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DIELDRIN UPTAKE IN THE THREE-RIDGE NAIAD'
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Abstract:  Specimens of the three-ridge najad (Amblema plicata} were placed in a continuous Sow e
temn containing two concentrations of dieldrin (HEOIX}—20 parts per billion (pph) and 26 parts o
trillion (ppt). For 10 wecks the gills of naiads were monitored for upluke and retention of HEOD |
means of liguid gas chromatograghy. THEOD concentrations in the gills stabilized at approxiviniely
ppm and 55 pph, respectively, in the two systems after 2 weeks of exposure. During the nest 12 wed
HEOD was not added to the test aquaria. Release rate of HEOT) by nuiads held at 20 pob was s
sixth that of the uptake rate, and Hose exposed to 20 ppt refeased HEOD al one-fourth the uptike n
The experiment was terminated when concenteations i the gills reached 700 ppb and 13 pph (1
background level in gills of freshly canght natads was 5.7 pph). The gills of the tee-ridue mie appe

to be aceeptable monitors of 110D,

The use of naiad mollusks {Bivalvia) as
Biological indicators of pollution has been
practiced for many years. Ingram (1957)
reviewved the lterature for the first half of
this contury. However, the use of naiads as
monitors of pollution is a recent develop-
ment, Bedford et al. (1968) collected naiads
from an upstream location, placed them at
six stadions downstream, and analyzed them
for pesticide content after 2, 6, and 10
weeks, Statistical analysis showed that the
natads concentrated DBT, TDE, DDE,
methoxyehlor,  and  aldrin - siguificantly
above their background levels and the con-
contrations detected in the stream, T was
also noted that the concentration of pesti-

Phis study was supported by the Ohio Co-
operative Fishery Unit and the Ohio Division of
Wildlife,

cides i the natads seemed to reach
equilibrium associated with the amount
pesticide in the stream. Studies with ot
have shown that they can concentrate
pesticides to levels 70,000 times greator
those in their environment (Butler 1966

If naiads are to be used as pollution
monitors, more specific  details on the
kinetics of the metabolisi of specific polin
tants are necessary, We subjected the e,
ridge naiad to a pesticide under contrafled
conditions and analyzed fos pesticide con.
tent, A plicata was chosen becinse o i

one of the most abundant species it
Midwest, and it s fonnd so DHoth fabes ol
streams {Bales 19700,

Weo thank A Hegedus of the Cohunling
Zoological Cardens for the use of thes
facilitics and Drs. D, HL Stansbery and Ay
Colling for reviewing the manuseript.
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MATERIALS AND METHODS

Specimens of the three-ridge naiad were
collected from a local stream and placed in
a continuons fow system containing two
concentrations of the chlorinated hydre-
cwrhon pesticide, dieldrin {not less than 85
pereent of 1,2, 3, 4, 10, 10-liexachlore-6, 7-
eposy-1 4, 4 5,06, 7, 8, Sa-octabydro-
1 dendo-exo-5, S-dimethanonaphiahlene
(HEOD) ] For T weeks the naiads were
whjeeted to this treatment, and during the
[oflowing 13 weeks mtreated water {con-
taining o background Jevel of less than 1
oo of dieldrin} ran through the system.
An hvestigation of the uptake, establish-
ment of an eauilibrive, retention, and re-
Lose of dieldrin was conducted using gas
chirosnatography for dieldrin analysis.

A wmodification of HMille's (1969 con-
flow was used  because
dieldrin is rapidly lost from a static system
SHille 1969). The system was assembled
o the Avthar C. Johnson Aquarium at the
Colimbus Zoological Gardens (Fig. 1},
Water entered the 380-liter head tank (A)
duangh a 16-nun hose connected to a float-
stuated control valve that maintained the
Lk near capacity. Water flowed by gravity
feon the base of the head tank through 13-
aun Tygon tubing that was attached to a T

