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The insec t ic ide  l indane ,  the gamma isomer of hexachlorocyc lohexane ,  is known  
to have toxic effects  on aqua t ic  organisms at very low concent ra t ions .  The 
su rv iva l  of Daphnia sp. con t inuous ly  exposed for  three genera t ions  to 19 pg 
l i n d a n e / L  was s i gn i f i c an t l y  reduced in the 3rd genera t ion ,  i n d i c a t i n g  a 
genera t ion  to genera t ion  cumula t i ve  ef fec t  (Macek et al. 1976). Popula t ions  of 
rot i fers ,  p r ima r i l y  Polyarthra sp. exposed for 6 d to 20 pg/L were reduced by 75% 
(Lay et al. 1987). The midge Chironornus tentans exhibi ts  l a rva l  mor ta l i ty ,  severe 
deve lopmenta l  r e t a rda t ion  and reduc t ion  in the n u m b e r  of emerging  adul ts  when  
exposed to 7.3 pg/L of l i ndane  for two generat ions .  At 5.0 pg/L l i nda ne  still  
caused a s i gn i f i c an t  delay in emergence of adults.  The fresh water  scud, 
Gammarus fasciatus,  does not successful ly reproduce when  exposed to l i nda ne  
concen t r a t ions  of 2.6 pg/L (Macek et al. 1976) and  have a 96-hr LCsoof  10 pg/L 
(Mayer and  Ellers ieck 1986). Exposure of the f ish Anabas testudineus to 75 pg/L 
for 1 hr caused i r revers ib le  damage to gills and  in t e s t ina l  tissues 
(Bak thava thsa lam et al. 1987). The fish, Barbus st igma, exhibi ts  high sens i t iv i ty  
to l i ndane  with a 96-hr LCso of 1.5 pg/L (Khi l l a re  and Waghs 1988). 

L i n d a n e  is f r e q u e n t l y  detected at levels of 0.001 - 0.02 pg/L in western C a n a d i a n  
r ivers  ( E n v i r o n m e n t  Canada  1980, 1982, 1984, 1985, 1986 - 1989). This low, but  
con t inuous  level of c o n t a m i n a t i o n  could pose a sub- le tha l  toxic threat  to 
f reshwate r  life. This  potent ia l  toxic threat  needed to be assessed with more 
sensi t ive,  up- to-date  toxici ty  tests than  have been appl ied  in the past. The 7-day 
le thal  and  sub- le tha l  tests with P. promelas and  C. dubia are a rapid  means of 
es t imat ing  the effects  of low concen t ra t ions  of chemicals  on aqua t ic  an imals  
(Norberg and  Mount  1985). 

M A T E R I A L S  AND METHODS 

The Fa thead  Minnow Surv iva l  and Growth  Test was conduc ted  fo l lowing  the 
procedure  of Norberg and  Mount  (1985). Test concen t ra t ions  (control  water  with 
acetone (1 mL ace tone /L  water),  control  water  wi th  acetone plus 2.7, 6.6, 11, 21, 
45, 72, or 173 pg l i n d a n e / L )  were selected for test ing based on p r e l i m i n a r y  test 
results. Each concen t r a t i on  was tested in dupl icate .  Eggs were cu l t iva t ed  f rom 
in-house  rea r ing  stock obta ined  f rom a cer t i f ied  f ish hatchery.  The larvae were 
removed f rom egg i n c u b a t i o n  tanks and  put  in to  rear ing  tanks  as they hatched.  
The tests were i n i t i a t ed  by placing ten, newly ha tched (< 1 d old) f a thead  
m i n n o w  larvae  into each test vessel. Acc l ima t ion  was m i n i m a l  due to the 
r equ i remen t s  of the test for very young larvae. Test vessels were 1 L, glass 
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vessels conta in ing 500 mL of labora tory  d i lu t ion  water  and were capped to 
prevent  vo la t i l i za t ion  of l indane. All test containers  were held under  a 
photoper iod of 16 hr of l ight and 8 hr of dark.  The larvae were fed 0.1 mL of a 
concentra ted  suspension of newly hatched brine shrimp (Artemia salina) three 
times a day. The test solutions were renewed da i ly  with f reshly  prepared  
concentrat ions.  The larval  survival  and the physical  and chemical  parameters  of 
the la rva l  survival  exposure water  (dissolved oxygen, temperature ,  conduct iv i ty ,  
hardness and a lka l in i ty )  were monitored daily.  Af te r  7 d of exposure, the tests 
were te rminated ,  the larvae f rom each test concentra t ion were ki l led by removal  
f rom water,  r insed in dis t i l led water,  placed on an a luminum foi l  dish and dr ied  
at 105 ~ in a Fisher  Isotemp oven for  24 hr. The dishes and dr ied  fish were 
cooled in a desiccator  pr ior  to weighing to determine dry weight. 

