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Polychlorinated Biphenyls and Chlorinated Pesticides in Soils of the Everglades
National Park and Adjacent Agricultural Areas

Adolio G. Requejo* !, Richard H. West, Patrick G. Haicher, and Philip A. McGlllivary

Notions! Ocsenic and A L Atlantic Ocsanographic & M gical Laborstories,
Oosen Chemisiry Laboratory, Miam, Fla. 33149
be affecting this region include polychlorinated biphenyh
Soll sammples collected from the Everglades Na-  (pCRy), of which the toxicity and persistence have been
:i:-lMud-djnm r-mhndnmglg'xnd{w(gcﬂ;;' researched (6-10), PCBs have beenmd-phnxmm
hmﬂum.:nluhouumhmmmmdm& mph:u:‘ undby‘ “”m“ Y )
1.1,)-trichkoro-2.2-bis(p-chlorophenyllethane (DDT), and e 4, (m iching) slso red the § O(i:

ohlordene are h.ll atthe agmulmnl mu. little contamina-
tion of parkionds has de-
reass by two orders of mqmtudc {10 unit parts per billion
bnb)vhhin 2 km of the agricultural sites sampled. Indi- .

jons of four Aroclors (1242, lm 1254, and
Mduhd using pattern iti suggest”

rigstion by preventing evay ion, and subs ially im-
proves crop yields. Following use, it is routinely burned and
plowed into the soil, thereby releasing any PCRa prosent in
the plastic matrix into the atmosphere. Once sirhorne, these

that plastic sheeting used mqmunwﬂﬁelds-ulnalmm
of PCBe. A comperison of the results to those from other en-
visonments revesls that PCB and DDT cuncentrations found
withia the Park {€1.0-33 and <1.0-22 ppb, respectively) are
08 low se any site in North America.

‘The Everglades National Park in South Florida is 8 unique,
delicately balanced ecusystem. Within the last 30 years, lands
sdjscent to the suutheastern buundary of the park have been
sutensively rock plowed and drained fur farming. This mi-
eultural sctivity has grown and currently accounts for 8 sig-
M portion of the United States winter vegetable crop.

np " can be t ted by wind into the adjecent
B of the tal and legal implications in-
volvedmde(ctmmm; hether the Everglades Nati 'Pul
is being inated by these anth il

nudy was undertaken to anslyze soil umpln from e mh-
mmmtion of the park, as well as samples of plestic

ined from Jocal The study ares encom-
pessed Tn}lorSloogh.a major conduit of reshwater into the
park, and adjocent agricuitural lands. This paper presents the
results of this study.

The encroachment of man upon this wildernesa has lted
#n the intruduction of industrial chemicals and pesticides,
M threuten the environmental quality of prixtine lands
9 the west. The National Park Service. in an efTort 1o mini-
mise contamination of parklands, obtained an indefinite
moraturium on farming in an arce known ax “Hole-in-the
Doawt”, lucated within the boundariex of the putk. The
meratorium was the result of a study which found elevated
fovels uf 1,1, 1-trichiory-2,2-bis(p-c hiorpheny Dethane (YT,
PUT wetabolites, and dieldrin in sviks and biota south of
“Hole-ln-the-Dunut™ (7). A mmitoring program conducted
by the US.G.8. hus found increased levehs of DDT and DDT
metabudites in submented soils collevted from nearby Tayloe
Slowgh (2). Although domentic use of DT was bonned in
1972, the quantitiex used and the persistence of DIV degea.
dation pnl'l.l'tn cmtinue 1o make these nmnnnmh envi-
k Other chlorinated |mln-ulm. ach
on chlordaswe amd toxaphene, are still applicd (o Giwdors crops,
Chevniv inputs of thes |m!xulw to the park via irgigation
runell or carchw apglicition conkd bave a disastrom effect
on wildiife, csprecially (he diverse avian pogsilation (1 $),
I mdditiom (o pexticiden, industriol chemicals which may

¥ Prewent aeldrom, University of Riwade Inkowd, Graduate Soiwad
of Ocemmagraphy, Kisgrton, 1), 231,
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Experimental
Sampling. Samples were collected at sites slong the
h boundary of the park as shown in Figure 1. The
uupllugndvuuhnclyumdmudﬂwddmmyhm
sontal icals in the area. Sites

inchuded bu\hnmve (A} and A2) and fallow (A2) egricultura)
landa, recently farmed lands (1. 3, 4, and 6), and locations in
Taylor Slough and south und west of Context Rund. AN sam-
pling was done in May 1976 in order 1o facilitnte collection,
an mony of the locations sampled within the purk are covered

_ with water during the summer and early fall.

