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Ab~tract; 1l\t organic contaminant load wilhin the ~diments of Golfo Dulce has so far gone: unstudied. Concen­
trat ions of pers istent pesticides were ascertained for compari>on with future contaminant loads and for evaluation of 
response o f biOla to Ihcsc compounds. Forty ~ven sediment cores were collected from the shores o f Golfo Dulce. 
Costa Rica fOf" quantificat ion of persistent pesticide cOnlamination. part icle s ize diS lribulion. and organic mailer 
content The gulf has to date had only minimal accumulations ofpcsticides. The deep arlO~ ic line-grained organic 
~diments in the northern portion oi the l ulf have had minimal impact from humans. HOI',ever. el·idcnce o r pestic i­
de mc:tabolitt"S. and aromatic hydrocarbons may indicate an accumulation of some conlaminants and degradation of 
othe rs in thi s wne:. The Esquinas River sed iments were found to contain numerous persistent pcslicides. such as 
a.~."J, and 6-BHC. ~ (;O(o-Colonado River ~diments are coarser in tUlure. with low ~ic contents and may 
not rel.in pesticides elTo<:iently. ~ peslicide load from th is river may be lnansported ~at distances within the: 
gul f. The Golfito an:. had link pestic ide C(lf1 taminat ion, however. aromat ic and diesel hydrourbons were in gKat 
abundlUlcc in thc~ ~diments. 

Key word.: Orgaoochlorinated pcslicides. Golfo Dulce, Cosla Rica. tropical estuary. 

Golfo Dulce is a relatively undisturbed em­
bayment located on the Pacific coast of Costa 
Rica. Deforestalion. near-shore road construc­
tion, agriculture, gold mining, increased waste 
from population growth and tourism, and 
shipping now threaten the environment In­
creases in agricultural production and heavy 
use of pesticides introduce heavy metals and 
synthetic organic compounds into the envi­
ronment 

Several small rivers empty into the gulf car­
rying large amounts of particulate malter and 
associaled contaminants. Because of the small 
size, restricted water circulation, and limited 
human impact on water quality, Golfo Dulce 
offers a unique opportun ity to study the eco-

logical impacts of the initial stages of coasta l 
population growth in a tropical developing 
country. Unfortunately in other areas, de­
velopment has resulted in increased pollution 
of restricted bays and waterways and subse­
quent unfavorable etTe(:ts on indigenous wi ld­
life. Often accumulation of toxic substances 
goes unnoticed until adverse effe(:ts are dis­
covered. 

Rarely is documentation of background or 
pristine levels of elements and compounds 
obtained prior to development. Therefore it 
was imperat ive that samples from Golfo Dulce 
be analyzed before further pollution occurred. 
This research documents the concentrations of 
certain organochlorinated contaminants which 
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arc now present in Golfo Dulce and provides a 
record againsl wh ich future measurements 
may be compared. This study provides a 
means 10 monitor the contributions of poten­
tial ly hannful compounds into the water oflhe 
bay as development increases and popu lations 
near the gulf increase. 

In the last several decades, a large variety 
and quantity of chlorinated pesticides have 
been introduced inlo the coastal areas of de­
veloping countries for agricultural use. While 
application and production of those com­
pounds have been reslricted or IOlally banned 
in developed cQunlries, they are common ly 
used in other regions like Central America, 
South America, and Africa (Chapin & 
WasserSlrom 198 1). Use of these chemicals 
has improved economies and lifestyles of resi­
dents, Yet their use has had adverse indirect 
e ffects. including pesticide resistance, envi­
ronmental and health impainnent, and high 
economic costs. The chem ical toxicity of pes­
ticides is partly responsible fo r this dichoto­
my. Their power to destroy pests makes them 
valuable tools, but this same lethal quality 
makes them potentially hannful to humans 
and the environment. 

Other similar areas of the world can be used 
as examples of instances where pollution pre­
vention and/or monitoring should have been 
used. Botello el al. (1994) studied the concen­
tration and distribution of selected chlorinated 
pesticides in three coastal lagoons in the 
southeast Gulf of Mexico. Although many 
pesticides had previously been banned from 
use in Mexico. their presence was detected, 
indicating e ither their high persistence or re­
cent illegal applications. Data indicated that 
environmental conditions may have caused 
pest icide transfonnation and degradation, es­
pecially in the cases of Aldrin transfonning 
into Dieldrin and Endosulfan into the corres­
ponding sulfate. In some cases, the metaboli­
tes were more toxic than their original compo­
nents (McEwen & Stephensen 1979). Many 
researchers have noted that persistent pestici­
des could be identified in coastal area sedi­
ment in the USA, although its application was 
prohibited many years earlier. Concentration 
in she llfish was two-fold or more than in 
sediments in Mexican studies (Botello el al. 
1994) and American stud ies (Marcus & Ren­
frow 1990, Mearns el al. 1988, Nadjek & 

Bazu lic 1988). In Mexican oysters a trend of 
increasing pesticide concentration with time 
was observed (Botello et al. 1994). McEwen 
& Stephensen ( 1979) report different abilities 
of estuarine organisms to degrade DDT within 
[he same ecosystem. 

These reports clearly demonstrate that in­
land agricultural practices can affect water 
quality at great distances from their point of 
application . Many compounds applied in the 
central midwestern United States have been 
transported significant distances from their 
sites of application. There is a need for im­
proved abilities to quantify the fate and trans­
port of herbicides in river basins impacted by 
agricultural activit ies and to understand the 
complex hydrological and chem ical relation­
ships between groundwater and surface water, 
as wet! as the fate of these chem icals once 
d ischarged into bays and estuaries. 