The Ceriodaphnia dubia 7-day Survival  and Reproduct ion  Test was conducted as 
out l ined by the U.S. EPA (1985). The test organisms were obta ined f rom the U.S. 
EPA Envi ronmenta l  Research Labora tory  in Duluth,  Minnisota.  Ten C. dubia 
were exposed to each test concentrat ion (control water,  control  water  with 
acetone (1 mL ace tone/L water),  and control  water  with acetone plus 6.6, 11, 21, 
45, 72, 173, 353, 743, or 1570 lag l indane /L)  by put t ing one neonate (< 12 hr old) 
each into a 20 mL scint i l la t ion vial  with 15 mL of test solution. Each toxici ty  
test was accompanied by controls conta ining di lu t ion water  only and d i lu t ion  
water  plus acetone equivalent  to the volume of acetone (1 mL/L)  used in each 
exposure solution. All tests were conducted at 25 ~ under a photoper iod of 16 
hr l ight  and 8 hr of dark.  All organisms in the test vessels were fed da i ly  at a 
rate of 0.1 mL of food suspension (fermented trout  chow, bakers  yeast, and 
CerophylR)/15 mL of test solution. Each surviving test organism was t rans fe r red  
da i ly  into a new test vessel. Mature C. dubia produced young on about the 3rd d 
and the adul t  was again t rans fe r red  to fresh test solution and fed. The remaining 
young were ki l led with 2 drops of HC1 and counted. The number of surviving 
adults,  the number  of young produced,  the physical  and chemical  parameters  of 
the exposure water  (dissolved oxygen, temperature ,  conduct iv i ty ,  hardness and 
a lka l in i ty )  were monitored daily.  

Survival  of C. dubia females was analyzed using Fisher 's  Exact  Test (to 
determine  s ign i f ican t  d i f fe rences  between responses at d i f f e r en t  concentrat ions)  
and the moving average method to determine the concentra t ion that  results in 
a 50% kil l  of exposed organisms (Bennett 1952). The number of neonates 
produced per female at each concentra t ion were s ta t i s t ica l ly  compared by 
analysis  of var iance  (ANOVA), fol lowed by Dunnett ' s  procedure (Dunnett  1955). 
Comparisons were based on the performance of organisms in solvent control  (lab 
water  plus acetone) a f te r  it had been determined that reproduct ion by C. dubia 
in b lank and solvent control solutions were s ta t is t ical ly  s imilar  (t-test, p=0.05). 
Survival  and growth of P. promelas was analyzed in a s imilar  fashion except that  
Dunnet t ' s  test was performed on t ransformed (arc sine) survival  data. The 
geometric mean of the highest No-Observed-Effec t -Concent ra t ion  (NOEC) and 
the Lowest -Observed-Effec t -Concent ra t ion  (LOEC) was calculated to give the 
Maximum-Acceptab le-Toxicant -Concent ra t ion  (MATC). Data from both sub- 
lethal  tests were also analyzed by a monotonic smoothing method to determine 
an in terpola ted  point  estimate called the Inhib i t ion  Concentat ion Percentage 
(ICp) (Norberg-King,  1988). By this method an inhib i t ion  of 50% in growth or 
reproduct ion  is repor ted as the ICso and is analagous to the MATC. 