Surface soil samples were collected using a Teflsn scoop to
remove approximately the upper 2 em of soil. Nmmpvm
tative surfiuce debeis (eaves, ronts, ete.) was removed prioe to
cullection. Samples were placed in eleaned glws jars snd
wealed with Teflon-lined caps. Upon retuen to the kshoestory,
alt iamplox were immediately frozen. They were subsequently
freeze-drivd and stored frozen for later analywin.

Analyxix, A weighed portion of the freeze adried soil wan
extrwted with hexane in o Soxhict apparatus for 24 A Sa-
ponification of sandom samples to determine estraction of -
ficteney shewerd this proceduree (o be greater than A7 efficient
for chhwinated hydrocarhbons. However, this officiency enmn
vary with the vhemioal compmition of the soil.

An aliwt of the hexane exiract was concentrted (o near -
dryness using & rotary evaporaitor and tramdered onto &
cwlumin of Flarisil deactivated with % water. The cohums was
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oduled sequentially with hexane, 6% diethyt ether/hexane
(vA), and 507% dicthyl ether/hexane (v/v). The 6 and 50%
ether/hexane i ract ione were concent rated in preparation for
lysin by g . in order to separate PCBs
from DT m\d por mehlmhlnt. the hexane fraction wns
vechevwmatographed on 1% deactivated silicie ocid (12, 19). ‘The
colurmn was eluied with hexane followed by benzene. These
fractions were similaely concenteated For g chromatogeaphic
onalysis, The sepotation scheme is detailedd in Figure 2. Re-
covery of standand mixtures averyied 80-507%, No corrections
for recwvery were appliead to the nesults, PCBe were extrwted
with hexine from plstic sheeting following treatment with
beailing milfuric acid. The hexane extract wim analyzed wsing
the provedure deseribed nbive,
Chlwrinated hydrovashons were cheomatographed and
quatitatedd wding & ‘Tracor 550 gas chromatograph equipped

8 . } Qalanra £ T,

Figure 1. Location of sampling siles along the soushessiern boundery of the Evergiades Nationat Pork

with a ®Ni electron-capture detector. Peak arcas were men-
sured by a Hewleti-Packard (K380A recording integrator.
Three different cotumn packings were used: glass colomns (2
m X 2 mm i.d.) packed with 5% OV.210 on 10/120 mexh Su-
pelcopart were used primarily for quantitation of pesticides
while columing packed with L5% SP.2250/1.95% SP- 2001 and
4% SE- /% QF- 1, both on 100/120 mexh Supekuport, wese
used for PCI analyxis.

Pesticide concentrations were caleulaled using external
stamdard technigues, Total DIYT and total chhordane vatues
were reporied as the sum of DIYUs (pp"-DIYE, 0p”-DUT),
DT mwtabolites (p.p-DDE, 0,p-DOE, pp’-DOD, up’
DO, aned the ¥ and o ixomers of chiordane, rexpectively.
Total pesticide conventrations kess than 1.0 pphb were et re- -
poeted.

PCH concentrations weee also ealeulated using external
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Adjocent Areas (ng/g Dry Weight)
Sites Total Chilordane Yots) DOV
faricyitersl
A (active)d T 68 238
A2 {active}s 195 )
A3 {faViow 1.4 n
) {winter enly b <1.0 <1.9
3 [wiater only <1.0 <1.0
4 (winter only > <l.9 <«.0
6 (winter only «.0 «l.6
aa%unu
= 500! 113
O ] «1.0 .0
[ q.9, q.0
* <.9 <.0
13¢ ;.4 1.7
e .8 .0
18 3.1 1.2
1 - 9.0 q.9
”e qa. q.0
1.3 q.0
:: 4.0 q.0
] 4.8 2.4
n 4.0 1.7
» 2.0 3.0
Jaxler Sloveh
1 2. 1.2
»"* 1.6 ]
we 2.8 [R)
ns 2.7 7.6
1nt 1 N X1
Sontext food
t-9¢ a.0 4.0
o1t 1.6 4.0
a2 «1.0 2.0
[T %] <1.0 <1.0
-4 3.4 7.
or-§ .0 <1.0
a-$ .0 .0

VYabile 1. Chiorinated Hydrocarbon Concentrations in Soll Samples irom the Everglades National Park and —