U-nfortunately, development within Golfo 
Dulce has begun before suffic ient 'back­
ground' data on uncontaminated conditions 
could be collected. Previous research has con­
centrated on biological evaluation and species 
distributions within Golfo Nicoya, Sierpe­
Terraba, and Golfo Dulce ( Wolff & Vargas 
1994). The authors defined the baseline data 
for the oceanograph ic conditions (temperature, 
salinity) and invertebrate fauna on Golfo Ni­
coya and Golfo Dulce, however, the impact o f 
pesticides has not been ascertained. Different 
environments as well as sediment types and 
compositions are known to vary in their buf­
fering capacities and abilities to re tain conta­
minants in toxic or non-toxic chemical fonns. 
For example. sediments may adsorb heavy 
metals or organic contaminants, or fac ilitate 
their release in their toxic fonn. Anoxic sedi­
ments or chemical environments may be con­
ducive to the breakdown of some contam i­
nants into non-toxic fonns through microbial 
or physical processes. The purpose of this re­
search is to identify areas of pesticide conta· 
mination and sediment types or geochemical 
environments which contain them. These data 
witl indicate the potential for· contaminant 
accumulation or degradation should pollutant 
input increase in Golfo Dulce. 

MATERIALS AND METHODS 

Site Location: Golfo Dulce is an embay-
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ment in southwestern Costa Rica (8°30' N., 
83°16' W.) (Fig. I) which measures 50km 
long by 10-JSk.m wide. Th is bay is a fjord -like 
structure with depths slightly greater than 
200m in the northern third . Anoxic conditions 
have been observed below depths of 100m 
within the bay. A 60-70m sill closes the mouth 
of the gulf (Wolff & Vargas 1994) restricting 
the interactions with the ocean. Shore lines are 
dom inated by steep rocky slopes in the north 
and nonheast. Large deforested areas domi­
nate the west (Puerto Jimenez) and the east 
(Rio Coto-Colorado). Sleep mountains sur­
rounding the gu lf reduce water circu lation 
which is apparentl y governed by the local 
wind regime . (Richards et al. 197 1). Three 
main rivers are the source of fresh water and 

, part ic ulate matter into Golfo Dulce: Rinc6n, 
Esquinas, and Coto-Colorado. 
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Fig. I . A~a map of lhc Gol ro Dulce. Costa Rica ~ilio" 
Boxes indicale localion of Figures 2-4 

The Osa Peninsula lies on the western edge 
of Go lfo Dulce and comprises the largest re­
maining coastal area of tropical rainforest in 
the Central American Pacific. Elsewhere gene­
ral farming practices (domestic consumption 
and subsistence crops) are found in the area 
surrounding Golfo Dulce. Commercially 
grown crops including bananas, sugar, rice, 
cocoa, etc. are found in the COlo-Colorado 
watershed, while palm plantations are found in 
the Esquinas River basin . 
The specific areas within Golfo Dulce where 
samples were taken include: the Rinc6n River 
mouth and a nearby deforested site, Esquinas 
River mouth , Coto-Colorado River mouth, 

Puntarenitas, Golfito bay ilnd pon, and deep 
samples (20m to 200m) taken from with in th e 
bay itse lf (Fig. 2-4, Table I). Sam ples were 
collected from almost the de~pe:st reaches of 
Golfo Dulce: includ ing both oxic and anox ic 
regions. All sampling was done during low 
tide condit ions. 
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Fig. 3. 1995 and 1'196 sample IOCiitions for the Gol lilo 
and Rio COIo·Colorado areas. Golfo Dulct. COSla Rica. 
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TABLE 1 

Sample ldentifica/ion NumberJ and LocaliOlls 

Sample 10 
95-238. 95-2)J, 95-248, 95-24J 
95·258,95-251 
96-1 D,96·28 
96-38 
96-48 
95-268,95·278 
95-2981 , 95-2982 
95-308.95-31 B 
95-328 .95·)38 
95-34B.95·)58 
95·368,95-378 
96-58 
%-66 
95-38B. 95-381, 95·)911. 95·39J. 
96·8B, 96-98, 96·108 

'96-198 
96-208 
96-218 
96-228 
95-408. 95-40J 
96- 188 
95-4 1 B. 95-4IJ, 95-42 B. 9S-41J, 
95-43B. 95-431. 95-448. 9S-44 J, 
95-45J I. 95-4512. 96-116 
%.148 
96· 128 
96- ISB 
96-138 
96-168 
96-178 

5km 

Fig. 4. ]996 sample locatioll$ for the Esquinas area, 
Golfo Duta:, Costa Ricl. 

