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DDTs were sprayed extensively in Belize to combat malaria but widespread use
ceased after 1997. To determine if DDTs still persist in Belize’s soils, 23 composite soil samples were collected from each of the two towns of Dangriga and
Punta Gorda. Dichlorodiphenyltricholoroethane (DDT) and its breakdown products
dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyldichloroethane (DDD)
were the only organochlorine compounds detected in the soils. Results show that DDTs
are transferred to the soil environment as a result of spraying houses and that the
pesticides still persist in soils in southern Belize after more than 10 years of non-use.
Sprayed lots had DDT concentrations up to 240 µg/kg in Dangriga and up to 410 µg/kg
in Punta Gorda. All unsprayed lots had below detection limit concentrations, with the
exception of two sites in Punta Gorda. Hot spot analysis in GIS indicates that significant
spatial variability exists in detected concentrations of DDTs, which has implications
for extrapolation of local data. Belize currently has no guidelines for determining risk
of DDTs to human health and soil cleanup, but soil cleanup guidelines employed by
foreign governmental entities such as the Netherlands and California show that all
detected pesticide concentrations in this study are below mandated concentrations of
concern for the residential areas of these regions. However, since exposure scenarios
may be different in Belize, it is recommended that the Belize Ministry of Health conducts
a risk analysis to ascertain if the concentrations of DDTs in sprayed areas pose a risk
to the inhabitants of the two towns.
Keywords DDT, soil quality, Belize, GIS

Introduction
Background
Dichlorodiphenyltrichloroethane (DDT) has been considered one of the most effective
means worldwide to combat pests in agricultural crops and in the fight against dreaded
insect-borne diseases such as malaria and dengue hemorrhagic fever, especially in the
tropics (Kannan et al., 1995). The heavy use of DDTs globally has led to widespread environmental contamination and accumulation in humans and wildlife (Saxena and Siddiqui,
1980). DDT is very persistent in the environment (Nash and Woolson, 1967; Heberer and
Dunnbier, 1999) and is almost insoluble in water (ATSDR, 2002). Residues have been
detected in places as remote as the Arctic (Heberer and Dunnbier, 1999). As much as 50%
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can remain in the soil up to 20 years after application (Andrade et al., 2005; ATSDR,
2002). DDT’s persistence and high solubility in fats causes it to readily bio-accumulate and
bio-concentrate in organisms (Falandysz et al., 2001; USEPA, 2007). The World Health
Organization (WHO) classifies DDT as “moderately hazardous,” based on the rat oral LD50
(dose required to kill half the members of a tested population). The U.S. Department of
Health and Human Services, the International Agency for Research on Cancer, and the
USEPA have all determined that DDT may cause cancer in humans (ATSDR, 2002). Adverse impacts of DDTs on animals have also been documented for a long time, including
effects in fish, birds, land and marine mammals (George and Stickel, 1949; Adams et al.,
1949; Hrdina et al., 1975; Ware, 1975; Tanabe et al., 1994).
In Belize, DDTs have been severely restricted for use as insecticides only in case of
public health emergencies. However, DDTs were used extensively in Belize between 1957
and 1997 but the overall quantity used in the country remains unknown (Belize National
Malaria Eradication Service, 2003). It is estimated that worldwide approximately 1,000
tons of DDT mixture is used on an annual basis in countries where malaria poses a serious
health problem (Callaway, 2008). It is also believed to be utilized illegally in many nations,
particularly in the tropics (Racke et al., 1997) and because restrictions are often evaded
in these countries the resistance of the disease-carrier mosquito to the pesticide may be
growing (Chapin and Wasserstrom, 1981).
Pesticides such as DDTs that enter the soil environment are subject to a variety of
degradation and transport processes (Cheng, 1990). The overall dissipation of a pesticide
from soil results from a combination of mechanisms such as microbial degradation, chemical hydrolysis, photolysis, volatility, leaching, and surface runoff. The degree to which
each mechanism will contribute to the overall loss of the pesticide is in turn dependent
on the physicochemical properties of the pesticide (e.g., water solubility, sorptive affinity)
(Altschuh et al., 1999; Morrison and Newel, 1999), characteristics of the soil (e.g., pH, texture, organic matter content, biomass, redox status) (Chassin and Calvet, 1984; Spark and
Swift, 2002; Walker et al., 1999), environmental conditions (e.g., temperature, moisture,
biological activity) (Baczynski et al., 2010), and management practices (e.g., application
rate, formulation type) (WHO, 2006). Complex interactions and interdependencies that are
difficult to quantify in-situ exist between these variables (Donzel and Dorn, 1992). While
there is no real difference in the type of soil-forming processes operating in the tropics and
temperate areas, there are significant differences in degree (Sotomayor-Rios and Pitman,
2000). In most of the tropics, the combination of continually high temperatures and large
amounts of rainfall produce extreme leaching conditions. The types and properties of clay
minerals are much more varied in the tropics than in temperate areas and many tropical
soils exhibit significant anion exchange capacities (Sanchez, 1976). While organic matter
contents in the tropics can be similar to those of temperate regions, the rate of organic
decomposition can be five times greater in the tropics (Sanchez, 1976).
Use of DDTs in Belize
The total amount of DDTs used historically in Belize is not known accurately; however,
between 1985 and 1994 an average of about 25 tons was used on an annual basis (Figure
1) (Belize National Malaria Eradication Service, 2003). While other persistent organic
pollutants (POPs) were used as agricultural chemicals, DDTs were restricted in Belize for
use only to combat malarial outbreaks. Approximately 794 grams (28 ounces) of a 75%
wettable powder formulation was applied twice annually to the interior and exterior walls
and ceiling of each house, and also to adjacent structures such as outdoor kitchens and
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Figure 1. Annual quantity of DDT used in Belize for the period 1985–1994.