Tota) PCB $ Aroclor 1242/1248 $ Areclor 1284/12¢0
Q ) 2
» ® “
» ] n
n 9” (]
1] n n
n ” 9
@1 - -
1" ] n
2 2 s
] ] 9
1. 7% n
i) 2 [
29 % »
5.0 " 16
0.9 [] w
0.4 [ ] 100
©.) - --
” ] W00
2.7 0 100
27 ° 100
2 '
<.} - -
2. 0 100
n -~ 0 100
n » ]
» 54 “
n 2 »
2.0 50 ]
5.0 ” s .
n S ™
5.7 50 %
s 0 I

# Agtwly frmed since sarly 1000s. * Farming began sppromimetely 1973. ¢ Ses within fhe bowndery of the perk.

devde h s Aiidual Y

s of four Aroclors
(1242, 1248, 1254, and 1260), which accounted for the majurity
of domestic use from 1957 to 1071 (1), were calculated iwing
puterized p recognition prog 113). Uatiern
ings of PCBs isvlated from soils are reported ws percent
Asoclor 1342/1248 and Arocior 1254/1260, These percentages
represent approzimate paticrn matchings and are mot guan-
tidative estimates of the PCB compoxition of each sumple. The
detection limit was 0.1 pph. Since PCIY pattern recognition
had not heen widely applied 1o envirmmental
somples, it i difficult 10 rewess whether thix tevhnigue cnkd
e useful in determining susrces and tramsport pathways of
these compuunds, West et al. (/61 have used an identical
program 10 characterize snurces of sewage matevial in New
Yoek Bight sedimenta with limited suevens,

Rewwlts and Discussion

Pesticiden. Chivedane, DUT, amd DDT metabuolites were
the principal pesticides detected. Revidues of odher chiei-
nated et orgemepbosgiuite pestivides examined in this stuly
were present st only Hhree wites (AL A2, and 2. “The results
ore summarizend in Tablea | and 1. Agrivabiucat sites Abad
A were highest in tetal DEYT and (ofab chivrdanse, Detatked
application histories of these fiekds were mit n\'ni!nlolr: 'Iﬂ.‘“
ever, the DT metalulite p.p’- DDE avemted for o major
poction of total DIYT, indicating a lwk of revent use, The

detection of aldrin and dieldrin at site A2 indicates a recent
application, as aldrin is quickly oxidized to dieldrin in soils
417). Low levels of tota) chlordane and total DDT st agricul-
tuzal xites 1, 3, 4, and 6 can be explained by the fact that these
are very revently farmed areax {(cn. 1971) and, thus, have re-
ceived litthe application of these compounds, s addition, these
fickls wre cultivated onty in the winter and left fallow the re-
mainder of the year. ‘This i in contrast to active agricultural
siten Al and A2, which are farmed mont of the year. Lower
Tevels of these compouinds it the fullow agricultural site (A3)
suggest it har been inactive fue some time.,

Nenrly all sites § 10 the agricultueal lands con-
tabned pesticide concemteations bokw the detection limits of
the mnalysis UTables Tand 1), Concentrations of total DDT
drop fromm 61 pph Leite A2) to <1.0 1.2 pph (sites 14 and 15,
respectively) over a distanee of slightly more than 2 km, The
same is true of chilordane which falls from 190 10 1.5-3.1 ppb
ol the same sitex., This deastic decreame in concentration
saggzests that Bittke hovizontal ouvement of pesticides has
vevarred. The highest co trations of total DIYT and total
chlordane within the park are found in Tayloe Skoagh, Fle-
sitvad pestivide conventrations in the Shgh woulkd b imlic-
ative o g maiot pathway for (hese compomds into the park.
fe tramsported by the sheetwiter flow either sibsched on’
paeticuliote matter or in the dioahved phace. Alhough bigher
than in the surromuding srews, the estremely kaw levels de-
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Toble 4. O of Other Pesticides In Soll
Samples from ihe Everglades National Park snd
Aress

Adjecent
' [ L]
dene none detected st any she
aptashior oponiie  RONe detecied at any sie
[ ] concenirations grester then 1.0 ppb
detecied ot #ree sites: 20, 2.0 ppb; AL,
16 ppb; A2, 238 ppb
[ ) dotocted ot one she: A2, 11 ppd
ondrin none detecied st sny sie
tonaphpne none detecied at any she*
w none delected at any ske®
'mhnmmuwmumu
*Low levele
of oogae mu wing an
Sheben eaphure detecior.

Teble M. Individual Arocior Distributions in Plastic
Shoesling snd the Sampling Grid (Percent of Total)

plusiie shooting M 20 B 4 "
sampliing grié 3" ” 1 2

tocted Indicate thet these are not significant processes. It

appesrs that agriculturst -etwuy -dmnt to tho pcrk fsre- .

