
i±gcT 8/16/79 FYI M. Klaus 
F. Provorny 
<1. Ortii

J. Weber 
G. Young

Polychlorinated Biphenyls and Chlorinated Pesticides in Soils of the Everglades 
National Park and Adjacent Agricultural Areas
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■ 808 aampln collected from the aaatarn Evargladas Na- 
tioael Phrk aad adjacant farmlands «m analysed for main 
■Meriaated pesticides and polychlorinated biphenyls (PCBs). 
The mulls Indicate that althouf h concentrationa of PCBs, 
14*l‘tricbloro-2^-biB<p-chk>rophenyl)ethane (DDT), and 
•Mmdaaa arc high at the agricultural sites, little contamina­
tion af parkland* has occurred. Pesticide concentrations de- 
setae* by twu orders of magnitude <to unit parts per billion 
levels) within 3 km of the agricultural sites sampled. Indi*. 
vWaal contributions of four Aroclors (1242, 1243,1254, and 
UWj,tabulated using pattern recognition techniques,suggest' 
tiMftphntic sheeting used in agricultural fields ie a local eourct 
if PC8s. A comparison of the results to those from other en- 
vimnatnU reveals that PCB and DDT concentrations (bund 
vfcMa the Park (<1.0-33 and <1.0-22 ppb, respectively) are 
OS law aa any site in North America.

The Everglades National Park m South Florida is a unique, 
dsBcately balanced ecosystem. Within the last 30 years, lands 
adjacent to the southeastern boundary of the park have been 
sale naively rock plowed and drained for farming. This agri­
cultural activity has grown and currently accounts for a sig­
nificant portion of the United States winter vegetable crop. 
The encroachment of man upon this wilderness has resulted 
In the introduction of industrial chemicals and pesticides, 
which threaten the environmental quality of pristine land* 
ta the west The National Park Service, in an effort to mini- 
atiae contamination of parkland*, obtained an indefinite 
moratorium on farming in an area known as "Hole-in-the 
Donut", located within the boundaries of the park. The 
moratorium was the result of a study which found elevated 
levels of l,l,l-trichlorw»24l-bi*(pflil»m»|»hr»i)l)nhi»nc(l)iyr>, 
DDT awtahultlee, and dirldrin in soils and biota south of 
•Hob-la-lbc-Donut" (/). A monitoring program conducted 
by the UJS.U-S. has found increaucd level* of DDT and DDT 
metabidifes in submerged anils cElected from nrarliy Taylor 
fihmgh (2). Although domestic use of DDT was Umnrd in 
1972, the quantities used ami tIn* persistence of l)J ) l* drgra- 
datioa products contimie to make these computiml* envi- 
funmrnlally hazurthats. Other chlorinated jtcstivideH, such 
aarhlsrdane ami toxa|dwnr, are still studied to voriou* crofts. 
Chronic Inputs nf these pesticide* to the park via irrigation 
runoff or carrkw appliv;il s*n ctaihl hove a iliNOir«Hhp|f« t 
•H wiklttfc, especially Its* diverse avian |*ojmluti«»n (•* 5).

In addlihm to pvstirMlc*, imlusirial chemicals which may
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be affecting this region include polychlorinated biphanyts 
(PCBs), of which the toxicity and persistence have been widely 
rametched (6-10). PCBs have been uaed aa plasticisers m a 
variety of commercial plastics (/ /), and are suspected present 
in plastic sheeting voted by farmers to aid teed gemmation (I). 
The sheeting (or mulching) also reduces the frequency of ir­
rigation by preventing evaporation, and substantially im­
proves crop yields. Following use. it is routinely burned and 
plowed into the toil, thereby releasing any PCBa pi smut in 
the plastic matrix into the atmosphere. Ones airborna, these 
compounds can be transported by wind into the adjacent 
parkland*.

