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ABSTRACY

Transportation of diwinon-C and parathion-S% off 4 madel cranberry bog following a
simulsted fros proiection flood was shown 24 Lr after application of the chemicals. Fish
tFandulus heteroclitns 1) and freshwater musscls (Efliptio  complanatus Sclander)  were
exposed to these contaminated waters and analyzed periodieally. The majority of the chemicals
disappearcd from the water after 144 hr. During this time, no labeled metabolites of diazinon
were detected: however, three labeled parathion depradation products were encountered. Ae-
vumulation of both pesticides occurred in the fish and mussels, often to levels far in excess of

that present in the walers. The fish appear able to metabolize these aceumulated chemicals

at g faster rate than the mussels,

PNFRODUC TION

Hohas been established that @ major portion
of the surlure walers in America {oday are
pollated with chemicals to some degree ¢ Faust,
1961 Middleton  and  Lichtenberg, 1960).
Agricultural chemicals constitte a stgnificant
segment of these poilutants and their use has
arcused concern amony hoth scientists and the
general public, Pesticides enter surface waters
as a result of divect application, either planned
or accidental. aerial drify, leaching, or sur-
face runaff.

The cranberry industry is dependent upon
anadeguade freshwater sapply. Bogs may be
floaded with 6 ineches of water for 3 to 4
manlhs te protect the vines from winter in-
jury, dtis a common practice to flood bhogs in
the evening wned draw off the water the fol-
fowing morning at frequent intervals during
the growing season fo protecl apainst frost
damage. Iy some arens of the country the
bogs are flonded to {acilitate picking, and in
athers the bogs are picked dry and Tlooded
afterwards to remove  accumulated  debris.
The waters used i this operation may be re-
turnedd to the original reservoir for re-use,
ar emptied into o runoff stream and carried
away. Nince a variety of pesticides are used
for various purposes in eranberry culturing,
it is important to know o what extent these
chemicals are removed in the floodwater and
to determine the ultimate fate of these com-
pouneds,

PThis work was supported in part by funds pro-
vided by the 1L & Department of Interior as autho-
rised under the Water Resources Research Act of
1964, Publie Law 88-379,

MATERIALS AND METHODS
Experimental design

To facititate study of this problem, a model
bog 2 ft > 1 ft X 1% ft was constructed in the
greenhouse to closely  approximate natural
conditions. A section of cranberry bog,
thickly covered with vines, was dug to a depth
of § inches and fitted into the model atop an

Cranberries can be transplanted in the same
manner as turf, thus this operation was ac-
complished without excessive disturbance of
the roal system.

Prrainage holes were cul in the ends of the
model al the soil fevel and | inch up from
the bottom. These were fitted with glass tub-
ing and sealed in place. Rubber tubing was
affixed to the plase and cloged with pinch
clamps, With this arrangement, loodwalers
which remained on the bog and those which
leached downwards could be colleeted sepa-
rately.

Diszinon  (0.0-diethyl 0-(2 isepropyl-i-
methyl-G-pryimidinyl) phosphorothioate)  was
applied to the model bog at a rate correpsand.
ing to 3 Ib/A (62.8 myg conlaining 2.8 mg
diazinon-CH, specific activity 3.21 jpe/mwm,
labeled with C'* alpha carbon aloms on the
ethoxy groups of the molecule}, The model
was floonded 1 hr after application and the
water left on for 4 hr. In a second experi-
menl, the model was flooded 24 hr after ap-
plication.

Parathion  (0,0-diethyl  O-p-nitrophenyl
phosphorothicate) was applied in a third ex-
periment at a 1 Ib/A rate (20 mg containing
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10 mg parathion-5%, specific activity 2.23
pe,mvid, A standard curve was constructed
based on the decay constant of 57, whieh
allowed interpolation of activily counts in
terms of relative occurrence of parathion and
its metabolites.  Flooding was done 24 hr
after application. as outlined for diazinon.

The waters which remained on the bog after
4 hr were drained off and the total volume
determined. A 1-liter subsample was taken
for analysis and the remainder added to an
aquarium containing a known volume of
natural pond water. Prior 1o addition of the
floodwater, freshwater mussels (Elliptio com-
planatus Solandert and estuarine {ish Fundu-
lus heteroclitus L) were placed in the aquar-
jum. The leach water from the bottom of
the bog was also eolleated. the volume de.
termined, and 1 liter used for anabveis. The
remainder was discarded.