The technical  formula t ion  of l indane (97% gamma isomer of hexachlorocyclo-  
hexane) was obta ined from May and Baker Inc., Burlington,  Ontario.  Analy t ica l  
grade (99.7%) acetone was used as a car r ie r  (solvent). 
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Labora to ry  d i l u t i on  water  character is t ics  ranged  as follows: pH 7.3 - 8.8; 
dissolved oxygen 8.2 - 9.8 mg/L;  conduc t iv i ty  304 - 329 ~mhos/cm;  a l k a l i n i t y  90 - 
100 mg/L  as CaCOa; and  hardness  150 - 160 mg/L  as CaCO s. This  water  was used 
for  both tests. 

Test samples (500 - 800 mL) were stored at 4 ~ in opaque glass con ta ine rs  un t i l  
analysis .  The samples were car r ied  through an in -bot t le  ex t rac t ion  wi th  
d i eh lo rome thane  (3 X 50 mL) using a magnet ic  st irrer.  Sample bott les were 
r insed three t imes with d i eh lo romethane  and  the rinses were added  to the 
extracts.  The combined  extracts  were concen t ra t ed  by evapora t ion  to a volume 
of approx ima te ly  25 mL. Extracts  were then dr ied by passing them through 
Na2SO 4. The extracts  were fu r the r  concen t ra t ed  to a volume of 2 mL u t i l i z ing  
a K u d e r n a - D a n i s h  appara tus ,  t r ans fe r red  to cu l tu re  tubes and  made up to 10 mL 
using iso-octane. 

L i n d a n e  analyses  were per formed  on a Hewle t t -Packard  5890 gas ch romatograph  
with dual  e lectron cap ture  detectors. The dual  co lumns were a J & W 30-meter 
DB-I and  a 30-meter DB-1701, both with 0.25 m m i d  and  0.25 Ixm bonded  phase 
on fused silica. The condi t ions  of the analys is  were as follows: oven t empera tu re  
was held at 60 ~ for one minu te ;  t empera tu re  was increased to 150 ~ at 20 ~ 
per m i n u t e  then to 300 ~ at 10 ~ per minu te ;  in jec tor  t empera tu re  was 220 ~ 
and  detector  t empera tu re  was 300 ~ 

Stock solut ions  of l i ndane  were made up in acetone and  stored in  amber  bott les 
at 4 ~ for  the test dura t ion .  Each day, 2 mL of l i nda ne  stock solut ion was 
p ipet ted  in to  a glass f lask and d i lu ted  to 2 L. The 2 L exposure concen t r a t ions  
prepared  for  that  day were ana lyzed  for gamma-HCH c onc e n t r a t i on  and  
represented  the da i ly  rep lacement  concen t ra t ion  used for both P. promelas and  
C. dubia test solutions.  Exposure concen t ra t ions  for a complete d i l u t i on  series 
were ana lyzed  on the f i rs t  day ( t -0)  and  the sixth day of the test (t=6). The f i rs t  
day 's  exposure solut ion was recovered f rom the respect ive exposure vessels and  
ana lyzed  to de te rmine  pest icide losses a f te r  8 and  24 hr. The 8 hr samples were 
collected f rom dupl ica te  test vessels to ensure  s u f f i c i e n t  sample volume. There  
was no ev idence  of pest icide loss f rom test vessels a f te r  24 hr of stat ic exposure 
nor  f rom stock solut ions stored over one week. The data  were, therefore ,  
combined  to der ive  the ac tua l  exposure concen t ra t ions  in ca lcu la t ing  e f fec t  
concen t r a t ions  for each organism. The data  for each concen t r a t i on  showed f rom 
4.4 - 13% coef f i c i en t  of va r i a t i on  and  close agreement  wi th  n o m i n a l  levels. 