Because of the environmental and legal tmpticatioas in­
volved in determining whether the Everglades National Park 
is being contaminated by these anthropogenic pollutants, a 
study was undertaken to analyte soil samples from a south­
eastern section of the park, as well as samples of plastic 
sheeting obtained from local sources. The study area encom­
passed Taylor Slough, a major conduit of freshwater into the 
park, and adjacent agricultural lands. This paper proems the 
results of this study.

Experimental
Sampling. Samples were collected at sites along the 

southeastern boundary of the pork aa shown in Figure 1. Tho 
sampling grid was closely spaced in order to detect any hori- 
sontal gradients of agricultural chemicals in the area. Sites 
included both active (A) and A3) and fallow (A3) agricultural 
lands, recently farmed lands (1.3,4, and 6), and locations la 
Taylor Slough and smith and west of Context Road. All sam­
pling was done in May 1976 in order to facilitate collection, 
as many of the locations sampled within the park are covered 
with, water during the.summer and early fall.

Surface soil samples were collected using a Tefkm scoop to 
remove approximately the upper 2 cm of soiL Nonrrpresen- 
tntive surfai'e drlirw (leaves, roots, etc.) was removed prior ta 
fotlei’thm. Samples were plared in denned giro* jars and 
sealed with Teflon-lined mp*. Upon return to I he laboratory, 
all samples were immediately fnara. 17>ey were subsequently 
freeze-dried and stored frown for bier analysis.

Analysis. A weighed portion of tho freexr-drird sod waa 
extracted with hexane in a Snxhlcl apparatus for 21 k Sa- 
INinification 4 raiulom samples tn determine extraction ef* 
f irirtH'y dvmnl this procedure to lie greater than (V* ettWient 
f»w rhkain.il ed hydrocarlums. However, this eflicienry ran 
vary with the chemical nmiKsitkm nf the soil.

An aliquot of the hexane extract was concent rated ta near • 
dryness using a rotary rva|*tralor anti transferred onto a 
fukinrn ol Flurixit deorthnteti with T* wnler. 17a? nduam waa
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•bittd wquentiallY with hexane. 6% diethyl ether/hexane 
(rAi and MT* diethyl ethcr/hexane {v/v). 1*he 6 and SOT# 
ttWr/bexawe frarliona were concent rated in preparation for 
analytk by (tan ehromatocraphy. In order to w|Mriite 1*CB« 
fnm l)l)T and DDT metabolite*. the hexane fraction wna 
WfWonwtlyntpbd on :r;deactivatedtalkie acid 112.I’D. 'Hw 
ttdnma wm eluted with hrunr followed l>v benzene. Thue 
hart icon were eioolarly emwent rated for pa* chromatographic 
•natyvk The nepatol i«m no heme in detailed in Figure 2. He- 
corny of standard mixture* averaged HO-W'r. No mrmiion* 
lor recovery were atqdicd to the result*. PCIW were extracted 
with hrxane from plastic sheeting following treatment with 
bailing sulfuric acid. The hexane extract was analyzed using 
(be procedure described above.

Chlorinated hydmntrlmn* were chromningrn|>hrri and 
fMRlilaled using a Trnrnr WiO gas chromatograph npiipftnl

with a **Ni electron-capture detector. Peak arm were mea­
sured liy a Hewlett-Packard TWOA recording integrator. 
Three different column parking* were lined: glass roltMMift 12 
m X 2 mm i.d.) packed wit It fi% 0V >210 on IOtVl20me*hSu- 
prlroport were used primarily for quantitation of pwtindw 
while rohimm parked with I.»%.9^*Sl'^WI and 
■l%SK*!HVli% ()K-I, both on 100/120 mesh Supelwpurt, were
lined for lH'lt (in.il>vk

Pesticide concent rat inn* were ralculaled using external 
standard lit hnitjm**. Total DOT ami total chlordanr values 
were re|toried m the sum «rf DDT* (pjj'-DD'r, u,p'-l)UT), 
DDT mclahuliteH (/»,/»'• DDK, o.p*-l)l)K, pjj-DIM), njr'- 
1)1 >l». ami the y ami « isttnters of chlordanr. mqmrtivrK. 
Total |H’*ltcidrconcrnlrnlimis less than l.0ppbwrre ma re­
ported.

