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Abstract. A screening for persistent chlorinated hydrocarbonsagriculture and population have been concentrated. In particu-
was carried out in December 1995 in the main coastal lagoonkr, cotton growing, a pesticide intensive agriculture started in
on the Pacific side of Nicaragua, where most of the country’she 1950s, was developed in this region of Nicaragua (Appel
agriculture and pesticide use has been taking place for decadelp91).

Results for a wide range of organochlorine pesticides in lagoon The degradation of these coastal lagoon systems, especially
sediments show levels that generally were very low in Esterahe reduction of mangrove forest and overexploitation of fishery
Real, Estero Padre Ramos, and estuary of San Juan del Sur. Fesources, has received focused attention from national authori-
example, total DDTs in these lagoons averaged#.8.4 ng  ties. Agrochemical residues are suspected in the degradation of
g1 dry weight, which may be considered a baseline level forthese lagoons, but have not been investigated. Furthermore,
the region. Other compounds such as HCHs, BHC, endosulfanith the plans for developing shrimp rearing farms in these
heptachlor, endrin, toxaphene, and aroclors were present igoastal lagoonsegtero$, contamination by agrochemical resi-
concentrations even lower, generally below 1 ng' glry  dues becomes a matter of much concern for the future of this
weight. However, sediments of the Esteros Naranjo—Pasthdustry. To provide information on the potential impacts from
Caballos system at Chinandega district contained pesticidggriculture and urban development, a screening of the contami-
residues in much higher levels, attaining maximum values ohants was carried out in the main lagoons of the Pacific coast.
1,420 ng g! and 270 ng g' dry weight, respectively, for This paper presents the results of the analyses of chlorinated
toxaphene and total DDTs. Other compounds such as aroclorsydrocarbons in lagoon sediments and discusses the ecotoxico-
chlordane, endosulfan, and dieldrin were also present in thggical hazard posed by the current levels of persistent pesticide
sediments of this lagoon system, but in lower concentrationscesidues to aquatic biota.

The very high concentrations of toxaphene and DDTSs in this

lagoon are a result of the intensive use of these pesticides in

cotton growing in the district of Chinandega. Due to the long

environmental half-lives of these compounds*t 10 yearsin  Materials and Methods

temperate soils), their concentrations in lagoon sediments will

likely remain high for years to come. Based on these results, th
development of the new shrimp farming activities in the Pacific
coastal lagoons should be restricted to selected areas.

Eoastal Lagoons of the Pacific Coast

The following coastal areas were investigated: Estero Real, Estero
Padre Ramos, Esteros Naranjo—Paso Caballos, and the estuary of the
river San Juan del Sur (Figure 1). These coastal systems are located on
the Pacific coast of Nicaragua and receive drainage from fields with

The intensive use of pesticides in Nicaragua, which for deC&de@vEesrtseer:gieC;;ltlli)r(?ellferg?#itci)?tr]ﬁwest Nicaragua, connects with the Gulf
l&zit?;e:mo(;?c:f(;\he ;'gggit ?:Zss?i?SZIIngg)e rli Iaill?gl ut%ers 8 Fonseca near the border with Honduras. Agriculture in the region,
PP A o ! y .. especially south of Puerto Morazan, includes sesame, sugar cane, and
cause severe contamination of aquatic systems. In particulgjanana plantations. Aquaculture is a new and rapidly developing
halogenated hydrocarbons, including chlorinated pesticides angttivity in this lagoon. Ponds used for shrimp production have
industrial chemicals such as the polychlorinated biphenylsiisplaced mangrove forested wetlands on both banks of the Estero
(PCBSs), are lipophilic toxic compounds that bioaccumulate andReal. The wetlands of Estero Real comprise the largest extension of
transfer in the food chain. Introduced in aquatic environmentsnangrove forests in Nicaragua, encompassing 23,000 ha in which
these chemicals may compromise the health of the ecosystenfizophoraandAvicenniaare the predominant trees. The region has a
(Tardiff 1991). This is the case for the coastal lagoons of thdropical climate with an annual average 1,700 mm rainfall (Polania and