For this study, 47 sediment samples 
(approximately 1.2kg each) were taken during 
two colleclion trips in January of 1995 (the 
dry season of Costa Rica) and May 1996 (after 

Location 
Rincon River mouth 
Clear Cut 
Esquinas River mouth 
Offshore Esquin l.$ River, 70m 
OITsholl: Esquinas River, 40m 
20m core 
37m core 
60m core 
100m core 
100m core 
180m core 
25m core 
195m core 
Golfi to port 

South end ofGolfilo B.y, Sm 
South end ofGolfilo B.y, I,Sm 
In front ofGolfito loading OOcks, 15m 
North end ofGolfi to B.y, 35m 
Puntarenitas 
Punta Voladerr., 14m 
Coto-Colorado River 

Offshore Coto-Colorado River , 7m 
Offshore Coto-Colorado Ri ver, 26m 
Offshore Coto-Colorado River, 35m 
Offshore Coto-Colorado River, 38m 
Offshore COIO-Coiorado River, 70m 
OtTsholl: Coto.colortldo River, 100m 

peslicide application). Shallow samples were 
obtained manually with a Plexiglas corer, 
(4.65cm 1.0.). Deep samples were collected 
using a hand winch operated corer conslructed 
of PVC pipe (5.5cm 1.0.) and a heavy top 
weight. Positions were identified using GPS 
(Global Positioning System). Both techniques 
were highly successful in obtaining represen­
tative samples. Corers were scrubbed with 
water from the site prior to and after each 
sample was taken. Samples were placed into 
500ml, wide-mouthed. amber glass jars and/or 
Kapak Scolchpak brand pint-sized heat-seal­
able pouches and then chilled. The amber j ars 
were pre-cleaned with methylene chloride and 
methanol, then analyzed by GC/MS to ensure 
cleanliness. The samples were sealed in bags 
and/or jars and lransponed frozen to Ihe Uni­
versity of Toledo, Toledo, Ohio. No preserva­
tives were added to the samples, which re­
mained frozen prior to analysis. 

Panicle size distribution was determined 
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using hydrometer and wet sieve analyses fol­
lowing ASTM Method 0 422-63, Anonymous 
(1993). Samples from identical locations were 
combined as were the top and bottom of indi­
vidual cores to produce the desired sample 
quantity. Total organic carbon of some sam­
ples was determined by oxidizing the sample 
in a mume furnace for three hours at 500°C. 
After cool ing, deionized water was added until 
saturation was reached. These saturated sam­
ples were then dried at 100°C overnight before 
weigh ing. 

Pesticide analyses were perfonned on all 
samples from both collection trips. Samples 
from 1995. however. were analyzed differ­
ently frortl those collected in 1996. The 1995 
data were inconclusive or questionable for 
pesticide evaluation and are not reported here. 
The 1995 data are used to qualitatively assess 
hydrocarbon input. Duplicate samples from 
1996 were extracted and analyzed for confir­
mation. Initia lly. the organic fraction was ex­
tracted from a known quantity of sediment 
using methylene chloride in the Tecator Sox­
tee Extraction System HT 1043. Sulfur re­
moval was accomplished during this extrac­
tion step using solvent cleaned copper strips. 

A two step column chromatographic sepa­
ration was used to segregate co-eluting com­
pounds. Trials and refinement of several pro­
cedures resu lted in the following protocol. The 
first step included a Icm 1.0. column filled 
successively with glass wool, sodium sulfate. 
florisil , and sodium su lfate. Afler saturating 
the column with solvent. the reduced methyl­
ene chloride extract was placed in the column 
and eluted with 0.5% diethyl ether in hexane. 
Th is produced extract FJ which was reduced 
to 3ml using a roto-evaporation unit. The co­
lumns were then eluted with 40% diethyl ether 
in hexane to produce extract F2. A second 
column contained the following sorbcnts: 
glass wool, sodium sulfate. fine acidized silica 
gel. coarse acidized silica gel. and sodium 
sulfate. After saturating the column with sol­
vent, the reduced FI extract was placed on the 
column and eluted with 0.5% toluene in hex­
ane (S I). The column was lastly eluted with 
25% diethyl ether in hexane (S2). The result­
ing three extracts were roto-evaporated to ap­
proximately I ml, with iso-octane added as the 
keeper and analyzed for pesticides. Recovery 
efficiencies were greater than 85% for all 

compounds except heptach lor which was vari­
able between 60-85%. 

Ideally, the F2 extract isolates the following 
pesticides: 5-BHC, dacthal. dieldrin. and en­
drin. The S I extract isolates the following 
compounds: hexachlorobenzene. heptach lor, 
o,p' DOE. mirex, and the 1242. 1248. 1254, 
and 1260 PCBs. S2 isolated the following 
compounds: a-SHC. jl-BHC. y- BHC, 5 -SHC, 
oxych lordane. heptachlor epoxide, trans­
chlordane, trans·nonachlor. cis-chlordane. o.p' 
DOE, p,p' DOE, o.p' DOD. cis-nonachlor. 
o,p' DDT. p.p' DOD. P.P' DDT, toxaphene. 
and methoxychlor. 

Gas chromatographic analysis of the three 
extracts was perfonned on a Hewlett Pa(.;kard 
5890 II gas chromatograph equ ipped with an 
HP-5 MN Crosslinked 5% PH ME Siloxane 
capillary colu mn and an electron capture de­
tector. Inlet and detector temperatures were 
20SoC and 250°C. respectively. EPA Method 
808 1 was fo llowed. Helium carrier gas was set 
to 6mUmin now. Splitless injection was used. 
The oven was set to 100°C for two minutes. 
ramped at 15°C/min to 160°C. ramped at 
SOC/min to a fina l temperature of 250°C. 
which was held for 10 minutes. Complete run 
time was 34 minutes. Analytical integration of 
the resulting peaks was limited to a minimum 
area count of 1000 using an RTE integrator. 
Detection limits are defined as the concentra­
tion corresponding to the area plus three stan­
dard dev iations from the background readings 
at that time. Identificat ion of pesticide peaks 
was accomplished by comparison with Su­
pelco pesticide and PCB standards, as well as 
using sulfur as an internal standard. Sulfur is a 
natura! component of almost a ll of the Golfo 
Dulce sediments and its ent ire removal was 
difficult. Therefore, the retent ion time for pes­
ticide peaks of interest were compared with 
retention time of the sulfur peak to detennine 
Ihe slight variability in the manual injection 
tcchnique. 

