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Lindane, the gamma (y) -isomer of hexachlorocyclohexane is one of
the few hydrocarbon insecticides still widely used for agricultural
and horticultural purposes. Use of technical grade 1indane has
increased gradually over the last two decades, averaging only 16 t
in 1960 and 100 t in 1976 (Statistics Canada 1960-1980). Lindane
can leach slowly from agricultural soil into streams or ground
water. Typical levels of lindane in surface waters of Alberta,
Canada, are 0.001 pg/L {Environment Canada 1976-1981). Higher
concentrations might occur in drainage ditches and streams for
short periods in spring and summer after intensive agricultural
use. Peak values of up to 10 pg/L of Tindane in surface waters

of England and Wales have been reported (Tooby and Durbin 1975).

" The bioaccumulation and toxicity of lindane to aquatic organisms
have been reported in the literature from laboratory studies using
flow-through systems with continuous spiking of lindane to maintain
its concentration in water constant. However, the design of these
systems prevents the determination of the significance of fate
processes such as sorption and volatilization by saturation of the
absorbing surfaces and by constant mass flow of lindane to repleni-
sh the Toss. Fate processes are predominant in nature and are likely
to compete with bioconcentration and hence influence the toxicity
of Tindane to fish. Thus the effect of such processes on the resi-
dence time of lindane and its concentration in water have not been
studied so far. The purpose of this study was (i) to investigate
the role of sorption by natural and synthetic materials as well as
volatilization on the residence time and concentration of Tindane

in water; and (ii) to predict and compare with literature, the
values of partition coefficients, bioconcentration factor, volatili-
zation rate constant and the half-life for volatilizational loss
from water. Studies were conducted in a laboratory tank system
containing river water and bottom sediments in which rainbow trout
(Salmo gairdneri Richardson) eggs and fry were exposed to low conce-
ntrations of lindane in water for a period of 5 weeks. The embryo-
larval stage is one of the most sensitive in the life cycle of fish
(MacDonald 1979) and its use has been suggested (McKim 1977) in
establishing water quality criteria.
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METHODS AND MATERIALS

The experimental exposure system consisted of:

(i}  nylon mesh (5-6 mesh/cm) baskets (9w x 102 x 14.5h cm) to
contain the eggs and fry, (three baskets per chamber);

(i) small plexi-glass (9L capacity) exposure chambers (13w x 471
x 21h cm) to hold the sediment and water, ten chambers (6 for three
Tindane concentrations (a,b,c) in duplicate and 4 for controls), and
(ii1) a temperature-controllied water tank (51cm w x 2.4m & x 30.5

cm h) to maintain the exposure chambers at 10 = 0.1°C.

The baskets were suspended in a row in each exposure chamber with
the bottom of the baskets about 2 cm above the surface of the
sediments (Fig.1). The chambers were held in the temperature cont-
rolled tank. Water from each exposure chamber was drained into a
separate reservoir (5L) and recycled back at a flow rate of 180
ml/min. This eliminated any cross-contamination of lindane between
chambers. Water in the chamber was agitated by bubbling air (0.5 -
1.0 L/min.) through a Hagen bubble wand placed along the length of
the chamber. A strip of plexi-glass diverted a portion of the
rising water across the surface of the eggs. ITlumination was
provided by the cool-white flourescent 1ight and incandescent bulbs
simulated a 15-min. dawn or dusk 1ight intensity change. A constant
12 h 1ight-, 12 h dark-period was controlled by an automatic timer.
The tank was sealed with styrofoam on the sides to minimize tempe-
rature fluctuation and the chambers were also screened with nylon
mesh to reduce the light intensity in the baskets to 21.5 Tux units.

Surface sediment samples were obtained from the Vermilion River at
a site approximately 5 km south of Vegreville, Alberta (Tatitude
53”27'N, longitude 11204'w). The bed sediment was analyzed to be

a mixture of silt and sand >250 wm(12%), 250-150 wn(22%), 150-63um
(33%) and <63 um(33%). The sediment used in this study contained
60% moisture, 4.2% low temperature ashable (250°C for 3h) organic
matter and 8.6% high temperature ashable (600°C overnight) organic
matter. The bed sediment was analyzed and found to be free from
lindane and other major contaminants (<0.1 ug/kg). Municipally
treated river water was used after passing it through fon-exchange
cartridges and activated carbon cartridge. Eyed rainbow trout eggs
supplied by the Mount Lassen Trout Farms, Red Bluff, California,
were used. The eggs were about 3 weeks old when received and the
eggs without eyes and damaged or dead eggs were discarded.