Pacifi t of Nicar where most of th ntry’ Mainardi 1993).
actlie coast © caragua, ere most o € countrys Estero Padre Ramos, which includes 4,600 ha of mangroves, is

located further south (Figure 1). Agriculture fields in this region are
more extensive than around Estero Real, but they are rarely located
Correspondence td:. P. Carvalho close to the lagoon.
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Fig. 1. The coastal lagoon systems of the Pacific coast of Nicaragua investigated for contamination by chlorinated compounds

Esteros Naranjo—Paso Caballos are part of a wider system digoon. Annual rainfall in the Chinandega district averages 1,850 mm,
communicating coastal lagoons running parallel to the coast anavith most of the rain delivered between May and October (rainy
extending from Punta Aposentillo in the north to Ponaloya in the southseason). Rains feed the small and sometimes intermittent rivers that
This wide lagoon system is surrounded by 10,700 ha of mangrovélow into the coastal lagoons.
forests and receives the discharges of several rivers (Atoya, El Realejo, The river San Juan del Sur is located in the southwestern part of
Posoltega, Amalia, etc.) flowing across the district of Chinandega, thd&licaragua, in the district of Rivas (Figure 1). This river connects Lake
traditional cotton-growing region of Nicaragua (Figure 1). Most shrimp Nicaragua to the Pacific Ocean and discharges into a small estuary near
larvae harvested to supply national aquaculture and export comes fro®an Juan del Sur. This estuary is not surrounded by mangrove forests,
this lagoon system. Shrimp farms are currently being installed in thisut land use (farming and habitation) extends close to the shoreline.
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Table 1. Sediment samples collected in the main lagoon systems of the Pacific coast of Nicaragua, December 1995

Granulometry

Coordinates

% Organic % Clay % Silt % Fine Sand % Coarse Sand
Station Latitude N Longitude W Matter <4 pum 4-63 pm 63-125 pm 125-250 pm
Estero Real
ER1 12°55.641 87°22.375 8.9 13.92 59.34 18.11 8.18
ER2 12°54.556 87°21.943 7.8 15.07 60.22 16.23 7.95
ER3 12°54.201 87°17.209 45 14.88 67.76 13.17 3.99
ER4 12°54.126 87°13.150 8.4 16.19 61.43 16.27 5.88
ER5 12°50.639 87°09.231 8.0 14.86 58.98 17.28 8.29
ER6 12°51.138 87°10.259 8.9 15.1 60.06 16.48 7.88
Estero Padre Ramos
PR1 12°45.963 87°28.774 2.9 0.36 0.77 16.18 73.50
PR2 12°45.006 87°27.087 1.9 151 8.73 18.94 62.37
PR3 12°45.095 87°26.377 3.7 6.17 34.4 13.07 38.14
PR4 12°45.550 87°25.448 9.4 11.82 60.85 13.14 12.91
San Juan del Sur
SJS1 11°15.465 85°52.196 3.3 5.28 21.02 17.75 49.03
SJS2 11°15.482 85°51.862 6.2 4.46 47.08 29.79 17.37
Esteros Naranjo—Paso Caballos
N1 12°35.498 87°18.100 24 0.64 3.80 22.58 65.25
N2 12°35.499 87°17.902 3.6 1.07 12.28 46.31 38.27
N3 12°35.161 87°17.288 34 1.05 9.32 34.19 50.93
N4 12°34.979 87°16.354 13.8 5.38 57.17 22.17 13.21
N4c 12°34.979 87°16.354 16.5 5.78 60.01 23.12 10.41
N5 12°34.401 87°15.375 2.0 5.92 29.72 22.47 38.11
N5c 12°34.401 87°15.375 11.2 11.32 71.53 12.64 4.34
N6 12°34.488 87°14.922 21 4.86 23.93 21.52 44.71
N7 12°34.243 87°15.301 14.7 9.31 68.26 15.45 6.53
N8 12°33.546 87°14.283 4.9 1.40 12.17 27.98 52.97
N8c 12°33.546 87°14.283 5.0 11 10.03 46.35 40.62
N9 12°33.049 87°13.826 8.0 1.89 23.79 32.77 37.97
N9c 12°33.049 87°13.826 — — — — —