Confinnation of standard peaks and most 
sample peaks was accomplished using a 
Hewlett Packard 6890 gas - chromatograph 
equipped with an identical column and mass 
selective detector. The gas chromatographic 
method was identical to the previously des­
cribed method. Data from this analysis were 
compared with the National Bureau of Stan­
dards library of 75000 mass spectra for a 
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TABLE 2 

Partlcal size CiasJijicatiOfl and Orgo,,/c Carbon Conltntfor Golfo Dulct Sediment Samples 

A", Water depth Sample ID Grain size Pcrcent organic 
classification carbon 

Rincon ,00" 95-23 Sandy clay 1.95,2,63 
Rincon , ho« 95-24 Clayey silt 1.94, 1.79 
Clear cut , ho« 95-25 Sandyelly 0.49, 2.89 
Esquinas River mouth ,""" 96-1 B,96-2B Clayey sill 0.67, 1.32 
Esqulnas River <Om 964. Si lty clay U S 
Esquinas River 10m 96-38 Silty clay 1.56 
Deep COIl:S 20m 95-26, 95-27 Sandy clay 2.08,3.44 
Deep cores 25m 96-58 Si lty clay 3.05 
Deep cores 37m 95-29 Sandy clay 3.36,2.22 
Deep COrtS 60m 95-30,95-31 Sandy clay 4.44,3.50 
Deep cores 100m 95-32,95-33 Silty clay 1.77, 1.98 
Deep con:s 150m 95·)4,95·)5 CI.y 2.52, [ .61 
Deep cores 180m 95·36,95·)7 Silty clay 2.22,0,70 
Deep cores 195m 96-68 Clay 2.37 
Golfi lO sllorc 95-38 Silty finc sand ].38,1 .27 
GoIIiIO shore 95-39 Si lty line Sind 1.22, 1.32 
Gollilo shore 96-8B Silty fine sand 1.2 
Gol lilo shore 96-9B,96-IOB Silty fine sand 1.1 5 
Gollito Bay, south end 'm 
GollilO Bay, south end I.Sm 
In front of port ISm 
Golfito Bay, north end lSm 
Punlarenilas ,00" 
Punta Voladera 14m 
Coto-Colorado River short 
Coto-Colorado River shore 
Coto-Colorado River short 
Coto-Colorado River ,ho~ 

Coto-Colorado River '00" 
COlo-Colorado River '00" 
Coto-Colorado River 7m 
Coto-Colorado River 26m 
Coto-Colorado River lSm 
Coto-Colorado River 38m 
COlo-Colorado River 10m 
Coto-Colorado River 100m 

qualitative assessment of hydrocarbon conta­
mination. These data also provided a qualita­
tive evaluation of hydrocarbon content wilhin 
Ihe exlracts. 

RESULTS 

Table 2 lists particle size data for the Golfo 
Dulce sediments. Grain sizes range from clay 
10 fine sand. Samples obtained from the Coto­
Colorado shore area were predominantly well 
sorted fine sands. Fine-grained sediments were 
recovered in 1996 offshore along the length of 
Ihe sedimenl plume emerging from Ihis water­
shed. A Secchi disc lowered into Ihe water 

96-19B Silt 1.56 
96-20B Si lt 1.49 
96-2IB Siltyelay 1.69 
96-22B Si ltyelay 1.26 
95-40 Fine sand 0.99, UB 

96-18B Clayey sill 1.47 
95-41 Silty fine sand I 
9542 Clayey fine sand 0.93,0.91 
9543 Si lly fine sand l.l3,1.1 3 
9>-44 Fine sand 1.11,1.06 
95-45 Fine sand 0.IS,O.22 

96- IIB Fintsand 0.3 
96- 148 Sil ty clay L56 
96-12B Silty clay 2 .02 
96-ISB Silty clay 1.73 
96-138 Silty clay 0 .B2 
96-168 Siltyelay 0.59 
96-178 Silty clay 0.94 

above th is plume indicated that lighl was re­
duced to 1% at a depth of JOcm. GolfilO off­
shore samples are moderately sorted fine 
sands, while the shore sediments are coarser 
grained. Deep core samples wilhin the north­
ern gulf are preferentially very fine-grained 
sediments. AI the deep core location a Secchi 
disc could be lowered 5m before lighl was 
reduced to 1% penetration. Esquinas. Rincon, 
and the deforeSled area have moderale 10 
poorly sorted silts and clays. A Secchi disc 
lowered into Ihe water off Esquinas River to 
15cm indicated that only 1% of light penetra­
ted to that depth. 

Percent organic carbon of each sample from 



TABLE ) 

Pe$licide hilsfrom Flori!illfraclion. (ug pe!licide per kg dry $oil) . Samplu ;aken in 1996 

Heptochlor Endrin Enclo- End(!· Endosulfan Sample 
,~ a-BHC y8HC ~B"'C 6-BHC Hept.chlor q"IOxidt Aldrin Dieldrin Endrin aldehyde sulfan 1 5ulfan II sulfate pp-DDT 

metabolites 
96-1 

96-2 
%-3 

96-4 
96-5 
96-6 

96-7 

96-. 

96-' 
96-10 

96- 11 

96-12 

96-13 

96-14 

96- 15 

96-1. 

