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THE RELATIVE TOZICITY OF HYDROGEJ CYAIIIDE, CHLORPICRIH ARD 
ETHYLEHE OXIDE TO THE EGGS, EYmiS AKD ADULTS 

OF THE COMMON BEDBUG (C isex l e c t u l a r i u a ) .

IRTRODUCTIOR

Hydrogmi cy an ide  has been  u sed  a s  a  s u c c e s s fu l  fum igan t a g a in s t  

bedbugs f o r  th e  p a s t  tw e n ty -f iv e  y e a r s ,  b u t  v e ry  l i t t l e  work h a s  been  done 

t o  determ ine  a c c u ra te ly  th e  a c tu a l  c o n c e n tra tio n  o f  gas n e c e s sa ry  t o  in s u re  

good r e s u l t s *  I t  i s  known th a t  a  g r e a t  d e a l  o f  gas i s  l o s t  th ro u g h  le ak a g e , 

a b so rp tio n , end o th e r  ways, b u t a s  f a r  a s  can  b e  d e te rm in ed , no one h a s  

found th e  l e t h a l  c o n c e n tra tio n  o f  gas n e c e s sa ry  f o r  Cimex l e c t u l a r i u s ,  n o r  

h a s  th e  m edian l e t h a l  c o n c e n tra t io n  been  d e te rm in ed . E thy lene  o x ide  and 

c h lc r p ic r in  have come in to  g e n e ra l  u s e  e s  fum ig an ts  o n ly  r e c e n t ly ,  b u t  

t h e i r  grow ing p o p u la r i ty  makes s tu d ie s  In to  t h e i r  e f f ic ie n c y  d e s i r a b le .

ACERORLEDGMMT

The w r i t e r  w ish es  to  th a n k  D octor A. L . S tra n d  f o r  su g g e s tio n  

o f  th e  problem  and f o r  h e lp  and c r i t i c i s m  d u rin g  th e  c o u rse  o f  th e  w ork , 

and D octor E . L . H aen isch  end P ro fe s s o r  G. A. K a il f o r  su g g e s tio n s  and a id  

d u rin g  th e  p re p a ra t io n  o f  th e  p a p e r .

Ik

REVIEU OF LITERATURE

The f i r s t  u s e  o f  hydrogen cy an ide  a s  a  fum igan t a g a in s t  household  

in s e c ts  was re c o rd ed  b y  Howard ( 7 ) ,  who s t a t e d  t h a t  K S r la t t  u sed  hydrogen 

cyan ide  a g a in s t  book l i c e  i n  1398, H e rr ic k  (G) u sed  hydrogen cy an id e  f o r  i j ,



fu m ig a tin g  d o rm ito r ie s  and o b ta in e d  e x c e l le n t  r e s u l t s .

Coleman ( 4 ) tras one o f  th e  f i r s t  to  d e term ine  th e  r e l a t i o n ­

s h ip  betw een th e  c o n c e n tra tio n  o f  fu m ig an t, tim e  o f  exposure  and in s e c t  

m o r ta l i ty .  He in v e s t ig a te d  th e  to x ic  p r o p e r t ie s  o f  hydrogen cy an ide  a g a in s t  

s c a le  i n s e c t s ,  hydrogen cyan ide  was g e n e ra te d  and p assed  th ro u g h  a s e r i e s  

o f  p u r ify in g  tu b e s  in to  a I o ty  g as  j a r ,  l a  which h i s  ex p e rim en ta l in s e c t s  

w ere p la c e d . From t h i s  fu m ig a tio n  chamber th e  g a s  was w ithdraw n in to  a 
s o lu t io n  o f  po tass iu m  h y d ro x id e , and t i t r a t e d  w ith  s i l v e r  n i t r a t e  t o  de te rm in e  

th e  amount o f  hydrogen cy an id e  p r e s e n t .  H is  measurem ent o f  t o x i c i t y  was 

b a sed  on 100# m o r ta l i ty  o b ta in e d  o v e r  p e r io d s  o f  from  15 to  60 m in u te s . Be 

found  t h a t  a  g r e a t  d e a l  o f  hydrogen cy an id e  trsed  in  a c tu a l  fu m ig a tio n  was 

l o s t  th ro u g h  leak ag e  and th u s  had  no a c t io n  upon th e  i n s e c t s .  E ls  r e s u l t s  

a r e  q u e s tio n a b le  f o r  two re a s o n s .  F i r s t ,  a 100# m o r ta l i ty  i s  t h e o r e t i c a l l y  

u n o b ta in a b le , and under ex p erim en ta l c o n d i t io n s , t h e  e x a c t c o n c e n tra tio n  o f  

g as  c au s in g  100# m o r ta l i ty  would be  h a rd  t o  d e te rm in e . A lso th e  c o n c e n tra tio n  

o f  £08 cau s in g  100# m o r ta l i ty  i n  15 m in u tes  would be  much g r e a t e r  th an  t h a t  

c au s in g  th e  same m o r ta l i ty  i n  60 m in u te s .