outhouses. Consequently, a higher level of soil DDTs can be expected in older sections of
Belizean towns that existed before the 1997 restriction than in newer sections. In the newer
populated areas, DDTs were never officially applied so any DDTs found would be due
to natural transport processes or undocumented anthropogenic causes (Wilderness Group
Consulting, 2006).
There are growing concerns about the extent of exposure of Belizeans to DDTs that persist in the Belizean soil environment. Although DDTs have not been officially used in Belize
since 1997, a study on airborne concentrations of POPs revealed that some of the highest
levels were for DDTs (Alegria et al., 2000). The study suggests that DDTs may have been
recently used in the country. Another study conducted in Belize (Fernandez, 2001) showed
DDT residue in one soil sample at 260 µg/kg, and in sediments ranging from 5380 µg/
kg for samples taken at the mouth of the Belize River to 3350 µg/kg for samples taken
from a location on the upper Macal River (Figure 2). These findings indicate that higher
DDT concentrations may be present in coastal areas of the country.
The effect that fumigation with DDT mixture has on DDTs in soil has not been
assessed in Belize but the limited data available from elsewhere indicate that the potential
for contamination with DDTs exists. Samples collected from the bare dirt floor of a house in
Oaxaca, Mexico, that was fumigated with DDT mixture had concentrations of 83,000 µg/
kg of DDT, 41,000 µg/kg of DDD, and 14,000 µg/kg of DDE two years after final spraying
(WHO, 2006). Outside the same house, soil samples had 49,000 µg/kg of DDT, 13,000
µg/kg of DDD, and 5,700 µg/kg of DDE. In Brazil, soil samples from close to fumigated
outside walls of a house had up to 209 µg/kg DDT and up to 135 µg/kg DDE seven years
after spraying (Vieira et al., 2001).

Objectives
The limited data that exist for Belize on levels of DDTs in environmental samples do not
allow for a meaningful assessment of human health and environmental impacts. Moreover,
no substantive studies have been carried out to investigate the levels of DDTs in the soil
environment of southern Belize, where thousands of local people rely heavily upon the soil
environment for their livelihood. Most of what is currently known about levels of DDTs in
soils comes from research and studies conducted in temperate areas, and few studies have actually been carried out to investigate the levels of DDTs in tropical soils (Racke et al., 1997).
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Figure 2. Map of Belize showing location of Dangriga and Punta Gorda towns.

The objective of this study is to contribute to the knowledge about the persistence of
DDTs in urban soils in the tropics at sites that were fumigated with DDT mixture. We aim
to achieve this objective by determining the existing levels of DDTs in two urban areas
in southern Belize (Dangriga and Punta Gorda towns) (Figure 2) that have sprayed and
unsprayed sections. Specific objectives include: 1) to assess differences in concentrations
of DDTs in soils near sprayed and unsprayed dwellings; 2) to compare the observed levels
of DDTs to soil pollution guidelines for human and ecosystem health; and 3) to assess
spatial variability in concentrations of DDTs in the two towns.
This study examines multiple sites in two cities and compares areas that were sprayed
and unsprayed to assess the impact of spraying, an approach that to our knowledge has not
been used before. It is useful to authorities in Belize and elsewhere that are concerned with
the potential adverse impacts of fumigation with DDTs for disease vector control. This is
especially important for other tropical areas where data like ours are usually not available.
Results also are of broader scientific relevance to those working on pesticide sources and
pathways in tropical soils.