96-17 

96-1' 
96-1. 

96·20 

96·21 

96-22 
D.L. 1.10 

2.35 

2.96 

LSD 

.. 

.. 

0.85 

0.7S 

• _ peoIic:idt~ prodoo;:l (_ilO) 

•• __ " wiIIIioolO%oI",""-!i.~ 

.. 

1.99 

0.90 

• .. 
.. 

2.06 

I.JI 

1.21 

6.37 

1.00 1.20 1.00 

.. .. .. .. .. .. .. 

) .3 1 

.. .. 

•• 

.. 
1.00 3.00 1.60 1.80 

•• 
•• 

7.29 

3.06 

.. 

•• 
2.00 

2.87 

8.10 

2.24 

•• 

1.80 4.60 

44'­

DOE 

• 

•• .. 
4.07 

2.68 

•• 
•• 

2.50 

44'­

DOD 

• • 
• • 
•• 

•• 

• • 
•• 
•• 

3.20 

> 
~ 

~ o· 

I 
~ 

~ 
~ ij. 

~ 



TABU 4 ~ 

Pesticide hirs/rom Silica Gel l fraction, (ug peslicide per kg dry soi/). Samples taken in 1996 

Sample Heptachlor Endrin Endo- Endo- Endosulfan 44'- 44'-
name a-SHC y8HC ~-BHC o-BHC Heptachlor epoxide Aldrin Dieldrin Endrin aldehyde sulfan I sulfall II sulfate pp-DDT DOE DOD 

metabolites • 
96-1 .. 2.37 1.53 1.50 1.75 4.66 2.07 3.26 •• 
96-2 .. 2.71 1.07 1.49 2.4 •• 
96-3 •• •• •• •• •• •• . . •• 
964 \ .36 2.24 1.42 •• 2.41 1.39 2.08 15.26 13 .73 •• 
96-5 1.69 •• •• ~ 

m 
96-6 •• < 

•• •• •• ~ 
96-7 " > 
96-8 •• .. 9.19 •• 76.69 C 

m 
96-9 2.76 2.38 •• ~ 

96-10 4.82 
(5 
r 

96-11 •• •• •• •• •• ~ 
96-\2 > 

" 96-13 •• •• •• ~ 
0 

96- 14 
, 
R 

96- \5 15 .2} •• > 
r 

96- 16 •• •• 
96-\7 

96-18 1.48 

96-19 •• 
96-20 

96-2 1 

96-22 1.67 

D.L. LlO L50 1.00 0 ,90 1 00 1.20 100 100 3.00 1.60 1.80 2.00 1.80 4.60 2.50 3.20 

• _ .. pes'icide ~egrado' ion produc!(", ... t>olil<, 
, . _ .. hi' within 10'\{, o{,hc ~<IO<,ion timi' 
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Golfo Dulce are also listed in Table 2. Values 
range from 0.18% to 4.44%. Samples from the 
Colo River area and the Golfito area have 
lower fractions of organ ic carbon, averaging 
less than 1.5%. The Rinc6n Ri ver and deep 
water samples range from 1.7-4.5%. 

Data for pesticide detection in the three ex­
{racts from the 1996 samples are given in Ta­
bles 3-5. Only the fo llowing pesticides were 
investigated: cr, P, Y. and o-BHC, heptachlor 
and metabolite heptachlor epoxide, aldrin and 
metabolite d ieldrin. endrin and metabolite 
endrin aldehyde, endosulfan and metabolite 
endosulfan su lfate, DDT and metabolites 
DDD and DOE. A lthough other pesticides are 
known to be used in Costa Rica, the study to 
date has not included these. Although each 
extract should ideally isolate only certain 
compounds. the technique is often not exact. 
Therefore. all pest ic ide hits are noted, includ­
ing those within 10% of the detection limit. 

The BHC compounds were found in all 
samples from the Esquinas River mouth. Their 
appearance on almost all chromatograms was 
consistent on all repetitions. Concentrations 
range from bare ly delectable to 2.4)lglkm. 
Recovery efficiencies for these compounds are 
high, averaging 85%. Samples from Esquinas 
showed hits from almost all other pesticide 
groups, includ ing heptachlor and its epoxide, 
endosulfan and its sulfate, DDT metabolites, 
and dieldrin, and endrin aldehyde. One hit for 
DDT is noted, however, this hit could not be 
du plicated due to lack of sample. The two 
offshore samples conta ined the majority of 
these pesticides, This is consistent with finer 
grai n size and higher organic content. 

The deep core samples (96-5B, 96-6B) 
showed only minor hits of pesticide metaboli­
tes: heptachlor epoxide, 4, 4'-DDE, endrin 
aldehyde, dieldrin. endosulfan sulfate, as well 
as ~, y, and 8-BHC. The presence of metabo­
lites in these sediments cou ld be the effect of 
slow sediment transport to these remote loca­
tions, or to an ideal sett ing for pesticide 
breakdown. Chlorinated pesticides are known 
to biodegrade anaerobically. Therefore, these 
deep sediments would have the ideal physical 
and chemical parameters for pesticide degra­
dation. More samples need 10 be analyzed 
from this area, 

The sediments from the Coto-Colorado 
watershed show a scattered array of confinned 

and/or duplicated pesticide hits. Metabolites 
with few parent compounds were identified, 
One rather large DDT detection (13)lglkg) 
was noted in 96-1 5B from a 35m depth . Al­
though its metabolites were noted in other 
COlo-Colorado samples, no other DDT hi ts 
were identified. Sample 96-11 B was taken 
slightly upstr<.!am in sandy sediments. The 
detection of nlore compounds, in higher con­
centrations de -;pite the coarse texture indicates 
that the pestic ides may be diluted as they enter 
the gulf. 