Analytival procedures

The purity of the labeled compounds was
determined by thindlayer  chromatography
(CTEC)Y using plates coated with Silica gel G
and developing in 0.7% ethanol in cldoreform,
The plates were exposed te Fastman No-
Sereen X-ray film and autoradiographs made,
The parathion and diazinen fractions were
localized. the gel sovaped from the plate, and
the chemicals cluted with aeetone. The con-
centeation of cach was deteraiined on o basis
af connts pur minuie {CPNMY per my, using o
;\(Ji'if';llv(:ii;w"zl;_,’_(J Hu(l('i i:”:,). }H\\‘ })zll'iii.:l‘(lim{i
gas counting sysleny, Counting officiency of
this in-trement was caludated o 109 by use
of a CH barium carbonate standard. Al dala
reportesd evein have heen corrected on the
basic of this value and all samples were sta-
tistically significant above hackeround at the
S5 devel

Fxtraction of the chemicals from water was
by the method of Teasley and Cox (1963].
Using thi= method, peeoveries of B1%  were
obtadned for both compounds,

Fich and mussels were extracted using the
acelonitrile method as outlined by Margot
and  Stammbach {1961}, Recovery  from
fortified samples were % for diazinon and
89% for parvathion,

Plant material was ground in u Waring
Blendor with 50 ml acetonitrile, filtered and

recextracted with 25 ml acetonitrile. The ace
tonitrife fractions were combined and exeeass
water temoved azetropically, Final dilutions
were made with acetone. Recovery of fortis
fied samples using this method was 9270 {iog
diazinon and 9070 parathion,

Fxtraction of 100 soit samples were mude
by slurrying with 20 mb distilled waler and
shaking on a wrist action shaker for 30 1in
with 1580 ml hexane-tsopropy | aleohol (201
v 1 vi, The extract was filtered into a separa-
tory funnel and washed three times with 50
ml distilled water to remove the aleohol. The
hexane fraction was then filiered thraugh
sodium sulfale. evoporated to incipient dey
ness amd hrought to desiced volume with
acetone, Recovery ol diazinon fortified sam-
ples was 985 Parathion was extracted inoa
similar manner using henzege - soprops b aleo-
hot 120 vov) and yielded 9377 recovery
fram  lortified samples. Al data reported
herein have been corrected {or recovery,

The pereentage recovery for the exlraetion
procedures was checked onan Aerograph
madel 2001 gas chiromatograph equipped with
an clectron eaptare detecter. Inanalysix of
experimental materials. the quantity of Labeled
malerial was determined on the gas {Tow conne
ter, Since the fabeled materid reprosents o
fixed pereentaze of the total apphied. the Total
anvaunt of chemieal present couhd be calen.
Batedd B the CEAL of cach —ample.

AP ~amples were provessed by THC and
suwtoradiosraphs made, dw the manner pre-
viously deseribed 1o Tocaline the pesticide and
possible Inbeled metabolites, Where labeled
metabolites accureed, their ratio to cach other
amd to the paeenl pesticide moleentc was de-
termined by eluting the spots Trom the plate
aned counting each separately,

Labeled dinzinon amd parathion standards
wern é~|JnHl'1f on all |i|ui|':-a for velerence, n
addition, nonfabeled standards for paraoxen,
aminaparathiva, p-nitrophencl. and paomino-
phenol were aleo spotted. Visual pdentification
of these compennds for comparisen with
fabeled  and  nonfubeled  metabolites was
achieved by spraying with paladium eblonide
(05 g palladiunt chlovide and 2 il cone THC]
in 08 ml distilled water) for parathion and
aminoparathion.  Comnterspraying with 5 N
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sodium  hydroxide  resolved  paraoxon, p-

aminaphenol, and paitrophenol,

HEsT s
Diazinon

In this series of experiments  autoradios
eraphs of wll ~ampded material never reveated
any  labeled compounds exeept the original
diazinon molecufe. A check on that poction of
the extracting  <olution normally discarded
aever vielded significant amounls of aclivity,
I s assuned that the fabeled portion of the
molecate was sptit off and metabolized Lo
CHEOL The
only o the intact dinzinon molecule,

Flaoding the bog L hr after application of
the chomicad resulted in Lhe floodwater trans-
peirbing 17 (b3S poma of the total applied
dinzinon of T the boy.

folluwing vesults, therefore, refer

No rhemieal was de-
tected e the learh water,

After 3 b fish within the aquarium to
which the collected Hoodwater was added he-
came disorientated, and all were dead alter
24 hre Analvsis of the fish al that time ye-
vealed o diszinon content of 10,1 ppm, a
vibue HY times greater than that of the sur-
rounding water, Fhe mussels had a diazinon
residue of 137 ppm after 18 hr, indicating
they also were aceumulaling large amounts
uf the vhemical,

When samgled after 120 hr, the residue in
the aater bt decreased 1o 0.09 ppm whereas
g the mssels cemnined quite high at
Fab e Additional Tish were added o the
water al this time with no mortality or symp-
tims of poisoning occurring for a period of
200 by, After this exposure time the fish had
aceumalated 005 ppin of the chemical.