IVIl ronrrntralion* were aliui ralculaled using extrrnnl
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Tall* L Ctdactaated Hydrocarbon Coocawbattona In Sod Samplot from lha Everglades National Park and 
M)>conl Areas <119/9 Dry Weight)
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standarrir howsvsr, mdtvidusl contributions of four Aroctors 
(1143, IMS, 12M, and 12G0), which accounted for the majority 
of domestic ow from 1997 to 1971 (//>, were calculated mini; 
a computerised pattern recognition program (15). Pattern 
matchings of PCD* isolated from soil* are reported os percent 
Aroribr 1342/1248 and Arodor 1254/lJtW. These percentages 
represent approximate pattern matchings and are ws quan­
titative estimate* of the I’CttcomimmtionofrJt'h jutmfde. The 
detection limit was 0.1 ppli. Since 1*01 pattern rrviTgmtbm 
program* had not hern widely applied to environmental 
eamflrr. it was difficult to tawem whether this lerhath|ur nsild 
ha useful In determining sources and transport pathway* of 
these compinmds. West ft al. </n*l have used an idemleal 
program to characterize sources of sewage material in New 
York Bight sediments with limited success.

Jtewdfr and tXstu$*itm
Pesticide*. Chinrdnne. OUT, amt OUT metalmtile* sere 

the peineipai pr*tiride* rlctctird. Hcshlue* trf tdhef chlnri- 
Mded and ncgnnnplwsqihatc itcstwidc* examined in this ..Italy 
were present at only I luce sites t AI. A3. ami ’JiU. *1 he result* 
are summarized in 'Fables I ami II. AgrieulMir.il -in-* Al ami 
A3 were highest In total OUT ami MalchlunliHc. iViadcd 
application historic* of these fields wen* mg available: how­
ever, the l>UT metalsdite />./>*• DDK accounted for a major 
part iua of total I HIT. indicating a Uk of recent use. The

detection of aldrin and dieldrin at site A2 indicates a recent 
application, as aldrin is quickly oxidized to dieldrin in tails 
1/7). J<ow level* of tola) t-blonhme and lota] DDT at agricul' 
tural sties 1,3,4, ami li can be explained by the fact that these 
are very recently farmed areas (ca. 1973) and. thus, have re­
ceived little application of these compound*. In addition, these 
fit-ids lire cultivated only in the winter and left fallow the re­
mainder of (Ik* year. This is in contrast to active agricultural 
sites At nod A3, which are farmed must of the year. Lower 
levels »»f these rmnpmmdK at the fallow agricultural site (A3) 
suggest it has lirett inactive for some time.

Nearly all sites proximate to the agricultural lands con­
tained pcsthkh- emM’eiHratNms Udow the detection limits of 
the analysis tTnhW-s I and II). (.'onceolrntion* of total DOT 
drop from Till pph (site Ai) to < 1.0 1.2 j>pb (sites 14 and IS. 
res|H*etivelv) over a distance nf slightly murr than 2 km. The 
same is true of chkwdanc which falls from 190 In 1.5-3.1 ppb 
at tin* same wire This drastic decrease in ronreniratinw 
suggests that little htwi/ontal tmnrment of pcsIiridrK has 
mvurred Tin- highest i-om ehtralitms of total DDT ami total 
thhiril.me within the |mck are found *11 Taylor Shmgh. Kfc-
VHlvtl tsHH eitlralHms in the Sknigh wmiM hr iiwltr-

athr of a mapit pathway for these com|MMtml* into the purk, 
».e., irans|H«rtet| l»v tlte shiTtwaier flow either wlsorhed on 
(Kirthxilate matter or in tlie dissolved (those. Although higher 
titan in tin* surrounding sn-ns, the extremely hmr levels dr*
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TaMa *. Occarrtnc* ol 01ha» PasUcMaa In SoH 
iMflM Warn Uw EmglAdti National Park and