Golfito Bay samples are similar to Colo­
Colorado samples in pesticide content. Mostly 
metabolites of DDT and aldrin's metabolite 
dieldrin were detected. However, these sam­
pl es showed the greatest presence of hydro­
carbons which often obscured the pestic ide 
data. High quantities of sulfur, aromatic and 
diesel range hydrocarbons, as yet unquantified 
were in all Gol fito bay and port sediments. 

DISCUSSION 

Three areas of concern were originally 
identified within Golfo Dulce. The plume of 
sediment from Rio Coto Colorado was expec­
ted to contain many persistent pesticides. The 
bay of Golfito was expected to contain high 
metal and hydrocarbon concentrations (to be 
presented in ,lOother paper). And, finally the 
northern samp les were expected to be relati­
vely free from anthropogenic contamination. 
However, organic and inorganic contaminants 
are commonl y lransponed into and through 
aquatic systems while sorbed to sediment par­
ticles. The changing redox conditions in the 
northern gulf could affect pollutant bioavaila­
bility. 

Several factors directly and indirectly in­
fluence the t) pe and concentration of pollu­
tants present in aquatic sediments. Surface 
reactions are very important to inorganic­
sed iment i nt~ractions and therefore, fine­
grained sediments are the main site for reten­
tion of inorganic materials (Jenne .el al. 1980). 
The potenlial and rate at which adsorption 
occurs are infl uenced by particle size distribu­
tion, organic matter content. mineralogy, clay 
type, cation el(change capacity and pH. Clay 
minerals, organic matter, and hydrated metal 
oxides are the major components for adsorp­
tion in soils and sediments (Pucknat 1981). 



Aquatic ecosystems "fCosta Rica 121 

Particle size is indirectly related to clay and 
organic matter content, however, it is some­
times important to consider all particle size 
fractions. Goerlitz & Law (1974) examined 
six sediment samples for total chlorinated hy­
drocarbons in four size fractions (gravel, sand, 
silt, and clay) and found variable trends be­
tween contaminants and panicle size. 

The following discuss ion summarizes 
findings of this study in each sample location. 

Rincon River: The Rinc6n River sediments ­
represent a pristine area of Golfo Dulce which 
drains a sparsely populated watershed in the 
forested mountaiJ)s of the Osa Peninsula in the 
northern portion of the gulf(Fig. 2). No indus­
try and little commercial farming exist in this 
watershed. The river drains primarily forested 
mountains with low population densities. 
Therefore, sediments collected from this lo­
cality should contain li ttle anthropogenic pol­
lutant input. 

Panicle sizes ranged from sandy clay to 
clayey silt. The predominance of fine grained 
particles and moderate to high level of organic 
matter (1.79-2.95%) enhance the probability 
that sorbed contaminants would be detected, if 
present. Little to no aromatic hydrocarbon or 
pesticide compounds were detected at this site 
supporting the hypothesis of a clean water­
shed. Minor diesel hydrocarbons were detec­
ted probably from a combination of natural 
inputs and some slight anthropogenic inputs. 
Natural sources include plant and animal 
waxes and fany acids. Anthropogenic input 
may include petroleum products, such as die­
sel fuel for boats used by the people living on 
the mountains of the Osa Peninsula. At the 
time samples were taken for this study, elec­
tricity was not present in the Rinc6n watershed 
area. Cooler evening temperatures in the 
highlands may encourage the need for diesel 
or gas powered heat sources. 

Samples were also collected from an area 
with recent deforestation approximately one 
mile east of Rinc6n. This area has a low 
population density much like the Rinc6n re­
gion. A crude road, however, did exist above 
the deforested slope. Much of the soil had 
washed into Golfo Dulce. Bright red, iron oxi­
dized, clayey fme sands were collected at the 
shoreline. Very little distribution of the sedi­
ment had occurred due to a lack of strong cur-

rents. 
Organic carbon values varied substantially 

between the two samples collected at this site 
(0.49-2.89%). Th is difference in organic car­
bon correlated to the qualitative assessment of 
diesel hydrocarbon contam ination. These 
rom pounds are likely from sources sim ilar to 
the Rinc6n region. Anthropogenic influences 
would include fuel remnants from the machi­
!lery used to cut down the trees on the slope 
Clnd heating fue ls used by the local people. 

f)eep Water Cores: Golfo Dulce is anoxic at 
depth, however, occasional flus hing with oxy­
gen-enriched water sustains a relat ively oxi­
dized state in the basin (Richards el al. /97 1). 
Thamdrup et al. (1996) found no ac­
cum ulation of H1S in pore waters in the anoxic 
regions. Nitrate-rich waters are found entering 
tile bay at sill depth, and denitrification occurs 
at oxic and anoxic depths. The higll rates of 
surface 0 1 uptake suggests intense carbon 
cycling within the photic zone. Sediments 
immediately below oxygenated waters show 
strong irrigation and bi oturbation and had car­
bon oxidation rates 5 to 10 times greater than 
the sediments in the deepest pan of the bas in . 
Those sed iments underlying anoxic waters are 
bminated and composed of turbid ites. In oxic 
fo!gions about 50% of the carbon oxidation is 
dominated by sulfate reduct ion. About 100% 
of carbon oxidation is accounted for by su lfate 
r..:duction in anoxic regions. 

