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The current interest in environmental
quality has stimulated research into the nature and
persistence of agricultural chemicals and their metabo-~
lites. The widespread occurrence of undesirable resi-
dues from the ubiquitous use of the chlorinated hydro-
carbons as pest control agents, particularly DDT, has
resulted in the gradual terminatiocn of these materials
as environmentally unsuitable insecticides in the
United States. To insure that future pest control
agents or their degradation products are not persistent
and therefore undesirable, an initial screening must
take place before they are put into large-scale use.
The development of a model ecosystem (Metcalf et al.
1971) clearly establishes a means for evaluation of the
environmental suitability of currently employed pesti-
cides as well as those in developmental stages. As a
part of a continuous program to investigate the effects
of pesticides on the environment, the fate of dieldrin
has been examined in a model ecosystem.

METHODS

The model ecosystem described by Metcalf et
al. (1971), was used and the experiment with dieldrin
was replicated two times. In addition to the standard
components of the Metcalf model ecosystem, one crabd
{(Uca minax), two small fingernail clams (Corbicula man-
ilensis) and a water plant, Elodea (species not identi-
fied), were added to the system. All organisms except
the c¢lam, the Daphnia, and the crab survived the ini-
tial application of the pesticide and lived the dura-
tion of the experiment. Periodic restocking of these
organisme over the duration of the experimental period
resulted in death to the organisms. However, clams
placed in the systems on the 30th day and crabs and
Daphnia placed on the 28th day survived until the ter-
mination of the experiment,
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Into the two model ecosystems 7.905 mgluC
dieldrin (specific activity 2.41 Meci/mm >99% pure by
tlc ether-pn-hexane, 3:2 and radiocautography) as an ace-
tone solution (0.5 ml) were applied to the leaves of
the sorghum. The two aquaria were housed in a Hotpack
environmental chamber held at 27+1° and a 12-hour pho~-
toperiod. In addition, the water portion of each sys-
tem was aerated with a small aquarium pump.

The procedures outlined by Metcalf et al.
(1971) were followed for the 34-day program of the
system and the work-up with the exception of the fol-
lowing: The organisms were extracted with acetone
instead of acetonitrile. The acetone insoluble radio-
activity, termed unextractable, was solubilized with
Protosol (New England Nuclear) for liquid scintillation
counting in Aquasol (New England Nuclear). For the
purpose of separation, identification and quantitation
of metabolites and/or degradation products, extracts of
the individual components of the system were spotted on
tlc plates (Silica Gel F-254, Brinkmann) and the plates
were developed using ether-n-hexane, 3:2., Another sol-
vent system, ether acetone 95:5 gave similar results as
to metabolite distribution but did not give as good
resolution of the polar metabolites and degradation
products. Radiocautograms were prepared (No-screen X-
ray film, Eastman Kodak) to facilitate the location of
the metabolites and degradation products. The spots
were identified by co-~chromatography with known com-
pounds., The distribution of metabolites was deter-
mined by scraping the spots from the plate for liquid
scintillation counting in a dioxane based scintillation
fluid containing PPO 7 g, POPOP 0.05 g, and napthalene
120 g in 1 liter dioxane. An external quench correc-
tion method was employed.

RESULTS AND DISCUSSION

Data {Qr the accumulation, metabolism and
degradation of C dieldrin in the model ecosystem by
the various elements are collected in Tables I - VI,

Examination of the data in Tables I and V
clearly demonstrates the great resistance of dieldrin
to undergo biological and chemical transformations in
this model ecosystem. The stability of dieldrin is
demonstrated by examination of the data in Table VI as
an average of v97% of the extracted radiocactivity from
the organisms was determined to be dieldrin. This
figure is given added support when the data for the
extraction efficiency are inspected in Table V as an
average of only ~9% of the total radicactivity con-