Ann

MmMNMadnyiHa 
ROW WMld ll any till 
oonoMlrstlofW |miv tfwn 1.0 ppb 

dbtsctsd al tm silos: 20.20 ppb; Al.
10 Mb; A3,230 ppb 

WOCbdXcwiW: A3,11 ppb 
MW dbWdod §1 any Mo 
nons detected al any she' 
mm dsfctsd at any aba*

* *1—puns h a swipin mUMs o» cNemane tompwmdb snd mey be 
dSSwS Pdblscm On pwbsecb of eewr cNwUeisd eesbcidss. Low inM 
pi aopMapbaopbaia paaacwaa cannot bo Mcooiii Mbniwid wk^ m
Mbabanaapbac dmcm.

Tab* K tndhlduel Afoctor Distributions In Plastic 
Mwatog and ttta Sampling Grid (Parcon* of Total)

• , "w *S? *3ST <im
pm PlinnQ 14 10 17 10
—P-OPW *< *• 11 21

lotted ladkata that thorn ora not Mendicant procaaaea. It 
■00 ran thol ocricnltural activity adjacent to tha park » ra- 
■pmaMa for only knr-lcvtl cootemination of parklancb 
thoaofk Taylor Slouch. Bacauaaoftha importanco of Taylor 
BonfklowiiciKft in tha Evttfladta, hnraver, pollutant WvaW 
In thla oraa ahould ba carafully monitorad.
. Tha War lavab detected at thaae aitea a« aurpriainf con- 
aUottaf thaW protimity to active atrkulturai fit Ida. Factor! 
odrich maid account for thaao low conctntrotiona induda the 
hSsvisga *
U The application of fertflixars, pesticides, etc., is confined 

le the field* with lit l k accidental application to surrounding

A) CimIiC-11] «nd L3IW tbRtMparatitlMii'Kultural 
kadi from parkland* arc receiving most of the irrigation end 
rainwater runoff.

(c) Many toil samples contained relatively large amounts 
if srgpde MUsr. Humic substances, the msjor organic 
ssmpM*n( of boik end wdimentJi, hsw been dioim to adsorb 
Ap'aDDT (11) and other hydrophobic organic compounds 
IflL IP)* Tha amounts of chlorinated hydrocarbons bound in 
tflaiw manner, and, thus, not extractable by organic solvent, 
aauhl be slgndWant. However, the ovwilobility of humic bound 
chlorinated hydrocarbons to bfotugicaJ systems has not been

Figure 2. Separation teheme lor cMorlnalad hyp pen boa analysts 
ofsotlsampiss

documented.
(d) The Ugh rale of evaporation and interne heat in the dry 

•eaaon coukl account for km of even moderately volatile or 
unstable components.

Further investigation is necessary to detarmina which of 
these factors, if any, is prevalent.

PCBs. Agricultural sites Al and A2 are highest m total 
PCB, but concentrations are an order of magnitude Ism than 
the chlorinated pesticides (Table I). This is expected, as 
thousands of pounds of the pesticide DDT were used smuaiy 
in South Florida (2/), whereas pbntk sheeting, the suspected 
source of PCBs. is s relatively new item m agriculture. Con­
centrations at these sites are only slightly greater than at other 
sites in the grid. PCBs apparently are not accumulated pref­
erentially In farmland soils. A westerly decrease in concen­
tration is also observed for PCBs, but is more gradual than 
that of the pesticides. In some areas, such os the transect 
through sites 3-4-5 and CR-5-CR-3-CR-J-CR-0, leveb ini­
tially decrease and then increase away from the agricultural 
lands (Figure 1 and Table I). These increases may reflect al­
ternate point source* of PCBs or physical differences in ac­
cumulative tendencies among the different mils. The wide­
spread distribution of PCBs throughout the grid implies that

ToMs IV. PCB and DOT Conconlrotton* In Various 6oHt and Marino Sodhnowts throughout North America and Bio 
North Atlantic
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dispersal of these cnmpMinda b not limited by physical 
beuwderba such as canals or slough*.