Sediments from 20 to 200m depths were 
collected in the northwestern section of the 
bay offshore from the Rincon area. Particle 
size became finer with increasing depth. The 
20m core was a clayey tine sand, while the 
remain ing cores were clayey silts or silty 
days. The 60m core had the highest organic 
carbon (3 .5-4.4%) of all samples from both 
collection trips. 

The deep core samples (96-58, 96-68) 
showed only minor hits of pesticide metabo­
lites. The presence of metabolites only, and 
not parent compounds in these sediments 
(ould be the effect of either sediment transport 
rates slower than degradation rates of these 
pesticides, or to an ideal setting for pesticide 
breakdown in these deeper anoxic sediments. 
Light can only penetrate to 5m at these loca­
tions, therefore photodegradation will not oc· 
cur. An oxygen probe measured 1.0% O2 at 
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70m depth, decreasing 10 0.5% at 11 0m to 
195m. Ch lorinated pesticides 3rc known 10 
biodegrade anaerobically. Therefore, if other 
necessary nutrients are available these deep 
sediments would have ideal physical and 
chemical parameters for pesticide degradation. 

The deep core samples illustrate how fine­
grained sedimenls scltling in the bay may be a 
sink for some cOnlaminants, while providing 
optimum cond itions for the loss of other con­
taminants. Four of [he five deepest cores (60, 
100. 180, and 195m) had qualitatively high 
aromatic hydrocarbon concentrations, yet low 
d iese l concentrations. This suggests that envi· 
ronmental parameters at this depth, such as 
pH. light. nutrients. o r oxygen, may adversely 
affect the degradation of these compounds. 
Contrary to the' chlorinated pesticides, the 
major degradation pathway for non-haloge­
naled hydrocarbons is aerobic (Cole 1994). 
The combination of small pan icle size, mo­
derate organic carbon content. and low oxygen 
condit ions may enhance retention of these 
contaminants in deeper regions of Gol fo 
Du lce. The hydrocarbons Illay accumu late to 
concentrations that pose health concerns as 
they remain undegraded in the environment 
and s low ly dissolve into the water column. 

The speci fic source of these compounds in 
Go lfo Dulce is not known at this time. These 
hydrocarbon data are currently being quanti ­
fi ed and eval uated. 

Goljito: Golfito is the only major pon within 
Go[fo Dulce whic h handles a worldwide mar­
ket exponing produce and lumber (Fig. 3). 
Gasoline and other fuels are stored nearby fo r 
use by ships and cars in the nearby town . At 
th e time of collection several large oil (?) 
drum s were visible a long the shores. Po llution 
from hydrocarbons was expected in this area 
due to the extended presence of diesel burning 
ships. 

Puntarenitas and Punta Voladera are located 
at the entrance into Golfito bay. The sediment 
load from the Coto-Colorado River could be 
seen offshore from these sparsely inhabited 
areas. Sh ips traveling to Golfito pass by these 
areas. 

Sediments were collected on mudflats close 
to the pon in Golfito and along a nonh-south 
transect in the central ponion of Golfito Bay. 
The sediments were cla.o;s ified as silty fine 

sands with orgall ic carbon ranging frolll 1.22-
1.38%. TIle o tTshore samples were finer 
grained wilh no signifi cant change in organic 
matter content. 

Pesticides found in the Golfito samples 
were largely limited to metabolites. Dieldrin 
was commonly found, whi le several samples 
showed the prl'sence of 4, 4 '-000, 4, 4 '­
DOE, endrin aldehyde, and heptachlor epoxi­
de. Aldrin , y-BIIC. and endosu lfan were also 
detected, Farmi llg done in the mountains sur­
round ing Golfi! ') would likely drain into the 
Esquinas or Coto-Colorado watersheds and be 
di vened from Golfito. Pesticides were nOi 
expected in the pon unless they are a resuh of 
washing pesticide residue ofT produce before 
transponation by ship. 

Most o f thes..: samples had high concentra­
tions of sulfur and hydrocarbon compounds. 
Comparison to older standards g ives values up 
to 200ppm for lotal polynuclear aromatic hy­
drocarbons. COllsidering that the smallest size 
fraction generally contains the highest con­
centration of ~ ontaminants. the very small 
clay/silt fraction of these sediments like ly 
contains very high concentrat ions of pol­
lutants. This small size fraction is used selec­
tively by most biota for their food supply. 
Concern shou ld be raised about these concen­
trations, and funher investigation is needed, 
especially if th iS area is to be used for aqua­
culture. 

The most lil..ely source of hydrocarbons is 
incomplete combustion of petroleum products 
by ships and tOll rist boats using the port. Also, 
automobiles and trucks bringing supplies to 
port are more common in this area than other 
localities previllusly discussed. Oil spills from 
over-filling or leaky containers may also con­
tribute somewh .Lt to these high concentrations. 

Esqu;nQ~' Ri" er: The Esquinas River drains 
National Fores1 land and large palm planta­
tions to the nonheast. On ly a few tributaries 
drain deve loped areas (Fig. 4). The BHC 
compounds we re found in all samples from 
this area. Even though dete<:ted quantities 
were near the detection limit the ir appearance 
on almost all chromatogram s was consistent 
on all repetit ions. Concenlr3tions range from 
barely deleCtable to 2.4llglkg. Samples from 
Esquinas sho\\ed hits from almost all other 
pesticide groups, including heptachlor and its 
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epoxide. endosulfan and its sulfate, DDT me­
tabolites, and dieldrin, and endrin aldehyde. 
The two offshore samples contained the ma­
jority of these pesticides. This is consistent 
with finer grain size and higher organic con­
tent. 