B le f e r t  and G a rriso n  (11) de term ined  th e  c o n c e n tra t io n s  o f  a number 

o f  to x ic  a g e n ts ,  iM c h  caused  100# m o r ta l i ty  i n  24 h o u rs , u s in g  hydrogen 

cyan id e  a s  a  s ta n d a rd  f o r  com paring th e  t o x i c i t y  o f  o th e r  g a s e s . They u sed  

m e te rs  t o  m easure and r e g u la te  th e  flo w  o f  mixed g as  end s i r  in to  a  5 - l i t e r  

j a r ,  w hich s e rv e d  a s  a  fu m ig a tio n  cham ber. L e th a l c o n c e n tra tio n s  w ere ex­

p re s se d  a s  p e rc e n ta g e s . Here a g a in  th e  same o b je c t io n s  p r e v a i l  a s  i n  C olem an's 

w ork.

S tran d  (14) compared d i f f e r e n t  m ethods o f  d e te rm in in g  r e l a t i v e  

t o x i c i t y ,  Be de term ined  th e  6 -h o u r m edian l e t h a l  c o n c e n tra tio n s  o f  hydrogen
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cy an id e , c h lo r p ic r in  end e th y le n e  o x ide  f o r  th e  Confused f l o u r  b e e t l e  

( T ribolIum  c^onfusun D u v .). He found t h a t  i f  th e  tim e  o f  exposure  end th e  

tem p e ra tu re  d u rin g  exposure  w ere k e p t c o n s ta n t ,  and o n ly  th e  c o n c e n tra tio n  

o f  th e  fum igant v a r ie d ,  he  had  an  id e a l  method f o r  com paring th e  r e l a t i v e  

t o x i c i t y  o f  v a r io u s  fu m ig an ts . By fo llo w in g  S tr a n d 's  m ethod, one may n o t 

o n ly  compare th e  e f f e c t  o f  d i f f e r e n t  a g e n ts  on one s p e c ie s  o f  i n s e c t ,  b u t 

a ls o  have a  b a s is  f o r  th e  com parison o f  a  fum igan t on d i f f e r e n t  i n s e c t s .

H is ex p erim en ta l m ethod d i f f e r e d  b u t  s l i g h t l y  from  t h a t  u sed  i n  th e  e x p e r i­

m ents d e sc r ib e d  h e r e in .  He de term ined  th e  c o n c e n tra tio n  o f  hydrogen cyan ide  

p re s e n t  i n  th e  fu m ig a tio n  chamber b y  a b so rb in g  th e  g as  i n  p o tass iu m  hydrox ide 

and t i t r a t i n g  w ith  s i l v e r  n i t r a t e .

Page (12) and L u b a tt l  (9 ) ev o lved  a  m ethod f o r  m easuring  th e  concen­

t r a t i o n  o f  hydrogen cyan id e  end e th y le n e  o x id e  p re s e n t  a t  any  tim e  d u rin g  

a c tu a l  fu m ig a tio n . They used  an  ev acu a ted  f l a s k  f i t t e d  w ith  a  c a p i l l a r y  

tu b e  w hich c o u ld  be b roken  o f f  a t  any  tim e by  c lo s in g  an  e l e c t r i c  c i r c u i t .

The ab so rb en t u sed  f o r  hydrogen cy an id e  was 50 c c .  o f  0 .1  H sodium h y d ro x id e . 

A t th e  end o f  th e  experim ent th e  sodium  h y d ro x id e  was t i t r a t e d  w ith  s i l v e r  

n i t r a t e  t o  de term ine  th e  amount o f  hydrogen cy an id e  ab so rb ed . The a b so rb en t 

f o r  e th y le n e  o x ide  was magnesium c h lo r id e .  The c o n te n ts  o f  th e  f l a s k  w ere 

t i t r a t e d  a t  th e  end o f  th e  experim en t w ith  d i l u t e  sodium h y d ro x id e , u s in g  

m ethyl o range a s  an  i n d ic a to r .