Agriculture in the district is well developed and includes sugar cane stations were established using a portable GPS with a precisior86f

corn, and tropical fruit. m (Table 1). Water salinity and temperature were also recorded with
The coastal lagoons of the Pacific coast of Nicaragua, with theportable sensors. Bulk samples of sediment were collected with an

surrounding mangroves, offer valuable resources to the local CommunEckman-type sampler that penetrates about 10 cm in the sediment.

ties including fuelwood (40% of the country’s population obtains seyeral samples were also taken with a plexiglass tube corer, and the

energy from fuelwood) and fishing resources. The more exploitedop, 5 ¢m retained for analysis. Sediments were placed in hexane-rinsed
fisheries include black clamsAtadara tuberculosg shrimp Pen-  g1a65 jars, transported on ice to the laboratory, and frozen until
naeusspp.) and fishNMugil spp.;Lutjanusspp.). The economic value of analyses

the catches made during 1984 in the Estero Real was estimated atInthe laboratory, sediment samples were freeze-dried, homogenized
$34,000 for crab, $47,000 for clams and $2.5 million for shrimp ) ' . ' '
(Polania and Mainardi 1993). In addition, the newly developing shrimpar?d ahqgots taken for analyses. Sedllmen_t g_ranulometry was deter-
farming production has the potential for additional economic value.  Mined using 0.5 g sediment resuspended in deionized water and analyzed by
the reflection of a laser beam (Micro Mastersizer). Total organic matter was
determined as the weight loss on ignition at 400°C for 20 h. Hexane-
Pesticide Usage extractable organic matter (lipids) was determined on the weight of the
extract residue evaporated on a Perkin-Elmer micro balance.
Pesticides used in Nicaragua in the past included imported persistent Chlorinated hydrocarbons were determined on 5-10-g sediment
organochlorine compounds (DDT, lindane, dieldrin, etc.) supple-aliquots extracted with dichloromethane-hexane&d in asoxhlet
mented with national production of toxaphene for use in cottonapparatus, using trichlorobiphenyl (PCB no. 29) andiCH as internal
growing (Appel 1991). Toxaphene application rates as high as 3kiandards. Sample-extract cleanup was carried out with elemental Hg

kg/ha, and mlixtures of tﬁxaphtlene, bDT, andd pgrathi?n werﬁ used Of, remove sulphur, and further cleanup and fractionation of chlorinated
cotton (Appel 1991). In the early 1990s, production of toxaphene Wa%ompounds performed using a florisil column (Villeneuve and Cattini

discontinued and use dropped gradually. Exposure of the population t?986). Analyses of the fractions were done with two capillary columns
pesticides and the dispersal of persistent residues in the environment

§E-54, 25 m and 50 m long, 0.2 mm internal diameter, 0.32 um film
a matter of much concern (Rodezno 1997; Lacayo and Cruz 1997). thicknéss on gas chroma?tbgraphs HP-5890 Series '” witﬁ ECD

Confirmatory analyses for several compounds were carried out using a
Sampling and Analysis gas chromatograph/mass spectrometer Engine 5989B. Quality assur-

ance procedures included the analyses of marine sediment reference
Sediment samples were collected from the lagoons in December 1998&)aterials IAEA-357 and IAEA-383 to determine the precision and
during the dry season (Figure 1). Geographic coordinates of samplingccuracy of the method. Blank values and method detection limits for
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Table 2. Concentrations of chlorinated compounds in sediments {hAdny weight) of coastal lagoons Estero Real (ER), Estero Padre Ramos (PR),

and San Juan del Sur (SJS)