Hauons gystem

pint (B), A 13-mm Tygon tube (C), open

wothe air, was fitted to the upper section
o the T joint; this facilitated the flow of
water by allowing trapped alr to escape.
The Tower seetion of the T joint was con-
aeled to o 13-nmum Tygon tube 30 om long
(i, A plastic connector, secured by a
wrew clamp (1), was inserted into the end
{lis tebe, A 7-mm Tygon tube (I73,
+hieh delivered the water to the chambers
Jiere water and a concentrated dieldrin
slition were mived (G), was attached to
A connector, Four 5-mm glass siphons
HY van frome the mixing chambers to the
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Fig. 1. A continuous How system-—|{A} head tank, {B} T

joint, {C} Tygon twbe open to cir, {2} Tygon tube, {E) screw
clomp, {FI Tygon tube, {G) mixing chambers, (H} glass
siphons, [} test chambers, (l} Marictie bottle, (K} acerator
connector, {L} siphon tube, and (M} Tygon tube.

test chambers (I). From here the water
overflowed  into a  galvanized trough
cquipped with a drain,

Three glass carboys (]}, each with a 20-
liter capacity, were adapted as Mariotte
hottles according to Hille’s (1969) pro-
cedure and placed below the head tank
and above the mixing chambers. These
bottles were constructed to deliver a con-
centrated dieldrin solution, at a constant
rate, to the mixing chambers, Fach of two
bottles contained concentrations of dieldrin
sufficient to provide, when mixed with
waler, test congcentrations of 20 ppb and 20
ppt of dieldrin, The dieldrin was dissolved
in 100 percent ethanol. The third bottle
served as the control.

The mixing chambers were 42-liter
aquaria, cach equipped with an overflow
consisting of an aerator connector (K),
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siphon tube (L), and Tygon tube (M),
The function of the overflow device was to
keep the flow systern in balance. The test
chambers were 127-, 63-, and 42-liter aquaria
with one aquarium of each size for the
controls antd nne aguarinm of eard Jize for

cathof the dicldng concentrations, One air
stone in cach of the 42- and 63-liter aquaria
and two in each of the 127.liter aguaria
provided aeration and circulation. Two
siphons from the mixing aquaria fed each
of the 127-liter aquaria, and one siphon fed
each of the other aquaria.

Average How rates from the head tank
to the mixing uquaria were 2.6, 3.2, und 2.8
liters per minute in the dieldrin concentra
tions of 20 ppb and 20 ppt and i the con-
trol, respectively. Flow rates were regu-
Iated by adjusting the length of the Tygon
tube from the T joint to the mixing aguaria
and by inserting short segments of glass
tubing into the end of the delivery tubes,
The average delivery rate from all the
Mariotte hottles was adjusted 1o 1.6 )] ner

. S I . L
et [EASE T IR Fiterr f i a s Y

Farnesvnr of the dicliin sofation in the test.
ing aquaria was accomplished at least every
1.5 hours.

On October 20, 1969, 298 specimens of
naiads were collected at Little Darby Creek
at Rosedale-Plain City road Dbridge, 2.8
miles st of Roscdale, Pike Township,
Madison County, Ohio. Twenty-six najads
were sacrificed to obtain background levels
of dieldrin. The remaining 272 were taken
to the Zoological Gardens, scrubbed lightly
with a toothhrush to remove dire and at-
tached algae, and placed in the test aquaria,
The naiads soon began siphoning, and no
trouble was encountered maintaining them
in this system.

The head tank, delivery tubes, mixing
aquaria, and siphons were cleaned biweekly
with brushes and a chromic acid cleaning
solution. The naiads were serubbed weekly
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with a soft brush attached to a power diil} -
and the interiors of the testing acuari wes
cleaned weekly with steel wool. Fregues:
cleaning was necessary becanse of the .
curmnutlation of ferric oxide in the water I

arch oo the g i :'23..1‘;: Az the te
0 weeks, when ethanol was wdded 1 1

system, an aerobic bacterium (Sphaerotit-
grew throughout the system, clogaing o
water lines, coating the surfaces of

aquaria, and completely covering the nuiae.