Commercial grade v -BHC (Sigma Chemical) was used to prepare a

stock 1indane solution of 800 ug/L in acetone. It was diluted 1:600
with river water for experimental use. Lindane was difficult to dis-
solve and proper care in terms of thorough mixing for about 20 h was
devoted to ensure the solubility of lindane. Each exposure chamber
contained 5.5 L of the river water and 1 kg(wet weight) of sediment
covering an area of 611 cm® in each chamber. Lindane was added to
duplicate chambers in amounts of (a) 700, .(b) 350, and (c) 35 ng

per chamber, as follows:

Sediments were added to 5.5 L of river water and stirred vigorously.
Lindane stock solution was added to the sediment suspension in five
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100 m1 batches over a period of 5 h. The sediments were stirred
during each addition and at 20 and 40 min. intervals between the
additions. The entire system was left undisturbed for 4 days to
allow the finely divided suspended solids to settle out. More
river water was added to bring the final volume to 13L and circula-
tion was begun. Four control chambers without Tindane were setup
following the same procedures. Seven days after the addition of
Tindane, 100 eyed rainbow trout eggs were placed in each basket
(300 eggs/chamber). Care was taken to protect the eggs from light
and temperature shock. Eggs at all lindane treatments hatched bet-
ween 7 to 14 days in the basket and the fry continued to be exposed
to lindane.

The various partition coefficients were calculated using the
regression .equations relevant to the present system and the chemical
tested, from the Titerature (Kenaga and Goring 1980; Lymen et al.
1982).  These binary regression equations correlate between water
soTubility(WS), soil sorption coefficient(ky.), octanol-water parti-
tion coefficient(koy), and bioconcentration in fish(BCF) (Fig.2).

Water samples taken at 1,4,7,15 and 33 days, sediments sampled on
day 14, eggs on day 7 and fry on day 27 were analyzed by gas chro-
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Figure 2. Partitioning of lindane in an aquatic system.

motagraphy (Environment Canada 1974) for y- and o-Tindane (Table 1).
The precision and accuracy of the analytical method was (i) 0.63 %
0.04 (0.69), (ii) 2.61 + 0.05 (2.68), and (iii) 9.91 = 0.04 (10.0);
all values in pg/L and in each set, the mean value, reproducibility
and the calculated value in brackets are given. Every batch of sam-
ples for analysis included not less than 20% quality control samples.
A simple suction device was used to sample sediments from chambers

to avoid mixing of sediment. Water above the sediment layer was
siphoned off before sampling sediment. Eggs and fry were kept
frozen until analysis.

RESULTS AND DISCUSSION

A1l of the water quality parameters except metals (<0.001 mg/L) and
pH (8.1), increased over the experimental period, possibly from the
sediments reaching an equilibrium with the recycling river water.
Concentrations of lindane in the water column of all exposure cham-
bers were <0.6 ug/L at the beginning of the exposure period and
gradually declined thereafter (Table 1). Concentration of lindane
in sediments was 100-300 times higher than those in water. Highest
concentrations in sediments (up to 77 ng/kg) were found in chambers
spiked with the highest amount of Tindane (700 ug) (Table 1).

The average bioconcentration factor was 319(142.6/0.29; 64/0.24;
50.3/0.19; 59.1/0.19; 8.9/0.03 and 8.5/0.03, where the numerator
is the concentration of lindane (average of two values, Table 1)
(ng/kg) in fry and the denominator is lindane in water (ug/L), for
the six exposure chambers on day 27. The actual biomass (fish) in
each chamber was approximately 30 g only on day 27. More than 90%
of lindane present in the system was sorbed to the sediment (1 kg
wet weight in each exposure chamber). Relatively high sorption of
lindane by sediment in the system left Tow amounts of Tindane in
the water column (0.1 - 0.6 pg/L). These values are much lower
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Table I. Concentration of lindane in water, sediments and fish.