ER1 ER2 ER3 ER4 ER5 ER6 PR1 PR2 PR3 PR4 SJS1 SJS2
EOM?2 (mg/g) 0.24 0.22 0.17 0.14 0.17 0.25 0.04 0.030 0.025 0.20 0.056 0.12
HCB — — — 0.052 0.041 0.058 — 0.004 0.007 0.017 0.028 0.031
a-HCH — — — 0.022 0.014 0.020 — ND ND 0.013 0.037 0.010
B-HCH — — — ND 0.009 0.016 — ND ND ND 0.11 0.016
Lindane ND ND ND 0.18 0.085 0.22 ND 0.027 0.005 0.066 0.027 0.028
pp'DDE 34 2.3 2.0 4.9 5.8 7.7 ND 0.39 1.2 3.8 6.2 1.4
pp'DDD ND ND ND 0.50 0.33 0.43 ND 0.074 0.06 0.20 2.6 0.21
pp'DDT ND ND ND 0.21 0.098 0.24 ND 0.073 0.06 0.11 12 0.68
opDDE — — — 0.069 0.11 0.10 — 0.018 0.01 0.044 0.68 0.030
opDDD — — — 0.078 0.058 0.071 — ND 0.021 0.075 0.60 0.05
opDDT — — — 0.027 0.025 0.030 — ND 0.004 ND 0.077 ND
DDMU — — — 0.16 0.28 0.19 — 0.056 0.015 0.051 0.095 0.025
3DDTs 3.4 2.3 2.0 5.94 6.70 8.76 — 0.61 1.37 4.28 11.45 2.40
Heptachlor 0.758 0.678 0.658 0.006 ND 0.016 ND 0.004 0.004 0.012 0.006 0.005
Aldrin — — — ND 0.015 ND — ND ND ND ND ND
Dieldrin 30.33 1.38 4.23 0.040 0.11 0.004 0.593 ND 0.013 0.044 0.022 0.021
Endrin ND ND ND 0.024 0.071 ND ND 0.009 0.016 ND 0.007 0.011
a-Endosulfan ND ND ND 0.010 0.043 0.029 ND 0.018 0.008 0.008 ND ND
B-Endosulfan — — — 0.047 0.056 ND — 0.057 0.027 0.082 ND ND
Endo-sulphate — — — ND 0.17 0.10 — 0.030 ND ND ND ND
Cis-chlordane — — — 0.067 0.041 0.069 — 0.016 0.012 0.027 0.025 0.010
Trans-chlordane — — — 0.004 0.007 0.022 — 0.004 0.006 0.006 0.039 0.032
Trans-nonachlor — — — 0.013 0.023 0.044 — 0.017 0.007 0.011 0.009 0.005
Toxaphene ND ND ND ND 6.2 9.3 ND ND ND ND 2.4 2.7
Aroclor 1254 — — — 1.5 1.6 1.3 — 0.43 0.37 ND 0.29 0.11
Aroclor 1260 — — — 0.27 0.41 ND — ND 0.52 ND 0.47 0.42