Materials and Methods
Study Area
Dangriga and Punta Gorda towns are two of the largest coastal communities in Belize
and were among the more heavily DDT-sprayed areas of the country during the Ministry
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of Health (MOH) Anti-Malaria Campaign from 1985 to 1994. DDTs are also believed to
have been used in these towns up to 1997 (Wilderness Group Consulting, 2006). Dwellings
constructed after 1997 remained unsprayed and soils near these buildings are expected to
be uncontaminated with DDTs.
With a population of approximately 12,000, Dangriga is the largest town in southern
Belize (Statistical Institute of Belize, 2010). It was settled before 1832, and is situated at
about mean sea level. The town of Punta Gorda has a population of approximately 6,000
and is the southernmost “sizeable” community in Belize (Statistical Institute of Belize,
2010). It was a small fishing camp before being settled in 1823. The town is situated about
15 feet above sea level. The entire coastal area of Belize and all the islands are flat and
low-lying. Parts of the coastline have an elevation of less than 1m to a distance of several
miles inland.
The climate of coastal south Belize is sub-tropical, with temperatures ranging from
21◦ C from October to February to 32◦ C during May to September (Belize National Meteorological Service, 2010). The annual mean relative humidity is 82%; the total annual
rainfall is about 406 cm. There are two distinct seasons: the rainy season, which normally
begins in late May and lasts until November, and the dry season, which begins in December
and ends in early May.

Selecting Sprayed and Unsprayed Areas
Because spraying of DDTs officially ended in Belize in 1997 (Wilderness Group Consulting,
2006) it was assumed that all houses that were in existence up to this date were sprayed, and
all houses that were built after 1997 were not sprayed. No aerial photos or detailed street
maps of Dangriga and Punta Gorda are available for 1997 to verify this. Since the towns
grew primarily block by block, areas that were and were not sprayed were easily identified
on Google Earth aerial photos based on personal communication with the towns’ citizens
and Belizean health department personnel. The city blocks in each town were numbered on
Google Earth aerial photos and a random number generator was used to select 10 blocks
each from sprayed and unsprayed areas from both towns. Houses that fell within selected
blocks were also numbered and chosen using the same random selection process.
The estimated age-class of the houses (pre- or post-1997) was used as the primary
determinant when selecting sample sites that were and were not sprayed. The true age for
each house of interest was verified with the local resident prior to sampling. Pre-selected
houses from within selected blocks were not sampled if their true age did not fall within
the estimated age-class; another house from within the same block would then be randomly
chosen in the field.

Soil Sampling
Twenty-three soil samples were collected from each of the two towns: 11 each from
the sprayed areas (including one duplicate), 10 each from the unsprayed areas, and two
background samples from within apparently undisturbed wooded areas away from any
development. DDTs are mostly insoluble in water and are almost immobile in most soils,
and tend to accumulate in the top layer of soils. However, residues at the soil’s surface have
a greater chance of being broken down by sunlight or dissipated than those just below the
surface (USEPA, 2007). Therefore, samples were collected from 5–15 cm depth to ensure
capturing any DDTs present.
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Samples were taken from near the four sides of each house to eliminate factors such
as sun/shade and unequal spraying, and completely mixed in a pre-cleaned container to
form a composite sample. All samples were collected by hand using a stainless steel scoop
and placed in cushioned pre-cleaned glass sampling jars with teflon-lined lids after mixing.
Samples were kept preserved on a combination of ice and gel packs and transported in a
sealed cooler to the analytical laboratories.
Soil samples were extracted ultrasonically according to USEPA method 3550B
(USEPA, 2008a) by mixing the sample with anhydrous sodium sulfate and a hexaneacetone solvent, prior to vacuum filtration. Extracts were analyzed on a gas chromatograph
equipped with an electron capture detector and a wide-bore analytical capillary column.
Helium was used as the carrier gas and argon/methane as the makeup gas (EPA method
8081A) (USEPA, 2008b). Decachlorobiphenyl and tetrachloro-m-xylene were used as surrogates to monitor the performance of the method. Average recoveries were 88.9% and
96.8% for decachlorobiphenyl and tetrachloro-m-xylene, respectively. All recoveries were
between the formal quality control acceptance limits of 65–123% for decachlorobiphenyl
and 63–125% for tetrachloro-m-xylene. For the statistical analysis, half the values of the
analytical lab’s reported minimum detection limit (MDL) were used for those concentrations that were reported as below detection limit (BDL). A summary of the detection levels
is provided in Table 1.
Global Positioning System (GPS) coordinates were obtained for all sample locations
using a handheld GPS receiver with a positional accuracy of three meters as per the
manufacturer. Other site attributes (i.e. age of house, house type, ground cover type, amount
of ground cover, and yard condition) were also recorded for each sample site.
Soil Attributes Analysis
Some studies suggest that the residual and persistent nature of DDTs is affected by soil pH,
organic matter content, moisture content, and particle size (Gong et al., 2004; Schnitzer
and Khan, 1978). These factors were therefore determined to assess their possible effects
on the observed concentrations of the DDTs. Soil organic matter was analyzed with the

