the quality of the water and health care appear to be crucial, and those are linked to other internal factors, themselves a function of global processes.  The level of internal development, such as GNP per capita, has been one crucial mediating factor (e.g. Hertz, Hebert, and Landon 1994).  Cereseto and Waitzkin (1988) find that virtually all physical quality of life (PQL) measures, including infant survivability, improve with a country's level of economic development.


While agricultural economies tend to have relatively high infant and child mortality rates, there is a great degree of variability among them.  Victora and Vaughan (1985) find that agricultural areas with small family farms tended to have significantly lower child mortality rates than areas with large ranches and high proportions of wage-laborers.  This was the case, even though many of the family farm areas were extremely poor by economic standards.


A country's domestic development is at least partly a function of its position in the world system (Arrighi and Drangel 1986; Kentor 2000).  A crucial component of this development is in terms of how its economy, particularly the agricultural component of it, is organized.  The more peripheral to the world economy, the more likely a country is to rely on an agrarian economy.  Yet foreign investment in a Third World country makes the country more likely to organize its economy around external trade.  That in turn tends to lead to increasingly large scale productive modes.


In terms of agriculture-based economies, this involves a trend toward monocrop production, particularly those in tropical regions (Fain et al. 1997).  A common scenario in many agrarian economies is for foreign investors to transform small family farms and farm-related businesses into large, corporate structures (Baklanoff and Brannon 1984).  This facilitates economy-of-scale concerns of owners of large holdings, and also aids in the logistics of large scale exports.  Yet from the standpoint of human ecology, such arrangements are detrimental to the quality of life and, in some cases, to the survival chances of some people.


Along with mining and timber, agricultural products are the primary exports from Third World countries that do have export economies (Posey 1990; also see Kick et al. 1996).  As each of these sectors grows in size, there are concomitant misuses of land (Lai 1987), and increases in the concentrations of pollutants associated with them.


Public health factors play a crucial role as well (Ross et al. 1988; Knowles 1980), and devoting inadequate resources for public health programs often has catastrophic consequences.  Manifestations of that lack of resources are witnessed in such phenomena as the scarcity of inoculation to childhood diseases, and the lack of availability of trained, competent medical personnel for pre- and post-natal care, as well as for assistance with the birth process itself.  In a case study of Angola, for example, Kanji and Haipham (1992) find these processes associated with an infant mortality rate of above ten percent.


When taken together, these studies point to a congeries of macro-level causes of infant mortality.  Global processes such as foreign investment are associated with more proximal domestic causes, such as retarding national economic growth and the stunted development of domestic institutions associated with it.


Domestic manifestations of these international dynamics include a country centering its export economy around a few sectors.  Since many Third World countries still have agrarian modes of production, these international dynamics often lead to large-scale agricultural production, which manifests itself in monocrop planting and related practices that result in waste-product concentrations and the environmental degradation attendant to them.  This, in turn, has a detrimental effect on the survival chances of persons in the society, particularly the most vulnerable, including infants and children.

Human Ecology and Organic Water Pollution


It bears noting here that over a billion people in the world, the vast preponderance of whom live in less developed countries, lack access to clean drinking water (World Resources Institute 1998).  Access to safe water has been shown to be a strong predictor of infant and child survival in previous research (e.g. Kick et al. 1990; Ross et al. 1988).  Many parasitic and infectious diseases are carried in the organic water pollution that are the by-products of animal waste.


Yet an aspect of pollution that is perhaps less known, but no less perverse, is the problem of pollution caused by pesticides usage.  Many of the organic pollutants used in industry and intensive agriculture tend to accumulate in human and animal fatty tissue.  In the human body, they tend to accumulate, and have been associated with birth defects, spontaneous abortion and various types of cancer (e.g. McGinn 2000), particularly breast cancer in women (Cadbury 1997).  Because they are sometimes very slow in breaking down, and because they tend to accumulate particularly in the fatty tissue of mammals as they move up the food chain, they are sometimes referred to as “Persistent Organic Pollutants” (or “POPs” for short).  The process itself is called “biomagnification” (Steingraber 1997:168 ff.).  