aEOM: hexane-extractable organic matter

each compound were determined according to Wade and Cantillgoncentrations were as high as 1,420 ngt giry weight.
(1994). SDDTs, detected in all 13 samples, attained levels of 270 ng
g1 dry weight. In sediments from this lagoon, toxaphene had
the highest concentrations of any other pesticide and aroclors
(Table 3). However, other chlorinated compounds were gener-
ally comparable to the levels found in the other lagoons of the
Lagoon sediments showed the presence of a wide variety dPacific coast.
organochlorine pesticides including HCB,- and B-HCH, The low concentrations of toxaphene and DDTs in Estero
lindane, DDT and DDT metabolitesXDDTs), heptachlor, Real, Estero Padre Ramos, and estuary of the river San Juan del
aldrin, dieldrin, endosulfans, chlordane, and toxaphene as welur suggest little use of these pesticides in adjacent agriculture
as PCBs (Table 2 and Table 3). Concentrations of all thesareas or efficient retention of agrochemical residues in wetlands
organochlorine pesticides in sediments of Estero Real were loland mangroves surrounding the lagoons. Some residues de-
(Table 2). In this lagoonxDDTs were the most prominent tected in the lagoon sediments may be also the result of global
contaminants, having been detected in all samples with atmospheric depositions rather than of agriculture runoff. The
maximum concentration of 8.8 ng §dry weight. Toxaphene XDDTs in the sediments of these lagoons averaged at 85!
was detected in two samples out of six, with a maximum(n = 11) ng g! dry weight, which may be considered the
concentration of 9.3 ng ¢ dry weight. Similarly, in Estero  baseline level for this region and are comparable to the average
Padre Ramos, another lagoon system of the northwest Nicar&DDTs in sediments from the coasts of the United States, 6.6
gua (Figure 1), toxaphene was not detected in any of the foung g=! dry weight (NOAA 1991). In contrast, sediments from
samples analyzed aDDTs, which were detected in three out the Chinandega coastal lagoons generally contained much
of four samples, attained 4.3 ng'gdry weight. In the estuary higher concentrations oEDDTs and toxaphene (Table 3).
of the river San Juan del SuBDDTs were present at These sediments include samples with a wide range of %
concentrations of 11 ngg dry weight, and toxaphene was organic matter and granulometry composition that are compa-
measured at levels of 2.7 ngydry weight (Table 2). Other rable to other lagoons and, thus, results are not biased by any of
organochlorine compounds were present at concentratiorthese parameters (Table 1, Figure 2). Instead, these high
below 1 ng g1 dry weight. concentrations reflect the intensive use of pesticides in the
The highest concentrations of organochlorine pesticides wereotton fields of Chinandega over many years. Measurements in
measured in the coastal lagoon system of the Chinandegagriculture soils of this region gave results of 17—44 p§dyy
district, i.e., in the Esteros Naranjo—Paso Caballos (Figure 1)weight for toxaphene and 193-977 nglgdry weight for
Toxaphene was measured in nine out of 13 samples andDDTs (Carvalhcet al. 1998).

Results and Discussion
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Table 3. Concentrations of chlorinated compounds in sediments (rigdgy weight) of the Esteros Naranjo—Paso Caballos, in the district
of Chinandega

N1 N2 N3 N4 N4c N5 N5c N6 N7 N8 N8c N9 N9c
EOM (mg/g) 0.058 0.057 0.063 0.08 0.27 0.04 0.10 0.03 0.26 0.042 0.063 0.26 —
HCB 0.006 0.006 0.007 — 1.1 — 022 — 0.25 0.18 0.26 — —
a-HCH ND 0.006 0.004 — 0.078 — 0.085 — 0.21 0.009 0.013 — —
B-HCH 0.006 ND 0.008 — 017 — 0.20 — 0.17 0.009 0.02 — —
Lindane ND 0.015 0.027 ND 0.52 ND 0.64 ND 1.0 0.074 0.08 ND ND
pp'DDE 0.41 2.7 4.8 130.3 220 38.6 160 17.3 32 2.0 12 9.9 74
pp'DDD 0.093 0.57 0.92 28.8 25 13.8 39 7.2 16 1.2 1.1 ND 9.6
pp'DDT 0.15 0.29 0.51 32.2 8.5 10.5 26 8.6 14 0.75 0.84 1.6 4.31
opDDE 0.005 0.025 0.044 — 2.2 — 1.4 — 25 0.017 0.083 — —
opDDD 0.017 0.042 013 — 5.6 — 5.6 — 35 0.20 029 — —
opDDT 0.022 0.017 0.069 — 3.7 — 9.2 — 1.2 0.18 0.059 — —
DDMU 0.014 0.10 0.11 — 55 — 2.8 — 3.1 0.035 031 — —
3DDTs 0.71 3.74 6.58 191 270.5 62.8 244 331 72.3 4.38 14.7 11.5 879
Heptachlor 0.004 0.007 0.004 0.678 0.067 ND 0.074 ND 0.042 ND ND ND 65.4
Aldrin ND 0.004 0.005 — 0.083 — ND — 0.017 ND ND — —
Dieldrin ND ND ND 2.33 0.74 ND 0.82 1.50 0.081 0.049 0.082 53.7 ND
Endrin ND ND 0.033 1.97 0.50 ND 0.70 2.90 0.33 0.026 0.029 ND ND
a-Endosulfan 0.17 0.041 0.013 ND 0.079 ND 0.079 ND 0.11 0.040 0.096 ND ND
B-Endosulfan 0.71 0.043 0.018 — 0.086 — 010 — 0.29 0.014 041 — —
Endo-sulphate 0.35 0.024 ND — 013 — 019 — 0.13 ND 0.053 — —
Cis-chlordane 0.055 0.069 024 — 2.3 — 5.3 — 5.9 0.29 0.074 — —
Trans-chlordane ND 0.007 0.011 — 0.28 — 0.78 — 0.39 0.049 0.016 — —
Trans-nonachlor 0.014 0.019 0.026 — 2.0 — 1.4 — 15 0.013 0.03 — —
Toxaphene 13 24 27 468 720 ND 1420 ND 800 65 37 ND ND
Aroclor 1254 0.32 0.33 0.36 — 23 — 15 — 5.7 0.3 093 — —
Aroclor 1260 ND ND ND — 45 — 35 — 20 ND 094 — —