Begimning on the 26th day, and every
to 6 days thercafter, small amounts of ul
(Colenkinin sp.) were added to e festing
agraria. We had observed carlier that ile
three-ridge naiad  could survive ubilizin:
Golenkinia as a food source,

Dead nafads were removed daily and
frozen, Dieldrin and ethano! were atdhed
to the Mariotte bottles as needed, and i
rates from the head tank and Muarioi.
bottles  were  checked periodically
adjusted when necessary.,

The vay ediroos

Frio gl e
capture detector and a2 Westronios st
chart recorder. The column was 1 1.83
X 40 mm Usshaped glass tnbe packed with
4 percent SE-30 on Anacrom ABS 70w
mesh, Nitrogen gas was used as the carie
gas at a flow rate of approxinmtely S0 5
per minute. The temperature reading e
mained quite constant and were as follows:
Injection port 230 C, column oven 198 (.
and detector 270 C. The standard solution
was 0.0197 ng/ul of 99 percent plus purified
HEOD. This standard solation was injected
at the beginning of each series of injections
and after every six sample injections, {o
obtain a standard curve for calendating the
data Ly using heiglts of peaks (€l
1966). Confirmation of TEOD in saniples
was obtained by injecting a fow swmples
on a Barber-Colnan Gas Chromatograph
Model 5052 equipped wwith a tritium elee-
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pon capture detector and a column packed
with 2 1:1 mixture of 13.2 percent QF-1
andd 10.5 percent DC 200 on Gas Chrom Q
WOAA20 mesh. Similar results were ob-
tained on both columns. Due to the sensi-
livily of the gas chromatograph, ail solvents
wed in dicklyin extractions were  glass-
distitled hefore use,

Two water sources were used in the con-
timiows low system, The primary water
amree was the well at the Arthur C. fohn-
wie Aquariem, but on December 18 the
psnp broke. Thus, from December 19 to
jaary 6, the well that supplies the re-
sainder of the Zoological Gardens was
wed, Two water analyses were made of
cacle well (Tabde 1), The waler tempera-
wiewas checked daily; it ranged from 12,2
w166 G over the 23-week period.

Waler samples were collected every 4
Las from the siphons leading from the
siving acuaria and analyzed for HEOD by
suadification of Teasley and Cox’s (1963}
socedure, Water samples of 100 ml from
e 20-pph aguaria and samples of 225 ml
s the 20-ppt aquaria, and from the con-
wal aquaria, were extracted with  three
wations of hexane (redistifled Skelly Solve
i totaling 50 ml. The fractions were
paeed through 1.2 em of anhydrous sodium
wate and combined in a 100-ml beaker.
e 2-ppt amd control samples were con-
anteated Lo approximately Tml on a warm
at plate wnder a Bltered airstream before
apections into the  gas  chromatograph,
sheveas the 20-pph samples were injected
weetly,  Caleulations of the data were
snedd o the 30 ml of hexane used in the ex-
alions, Becovery studies using this tech-
spte and aquarium well water showed 96.9
areenl recovery of HEOD. The time-lapse
“ween collection of the water samples
anl analysis varied from 3 days to 2 months,
st trend in the data indicated that no
sistion in the background levels of

Tohle 1. Average of two onolyses™ of the well water of
the Arthur C. Johnson Aquorium and of the Columbus Zo-
clagical Gardens. Concentrations are expressed in mg per

liter.
Z0o0LOGIOAL
AQUARIUAM GARDINS
TrsT WL Werr
pH 773 7.35
Alkalinity 233 2932
Chloride 30.0 6.3
Chromate 0.12 0.09
Copper .25 0.22
IMnoride 0.53 (.63
Total hardness 327 451
fron 0.17 0,30
Manganese 043 0,25
Nitrate 10.6 7.0 ‘
Nitrite 0.019 0.011 "
Phosphate 0.16 0.15
Silien 18.7 17.6
Sulfate 88 108

* The analyses were conducted with a Hach Water
Analysis Kit. The avorage vaiues are within 10 percent of
the actoal values except in those cases underlined, which
are 22.2, 20.0, and 47.1 percent, respectively, for chro-
mate, manganese, and nitrate.

dieldrin could be attributed to this time
differential.

Frach weel three naiads of different sizes
were removed from the two test concentra-
tions. Different sizes were selected to ob-
tain average uptake, refention, and release
rates of TIEOD over different ages. ITow-
ever, no attempt was made to determine
the age of the specimens. The weekly
samples included naiads from the 127-, 63-,
and 42-Iiter test aguaria. Omly two naiads
were sampled cach weelk from the 127- and
B3-liter control aquaria becawse of con-
tamination of the 42-liter control aguarium.