Residues of fat-soluble organic pollutants, such as organochlorine from pesticides, which themselves are more likely to be used in massive quantities with monocrop agricultural practices, tend to put women and infants at particular risk, because the biomagnification of organic pollutants tends to occur in fatty tissue, such as women’s breasts (Kohlmeier and Kohlmeier 1995).  Many of these toxins are passed in concentrated form from mother to child, both in-utero (Autrup 1993) and, after birth, through breast milk (Rogan et al. 1986a, 1986b; Samogyi and Beck 1993).  Further exacerbating the problem is the fact that the bodies of infants are less able than adults to break down and expel many of these toxic agents (Steingraber 1997:164; Wargo 1996).  This leaves them vulnerable to developmental deficits, a weakened condition that puts them at relatively greater risk of infectious and other diseases and, in some cases, death.

There is a dearth of epidemiological studies that definitively link these perverse outcomes with more macro-level industrial and agricultural practices in less developed countries.  In an exception, in a study focusing on Mexico (where DDT is still in use), Lopez-Carillo (1996) finds that dangerously high levels of DDT were in the fat tissue of people residing in areas in which there was intense agriculture.  With the large scale plantation style agriculture geared for ‘economies of scale’, there tends to be widespread use of pesticides, and other organic pollutants, such as animal waste, tend to accumulate in quantities that far outstrip the ability of the local ecosystem to recycle them naturally.

While pollution is a worldwide problem, it is particularly worrisome in less developed countries for a number of reasons, not the least of which is that many of those countries tend not to have even minimal standards of environmental protection.  When coupled with large-scale industrial and agricultural production, in which concerns of efficiency in the global economy trump those of the health and ecology of the local people and environment, the outcome is potentially catastrophic.

Summarizing the Major Theoretical Arguments


Previous literature identifies several macro-level causes of infant mortality.  The most salient ones, that appear to be robust predictors across a number of studies, include:  world-system dynamics, level of development (as measured by, for example, level of GNP per capita), national commitment to public health (as measured by, for example, health expenditures per capita), and human capital (as measured by education or literacy rates).  We do not debate the importance of any of these causes.  Rather, we suggest that environmental degradation is a relatively under-appreciated aspect of the overall strain on people, particularly in less developed countries.  This strain is manifested in numerous ways, not the least of which are infant mortality rates that are a full order of magnitude higher in some less developed countries than in developed ones.


These causes are themselves interrelated.  While previous researchers have examined a number of such causes, we are particularly interested in how these processes affect one another, and in turn how those effects are manifested in infant mortality.  In this paper, we focus on specifying and testing those relationships.


For present purposes, we test a recursive, indirect effects model that examines the exogenous influences of export commodity concentration and per capita GNP on infant mortality, both directly and indirectly via mediating social variables.  We model health expenditures and secondary education as variables that partially mediate the effects of the exogenous variables.  Consistent with our preceding theorization, we examine the direct effect of organic water pollution on infant mortality, but we also model organic water pollution as a partial mediator between the more macro-level effects of export commodity concentration, while controlling for the effects of secondary education and per capita GNP.  The full specification of our model is shown in Figure 1. 

Previous work has established world system processes as reliably predictive of infant mortality.  In this paper, we move to the next step by asking what, specifically, about world-system processes should have such a disastrous influence on infant survival in developing countries.  We focus particularly on the mediating effect of organic water pollution.

METHODOLOGY
For this study, we focus our analysis on less developed countries.  We thus examine only countries that are not part of the Organization for Economic Cooperation and Development.  We refer to these as “non-OECD” countries.  For our variables of interest, we found at least partial data for 182 countries.  The precise numbers of valid cases for each variable are given in Table 1.


Our outcome variable in this study is infant mortality rate per 1000 live births in the year 1997.  This variable is taken from World Bank (1999) data.


As predictors of infant mortality, we examine the macro level effect of export commodity concentration, along with national-level variables of gross national product per capita, health expenditures per capita, secondary education, and organic water pollution.  We operationalize export commodity concentration as the proportion of the value of the largest single commodity export to total exports in the year 1990 (Kentor 2000).  In order to control for overall level of national development, we use a measure of the per capita GNP of a country; consistent with the practice in much of the cross-national research, we log this measure in order to correct for its skewed distribution.


To control for education levels, we use a variable measuring the percentage of secondary school age children who are enrolled in secondary school in 1990.  To control for the availability and quality of health care in a country, we use a variable for health expenditures (in terms of international primary purchasing power) per capita in 1990.  As a measure of pollution, we use organic water pollutants per hectare per worker in 1995.


Our export commodity concentration variable is based on data from the United Nations’ International Trade Statistics Yearbook (United Nations 1990).  All other data for the predictor variables are taken from the World Bank (1999).


We use the SPSS (version 10) software to find descriptives for, and zero-order correlations among, the variables in our model.  The descriptives are presented in Table 1.