ac, sediment collected with a tube corer
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Fig. 2. Concentration of3DDTs in sediments from the various Fig. 3. Concentrations of toxaphene aB®DTs in lagoon sediments

lagoons. Triangles, samples from Esteros Naranjo—Paso Caballos in thgduares) from Esteros Naranjo—P. Caballos system. Equation of the

Chinandega district; circles, samples from other lagoons. Horizontafegression line is log ¥= O'_78 (I_og x)+ 1.04 (n=9, R =0.88,
lines, mean+ 1 standard deviation (4.5 3.4 ng g dry weight of p < 0.001). Concentrations in soil samples (stars) from the watershed

3DDTs in lagoon sediments, excluding Chinandega), considered agf the Atoya River are also plotted (data from Carvathal. 1998)
baseline value for the region

ing dilution of the river discharge in the lagoon (Table 3).
Furthermore, toxaphene and DDT concentrations in lagoon
In the Naranjo—P. Caballos lagoon system, the highessediments were positively correlated, which is consistent with a
concentrations of toxaphene and DDTs were measured close tmmmon source for both compounds (Figure 3). It is worth
the mouth of the Atoya River, which flows across the agricul-noting that the toxaphen®DDTs ratio in soils of the Atoya
ture area of Chinandega. In the lagoon, concentrations dewatershed averaged 70 but, in lagoon sediments, the ratio was
creased with increasing distance from the river mouth suggestewer than in soils and decreased to the northwest and southeast
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with distance to the Atoya River. This trend in toxaphene/ng g dry weight (Daskalakis and O’Connor 1995; Loetgal.
3DDT ratios indicates higher dissolution of toxaphene than1995). We are not aware of reports on toxaphene residues in
DDTs from the soil particles transported into the aquaticcoastal ecosystems with which we could compare our results.
system, which is consistent with the higher water solubility (S)Nevertheless, in 900 U.S. coastal sites monitored for toxaphene
of toxaphene (log S —3.02 mol nT3) in comparison with  this compound was below detection limit in 865 and could be
DDE (log S= —4.60 mol n73). In contrast with these observa- measured in 35 sites at concentrations less than 40 hdry
tions made in the Chinandega lagoons, it is interesting to not&veight (Daskalakis and O’Connor 1994).
that toxaphen&/DDTs ratios in the other lagoons were around Endosulfans were quantified in eight out of 13 samples from
or below unity (Table 2), indicating that no application of the Esteros Naranjo—P. Caballos, and in six out of 12 samples
toxaphene formulations was made nearby and the likely sourciEom other lagoons (Tables 2 and 3). Endosulfan levels in the
of both compounds to these lagoons were atmospheric deposthinandega lagoon system, up to 1.23 nd dry weight, were
tions. higher in comparison with the other lagoons. The use of
Toxaphene is a complex mixture of polychlorinated terpenesndosulfan in Nicaragua is recent and is used for pest control in
(WHO 1989). Data on toxaphene persistence in soils isoffee, vegetable, and pulse plantations. Use of endosulfan in
variable, and persistence half-life values up to 14 years irthe Chinandega district was confirmed from analysis of soils
temperate soils have been reported (Howard 1989). The releasieat contained concentrations of 500 nglgdry weight
of this substance into aquatic systems does not significantlyCarvalho et al. 1998). Technical endosulfan usually is a
accelerate degradation by hydrolysis (Howard 1989). Severahixture ofa- andB-isomers. Endosulfan sulphate is a degrada-
case studies provide evidence for the long persistence dfon product formed by soil bacteria and it is likely introduced
toxaphene in subtropical aquatic systems where releases weirethe lagoons by surface runoff (Cotham and Bidleman 1989).
discontinued more than 20 years ago and compounds are stillhe persistence of endosulfan isomers in the marine environ-
present in measurable concentrations (Brown 1997). In highement is very short (hours—days) and it is converted into the
latitudes, toxaphene deposited in lake sediments did not denore soluble endosulfan-diol as determined witG-labeled
grade significantly over the last decades (Meiral. 1995).  compounds (Carvalhet al. unpublished data). The endosulfan
Therefore, based on the available information, it seems likelyconcentrations measured in the lagoon sediments are below
that the levels of toxaphene in Chinandega lagoons will declinghe = 50 ng g ! wet weight acute concentrations for meioben-
slowly over the years. Furthermore, toxaphene from the surthic polychaetes and copepods (Chandler and Scott 1991).
rounding agricultural soils will continue to be introduced in the However, endosulfan sulphate seems to be more stable and its