Tbu asperate analyse* of plastic sheeting for PCfb averaged 
tTS ppb Although the sab of PCtie was voluntarily limited 
It dosed systems after 1970, it b probable that materiab 
MUWn| PCIb were marketed and sold after thb date. The 
beds detected in the sheeting, however, are indicative of 
eaatembetbin during the manufacture rather than deliberate 
famudatinD. In spite of these trace levels, the individual 
Arecbr distribution in plastic sheeting closely resembles the 
Aradur distribution in the templing grid; Le., if l*CBs bolated 
bam aN aampbs were combined, the pattern wuold be similar 
la that of plastic sheeting (Table III). These data suggest that 
pbsllc sheeting is the source meterial in thb area. The indi­
vidual Arodor distribution in soil samples supports thb as- 
•artian. A pattern timibr to a mixture of Arodor 1242 and 
1241 b found almost exdusively west-southwest of the 
isnabads end, to a lesser degree, in the Context Road area, 
sUr Arodvrs ISM and 1260 predominate south of the 
bmbndsand in Taylor Slough. In addition, the average PCB 
lamsatftwaw in the arete where Arodor 1242/1248 pre- 
daminate are nearly twice the concentrations where Arodor 
1284/1210 predominate (Tabb 1). Ont explanation for these 
■mpa) distributions b the different volatilities of individual 
chbrohiphenyb. The major chbrobiphenyb in Arodor 
1248/1248. which have vapor presaum an order of magnitude 
greater than those of Arodor 1254/1260 (22, 2J), would he 
mere easily volatilised during burning and, thus, more sus- 
sept Hih to aerial transport. The eeet-southeast winds which 
ptevB during most of the year (24) would account for the. 
ubarved distribution and the westerly concentration decrease. 
DWbrtncss in average PCB concentrations can be explained 
by the bet that PCBe in plastic sheeting combi of nearly twice 
■much Arodor 1242/1248as Arodor 1254/1280 (Tabb 111). 
Tha predominance of Arodor 1254/1260 in Taylor Slough 
hapfcts that transport of these chbrobiphenyb occurs by an 
alternate mechanism, probably adsorption on particulate 
MUar, which b deposited and resuspended in tha slough. 
SampKng of atmospheric particulates and vobtibs. especially 
during the burning of plastic sheeting, should determine the 
uaRdky of thb atmospheric transport mechanism.

The data presented above suggest that vobtib PCBs are 
being mobilised by the burning of plastic sheeting and 
linspseteri by the prevailing winds. Thus, the levefa detected 
tetbeparkarepmfaridylhe result of tow level inputs occurring 
during the burning of contaminated sheeting. However, based 
an the magnitude uf these lcveb, thb input accounts for little 
contamination of Portlands. A comparison of the data in thb 
study la other areas (Tabb IV) shows that PCB and DDT 
levels blmd within the pork arc as low seat any site sampled 
In North America. Comparisons of thb type ran I* mblemling 
due to differing analytical techniques, but it b surprising to 
find lower levels of these compounds in the pork, a region 
■periaHy suareptihb to direct inputs, than in coastal de­
positions! environments which receive indirect inputs (via 
acdimeatlng particulate matter, sludge dumping, etc.). Al­
though data presented herein indicate that the area b pristine 
With respect to chlorinated hydrmurUms, bvrb of other 
mdiutanlm such ss phlhnlate esters and polycyclic aromatic 
hydrocarbons, as well as other insect bides ami herbicides, 
shrqifrt be determined in «mler to more accurately assess man's 
impart an thb fragile environment.
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