Concentration day
of 1 4 7 15 33
Vindane
Water, ug 1
(700) #1 0.5 - 0.6 0.4 0.2 -0.3 0.2 -0.3 0.1
#2 0.4 - 0.6 0.4 0.2 6.1 -0.3 0.3
(350) #1 0.5 -0.6 0.1 -0.2  <0.1 0.1 -0.2 0.2
#e 0.5 0.2 - 0.3 0.2 0.2 0.1
(35) #1 <0.1 <0.1 - 0.2 <0.1 <0.1 <0.1
#2 <0.1 <0.1 <0.1 <0.1 <0.1
Sediment, ug.Kg'1 day 14
(700) #1 47.2, 49.8
#2 55.6, 76.7
(350) #1 38.7, 41.7
#2 19.1, 18.5
(35) #1 10.7, 1.8
#2 <0.6, 11.6
day 7 day 27
Fish, ug.Kg™t eqggs fry
(700) #1 107.2, 95.8 160.6, 124.5
#2 66.8, 60.8 41.5, 86.4
(350) #1 48.0, 54.7 39.1, 61.5
#2 48.4, 41.1 64.3, 53.9
(35) #1 7.0, 6.9 8.5, 9.3
#2 6.2, 6.7 5.3, 11.8

*

The value in brackets is the total amount of lindane added to each exposure
chamber containing sediment (1 kg wet weight), water (13 L) and biota

(~15 g initially as eggs and later ~30 g as fish fry).

than the lethal concentration reported for lindane in the Titerature
(Tooby and Durbin 1975; Macek et al. 1976). The aqueous concentra-
tions of lindane (0.2 - 0.6 ug/L) was found to be not acutely

lethal to fish but fry exposed to such concentrations for a longer
period developed symptoms of sublethal toxicity. These symptoms
could be due to direct or indirect effect of build-up ammonia (most-
1y ionized), and other fish metabolites in addition to lindane.
Studies (Tooby and Durbin 1975; Hansen 1980) have shown that lindane
in lethal concentrations cause hypersensitivity in fish but behavi-
oural changes at low concentrations of lindane have not been repor-
ted. The observed lethargism (as evidenced by the difference
between the controls and experiment) in fry at concentrations of
lindane used in this study could possibly lead to decreased food
intake and increased predation. The data indicate that fertilized
eggs accumulate Tindane in significant amounts and similar levels
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are found in sac fry exposed to very low concentrations. This could
result from continued uptake and slow depuration of lindane from
fish. Goldeye was shown to clear 90% of the accumulated Tindane
within a 2 day depuration period in control water (Gakstatter and
Weiss 1967) whereas rainbow trout retained 35% of the accumulated
lindane even after 19 days of recovery.

In this study, sorption of Tindane to sediment as well as to the
surfaces of the walls of the exposure chamber was investigated.
The duplicated tests show almost 30 times greater sorption by
plexi-glass container than glass surface for a 10-day period.

At 15pg/L of lindane in water, up to 88% could be sorbed by the
plexi-glass walls. Tests on glass containers (results not shown)
revealed a considerable loss (65%) of Tindane over a period of ten
days due to volatilization with minimal sorption (3%) in glass
container. Lindane is more volatile than most organochlorine
pesticides (vapor pressure of 9.4 x 1076 mm of Hg at 25° C, Martin
1972). There is a good agreement between the calculated, experi-
mental and literature values of the paramaters;

Parameter Expt.Value Calc.Value Lit.Value Reference

log Tog 1og
KOC 3.52 -- 3.30 Wahid and Sethuna~
than 1979.
3.57 Karickhoff 19871.
KOw -- 3.73 3.72 Kurihara et al.1973.
BCF 2.50 2.15 2.51 Macek et al. 1976.

Theoretical BCF values, using lindane solubility data (assuming the
absence of other competing fate processe§) are calculated to be
higher than the experimental value by 10° fold. Kenaga (1980)
reported that when 37 experimental values of BCF were compared with
BCF values calculated from WS (water solubiiity) or Koc equations,
87% fell within one order of magnitude and 100% within two orders.
He concluded that unexpectedly high BCF values calculated from the
equations may be due to poor water solubility or soil absorption
data. Obviously, competing fate processes such as volatilization
and sorption to surfaces of the container walls in addition to
sorption to sediments have depleted 1lindane from the water column.
This results in lower amount of lindane in water for bioconcent-
ration by fish. This does not alter the BCF value but the actual
amount accumulated. Thus competing processes could be beneficial
in reducing the exposure concentration of the chemical for accumu-
lation by biota in nature. However, these processes must be quan-
titated in order to reach the desired exposure concentration in
toxicity assessment studies. Compounds having a K Cva]ue 1000
(such as Tlindane) will be strongly bound to organic matter in soil