lagoons by surface runoff and river discharges. presence in aquatic environments is increasingly reported in the
In the lagoon sediments at the Chinandega district, individualiterature (Miles and Pfeuffer 1997).
DDT compounds contributed t8DDTs as follows: pfDDT Chlordanes, as the sum of cis-chlordane, trans-chlordane, and

13 = 7%, pgDDE 68 + 14%, pgDDD 16 = 6%, and DDMU trans-nonachlor, attained 7.8 nglgdry weight in sediment of
2 = 1% (n= 8to 13) (Table 3). In comparison, the componentsthe Estero Naranjo, near the Atoya River. Concentrations of
of DDT from sediments of Estero Real and Estero Padreotal chlordanes in other lagoons were much lower, attaining a
Ramos were ppDT for 4 = 4%, pgDDE for 83 = 9%, maximum of 0.13 ng g' dry weight. These results suggest
pp'DDD for 6 + 3%, and DDMU for 3+ 3% (n=6) of = some use of chlordane, an insecticide used to control termites,
3.DDTs (Table 2). The higher percentage of nondegraded DDn the valley of the Atoya River, whereas the concentrations in
in Chinandega lagoons suggests more recent usages of DDT the other lagoons might be the baseline level. The highest
the watershed of the Atoya River. DDD and DDMU were chlordane concentrations measured were, however, below con-
presentin all lagoons in very small percentages, which attests toentrations reported in sediments from coastal areas of Califor-
the stability of DDE and the very slow degradation of DDT nia, e.g.,5.36 = 23.2 (n= 31) ng g! dry weight (Shigenaka
compounds in this environment. The persistence of DDTs inl990) and are not higher than concentrations in other areas of
soils, with half-lives up to 20 years in temperate regions, is wellthe United States (Shigenaka 1990; Daskalakis and O’Connor
known (Wolfeet al.1977; WHO 1989). Results of experimental 1995; Miles and Pfeuffer 1997).
research on the rate of DDT degradation in the environmental Hexacyclohexanes,e., a- and B-HCH isomers as well as
conditions of tropical coastal lagoons indicate a persistancg-HCH (lindane), were detected in all lagoons, but generally at
half-life (t1) in sediments of about 5 years with a very minor very low concentrations< 1 ng g * dry weight). Lindane may
transformation to polar residues and breakdown to smalhave been used in the Chinandega district, originating the
molecules such as G@Carvalhoet al. 1992). slightly higher concentrations measured in these lagoons (Table
Concentrations aEDDTs measured in the Naranjo—P. Cabal- 3). Small amounts of HCHs in the environment, lindane in
los lagoon system are much higher than concentrations reportgahrticular, could be expected due to the important usage of this
for similar coastal environments in the American continentcompound in other countries of Central America @t al.
(Marcus and Renfrow 1990; Sericaabal. 1990; Readmaet  1996). Nevertheless, HCH concentrations in Nicaragua are less
al. 1992; Carvalhcet al. 1996). For example, comparing the than values reported for the Gulf of Mexico (Sericagtoal.
results forxDDTs (Table 3) with the concentrations of chemi- 1990).
cals in coastal and estuarine sediments of the United States, The cyclodien compounds aldrin, dieldrin, and endrin were
most of the lagoon sites would be considered high,> 22 ng  generally detected in relatively low concentrations, below 1 ng
g1 dry weight, and even very high (8 high), > 110 ng g* g~ dry weight. Dieldrin residues were the more ubiquitous of