After a naiad was removed from the shell,
the gills and foot were removed, Each
portion was then blotted on a paper towel,
wrapped in aluminum foil, and placed in a
freezer, Dead naiads, and those sacrificed
immediately after collection from Little
Darby Creek, were also treated in this
manner. Six naiads were removed and
weighed with a Mettler balance prior to
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freezing for a comparison of wet weight
and weight after thawing. After thawing,
the gills of these six naiads averaged 59.1 &=
4.2 percent of the wet weight,

After careful consideration, it was de-
cided to analyze the gills for HEOD every
14 days after reaching equilibrium levols,
Accordingly, the gills of the frozen naiads
from weeks 1, 2, 4, 7, 10, 11,15, 18, 18, and
22 were used in the analysis, Fach puir of
gills was thawed, blotted on Whatman No,
L filter paper, weighed to the nearest 0.01
gram with a Mettler halance, cut into small
(3 mm?) pieces, and placed in a grinding
vial with a small amount of anhiydrous
sodium sulfate and 3 m} of a 1:1 solution
of acctone and acctonitrile. The samples
were extracted three times during grinding
with a Virtis “45” homogenizer using the
microshaft attachment at approximately
16,500 to 20,300 rpm. Fractions of acetone—
acetonitrile were collected from the vial
using a pipette and combined in a 60.qul
separatory  funnel.  Distilled  water  was
added to make a ratio of 4:1 acctone
acctonitrile and water. The estracted posti-
cide was partitioned three times into petro-
leum ecther, and these petroleum ether
fractions were combined in a G0-ml separa-
tory funnel. Clean-up procedures followed
those of the Pesticide Residue Analytical
Laboratory of the Ohio Cooperative Fsten-
sion Service (A, C. Waldron, personal com-
mmication). An equal volume of 2 per-
cent sodium bhicarbonate was added Lo the
petroleum ethier and shaken. The clean-up
colunms, 19 % 300 mm, were packed with
6.3 em florisil, 60100 mesh Preactivared at
650 C, then with 6.3 cm silica gel, and
topped with 2.5 e anhydrous sodium sul-
fate, The column was rinsed with 50 il of
benzene and 50 ml of 4:1 hexane and
benzene before the petroleum ether exe
tract was placed on the column. After this,
the colunm was eluted with approximately
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150 nid of 4:1 hexane and benzene and then
with approximately 300 ml of henzene (e
pending upon the standardization of cuch
batch of florisil). To prevent the formation
of air canals, the column wis never allowed
to run dry. The benzene fraction was col-
Jected and cither concentrated with a Buchi
rotary vacuum evaporator prior to injeclion
into the gas chromatograph or was infected
directly,  Caleulations were based on the
amounts of HEOQD detected, Poriodic ge
covery studies using this technique showed
a 92.4 percent recovery of HIEOD. The tine
lapse between sampling of the nainds and
analvsis varied from 5 to 12 maonths, hut un
trend in the data conld he corrclated with
this variation,

A laboratory accident contaminated sam.
ples taken during the 9th week of expostn
and the control sample taken during the
10th week,

RESULTS AND DISCUSSION

Dicldrin concentrations in the waler of
the aquaria exposed 1o 20 ppb were vk
able, During the entire 10.week CxXpOstre
period, October 20 through November and
December, the HEOD coneentradions, aver.
aged over LTy perinds, woere 1T858 =61
14.8 =86, 158 =68, and 203+ 9 Py,
respectively (all # values are standard e
viations ). This variability was probably
diee to the Huctuations in the flow e
cansed by the accumulations of ferric ovde
and bacleria in the water lines and hy snall
air leaks in the Mariotte hollles. The nver
age dickirin concentration inereased HE|
stabilized during December, probally b
cause all the tbing and glassware fually
became siturated with dicldrin, Anidvaes
of the control water showed no evidence
of dicldrin, hut the sensitivity of the gay
chromatograph was not great enongh 1o
detect dicldrin in the 20-ppt water samples,
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Tahin 2. Averoge uptoke retestion ond release rates of HEOD in the gills of A. plicate. Ranges are in parentheses.
JHEOD) Exeostuns CONCENTRATIONS
Wk 20 pph () 20 ppt (n =133 Contro} {n == 2)
| Ee :
it 57{ 43~ 82} 5.7 ( 4.5 8.32) 5.7 (453-82)