1!oor0 (1 0 ) , who was one o f  th e  f i r s t  t o  u se  c h lo r p ic r in ,  determ ined  

th e  minimum l e t h a l  dose  o f  c h lo r p ic r in  n e c e s sa ry  to  k i l l  IOQ^ o f  th e  I n s e c t s .  

He u sed  th e  bean  w e e v il (Bruchus o b te c tu s  S . ) .  th e  Angumols g r a in  moth 

Cg i fe lt r o Sa  c e r e a l e l l a O i i v . ) ,  th e  In d ia n  H eal moth (P lo d la  in te rp u n c  t a i l s



E b n .) , M ed iterranean  f l o u r  moth ( E p h o stla  fcu eh n le lla  Z e l l . ) ,  and th e  

Confused f l o u r  b e e t le  ( T rlbo lium  confusun D w r.).

B e r tra n d , Erocq-Rouseeau and D aaso n v ille  ( l )  de term ined  th e  to x ­

i c i t y  o f  c h lo r p io r in  a g a in s t  bedbugs (£ . I e c t u l a r l u s ) and w e e v ils .

L indgren  end Shepard (8 ) m o d ified  S tr a n d 's  ex p erim en ta l method. 

They found t h a t  changes in  h u m id ity  caused  th e  m edian l e t h a l  c o n c e n tra tio n  

o f  c h lo r p io r in  t o  v a ry  r a th e r  s i g n i f i c a n t ly  f o r  th e  eggs o f  th e  Confused 

f l o u r  b e e t l e  ( I .  confusum D u v .), b u t had  no e f f e c t  on th e  a d u l t s .  They a ls o  

found t h a t  changes i n  h u m id ity  had no e f f e c t  on th e  m edian l e t h a l  concen­

t r a t i o n  o f  e th y le n e  ox ide f o r  eggs and a d u l t s  o f  th e  b e e t l e .  B ro m  (3 ) u sed  

a  m ix tu re  o f  carbon  d io x id e  and e th y le n e  o x id e  t o  fu m ig a te  cockroaches 

( B la t e l l a  s p . )  and bedbugs (C. I e c t u l a r i u s ) .  Base (S ) conducted experim ents

w ith  e th y le n e  o x id e  a s  a  fum igan t f o r  t h e  bedbug (C . I e c t u l a r i u s ) .

e p̂esikental method

The a p p a ra tu s  u sed  i n  th e s e  experim en ts  i s  th e  S tran d  a p p a ra tu s  a s  

m o d ified  by  L indgren  and Shepard ( 8 ) .  Erlenm oyer f l a s k s  o f  ap p ro x im ate ly  

6 .4  l i t e r s  c a p a c i ty  w ere u sed  a s  fu m ig a tio n  cham bers. Each f l a s k  was f i t t e d  

w ith  a  ground g la s s  s to p p e r , th ro u g h  w hich w ere c o a le d  two g la s s  tu b e s ,  each 

su p p lie d  w ith  a  s to p co c k .

The hydrogen cy an id e  used  i n  th e s e  experim en ts  was o b ta in e d  th ro u g h  

th e  r e a c t io n  o f  sodium cy an id e  w ith  su lp h u r ic  a c id  i n  th e  p re sen ce  o f  w a te r . 

The g as  was co o led  i n  a  condensing  tu b e  and c o l le c te d  i n  a  f l a s k  b u r ie d  i n  

i c e .  The r e s u l t in g  l i q u id  was r e d i s t i l l e d  s e v e ra l  tim e s  u n t i l  th e  f r e e z in g  

p o in t  o f  p u re  hydrogen cy an ide  was reach ed .
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The HCB m s  m easured In to  th e  fu m ig a tin g  f la s k s  a s  a  gas* A gas 

b u r e t t e  c a l i b r a t e d  I n  0 .0 1  c c . m s  f i l l e d  M th  m ercury  and a  le v e l in g  b u lb  

a tta ch ed *  The tu b e  c o n ta in in g  th e  l iq u id  cyan ide  m s  a tta c h e d  t o  th e  

b u r e t te  and e a rn e d  g e n t ly ,  th e  le v e l in g  b u lb  low ered and th e  g as  d r a m  In to  

th e  b u r e t t e .  The p re s su re  m s  e q u a lis e d , th e  volume o f  gas m easured, 

te m p e ra tu re  and p re s s u re  re c o rd e d , and th e n  th e  g a s  m s  drawn in to  th e  

p a r t i a l l y  ev acu a ted  f l a s k .  The w e ig h t o f  g a s  In  a  g iv en  volume was de­

te rm in ed  by  means o f  th e  form ula* FV= g  B I, w here P i s  th e  a tm ospheric  

p re s s u re ,  V i s  th e  volume o f  g a s , g i s  w e ig h t o f  g a s , M I s  th e  m o le c u la r  

w e ig h t o f  th e  g a s , R i s  th e  g as  c o n s ta n t;  82 ,08  c . e ,  a tm . p e r  mol d e g .;  and 