Table 1
Summary of minimum detection limits (MDL) [µg/kg]
DDT
Minimum MDL
Maximum MDL

0.052
0.86

Minimum MDL
Maximum MDL

0.045
0.19

Minimum MDL
Maximum MDL

0.037
0.39

Minimum MDL
Maximum MDL

0.039
0.19

DDE
Punta Gorda, sprayed
0.081
1.3
Punta Gorda, unsprayed
0.059
0.1
Dangriga, sprayed
0.059
0.31
Dangriga, unsprayed
0.061
0.3

DDD
0.072
1.2
0.052
0.092
0.052
0.27
0.053
0.27
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dry combustion method (measured sample heated in a muffle furnace to 600◦ C for six
hours). Soil pH was determined using a bench top pH meter in a 1:1 deionized water-soil
slurry mixture (Jackson, 1964) with an equilibrium period of 60 minutes, as specified in
EPA Method 9045D (USEPA, 2008c). Soil moisture content was determined by overnight
drying at 104◦ C. Particle size distribution was determined using the pipette method (USDA
Method 3A1) (Burt, 2004).
Data Analysis
A multifactor Analysis of Variance (ANOVA) was conducted to examine the significance
of the difference in concentrations of DDTs for the sprayed and unsprayed areas within
and between the two towns. A Pearson correlation analysis was conducted to determine
the relationships between concentrations of DDTs and the soil characteristics. Data for
unsprayed areas were omitted from the correlation analysis because of the predominance
of BDL results. Because spraying of DDTs officially ended in 1997, the building of new
and different types of homes during recent expansion of the towns may have affected the
concentrations of DDTs in the soils. A Pearson Chi Square test was thus performed to
determine if house type (i.e. construction material) was correlated with the concentrations
of DDTs in the soils.
A Gettis-Ord GI∗ Hot Spot Analysis was carried out using the Spatial Analyst tools
for ArcGIS 9.3 (Environmental Systems Research Institute, 2009) to evaluate the spatial
pattern of the DDT concentrations and to identify possible hot spot areas where higher
concentrations might cluster together. Spatial relationships were conceptualized using the
inverse distance band and the Euclidean distance method. The Gettis-Ord GI∗ Hot Spot
Analysis calculates the Gettis-Ord GI∗ statistic for hot spot analysis and the output Z-score
shows areas where higher (or lower) than average DDT concentrations tend to be found
near each other. A similar hot spot analysis was used by the USEPA to evaluate arsenic
concentrations in soils in residential areas in Minneapolis, MN, that were believed to have
been affected by a facility that produced arsenic-containing pesticides (USEPA, 2007).

Results and Discussion
Concentrations of DDT, DDE, and DDD
The geomean DDT concentrations for the sprayed areas in Dangriga and Punta Gorda are
5.10 µg/kg and 22.79 µg/kg, respectively (Table 2). These concentrations are comparable to
those in soils in larger cities such as Beijing and Taiyuan, China, where no direct fumigation
took place (Yang et al., 2010; Fu et al., 2009). Of the sprayed samples from Dangriga, three
(30%) had no detectable levels of DDTs. The lack of detection of any of the DDTs at
these sites suggests that these houses were skipped during the spraying campaign. None of
the unsprayed samples from Dangriga were positive for any of the compounds. In Punta
Gorda, 90% of the sprayed samples had detectable concentrations of DDT and DDE, and
70% had detectable concentrations of DDD (Table 2). At all sites in the sprayed area at
least one of the three DDTs was detected. Two of the unsprayed samples were positive for
all three compounds. One of these sites had low detected concentrations (4.1 µg/kg total
DDT) but concentrations at the second site were relatively high (100 µg/kg DDT, 36 µg/kg
DDE, and 5.1 µg/kg DDD, 141 µg/kg total DDT). This latter site is located just across
the street from the sprayed zone in Punta Gorda, unlike any other unsprayed site that was
sampled, and may have experienced drift of DDTs that has been observed elsewhere during
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1.1
100.2
0.09
31.58
80