dry weight (Daskalakis and O’Connor 1995). Based on sedithe three compounds in the lagoon sediments and results
ment toxicity data obtained with marine sediments, biologicalsuggest localized applications of dieldrin in one place at Estero
effects are likely to be caused®DDT concentrations above 46 Real and another at Estero Paso Caballos (Tables 2 and 3).
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Concentrations measured at these places can be considengldase is generally very small. Therefore, for the low concentra-
high, > 2.9 ng g dry weight, according to sediment quality tions of persistent chlorinated compounds measured in the
criteria (Daskalakis and O’Connor 1995). Analyses of soilsediments of Esteros Real, P. Ramos, and S. Juan del Sur, the
samples from the watershed of Atoya River indicated thatcorresponding water concentrations will be very low, likely at
dieldrin, up to 12 ng g dry weight in soils, has been used more ng L=! level, and thus well below acutely toxic levels to
than endrin and aldrin (Carvallet al. 1998). sensitive biota such as planktonic crustaceans, shrimp, and fish
Aroclors, technical mixtures of PCBs used in transformers(Howard 1989). On the other hand, the much elevated concen-
and capacitors, were measured in lagoon sediments at concetmations of chlorinated compounds measured in sediments from
trations up to 45 ng gt dry weight near the mouth of the Atoya Esteros Naranjo—P. Caballos may contribute concentrations in
River with concentrations decreasing with distance from thethe water phase, which can attain acutely toxic concentrations
mouth (Table 3). Since there are no industries associated witto shrimp and other biota. This may be the case especially for
the lagoon banks in this area, it seems likely that aroclors weréoxaphene and DDE, which have accumulated in the lagoon
transported in the river from the town of Chinandega. Concensediments for years and are still discharged by the Atoya River
trations of aroclors in the other lagoons did not exceed 21g g (Carvalhoet al. 1998). Water concentrations of chlorinated
dry weight (Table 2) and may originate from global atmo- hydrocarbons and toxicity of sediment bound residues (Leing
spheric depositions. These values are low in comparison, foal. 1995), such as DDTs and toxaphene in some areas of the
example, with PCB concentrations measured in sediments afoastal lagoons of Chinandega, may pose a hazard to aquatic
the Gulf of Mexico and Florida (Sericara al. 1990; Cantillo  biota and hamper the development of shrimp aquaculture in the
et al. 1997) and can be compared with the average concentrdagoon. The extent and magnitude of the contamination of this
tions of total PCBs, 39 ng g dry weight, in the coastal lagoon system, which is much wider than #sterossampled at
environment of the United States (NOAA 1991). According to the mouth of the Atoya River, should be further investigated.
observations on sediment concentrations/biological effectsDn the basis of the current data, selection of sites for shrimp
toxic effects of PCBs are likely to occur at PCB levels aboverearing should be done only after toxicity of sediments and
180 ng g1 dry weight (Longet al. 1995). water quality are carefully tested. Integrated management of the
coastal lagoons is needed to harmonize the interests of the
ecosystem users.
Conclusions
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