I  I s  th e  te m p e ra tu re  a t  w hich th e  volume o f  gas I s  m easured . T h is fo rm u la  

i s  d e r iv e d  from  th e  fundament a l  g a s  Issrs and . In  g e n e ra l .  I s  a c c u ra te  t o  

w ith in  5/Z. In  o rd e r  t o  check th e  r e s u l t s  o b ta in e d  w ith  t h i s  fo rm u la , a  g iven  

volume o f  gas m s  absorbed  I n  a  s o lu t io n  o f  p o tass iu m  h y d ro x id e , and t i t r a t e d  

w ith  s i l v e r  n i t r a t e .  The r e s u l t s  checked w i th in  1# .

C h lo rp lc r ln  was m easured a s  a  l i q u id  w ith  a  m ic ro p ip e tte  c a l i ­

b r a te d  In  0 .001  cc*

E thy lene  o x id e  m s  m easured a s  a  g a s  I n  th e  same m y  a s  was 

hydrogen c y an id e . I t  was assumed t h a t  th e  e r r o r  I n  m easuring  would n o t  

exceed 1 ^ .

The eggs, nymphs end a d u l t s  o f  th e  common bedbug (£ . J e c t u l a r i u s ) ,  

w ere u sed  i n  th e s e  ex p erim en ts . The eggs u sed  w ere two days o ld ;  nymphs 

w ere o f  second end t h i r d  l n s t a r s .  A ll  s ta g e s  w ere k e p t a t  27°C. F or each  

experim ent betw een 25 and 50 in d iv id u a ls  o f  each  s ta g e  w ere u sed , s in c e  

Trevan (15) showed t h a t  th e  u se  o f  l e s s  th a n  50 t e s t  In d iv id u a ls  c au se s  a



c o n sid o rab le  e r r o r ,  b u t  t h e  u se  o f  more th a n  t h i s  number c o n tr ib u te s  l i t t l e  

t o  th e  accu racy  o f  th e  ex p erim en t. B l i s s  (2 ) showed by  s t a t i s t i c a l  methods 

t h a t  a s  low a s  10 in d iv id u a ls  co u ld  b e  u sed  w ith  no lo s s  o f  accu racy  be­

tw een p e rc en ta g e  m o r t a l i t i e s  o f  from  58 t o  61$,

The t e s t  in s e c t s  w ere p la c e d  i n  b o l t in g  c lo th  c ag es , p u t  in to  th e  

fu m ig a tio n  cham bers, w hich w ere  th e n  p a r t i a l l y  ev acu a ted , and th e  fum igant 

In tro d u c e d , The f l a s k s  w ere th e n  p la c e d  a t  25°C. and l e f t  f o r  5 h o u rs . At 

th e  end o f  t h a t  tim e  th e  in s e c t s  w ere removed from  th e  cages and p la c e d  i n  

g la s s  v i a l s  a t  27°C. M o rta li ty  co u n ts  w ere made i n  24 h o u rs  and a g a in  i n  

48 h o u rs . In  a l l  c a se s  i t  was found t h a t  th e  m o r ta l i ty  d id  n o t  change 

a f t e r  <,4 h o u rs . Ko c o r r e c t io n  was n e c e s sa ry  s in c e  none o f  th e  c o n tro ls  d ie d . 

The fu m igated  eggs w ere p la ce d  a t  27°C. w ith  ch eck s , and in sp e c te d  e v e ry  

d ay . Normal bedbug eggs k e p t a t  27°C. h a tc h  in  5 days, so  no co u n ts  w ere 

made a f t e r  th e  e x p ir a t io n  o f  t h a t  t im e . The p e rc en ta g e  m o r ta l i ty  was c a lc u ­

la t e d  by  means o f  A b b o tf s  fo rm u la . J L Z J L t10Q) s w here x  i s  th e  p e rc e n t 

h a tc h  i n  th e  check  and y  th e  p e rc e n t  h a tc h  i n  th e  t r e a t e d  l o t .