Blanks of d is t i l led  water  and  spiked samples were prepared  for each batch of 
samples processed. Recoveries  were in excess of 95%. 

RESULTS AND DISCUSSION 

The f a thead  m i n n o w  surv iva l  da ta  was suspect for ca lcu la t ing  an MATC as the 
r educ t ion  in  su rv iva l  was s ign i f i can t  at 45 and  173 I~g/L, but  not at 72 I~g/L. 
This  i r r egu l a r i t y  made the surv iva l  data less re l iable  than  the growth data for  
ca lcu la t ing  an MATC for  fa thead  minnows  and  thus only the growth data  was 
used for  this purpose. 

The 7-day LCso for  f a thead  minnows  was 112 txg/L (Table  1 and  F igure  1) 
(Bennet t  1952). Growth  of fa thead  m i n n o w  larvae was reduced by 29% at a 
l i ndane  concen t r a t i on  of 45 I~g/L (the LOEC), no s i gn i f i c a n t  ef fects  were 
observed at 21 I~g/L (the NOEC) (Dunne t t ' s  procedure,  0<0.05). The m i n i m u m  
s i g n i f i c a n t  d i f f e r ence  in reduc t ion  of minnow dry weight  was 24.5%. The MATC 
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was c a l c u l a t e d  to be 31 I~g/L (see Tab le  1 and  F i g u r e  2). The  7-day  ICso was 
d e t e r m i n e d  to be 58.5 I~g/L (95% C o n f i d e n c e  I n t e r v a l  = 45 - 63.5 I~g/L). 

The  7-day  LCs0 fo r  C. dubia was 45.5 Ixg/L (25 - 76 I~g/L). The  s u r v i v a l  NOEC 
was d e t e r m i n e d  to be 10.5 I~g/L, the  LOEC was 21 iag/L and  the M A T C  was 
e s t i m a t e d  to be 15 Ixg/L (see Tab le  1 and  F i g u r e  3). At  the LOEC s u r v i v a l  was 
r e d u c e d  by 50%, a 30% r e d u c t i o n  in s u r v i v a l  was not  s i g n i f i c a n t  a t  the  NOEC 
(F i she r ' s  Exac t  Test ,  p=0.05). 

The  7-day  ICso fo r  C. dubia was 13 I~g/L (9.5 - 16 pg/L) .  The  ra te  of  r e p r o d u c t i o n  
was s i g n i f i c a n t l y  r e d u c e d  (45 %, t- test ,  p=0.05) at  a c o n c e n t r a t i o n  o f  10.5 lag/L 
( the LOEC),  bu t  not  at  6.6 I~g/L (the NOEC).  The  resu l t ing  e s t ima ted  M A T C  for  
C. dubia r e p r o d u c t i o n  was 8.3 ixg/L (see Tab le  1 and  F i g u r e  4). 

By c o m p a r i n g  the r e p r o d u c t i o n  and  s u r v i v a l  da t a  i t  a ppe a r s  tha t  the  
r e p r o d u c t i o n  o f  C. dubia is more  sens i t ive  to the toxic  e f f ec t s  of  l i n d a n e  than  is 
su rv iva l .  The  ICso was s i g n i f i c a n t l y  lower  at  13 I~g/L than  the LCso at  45:5 pg /L .  
Be tween  species,  C. dubia has been shown to be more  sens i t ive  than  P. promelas 
in 7 -day  s t a t i c  r enewa l  tests fo r  a v a r i e t y  o f  chemica l s  (S tewar t  et  al. 1990). Th is  
t r e n d  is c o n t i n u e d  as the sub- l e tha l  MATC for  C. dubia (8.3 I~g/L) is s i g n i f i c a n t l y  
( t - tes t ,  p=0.05) lower  than  the sub- l e tha l  M A T C  for  P. promelas (31 I~g/L). 