341



A1ea13oedsaa ‘IT ‘I syuel o3 sonyjea ( )
p23o9339p 04U O

wdo QS ) osneossq peydeafoipwolyd JOU IOBAIXD -~

7€ ‘ouexey-U :ioyle ¥G7-4 12D BOTIIS ‘feniea *I'¥x

342

(L1 (€8°0 zZ1°0 (v1°0 (60°0 (16170 (v0'0 (8/°1
‘18°1) ‘9v° Q) ‘8€°0) “41°0) ‘11°0) “©91°0) ‘10°Q) ‘2970
8L°1 $9'0 $Z2°0 %170 010 LLT°0 820°0 A 21qeIoRIIRAU)
(%0°0 (s0°0 (10'0
€180°0) €20°0) 0°0) ‘90°0)
750" 0 €0°0 - £€0'0 L0°0 0°0 11 usoudup 1e10d
0'0 1070 -- 0°0 0'0 £470'0 0°0 00 1€°0 UtIprerq 0=0-6
(891 ({170 (€z°0
AL ) ‘02°0) ‘91°0)
T1°1 61°0 -- 0'0 0°0 0°0 0'0 020 8€°0 UTIpTaTd HO-6
(00€°0
‘219°0)
9S%0 0°0 -- 0°0 00 0°0 0°0 g'0 €0 1T umowiug
(s° 98z (61°¢1 (se ¢ (¢¢'¢s (z99°0 (o£-¢ (€791
fTELL)  fwwte) ‘9°1) ‘gg 1) ‘gz €)  “L1°0)  ‘g1°¢1)
L8 62T 62°21T -- 96°2 10°¢ §6%°0 £0°2 96 %1 850 uzIpiaIg
(€e° 1 (v€"0
‘20%°0) ‘71°0)
998°0 0°0 -- €2°0 0’0 0'0 0°0 0°0 *G9°0 I usMouduf]
(97162 (vZ'91 8% 1 (16°¢ (as-s (16°0 (ve* ¢ (7L°81
“L79L1) ‘0Z°01) ‘€L°1) ‘0°2) R TAR ) °29°0)  ‘84°0) ‘zo*vL)
1°%€T rAARA 09°1 96°'C AN S1L°0 90°¢ 6€°91 Oy7 T®3IOL
11eUg Usig 03InbsSOl  BopoOld  BIuydeq qein we1n 9EB[V opToTIsad
WSTUBII0

wo3shsode [apow ® jo swstuedio uy sionpoid ucpiepea8op puw sd3lijodeism ‘uraprarp 30 (wdd) suoileizUEOUODH
1 d4719vVL



I9Y3re TAYISIP Y3ITM POIOBRIIXS UIY3 PU®B 'Say Qg I0F .0/ I®
asyle
Z2:€ “ouexoy-u

OH NSZO'0 Y3ITA PoIeail Iajem
TA439TP YITM POIOBIIXD 193BM = QCH-))

149439 $C7-4 T9D BOIIS onyeA ‘4'¥x

0%H~H

£€800°0 $900° 0 o4y TEIOL

=S 0°0 06200° 0 - 0°0 0£200°0 a1qe30®BIIXAUY
02100°0 86000°0 22000°0 $6100°0 0£100°0 $2000°0 00°0 IIA umouyup
6%€00°0 91000 $8100°0 25000°0 25000°0 0'0 %00 IA umowyug
07000° 0 $1000°0 $0000° 0 15000° 0 €000 0 610000 £0°0 A umowyup
$1000°0 60000° 0 90000° 0 $£000°0 $1000°0 07000°0 Z1°0 AT usouxup
€1000°0 $0000°0 80000°0 09000° 0 0'0 09000° 0 81°0 III umouyup
9£000°0 0'0 9€000° 0 £4000° 0 0'0 £4000°0 €70 uTAPIeIq 0=D-6
1%000°0 0°0 1%000°0 1500070 0'0 15000°0 8€°0 UTIPISTA HO-6
9£200°0 0°0 9€£200°0 £9100°0 0'0 €9100°0 ¥85°0 urapiera
1B30] o%H-H o%u-n 1230% o%s-n 0%H-1

I1 Yuel 1 Mue]J,

J93em pozAToapdy pue pozA1oapAyun ufl
s3onpoad uorjepeiafep pue s93rioqeism ‘uraplarp FJo (wdd) uorjeajusOUO)
IT H19VL

343



TABLE III

Average concentration factors (C.F.)* of dieldrin in organisms
of two model ecosystems

Organism
Snail Algae Fish Daphnia Elodea Crab  Clam

C.F. 114,935 7,480 6,145 2,145 1,280 247 1,015

*C.F. - dieldrin (ppm) in organism/dieldrin (ppm) in water

TABLE IV
Time dependence of 140 dieldrin, degradation products and
metabolites (ppm) in water of two model ecosystems