- 6-

DISCUSSIOII OF RESULTS

From th e se  r e s u l t s  i t  w i l l  be  seen  t h a t  th e  th r e e  fum ig an ts  used

h e re  d i f f e r  g r e a t ly  I n  t h e i r  a c t io n  upon th e  d i f f e r e n t  s ta g e s  o f  th e  common 

bedbug.

TABLE I .  F iv e -h o u r Median L e th a l C o n cen tra tio n s  f o r  Eggs, Eynphs and
A d u lts  o f  Clmex l e c t u l a r i u s .

Fumigant
Hydrogen cyan id e  
C h lo rp ic r in  
E thy lene ox ide

Hggs-M^ . / l i t e r  
0 .1075 mg,

0 .2 1 7  mg.

Nymphs-Hf;./ l i t e r  
0 .319  mg. 
2 .1 8 0  mg. 
I e S l  mg.

Adult s - M g . / l i t e r  
0 .3325  mg. 
0 ,5 8 2  mg. 
1 .88  mg.
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From an  In s p e c tio n  o f  f ig *  2 i t  may b e  seen  t h a t  no m edian l e t i i a l  

c o n c e n tra tio n  o f  c h lo r p ie r in  co u ld  be determ ined  f o r  th e  eggs o f  C. l e c t u l a r i u s .  

a lth o u g h  i t  seems t o  l i e  between 5 .0  and 6*0 mg. p e r  l i t e r .  The nymphs and 

a d u l ts  ap p ea r to  be two o r  th r e e  tim e s  a s  s u s c e p t ib le  t o  c h lo r p ie r in  a s  th e  

eg g s .

Hydrogen cyan ide  and e th y le n e  o x id e  ap p ea r t o  have n e a r ly  th e  same 

t o x i c i t y  to  th e  eggs o f  th e  bedbug, b u t a lm ost 6 tim e s  a s  much e th y le n e  

o x id e  i s  needed t o  produce 50# m o r ta l i ty  i n  nymphs and a d u l ts  a s  compared 

t o  hydrogen c y a n id e .

COKCLUSIOKS

From an  in s p e c t io n  o f  th e  r e s u l t s  o b ta in e d  in  th e s e  ex p erim en ts , 

i t  i s  in d ic a te d  t h a t  hydrogen cyan ide  i s  a  b e t t e r  fum igan t f o r  a l l  s ta g e s  

o f  jC. I e e tu la r lu s  th a n  e i t h e r  e th y le n e  o x id e  o r  c h lo r p ie r in .  E thy lene  o x ide  

■would be  p r e fe ra b le  t o  c h lo r p ie r in  b ecause  o f  i t s  a c t io n  on th e  eggs o f  th e  

bedbug. In  r e f u ta t io n  o f  th e  id e a  t h a t  th e  eggs o f  an i n s e c t  a r e  th e  m ost 

r e s i s t a n t  s ta g e ,  i t  was found t h a t  th e y  a re  th e  l e a s t  r e s i s t a n t  t o  some o f  

th e  fum igan ts  p sed  h e r e .  . These experim ents te n d  t o  d isp ro v e  th e  th e o ry  

t h a t  a  second fu m ig a tio n  o f  ECB i s  n e c e s sa ry  to  k i l l  th e  eggs o f  th e  common 

bedbug. In  f a c t ,  i t  I s  q u i te  th e  r e v e r s e .  A second fu m ig a tio n  m igh t be 

n e c e s sa ry  t o  k i l l  th e  a d u l t s .

SUiaiAEY

Experim ents a r e  d e sc r ib e d  and r e s u l t s  re c o rd ed  f o r  th e  e f f e c t  o f



hydrogen c y en id e , c h lo r p lc r ln  and e th y le n e  o x id e  upon th e  eg g s , nymphs and 

a d u l ts  o f  th e  common bedbug (C , l e c t u l a r l u a ) .  The 5 -h o u r m edian l e t h a l  

c o n c e n tra tio n  o f  each  fum igan t m s  d e te rm in ed . I t  i s  s h a m  t h a t  HCN h a s  & 

g r e a te r  to x ic  a c t io n  a g a in s t  a l l  s ta g e s  o f  t h i s  in s e c t  th a n  e i t h e r  e th y le n e  

ox ide  o r  c h lo r p lc r ln ,

- 8-
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