Tab le  1. S u m m a r y  of  t o x i c i t y  resul ts  

7-day  LC~o 
or ICso* (l~g/L) 

L i n d a n e  C o n c e n t r a t i o n  (l~g/L) 
Test  

M A T C  

P. promelas s u r v i v a l  112 (97 - 128) na 
(LCso) 

P. promelas growth  58.5 (45 ~ 63.5) 31 
(ICso) 

C. dubia 45.5 (25 - 76) 15 
s u r v i v a l  (LCso) 

13 (9.5 - 16) 8.3 

NOEC LOEC 

na na 

21 45 

10.5 21 

6.6 10.5 C. dubia 
r e p r o d u c t i o n  (ICso) 

* - f i gu re s  in b r a c k e t s  a re  95 % c o n f i d e n c e  i n t e rva l s  n / a  - not  a v a i l a b l e  

L i n d a n e  has been shown to be sub - l e tha l l y  toxic  to P. promelas and  b rook  t rou t  
(Salvelinus fontinalis) at  levels  be low 50 Ixg/L (Macek et al 1976). S. fontinalis 
e x h i b i t e d  s i g n i f i c a n t  r educ t i ons  in we igh t  ga in  and g rowth  d u r i n g  261 d o f  
con t i nuous  exposu re  to 16.6 Ixg/L of  l indane .  They  also e x h i b i t e d  unusua l  
b e h a v i o u r  tha t  i n h i b i t e d  f e r t i l i z a t i o n ,  l e a d i n g  to to ta l  r e p r o d u c t i v e  f a i l u r e .  In 
th is  s t u d y  the g rowth  r a t e  o f  l a rva l  P. promelas was s i g n i f i c a n t l y  r e d u c e d  (29 %) 
at  45 I~g/L. 

The  conc lus ion  tha t  a q u a t i c  a r t h r o p o d s  a re  more  sens i t ive  to l i n d a n e  than  f i sh  
is s u p p o r t e d  by  this  work.  Daphnia sp. are  a f f e c t e d  at  19 I~g/1; Polyarthra sp. at 
20 Ixg/L; C. tentans at  5 Ixg/L; and  G. fasciatus at  2.6 lag/L. Th is  s t u d y  d e t e r m i n e d  
tha t  the  M a x i m u m  A c c e p t a b l e  T o x i c a n t  C o n c e n t r a t i o n  of  l i n d a n e  fo r  C. dubia 
r e p r o d u c t i o n  is in the  same range  at  8.3 Ixg/L. 

The  C a n a d i a n  g u i d e l i n e  fo r  p ro t ec t i on  of  a q u a t i c  w i l d l i f e  f rom 
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hexachlorocyclohexane (HCH) isomers is 0.01 ~g/L (C.C.M.E. 1985). The 
combined levels of alpha- and gamma-HCH isomers found in Canadian prairie 
rivers occasionally exceed the guideline concentration. This is due primarily to 
the higher levels of alpha-HCH in western Canadian rivers than gamma-HCH 
(Environment Canada 1980, 1982, 1984, 1985, 1986 - 1989). Alpha-HCH has little 
insecticidal activity and is not a toxic threat to aquatic life at the levels detected 
in western Canada (Canton et al. 1975). The maximum detected ambient levels 
of HCH isomers was 0.039 I~g/L, of which 0.009 Isg/L was lindane, the gamma 
isomer (Environment Canada 1980, 1982, 1984, 1985, 1986 - 1989). This lindane 
concentration is 922 times lower than the MATC for C. dubia reproduction, and 
3444 times lower than the MATC for P. promelas growth. Based on this evidence, 
aquatic resources in western Canadian rivers are likely not at risk from lindane. 
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