! 103 ( 9.1-12.23

2 16.2 (13,5-17.5)°

4 18.1 (11.0-22.53

7 165 (15.9-16.9)
b

Ty 168 {15.0-18.0)"
i 121 ( 8.1-15.8}"
13 83 ( 4.7-16.5)"
1 3.6 ( 4= 7.2y
1 1.1( 0.7~ 1.8)"
o : 0.7 { 4.6~ 0.8

38.2 (26.5-51.7) 182 = 0.6

36.7 (26.1-44.6) 165 = 0.4
54.2 (54.5-58.0) 115 0.5
53.9 (32.1-83.8) 118 =12
Iy \]
56.1 (41.1-69.3) b
42.9 (25.9-59.4) 18 2.6
32.9 (17.2-57.8) 30 =04
13.0 { 8.2-14.9} 6.0 =09
13,3 (11.8-13.4) 11+ 0.1
89¢ 6.7-11.8) 5.0 %+ 0.3

S Pyl other concentrations are pph.
Ramples contantinated doring analyses,
Sd of the caposure to FFEOLN

Weoassunie that the general trend found

o i the 20-ppb exposure chambers occurred
P, the 20-ppl exposure chambers,

The hackgromd level of HEQD in the
cillv of the 26 maiads sacrificed immaodiately
sfter collection from Little Darby Creek

ai o s2pphs A backeround Tevel was expected
r becanse Little Darby Creek Hows through
v b swienitura] ind, The avernsze TIEOD Tovel
et the gills of the control naiads during the

a0 weeks was 12,4 = 3.0 ppb. This in-
cb dicated some minor dieldrin contamination
pto o Beween the control aguaria and those with
- hinher dieldrin coneentrations, During the
b st 1 weeks, the HEOD concentration in
e control naiads decreased gradually to
23 ppb {average of weeks 19 and 223, a
e below the average background level,
Seepltinedly, all control naiads held in
Ao Aliter aquarium were grossly  cons
comded with dieldrin, and their data

cve not inchuacded.
o BEOD levels in the gills of the test or-
s caisms held in 20-ppb and 20-ppt dieldrin
HEL ancentrations are shown in Table 2. Even
- Zaugh concentrations of IEOD in the
il for most of the weeks showed much

variability, the uptake, retention, and re-
lease were similar for both concentrations
of dieldrin in the water. Thore were three
periods at both concentrations: (1) rapid
accumulation of dieklrin in the gills, {2)
stabilized period of HEQD retention, and
(3) rapid release of dieldrin from the gills.
The period of rapid accumulation began
immaoediately  alter introduction into  the
test aquaria. This rapid accwnulation wag
not anticipated at the low experimental
concentrations, and thus the first sample
was not taken for analysis until after a
woek’s exposure to dicldrin, The rapid rate
of uptake indicated that the rate of accu-
mulation resemibled a logavithmie curve. At
approximately 2 weeks, the rapid accmnula-
tion ceased and the concentration of diel-
drin in the gills remained relatively con-
stant, With 14 days as the period of rapid
accumuwlation, caleulations showed that the
naiads held in 20 ppb of HEOD concen-
trated dieldrin in their gills at a rate of 1.2
ppm per day, or 60 times the HEOD con-
centration in the water. Corresponding up-
take for naiads held in 20 ppt were 3.6
ppb per day or 180 times the concentration
in the water.
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In both test concentrations, the HEQD
in the gills of the naiads seemed to stabilize
or come to an equilibrium with the diekdrin
in the surrounding water. Thus, this
equilibrium concentration was much greater
in the gills of the naiads held in the higher
dieldrin concentration {17 ppm versus 55
ppb ). This is consistent with investigations
of different organisms held at various con-
centrations of a given pesticide {Chadwick
and Brocksen 1969, Mount and Boyle 1969),