<Insert Table 1 about here>


The central theme of our paper is that world-system factors impact health and well-being outcomes, but tend to do so indirectly.  Based on the logic developed earlier, we expect to find this impact, even when adding control variables that prior researchers have found to be robust predictors of infant mortality.  In order to estimate the direct and indirect effects of world system and domestic factors on infant mortality rates, we employ a structural equation modeling

approach (e.g. Joreskog 1970), using the AMOS (Arbuckle and Wothke 1999) software.  This methodology employs a maximum likelihood estimation (MLE) of parameters. This is particularly useful in dealing with missing data, an endemic problem in cross-national, quantitative research.  A maximum likelihood estimation of missing data is preferable to the other, more common, methods of addressing the missing value problem (most notably, pairwise or listwise deletion), because MLE provides more consistent and less biased results than either of those methods (Arbuckle 1996).

RESULTS AND DISCUSSION

We test the overall theoretical framework in our path model, as presented in Figure 1.  While the direct path from export commodity concentration to infant mortality is only .03 (n.s.), the important point is that the outcomes of world-system processes are more complex, and are not necessarily captured in simple direct effects models.  We see a strong significant influence of export commodity concentration on organic water pollution, which in turn has a significant effect on infant mortality.

<Insert Figure 1 about here>

Previous studies have found strong effects of quality of health care in a country (as indicated, for example, by health expenditures per capita), and human capital formation (as indicated by levels of education) in reducing infant mortality.  In referring to Figure 1, we find the expected effect of higher levels of secondary education leading to significantly lower levels of infant mortality.  While there is a strong zero-order correlation between health expenditures per capita and infant mortality (-.60), in the fully controlled model reported in Figure 1, the effect of health expenditures per capita drops to -.19 (n.s.).


Returning to the effect of export commodity concentration on infant mortality, mediated by organic water pollution, it bears noting that we find this effect even when controlling for other variables that have been well-established in the literature, including education, GNP, and health expenditures per capita.  That this effect is robust, even in the fully controlled model indicates the potential importance of pollution in public health discussions.


While the effect of health expenditures on infant mortality is no longer statistically significant in the controlled model, we do not see this as diminishing the importance of public health expenditures.  Rather, it is crucial to note that such expenditures are most effective in shaping outcomes when they are coupled with healthy living conditions.  Dramatic increases in health expenditures, while desirable, will not work in a vacuum.

In this paper, we have focused on one phenomenon linking world-system processes with infant mortality, and several of the pathways associated with it.  More particularly, we have examined a set of indirect pathways linking world system processes and domestic outcomes.  We find that a critical mediating variable is organic water pollution, which in turn is attributable in part to concentrated modes of production geared to export in an increasingly globalized world economy.

We hope that future researchers will continue to examine aspects of the complex web of relationships between social, environmental and human health factors.  Particularly salient are the linkages between macro-level social arrangements such as world-system processes, and domestic outcomes such as environmental degradation and its consequences.
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Table 1.  Correlation Matrix and Descriptive Statistics.

	
	
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	Infant Mortality Rate
	1
	
	
	
	
	

	Organic Water Pollution
	2
	.41
	
	
	
	

	Secondary Education Enrollment
	3
	-.79
	-.20
	
	
	

	Health Expenditures per capita
	4
	-.60
	.17
	.45
	
	

	Export Commodity Concentration
	5
	.33
	.44
	-.25
	-.06
	

	Gross National Product per capita
	6
	-.80
	-.24
	.66
	.73
	-.20


	
	N
	Min
	Max
	Mean
	S.D.

	
	
	
	
	
	

	Infant Mortality Rate
	121
	51.77
	170
	4
	38.64

	Organic Water Pollution
	52
	0.09
	0.35
	0.2
	0.06

	Secondary Education Enrollment
	124
	4.9
	102
	49.34
	29.61

	Health Expenditures per capita
	53
	18.25
	812.05
	239.95
	195.86

	Export Commodity Concentration
	79
	0.01
	0.95
	0.38
	0.22

	Gross National Product per capita
	136
	4.63
	10.26
	7.07
	1.27
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Figure 1.  Macro-Level Social and Environmental


                     Causes of Infant Mortality


Note:  Bolded paths are statistically significant (p < .05)


Fit measures:  Chi-square = 2.157 with 2 d.f. (p = .34)


Normed Fit Index (Delta 1) = .998;  Relative Fit Index (Rho 1) = .983
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