13.75
240
5.10
72.73
30

BDL6
BDL
na7
na
100

Minimum1
Maximum
Geomean2
Stand. dev.
% BDL

Minimum1
Maximum
Geomean2
Stand. dev.
% BDL

Minimum1
Maximum
Geomean2
Stand. dev.
% BDL

BDL
BDL
na
na
100

1.2
34.5
2.10
12.30
30

1.3
36.0
0.17
11.28
70

6.7
300
16.54
90.09
10

DDE

BDL
BDL
na
na
100

3
23.0
0.95
8.03
40

1.7
5.1
0.20
1.73
60

8.7
67.0
6.39
21.72
30

DDD

BDL
BDL
na
na
100

25.3
282
9.92
87.16
30

4.1
141.1
0.78
44.23
50

7.420
741
68.13
223.55
05

Total DDT

1.07
6.86
2.72
1.91

0.35
4.79
1.31
1.29

2.19
10.57
5.79
2.50

2.28
38.89
12.34
12.61

Dangriga, sprayed
86.93
0.67
96.97
3.1
92.02
1.42
3.21
0.83
Dangriga, unsprayed
44.7
1.17
96.54
17.05
75.01
4.71
17.91
5.40

5.14
7.52
6.53
0.77

6.21
8.3
7.04
0.66

6.28
7.94
6.85
0.51

6.6
7.31
6.94
0.25

Punta Gorda, sprayed
70.14
1.73
7.87
89.57
12.06
20.55
80.66
4.13
13.14
7.15
4.20
3.65

17.57
46.95
32.24
8.31

pH

Clay

Silt

Sand

Punta Gorda, unsprayed
6.27
29.18
12.37
23.96
70.06
42.76
9.53
37.60
26.15
5.14
12.28
9.68

2.16
35.04
7.91
9.49

OM3

1
10
4.39
3.17

15
37
22.31
6.54

1
10
2.19
3.03

21
34
26.24
4.70

Age (years)

8c, 2w

4c, 6w

10c

8c, 2w

House Type4

1. Minimum values are the lowest detected value.
2. For the geomean and standard deviation half the minimum detection limit (MDL) was used for those concentrations that were reported as below detection
limit (BDL).
3. OM = organic matter.
4. C = concrete, W = wood.
5.% BDL for total DDT refers to percentage of sites without detection of any of the three compounds.
6. Below detection limit.
7. Not available, because both the minimum and maximum were BDL.