The equilibrium concentration was re-
tained during the remainder of the dieldrin
exposure time, but dieldrin concentrations
decreased logarithmically after removal of
dieldrin from the water. During the 12
weeks after the end of treatment, the gills
of naiads that had been held in 20 ppb
dicldrin Jost approximately 200 pph per
day. The rate of dieldrin release was one-
sixth as fast as the rate of uptake. During
the 6 weeks after the end of treatment, the
gills of naiads that had been held in 20 ppt
dieldrin lost approximately 925 ppt per
day, or a release rate approximately one-
fourth at fast as the rate of uptake. These
limited data indicated that active uptake
and release of dieldrin from the gills of
naiads occurred more rapidly in the lower
dieldrin  concentration. The gills in both
dieldrin concentrations did not return to the
background level of 5.7 pph but seemed to
be asymptotic at concentrations above the
background level (700 ppb and 13 ppb).
It appeared that much time was needed
for these natads to reduce dieldrin concen-
trations to the background level. Thus, the
low background level indicates that Little
Darby Creek had not recently been highly
combuminated with dieldvin. The ruther
rupid initial release of dicldrin, followed
b a much slower release, is similar to the
release of DT from ovsters (Budler 1966,

The rapidity of uptake and of release of
dieldrin from the gills of the three-ridge

naiad and their sensitivity to the o
level strongly indicate that the gills of -
naiad are an exceilent monitor for divk
Other investigations have also shown ¢
different species of naiads could o
trate olther pesticides (Miller ol al, Ues
Bedford ctal. T96S ). Thus, this stody W,
ing the interaction between a pollatant -
the gills of a naiad should serve as u e
for the use of naiads as monitors for p .
cides and other detectable chemicals, 1.
major difficulty is that most nainds e
live in highly polluted waters and ¢
would have to be used primarily for &
tecting low levels of pollutants or -
pended in heavily polluted streams for o
brief periods,

The feet and the visceral masses ol i
will be analyzed at o ey date to deter
how they compare with gills as monitoe
tissues. This study and others, such
changing the pollutant concentration ..
having algae present throughout the evp..
sure period, are necessary before comls
tions between laboratory studies and s
veys of dicldrin i stream populations
naiads can be meaningful.
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ALLIGATOR DIETS OM THE SABINE NATIONAL

WILDLIFE REFUGE, LOUISIANA

5 M. VALENTINE, Jr., Bureav Sport Fisheries and Wildlife, Lofayelle, Louisiana

PR WALTHER, Byreny Dport Fishesies ond Wildlife, Sulphur, Leuisiano

FHTH ML McCARTNEY, Burequ Sport Fishertes and Wildlife,

Fnid, Oklahomo

PAREY M.OIVY, Bureau Sport Fisheries ond Wildiife, Sulphur, Louisiana

S nlract:

A total of 413 allipator (Alligador mississippiensis) storachs collected in 1961, 1962, and

ey - vt from Sabine National Wildlife Refuge, Lounisiana, were examined for food contents. Crustaceans

ttfons in mamnal populations were reflected
Fothiens ) raded hivh as food in 1646, and nutria

fshies were important fuod for allizators of all si

s, Reptiles and birds ranked [airly high in the diets.
in the allizator food habits.
{ Myocaster coypus) rated high in 196L.

Muskrats {Ondatre

Fhe first comprebensive food habits study

: A the North American alligator was made
et e Kellogg (1929). Most of the 137 stom-
' s examined by him came from alligators
ten s Vierdlion and Cameron parishes,
Mcllhenny  (1933) listed the
alents of 24 alligator stomachs from Avery
~ldy Iberia Parish. O'Neil (1949:115-
Ai examiined 86 stomachs in 1941 and
oy 12 from Iberia, Vermilion, and
ancron pavishes. Giles and Childs (1949)
s alyzed 318 stomachs from alligators killed
Cuing the harvest of 1946 on the Sabine
me. Foods and feeding habits of 20
Cators collected from two habitats on
v Rockefeller Refuge, Cameron Parish,

DalisianiL

sy ¥

were compared by Chabreck {In press).
Our study reports on three series from 1961,
1562, and 1964 and compares them with the
1646 series (Giles and Childs 1949),

AREA DESCRIPTION

The Sabine National Wildlife Refuge, an
area of 142000 acres in the southwest cor-
ner of Cameron Parish, Louisiana, les be-
tween two large estuarine lakes, Calcasieu
and Sabine. Water from these lakes is con-
nected to the refuge drainage system by
canals. Much of the refuge is prairie marsh
with  salt-meadow  cordgrass  (Sparting
patens) the dominant plant. Prior to 1958,