fn the second experiment, the model bog
was not flooded untit 21 hr afler application
of dinzinen, A marked  reduction in the
amonnt of chemival securring in the drained
i'Fable 11 and this
Apure (032 ppmy vepresents 6% of the
applicd total

floodwaler  was ol

Residue in the hog soil to a

depth of 1 dnches (1D ppmi and in the
vines {7033 ppm) represents 3.4%  of the

original dosage, indicating only 8% of the
diazinoen could be accounted for. It is be-
tieved that the remaining 92% was lost as a
result of either volatilization or loss of the (14

b7

Fanre V- Persistenee and transfocation of [hazinen.
(7 following application to a moedel cranberry bog

Time of
siirepihe Ty Bt Fleawle Aanarinm Fish  AMussels
{hry i) Vines water Waster
(s (R0 I R A | 032 [38 B
a2 - 0.1 {154
AR - 0432 .14
100 - 0,04 -
002

144 E B . [ER1N1

& The siples were collected abier the foosdwaters were
dramed, The elapsed period of thme between application
and sompling wis 28 br, The O time s used for clanity io
subsegquient sampling of the aruarium, fivh, and massels.

BoLrat preesented ws ppin.,

e Colleeted Hloodwaters added to aguarium water result-
ing in dibhdion.

fabiel Trom the melecute via breakdown, No
diazinon could be detected in the leach water
removed from the bottom of the model, in-
dicating downward migration of the chemical
in the water did not oresrr,

Samples of he aguarium walers tahew adter
18 and LEE hre revealed a diazinen content of
0.02 and 001 ppm. vespectively. These re-
sults correlate quite closely with thase of the
[irst experiment in demonstrating the rapid
disapprarance of the chemical in the water.

In the second experiment the fish did not
die or hecome disorientated, indicating 2 sub-
lethat, nontoxic level of chemical, After a
21-hr period, the fish had a residue of 0.11
ppm which decreased after 120 hre to 0.04
ppm. Again accumulation of the chemical
could he noted.

The diazinen concentration in the mussels
alter 21 hr was 0.5 ppm, a value almost
twice that of the water. This level decreased
after 18 hr to O.11 ppm and was constant
throughout the remainder of the test.

Parathion

A greater quantity of parathion was re-
covered, as compared with diazinon. fellow-
ing the elapsed 21-hr period between applica-
tien and flooding, The residue in the vines
(12,0 ppm ) represented 10.27% of the applied
material, that i the soil {012 ppm equaled
2.2% . and that in the water (0,12 ppmt cor-
responded to 6.5%, Combined. these values
represent 21.0% of the applied dosage.

Subsequent addition of the water 1o the
aquarium resulted in dilution which lowered
the concentration {Table 2). In contrast to
diazinon, a number of labeled degradation
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TavLe 2o--Persistence and transtocation of pearathion.
S following epplication to o model cranberry hog

Time of
sample Bog Bow  Flood- Aquariam Fish M- Agquariem
Chry woil vines  waher  water ek soil

0 012+ 2.0 012 007w

24 0.02 185 099 0.020
A8 - - - 0.01 211 603  0.004
EL4] - - - 0009 0.21 .14 (.006
T4 - - - 0002 022 004

G.007

w [Data presented m55 ppm,
P Coliected Mloodwaters added to aguarinm water result-
ing in dfhation,

products were encountered in extraction of
the various samples. Of these labeled metabo-
lites. only one chromatographed similarly to
a known standard and @t corresponded to
aminoparathion. No  other attempls  were
made to identify the metabolites.

The concentration of parathion in the
aquarium dropped to 0.02 ppm after 24 hr.
At this time the {irst evidence of a labeled
metabolite, hereafter referred to as unknown
A, was observed which had an activity ap-
proximately 10% that of the pavathion. After
48 ke, Jabeled parathion and unknown A were
still present and a second labeled metabalite
appeared.  This  second metabolite  corre-
sponded to aminoparathion by TLC. Para.
thinn concentration’at this time was caleulated
at (L01 ppm. The aminaparathion metabolite
and usknown A both had activities almost
idenfical 1o the parent compannd.