7.1
410
22.79
125.12
10

Minimum1
Maximum
Geomean2
Stand. dev.
% BDL

DDT

Table 2
Concentrations of DDTs [µg/kg], soil characteristics [%], and site characteristics for sprayed and unsprayed areas in Dangriga and Punta Gorda
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application (UNEP, 2003; Burkhard and Guth, 1981). However, it is impossible to establish
with certainty the reason(s) for the high concentrations at this site. In any case, the detection
of at least one of the DDTs at half of the sites in an area of Punta Gorda where no mosquito
fumigation has taken place (Table 2) indicates that some type of transport mechanism
is bringing DDTs to this unsprayed area. With one exception the concentrations in this
area are very low and do not seem to pose any threat to human or ecosystem health. The
highest observed DDT concentrations are 410 µg/kg and 240 µg/kg for Punta Gorda and
Dangriga, respectively, and are from the sprayed areas (Table 2). ANOVA revealed no
significant differences between the DDT concentrations in Dangriga and Punta Gorda (p =
0.510) in general. The ANOVA showed that significant differences in concentrations of
DDTs exist between the sprayed and unsprayed areas for the two towns combined (ANOVA
p-values are 0.023, 0.057, 0.002, and 0.017 for DDT, DDE, DDD, total DDT respectively),
indicating that spraying is the likely source of DDTs in these two towns.
The range of DDT concentrations for the two towns is from BDL to 410 µg/kg, and
total DDT (DDT + DDE + DDD) ranges from BDL to 741 µg/kg. The concentrations
reported here for the Dangriga and Punta Gorda sites are much lower than those found in
soils outside of a house in Oaxaca, Mexico (49,000 µg/kg of DDT, 13,000 µg/kg of DDD
and 5,700 µg/kg of DDE), where the house interior was sprayed with DDT mixture two
years prior (WHO, 2006). The concentrations in the soils for this house in Mexico were
obtained more recently after spraying (two years) than for the Belize sites (>15 years),
which at least in part explains the much higher values. In Brazil, maximum DDT and
DDE concentrations seven years after application (209 µg/kg and 135 µg/kg, respectively)
(Vieira et al., 2001) were more comparable to ours. Concentrations of DDTs comparable
to those observed in the present study have been found in surface soils impacted directly
or indirectly by spraying of crops with DDT mixtures, such as, for instance, in Chile after
widespread spraying ended about 20 years after initial use (Instituto de Investigaciones
Agropecuarias, 1990). In surface soils in Tianjin, China, average concentrations for DDT
and DDE (27.5 and 18.8 µg/kg, respectively) that are comparable to those from the present
study have been found (Gong et al., 2004). In that study, the spatial distribution of the DDT
and DDE in the soils generally matched pesticide application patterns, similar to the link
we find between presence or absence of fumigation and concentrations of DDTs.
Concentrations of DDT are higher than those of its breakdown products DDE and DDD
(Table 2). This seems consistent with the relatively low levels of contamination, even in the
sprayed areas, as it has been argued that DDE and DDD exceed DDT concentrations mostly
at highly contaminated sites (Brown, 1997). The ratio of the concentration of DDT to that
of DDE and DDD combined has been used to evaluate the age of last major pesticide input
(Xu et al., 2005; Yang et al., 2010) and Alegria et al. (2000) used the DDT:DDE ratio to
describe the “freshness” of atmospheric sources of DDTs. A ratio >1 has been interpreted
as evidence for “recent” pesticide use while ratios <1 were thought to represent “older” and
more degraded input (Jaga et al., 2003). In Dangriga 7 of the 10 sprayed sites had a ratio
>1, suggesting “recent” use although recent can not be quantified with this approach and
thus does not necessarily point to illegal recent use. In Punta Gorda 4 of the 10 sprayed sites
had a DDT/DDE+DDD ratio >1 but with one exception the ratio was <2. This indicates
that recent and potentially illegal use in Punta Gorda has been very limited. One Punta
Gorda sample, however, had a ratio of 22, which strongly suggests that DDTs may have
been used recently and illegally at that location. Recent unauthorized use of DDTs was
also suspected in parts of Tianjin, China, even though a ban on usage of DDTs had been in
place for 20 years prior (Gong et al., 2004). A high correlation of DDT with its metabolites
DDE and DDD (Table 3) shows that the pesticide’s dissipation pathways might be similar

298

M. F. Somerville and J. Liebens

Table 3
Pearson correlation coefficients for DDT compounds and soil characteristics and dwelling
age