COlo-Colorado River: The Coto-Colorado 
River drains a large agricultural watershed 
including large banana, pineapple, and palm 
oil plantations (Fig. 3). Extensive documenta­
tion indicates pesticide use with little enforced 
regulation at such fanns (Oinham 1993; 
Thrupp 1988; Manhiessen & Weir 1989). 
Gillespie (1992) noted heavy use of pesticides 
in this area-in the recent past. The Coto River 
area was selected in this study with the suspi­
cion that Jksticides would be found. Both 
sandy shoreline and clay-rich offshore sedi­
ments were sampled. 

Sediments from 1995 were collected along 
sand flats exposed near the river mouth during 
low tide and along sand beaches northwest of 
the river. Puntarenitas lies on the tip of a pe­
ninsula between Golfo Dulce and Golfito Bay. 
This area was also sampled to evaluate the 
impact from Coto-Colorado sediment. The 
sediments were classified predominantly as 
fine sands. Organic carbon percentages were 
low ranging from 0.18-1 .23%. No fine­
grained samples were collected during the first 
sampling season. Pesticide analyses of these 
samples did not indicate their presence. The 
reasons to explain this include the possibility 
of no pesticides in this region, dilution below 
detection limits by the coarse grain size, or 
inadequate laboratory technique. Therefore, 
this area was resampled in 1996 to obtain finer 
grained samples from the sediment plume. 
These samples were analyzed for pesticides 
using the much superior protocol outlined 
above. 

The 1996 sediments contained pesticide 
metabolites with few parent compounds. Con­
centrations for several compounds were much 
higher than in other areas. For example, 
15.'"g/kg ~-SHC, 1. ""g/kg a-SHC, 
13.31lglkg 4,4'-OOT and 2.2jJglkg heptachlor 
were found (duplicated and confinned) in 
sample 96-16B, and 1.3jJglkg 4,4'-000 was 
found in 96-148. However, concentrations 
and number of hits was not as high as origi­
nally expected. Sample 96-11 B was taken 

slightly upstream in sandy sediments. The 
detection of more compounds, in higher con­
centrations despite the coarse texture indicates 
that pesticides may be diluted and not retained 
in the sediments as they enter the gulf. 

Mangrove forests from the Esquinas River 
basin, a lesser developed area. were compared 
with the Coto Colorado catchment where 
commercialization is occurring at a higher rate 
(Gillespie 1992). From 1961 to 1984, an 18% 
loss of primary forest in Esquinas River basin 
had occurred, while from 1963 to 1984 the 
human population increased over 100% from 
14 745 to 33 251. These num bers reflect only 
a slight to moderate anthropogenic influence. 
There is a lack of written records indicating 
use of agricultural chemicals. however. Mi­
nistrio de Agricu llura extension agents indi­
cated that pesticides and other agricultural 
chemicals had been used in the area for the 
last decade. I n the Coto Colorado watershed a 
70% loss of primary forest from 1961 10 1984 
with a population increase over 250% from 
17 923 to 69 900 people had occurred. The 
first recorded introduction of pest icides into 
this floodplain was in 1954 when over 12.000 
hectares were treated with dieldrin. Since that 
time, applications of fungicides, nematicides. 
herbicides, and chlorinated hydrocarbons has 
occurred on a regular basis. In 1973 a major 
banana plantation adopted biological control 
methods. Mangroves in the COlO-Colorado 
watershed have received direct and indirect 
anthropogenic influences correlated to agri­
culture and pesticide use. 

The lack of pesticides found at Coto-Colo­
rado in this preliminary study does not mean 
that they are not present in sediments of Golfo 
Dulce. Costa Rica registered over I 200 pesti­
cides in 1993 (Garcia com. pers.). Their use 
has increased significantly over the last few 
years. Several factors can influence the lack of 
pesticides found. especially in the Coto-Colo­
rado River area. As stated earlier, particle size 
distribution and organic content influence the 
potential for contaminant sorption. Samples 
taken from the Coto-Colorado River area were 
predominately low organic sands, which have 
a much lower affinity for organic pollutants. 
Pesticides may therefore be transported 
quickly out of the Coto-Colorado area to ac­
cumulate or be degraded elsewhere in the gulf 
or ocean. 
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In general, the pesticide comam inat ion in 
the sediment sam ples in Golfo Dulce are welt 
below levcls noted in the stud ies referenced 
above. Wh ether these values represent pristine 
conditions or the onset of contaminat ion is 
diffi cu lt to assess because no other studies 
have been conducted on relatively unde­
ve loped, or tropical gulfs. Other studies have 
been conducted after obvious contamination 
has occurred. Many of the pest icide hilS in this 
study are close to the detection lim it, indi­
cating only a minimal im pact to date. Unfor­
tunate ly, it is difficult 10 obtain accurate in­
formacion on which pesticides are curren tly 
being used and at what rates. Nevertheless, the 
data indicate that certa in areas with in the gu lf 
may bc acting as sinks for contaminants. Al­
th ough thi s preliminary study gives an ini tial 
picture of pesticide contamination in Golfo 
Du lce. a great need ex ists for more data to 
obtain a complete understand ing o f the basin. 
As the region develops these data can be used 
10 assess fu ture impaci of pesticides on the 
sedimcnt and water quality of the area. 
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