At the end of 96 by third Tnbeled metabo-
lite, hercafter referred to as unkown B, oe-
curred. Concentration of parathion was now
determined at 0.00% ppm. The activity of
aminoparathion and unknown A were ap-
proximately 70% of the parent compeund,
and enkpown B owas approximately 5070 Ry
111 hre the parathion concentralion was cal-
culated at 0.002 ppm. Both aminoparathion
and unknown A were equally as intense as
parathion, however unknown 3 was now five
times more active than any of the above com-
pounds, It would appear that during the ex-
periment, a selective proup or groups of micro-
organisms  had developed in the aquarium
which could utilize the parathion and possibly
aminoparathion and unknown A as a food
source, This could account for the rapid in-
crease in the amounts of unknown B which
oceurred,

Of the fish present in the aguarium only
12, from a total population of 060 were alive
after the first 21 hr. Analvsis of the dead
specimens indicated & parathion coneentration
of 1.68 ppm, an amount 80 times greater than
that tn the water at the same period. In addi-
tion, an unknmown metabolite. herealter pes
ferred to as unknown G was detected. 'Fhis
unknown was approximatels 30% as active ps
the fabeled parathion. It was obserced that
unknown G had an of similar to unknown A,
and that the radinactive intensity of cach was
similar. Tt is not, however, possible to state
that they are chemically similar withont fur.
ther analvsis,

After 18 hr. three of the remaining fish
showed symptoms of poisoning.  Analysis of
these specimens showed an increased accuni-
lation of parathion to 2.5 ppm. At the same
time, the intensity of unkuown O had ine
ereased 1o Th% that of the parathion, ln
sampling the fish after 96 hr, it was found
that unknown € had gcreater activity than
the parathion: however, after BLL he the
parathion concentration remained the same
whereas activity of unknown C had decreased.

Accumualation of pavathion alse oceurred
in the mussels; however. the residue value
varied during the periods of the test. [ s
suspected that this i= a reflection in sampling
errer. Many of the chims burrowed deep into
the sail, wnd b sucho o position wonld not he
directly exposed 1o the polintant, B alao
not eertain that these individuals were aetively
pumping water through theiv bodies, sinee it
was nol possibie o observe i their valves
were open or closed. Incorporation of such
individuals in the =ample would result in g
tower residue value,

DISCUSSION

It has been established experimentally that
parathion and diazinon could be remaved in
floodwaters drained from a cranberry bog.
Whether the chemical was present in solution
or in suspension  adsorbed  onto fine  soil
partickes eannot be stated with any degree of
cerlainty; however, it ds certain that the
chemicals were rapidly lost from the water.
These results are similar 1o those of Sato and
Kube (19651 who could find only trace
amounts of parathion in irrigation walers 7
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duss after application 1o a rice paddy. These
authors also state that the presence of algae
sreatly aceelerated  the decomposition of
paviathion, Ahmed and Cassida (1958 and
Guaner et al. (196610
prnaphosphate insecticides are readily metab.
olizedd by addition to
breakdown by by drodysis and toss by eVporas
tion. 3 is believed that the development of
wicroftora in the aquarium is the major factor
in governing the foss of the chemicals in the
experiment. The accumufation in the hody
tissues of the fish and clams would also ac-
vount for foss ol the chemical. In a check on
the inhibition of acetyecholinesterase by or-
ganophosphates. Weiss (19591 found a de-
erease inenzyme activity in fish following
exposure to diazinon. When the fish were
transferred  to uncoslaminated  water,  the
enzyme activity fevels rapidly  returned 1o
novmal,  Parathion,

have also shown or-

microorgzanisms,  In

produced  a
continual effect on the enzyme when the fish
wiere removed {rom the contaminated area,
The tesults of the experiment reported herein
closely paratlel the above findings, in that an
initially hizh residue accumulation oceurred
in the {ish which decreased as the level of
contamivation in the waters deereased. It
appears that the fish are quite capable of
metaholizing both compounds, the presence
of unknown € is evidence of this fact, and
apparently diazinon is more rapidly degraded
than is parathion,

ilf}“ﬂ‘\-‘l!i’_

Fhe ahility of ovsters and mussels to con-
centrate pesticidal compounds at levels far
above that preseat in the =urrounding walers
has heen shown 1o he characteristic of the
moliusks (U, S, Fish and Wildlife, 1961). In
both experiments. the mussels accumulated
the chemical at Jevels far above that of the
surrounding water. The decrease in residue
in the mussels is not as sharply indicated as
in the fish, suggesting a much sfower mecha-
nism o of  melabolism. Indeed the limited
amount of Tubeled metabolie products is quite
surprising considering the many parathion
breakdown praducts in the fish.

Nince many  aquatic organisms are  sus-
ceptible to organephosphates at a concentra-
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tion of T pph, the transportation of these
compounds into associated waters is of con-
cern. especially 10 relation to the food chain
sequence and the persistence in the organism
involved. The high degree of aecumulation
encountered in the mussels and the degree of
persistenee i evidence of this point. The
results of this investioation form a basis for
further study of diazinon and parathion in
natural conditions peculiar to eranberry cul-
turing.  Certainly, Beld conditions do not
approach thuse which are controlled in the
labaratory,  Experiments  are presently  in
progress to compare the data reported herein
with normal field operations.
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