DDT
DDE
DDD
Total DDT
OM1
Sand
Clay
Silt
pH
Age2

DDT

DDE

DDD

Total DDT

1.000
0.8663
0.499
0.9773
−0.204
0.228
−0.204
−0.221
−0.03
0.603

1.000
0.428
0.9433
−0.097
0.096
−0.106
−0.078
0.078
0.442

1.000
0.564
−0.006
−0.105
−0.121
0.261
−0.156
0.529

1.000
−0.159
0.160
−0.174
−0.133
−0.004
0.582

1. Organic matter content.
2. Age of the dwelling at sampled location.
3. Significant at p < 0.05.

to those of its breakdown products in the soil environment of the two towns (Racke et al.,
1997).
Influence of Soil and Site Attributes
Soil characteristics. A Pearson correlation analysis revealed weak and non-significant
correlations between concentrations of the DDTs and soil characteristics (Table 3). Other
studies have found stronger correlations between DDTs and organic matter content (Chassin
and Calvet, 1984), soil reaction (Barrick and Prahl, 1987; Gong et al., 2004), and particle
size (Wenzel et al., 2002). Some studies have failed to find a significant correlation between
DDTs and particle size as we do (Yang et al., 2010). Providing an explanation for the weak
correlations is impossible based on our data due to uncertainties in the actual application rate
of the DDTs, differences in time of last application between sites, potential soil movement
since the last application, and given the complex interactions of the various factors that
affect the retention of DDTs in soils (Donzel and Dorn, 1992). Some have interpreted a
lack of correlation between soil characteristics and DDTs as indicative of a dominance of
differences in application rate over the effects of soil characteristics (Gong et al., 2004),
but it is hard to firmly establish if that applies to our study area given the uncertainties.
Clay content is lower in the sprayed areas of the two towns than in the respective
unsprayed areas (Table 2). This difference in clay content is due to the sandy fill material
used to elevate the areas near the coastline where the early portions of the towns are located.
This lower clay content in the sprayed areas indicates that even if the theoretical positive
relationship between clay content and concentrations of DDTs would exist in the two towns,
it could not explain the higher concentrations of DDTs in the sprayed older areas. This lends
credence to the above contention that the higher concentrations of DDTs in the sprayed
areas are the result of the fumigation process.
Site characteristics. Because the majority of the spraying of DDTs ended after 1997, the
building of new homes with different construction materials during the expansion of the
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Figure 3. Scatter plot of DDT versus age of house for the sprayed areas of Dangriga (D) and Punta
Gorda (PG).

towns may in principle have affected the concentrations of the DDTs in the soils. However,
a Pearson Chi-Square test reveals no differences between the concentrations of DDTs near
dwellings constructed with different materials (wood or concrete) (p-values are 0.461,
0.333, 0.395, and 0.395 for DDT, DDE, DDD, and total DDT, respectively). This indicates
that the building material is unimportant in determining concentrations of DDTs in the soils.
Correlation analysis for concentrations of DDTs and house age shows moderate-to-strong
correlations (r = 0.603 for DDT) (Table 3, Figure 3). This indicates that older houses
have DDT present in their soils in greater proportions than younger houses, because older
houses received more applications than younger ones, and corroborates the observation that
fumigation is the main factor explaining differences in soil DDT content.
Soil Quality Guidelines
Because no environmental standard for DDTs in soils currently exists in Belize, we compared the concentrations from Belize with intervention values for total DDT from the
Netherlands (Ministry of Housing, 2000) and with soil Health Screening Levels (CHHSLs)
for DDT, DDE, and DDD separately from the California Environmental Protection Agency
(EPA) (California EPA, 2005) (Table 4). The Dutch soil remediation intervention values
indicate when a soil is seriously impaired or threatened for humans, plant and animal life.
They represent a level of contamination above which there is significant soil contamination
and maximum permissible risk for humans may be exceeded. California EPA CHHSLs
are direct-exposure screening levels that address human exposure to chemicals in soil via
incidental ingestion, dermal absorption, and inhalation of vapors and particulates emitted
to outdoor air.
No samples from Punta Gorda and Dangriga exceeded the intervention value from
the Netherlands for total DDTs nor the California EPA CHHSLs for DDT, DDE or DDD
(Table 4). Consequently, concentrations of DDTs in these towns do not seem to pose a
threat to ecosystem or human health. Since official widespread spraying of DDTs was
discontinued in Belize after 1997, degradation mechanisms such as hydrolysis and oxidation/reduction (Yoshida, 1975), photo-degradation (Samuel and Pillai, 1989), microbial
degradation (Racke and Coats, 1990), volatility (Burkhard and Guth, 1981), and leaching
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Table 4
Comparison of maximum concentrations of DDTs [µg/kg] in soils from Dangriga and
Punta Gorda with soil quality guidelines
Belize1
Substance

D

PG

Netherlands
Intervention value

DDT
DDE
DDD
Total DDT

240
37
23
282

410
300
67
741

na2
na
na
4000

California EPA CHHSLs
Residential

Commercial/Industrial

1600
1600
2300
na

6300
6300
9000
na

1. Maximum concentrations.
2. Not available.

(Gustafson, 1989) may be diminishing the overall concentrations of the DDTs in the soils
in these two towns. Thus, future threats from soil DDTs to human health must be minimal
in Dangriga and Punta Gorda in the absence of renewed use of DDTs.
DDT Hot Spots in Dangriga and Punta Gorda
Gettis-Ord GI∗ hotspot analysis was carried out for DDT, its two breakdown products, and
total DDT. The hotspot analysis revealed the presence of at least one zone in each town
where higher DDT concentrations clustered. For Dangriga, DDT and total DDT (Figure 4)
concentrations both revealed one hot spot (DDT: highest z = 3.17, p = 0.0006; total DDT:

Figure 4. Hot spot in Dangriga using total DDT concentrations. Background image source: Google
Earth © 2008 Google, image © 2009 DigitalGlobe.
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Figure 5. Hot spot in Punta Gorda using total DDT concentrations. Background image source:
Google Earth © 2008 Google, image © 2009 GeoEye.

highest z = 3.43, p = 0.0006) in the southern part of the sprayed area of the town. In
contrast, DDE and DDD concentrations revealed no hot spots, which is consistent with
the observation made based on compound ratios that DDT may have been used relatively
recently in this town. The DDT and total DDT hotspot suggests that the south part of
Dangriga was sprayed most intensely.
For Punta Gorda, total DDT concentration values revealed one hot spot in the north
of the sprayed region of this town (highest z = 2.74, p = 0.006) (Figure 5). Hot spots for
DDT and DDE are in the same general area but are larger than the one for total DDT (DDT:
highest z = 2.92, p = 0.003; DDE: highest z = 3.47, p = 0.0005). A weak hot spot for the
DDD concentration (highest z = 4.52, p = 0.000006) exists just to the south of the total
DDT hotspot. The general co-occurrence of the hotspots indicates that the northern part of
Punta Gorda may have been sprayed most intensely and that the DDT metabolites DDE
and DDD locally accumulated in the soil. The houses in the hot spots in both towns seem
to be older than elsewhere in the sprayed areas but no firm statistical conclusion can be
drawn about house age being a co-determinant in the location of the hot spots. Although
these hot spots represent locally high values the concentrations of the pesticides show that
the hot spots are not of immediate concern for human health.

Conclusions
Widespread use of DDTs ceased in Belize after 1997 but results indicate that DDTs still
persist in soils in southern Belize after more than 10 years without official use. Elevated
concentrations of DDTs were found locally in the soil environment of the two towns of
Dangriga and Punta Gorda. Concentrations in sprayed areas of the towns were significantly
higher than in the unsprayed areas, suggesting that DDTs are primarily transferred to the
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soil environment by spraying houses. Greater abundance of DDT than DDE and DDD at
some sites might be a result of post-1997 usage of this pesticide. Half of the sites in the
unsprayed area of Punta Gorda had low but detectable concentrations of some of the DDTs,
indicating that atmospheric or surface transport of DDTs affects parts of this unsprayed
area.
This study found little evidence for influence of soil characteristics (such as particle
size, organic matter, and pH) on concentrations of DDTs. Others have explained similar
observations by differences in spraying intensity that dominate the effects of soil characteristics on short timescales. Low correlations between concentrations of DDTs and soil
characteristics in the present study area are hard to interpret because of potential variability
in the fumigation process. However, lower clay content in the sprayed than the unsprayed
areas shows that this soil characteristic does not explain the higher concentrations of DDTs
in the sprayed areas. This supports the contention that spraying is the cause of the differences in concentrations of DDTs between sprayed and unsprayed areas. The influence of
spraying is also corroborated by the moderate-to-high positive correlations between concentrations of DDTs and house age because older houses have had more applications of
DDT mixture.
Previous lack of data for DDTs in Belize’s soils diminishes the understanding of
this pesticide’s possible effects on the health of Belizeans and their environment. Belize
currently has no guidelines for determining risk of DDTs to human health and soil cleanup.
Soil quality guidelines employed by foreign governmental entities such as the Netherlands
and the California EPA show that all detected pesticide concentrations in this study are
below mandated concentrations for the residential areas of these regions and hence do not
appear to present any significant risk to human health. However, since exposure scenarios
may be different in Belize, it is recommended that the Belize Ministry of Health conduct
a risk analysis to ascertain if these pesticide concentrations pose significant risk to the
inhabitants of the studied areas.
GIS analysis identified local zones with statistically higher concentrations in the
sprayed areas of both towns. The existence of these hot spots shows that local observations of DDTs can not necessarily be extrapolated spatially, even within relatively small
areas. It implies that other studies of DDTs in fumigated areas, and management decisions
in such areas, should take into account the possibility of spatial variability.
In Belize, further studies are necessary to investigate whether or not DDTs are indeed
being sprayed or applied unofficially in the Belizean environment. In addition, a largerscale investigation of the spatial and temporal distribution of DDTs in soils in Belize might
contribute to the understanding of this pesticide’s current worldwide concentrations and
trends. Interpreting concentrations of DDTs in Belizean soils and its wider environment
must consider contributions from long-range and regional transport because of extensive
use of this chemical in neighboring Central American and South American countries.
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