Days
Tank 3 6 10 14 21 25 31 34

I 0.027 0.023 0.021 0.018 0.013 0.013 0.007 0.0065

II 0.026 0.026 0,024 0.023 0.026 0.018 0.018 0.0083

TARBLE V

Extraction efficiency* of radiolabeled metabolites and
degradation products from organisms in the model ecosystem

Organism

Algae Clam Crab Daphnia Elodea Mosquito Fish Snail

Percent 7.6 12.1 24.8 1.9 4.7 4.9 15.6 0.8
unex= Ave = 9.05

tract~
able
radio~-
activity

$.D.= 8.07

*Acetone extract
TABLE VI

Percent dieldrin in extracts* of organisms in the model ecosystem

Organism
Algae Clam Crab Daphnia Elodea Mosquito Fish Snail
Percent 98.7 99.9 92.0 98.6 90.8 . - 97.4 98,9
Ave = 96.6 §.D.= 3.7

*Acetone extract
-- extract not chromatographed because <500 cpm
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tained in the organisms was unextractable. This figure
demonstrates conclusively that very little of the deg-
radation or metabolism products are in the form of un-
extractable conjugates. If the figures for extraction
efficiency and percentage of dieldrin isolated from the
organisms are multiplied together, then a value of 88%
is obtained for the percentage of dieldrin in the or-
ganisms. Tor comparison, DDT examined in this system
constituted 20-30% (Metcalf et al. 1971). However,
though DDT appears to be less stable in the model eco-
system, the major DDT metabolite, DDE, is very stable
in this system and, therefore, the transformation of
DDT to DDE does not contribute significantly to the
breakdown of DDT to polar, non-lipid partitioning
materials.

In addition to the previously discussed data
which deseribe stability of dieldrin in the system,
information regarding the concentration of dieldrin by
various organisms is collected in Table III. The fish
at the top of the food chain concentrated dieldrin to
the extent of 6,000 times the concentration in the
water. In comparison, DDT in the same system was con-
centrated in the fish ~84,500 times that of water
(Metcalf et al. 1971). However, the Physa snails which
are not in the food chain of the fish, but are scaven-
gers and can accumulate dieldrin from several sources,
concentrate dieldrin ~115,000 times the concentration
in the water which is about 19 times the value found in
the fish. This is the largest concentration factor for
the snail in this system as DDT and DDE are concentrat-
ed ~34,500 and ~19,500 times, respectively (Metcalf et
al. 1971). -

Finally, some comments are necessary about
the data in Tables IT an§qIV, which describe the con-
centrations and fate of C dieldrin, its degradation
products and metabolites in the water portion of the
ngel ecosystem. In Table IV the time dependence of

C dieldrin and its various metabolites is collected.
Over the 34-day period the amount of radicactivity
changes from a value of ~0.027 ppm to about an average
value of 0.0074, a decrease of about 3.5 times The
data in Table II describe the distribution of C diel-
drin and its breakdown products in the water at that
end of the experimental period. In contrast to the
nearly ~97% of the radiocactivity isoclated as dieldrin
from the organisms, dieldrin constitutes 25-28% of the
radicactivity in the water. In addition, the concen-
tration of dieldrin in the water is much less (0.00163-
0.00236 ppm) than in the organisms. This smaller quan-
tity of dieldrin in the water as compared to the organ-
isms is probably related to the low water solubility
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and high lipid-water partitioning coefficient of diel-
drin. Small amounts of material which chromatographed
with 9~hydroxy and 9-keto dieldrin were found in the
water. This contrasts the distribution of metabolites
in the organisms as these materials did not appear in
amounts sufficient for their detection. Further, while
49-61% of the metabolites isolated from the water had
an R.F, of <0.18, these same polar materials were not
isolated from the organisms. Lastly, water in contrast
to the organisms contained conjugated material as treat
ment with acid released 35-41% of the radioactivity.

The examination of dieldrin in this model
ecosystem clearly demonstrates the stability of this
insecticide towards either biological or chemical mod-
ification by the elements of this system. The demon-
stration that about ~97% of the extracted radicactivity
in the organisms was dieldrin emphasizes the inertness
of dieldrin to metabolism or degradation to polar, non-
lipid partitioning materials by the components of this
model ecosystem. If information about the stability
and persistence of pesticides derived from this system
can be related to a real environmental situation, and
it definitely seems to be in the case of DDT, then the
data of this paper indicate that dieldrin like DDT,
might be considered, because of its extreme stability,
an undesirable pesticide for widespread generalized use
in agricultural and public health entomology.
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