354



*pPAsn dudM ),GZ IP durpui| 404 ﬁ-qs B ¢+ 40 A3LLLgnios snoanbe pue By O ww w-oH X $°6 30 34nssaad aodea
¥
"(EL6T) 3403100 pue Aexoen (9) $(1861) #2681 20uN (4) ¢(1861) "L2 38 53420y (?)
(yadep w 1) (yzdep w 1) 433eM WOAJ Buepul}
sAep 632 sAep 661 40 UOLIRZL|LIRIOA 404 JURISUOD I3ed = 3 pue
(yadap wo up yidep = p BUIYM 493BM WOU4 SSO|
(yadsp wo 1) wo 1 403) Y leuoLjezL|L3R|0A
SAe i, sKe . . 0 3
(9) P 68°¢ P61 P X £69°0 1 404 9Ll ley " '3
Aol 32 (BH ww) sunssaud uodep = da
Mol 20 Aﬁuq sajow) A3L1LgnL0s snosnby = §
ULAL®Y , UL aunjedadws) = x»
JybLam N3Oy = MW
wo ut yidag = p adoym
T?v wd T?ﬂ wo :%\B@xwxﬁxﬁo?m:o.NTE\TSxSi.Bv ADIBM WOU} m
0¥¢°0 G9€°0 = juelsuod sjed
(9) ¥ ®) 1 g uoLjezy ¢
t LLLIRLOA ° Y
H-JE B uL uad3em uL A3Lpignios = § pue
ULALSY o Ul dunjeasduws) = xh
JybLam v ndaioy = MJ
24nssadd uodep = dA SJaym
s x 11
JURISUOD Me|
- *Nom.o Ampwo.mﬁ X UMW X (BH wur)da s, Auusy “H
anjep ‘1t ENTNEEIER) pasn uoilenbl J4313uede
. *QUBPUL| 40} JIJeM WOUA4 SSO} [RUOLIBZL|L]}@|OA
40 (T3) @4L1-41BY 9y} pue 43BM WO} A>xv JURISUOD 93RU UOLIRZL|LJE|OA “Juejsuod Me| s, Auusy 'z agel



and are considered immobile (Kenaga 1980). The main route to
surface waters will probably be through washing down of soil part-
icles due to heavy rain or during spring thawing of snow and ice.

The calculated Henry's law constant, of 0.202 (atm.m3/g.m01 units)
(Table 2) indicates the dominance of the 1liquid phase resistance
to lindane and thereby favouring partitioning of ]indane in the
vapor phase. For solutes of high H > 0.001(atm.m®/g.mol. units),
the liquid phase resistance dominates and for solutes of low H,

< 0.0001 such as SOp, the gas phase resistance dominates (Mackay
et al. 1980). The volat111ty of organic chemicals has been class-
ified according to Henry's Constant, H (EPA 1975). According to
this scheme, chemicals having, H > 0.01 are readily lost from water
surfaces; H = 0.07-0.00001 are moderately volatile and H < 0.00001
are non-volatile.

The calculated values of kY , volatilizational rate constant, and
ty, half-Tife for volatilizational Toss from water, are in reason-
able agreement with the literature values, considering the widely
ranging vapor pressure and aqueous solubility values for Tindane
reported in the literature. Use of higher values for vapor press-
ure and Tower values for aqueous solubility would yield lower ty
values. The experimental ty for volatilizational loss for lindane
was about 5 days under moderate mixing conditions. The percent
recovery of Tindane from water, sediment and bjota is given in
Table 3. Using the experimental data and the calculated constants

Table 3. Percent recovery of lindane from exposure experiments

Spiked lindane Amount (ug) of lindane Total lindane {ug) % recovery

concentration recovered from in the three analyzed of
(vg) Sediment Water Biota compartments Tindane

35 10.7 1.3 0.14 12.14 35

35 11.6 1.3 0.14 13.04 37

350 40,2 1.95 1.03 43,18 12

350 18.8 2.60 0.98 22.38 6

700 66.2 2.6 2.05 70.85 10

700 48.5 3.25 1.38 53.13 8

for the fate processes, the percent distribution of Tindane (total
concentration, 350 ug) in the system would be as given in Table 4.
The unaccounted lindane in the mass balance in the experimental
system was ascribed to sorption on the plexi-glass walls as the

most probable location (described earlier). Isomerization of
lindane to o-BHC was found to be insignificant. Fate processes
should be considered in designing aquatic toxicity experiments in
order to reach the actual exposure concentration of the test chemical
close to the desired exposure concentration.
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Table 4. Percent distribution of lindane in the system

Walls of Air Loss due to
Water Sediment Biota plexiglass (water depth Isomeri- Photo
(13L) (1 kq) (30q) chamber = 15.5 cm) zation degradation
(calculated

by difference)

0.6 11.5 0.3 31 56.5 N.D. N.D.

N.D. = Non Detectable
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