Fiortof!
{16 & 5 190 on)
- "
Hadone poremion
0.9’ ' -0 aplethion
20000 “'M
.00 Herie
'.‘;.1 Meptachior
Srtn oponide
T e
n'mm chlordone
Wsophene tonsyhene
'Ilkk u
Moases
ahevin o.0°-00¢
Kh 0.0 -99¢
[T 20001
9.9° 907
o— ot
(e
shiordons
1
- melysts
Figure 2. Sep scheme for h analysie
of soil sampies
documented.

(d) The high rate of evaporation and intense hest in the dry
mcou)du:mmlorlonolma moderately volatile o

spensible for only low-level
W'I'qlusmn.BmmofMinmmo‘Taylu
Slough to wildlife in the Everglad: P

I this area should be carefully monitored.
'l'hbwlwohddmodlnhuni(nmnmwmn'm
imity to active agricultural fields. Factors
ﬂéuﬂmt«&nhmmwmwm
following:

B,

Further i i is which of
these factors, if any, is pnvlhnt.

PCBs. Agricultura! sites Al and A2 are highest in total
PCB, but concentrations are an order of magnitude iess then
Iht dulorinaltd pesnmdn (Table I). This is expected, as

Y to &

etc., is confined

of fertilizers, pesticid
ication to sur di

)
0 the fleids with list)e accidental appii

g

() Canale C-111 and L31W that seperate the agricuitural
Damde from parkiands are receiving most of the irrigation and
salovweter runoff.
(¢) Many soil i d I.un
of orgamic matter. Humic wbnm the major organic
dldkandndumt&hwbeenmwldmb
pp’-DDT (18) and otker hydrophobi

of pounds of the pesticide DDT were used snnuslly
in South Florida (27), whereas plastic sheeting, the suspected
source of PCBes, is a relatively new item in agriculture. Con-
centrations at these sites are only slightly grester then at other
sites in the grid. PCBs app ly are not lated pref-
erentially in farmland svils. A westerly decrcese in concen-

_ tration is aiso observed for PCBa, but is more graduel than

that of the pesticides. in some aress, such as the transect
through sites 3-4-5 and CR-5-CR-3-CR-1-CR-0, levels ini-

. (19, 20). The smounts of ehlorinated hydrocarbone bound in
this menner, and, thus, not extractable by organic solvent,
oould be significant. However, the availability of humic bound
ehlorinated hydrocarbons to biological systems has not been

tially d and then i away lrom the agriculiursl
lands (Figure 1 and Table I). These increases may reflect al-
ternate point sources of PCBs or physical differences in ac-
cumulative tendencies amuong the different svils. The wide-
spread distribution of PCBs throughout the grid implies thet

Tabie V. PCB and DDT Concenirations in Various Soils and Marine Seds throughout North A and the
North Attaniic

onwhonmont® totel PCB, ng/y totet DOT, ag/y oowee
(20} Mensante production faciity, M. 150-2.1 X 10* ”
80} agriculwe! knds, wostern Caneds 760-4010 2
B0} New York Bight 0.5-1400 <0.1-120 L J
{ae) Missiesippl Deta 0.2-38 0.2-93 ”
Bo) rioh Sea <2-1¢ <0.2-1¢ »
90) Norh Atniic sbyssal plain 0.2-23 .08 »
o) Fith of Ciyde 10-2900 i 0
o) Chsapeche By 11-1200 <1.0-2713 8
o) Sants Barbora Basin 109 e .
o) Everglages Mosional Park <1.0-33 <1.0-22 p shdy

*Aa pp"DUE ¢ 9.9°D0D. * 90 = marine sedmant; 50 = tol. '
. MONS 015190
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i 1 of thene pounda la not kmited by physical
Wha such s un-ln ot lllul(ln.

of pl heeting for PCR d
m reb. M\mh the nale of PCHa was voluntarily limited
o0 closed systems after 1970, it is probable that materisle
containing I’'Chis were muhhd and mkla[unhud.u The
bnh"‘“"inlhc ing, h , are indi of

analyses and Adriana Cantiio and Phuhp Hanson toe thesr

i with the pling. Special thanks yo to George
Harvey for his helpful suggestions and review of the mans-
script. The couperation of the Nations! Park Service during
the sampling period is greatly appreciated.
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88 much Aroclor 1242/1248 s Aroclor 1254/1260 (Table 111).
The predominence of Aroclor 1254/1260 in Taylor Slough
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b data presenterd herein indicnte that the aren i pristine
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mmn such an phihalate exters and polyevelic aromatic
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fmpact on thix (ragile environment.
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