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A b s t r a c t

Des Laurie rs, A nge lune, 2004. The Fate and Transport o f Methoprene in  an Urban 

West N ile V irus Mosquito Control Program. A  thesis presented to R yerson 

U n iv e rs ity  in  p a rtia l fu lf i l lm e n t o f the requ irem en ts fo r the degree o f M aste r o f 

A p p lie d  Science in  the P rogram  o f E n v iro n m e n ta l A p p lie d  Science and 

M anagem ent. PROPERTY OF

Ryerson flnsversiîy library

The recent occurrence o f vector-hom e W est N ile  v iru s  in  Canada has 

resulted in  the use o f la rv ic ides  fo r w idesp read  u rban  m osqu ito  con tro l. The 

C ity  o f T o ron to  has focused its  la rv ic id in g  p rog ram  on s to rm  w a te r catch basins 

as they are concentrated b reed ing  grounds o f the m osqu ito  (C u lex p ip iens) m ost 

lik e ly  to ca rry  W est N ile  v irus . The C ity  o f T o ron to  u n d e rto o k  a la rv ic id in g  

p rog ram  to  con tro l m osquitoes d u r in g  the sum m er m onths o f 2003. The 

la rv ic id e  app roved  fo r  m osqu ito  con tro l in  Canada is m ethoprene, com m erc ia lly  

kn o w n  as A lto s id , in  p e lle t fo rm u la tio n .

In  o rd e r to de te rm ine  the fate o f the la rv ic id e  m ethoprene, the researcher, 

in  con junction  w ith  cu rre n t studies at R yerson U n ive rs ity , the C ity  o f T o ron to  

and  the O n ta rio  M in is try  o f the Environm ent, have undertaken  a w a te r q u a lity  

m o n ito r in g  s tudy  w ith in  the T o ron to  area. Three s tudy catch basins in  the 

N e w to n b ro o k  sewershed in  Toronto, O n ta rio  w e re  dosed w ith  m ethoprene 

(A ltos id ) pe lle ts three tim es over the sum m er o f 2003, at the recom m ended 

m osqu ito  con tro l dose o f 0.7g. W ater fro m  each catch basin was sam pled d a ily  

and  ana lyzed fo r m ethoprene concentration, and m osqu ito  la rvae presence was 

observed. P rec ip ita tion , as w e ll as the chem ica l com pos ition  o f each o f the catch 

basins was also m on ito red . A  m ode l catch bas in  in  la bo ra to ry  was also dosed
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w ith  m ethoprene pe lle ts and sam pled d a ily  to observe m ethoprene concentra tion 

over time.

The fa te  o f m ethoprene in  the u rb a n  e n v iro n m e n t is o f in terest, to ensure 

tha t the la rv ic id in g  p ro g ra m  is n o t com prom is ing  hum an  and env iro n m e n ta l 

safety. I t  w as fo u n d  th a t ra in fa ll flushes m ethoprene fro m  the catch basins in to  

the storm  sew er o u tfa ll. The s to rm  sewer o u tfa ll d id  n o t release m ethoprene  at 

de trim e n ta l concentra tions d u r in g  the sam p ling  p e rio d . M a n y  factors such as 

phys ica l d isso lu tion , chem ica l deg rada tion  and catch basin  w a te r vo lum e , affect 

the concentra tion  o f m e tliop rene  in  a catch basin. In  o rde r to  m o n ito r  the 

im pacts o f la rv ic id in g  program s, com prehensive w a te r q u a lity  m o n ito r in g  and 

m osqu ito  co n tro l e fficacy shou ld  continue.
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C h a p t f r  1

1. In tr o d u c tio n
U n t i l recently, the th rea t o f vector-borne disease was th o u g h t to be a 

serious p rob lem  o n ly  in  tro p ica l regions. H ow ever, m osqu ito -bo rne  encepha litis  

has become a concern even in  n o rth e rn  tem perate clim ates (H ershey 1998) and 

W est N ile  v iru s  (W N v ) has even been detected as fa r n o rth  and w est as n o rth e rn  

A lb e rta  (H ea lth  Canada 2004a). Th is has sh ifted  the focus o f m osqu ito  

abatem ent p rogram s fro m  w e tlands near recreational and res ide n tia l areas to 

con tro l nuisance insects, to m osqu ito  con tro l fo r  p u b lic  hea lth  in  u rban  areas. 

The ve ry  na ture  o f pestic ides creates r is k  o f ha rm  to hum ans, an im als o r  the 

env ironm en t, as they  are designed to k i l l  o r adverse ly affect liv in g  organism s. 

O n  the o the r hand, pestic ides are use fu l in  co n tro llin g  disease ca rry ing  insects.

The recent occurrence o f vector-borne W N v  in  the eastern U n ite d  States 

and Canada has resu lted  in  the use o f la rv ic ides such as m ethoprene fo r 

w idespread  u rban  m osqu ito  contro l. H u m a n  and env ironm en ta l safety is 

considered d u r in g  im p lem en ta tion  o f pestic ide use in  u rban  env ironm ents  

(Racke 1993). U rban  pestic ide use is o ften  the subject o f controversy due  to  the 

h ig h  p ro file  o f these use patterns and p ro x im ity  to hum ans (Racke 1993).

The C ity  o f T o ron to  has focused its  la rv ic id in g  p ro g ra m  on s to rm  w a te r 

catch basins as they are concentrated b reed ing  grounds fo r  m osquitoes. A  s ing le  

catch bas in  m ay be sm all, b u t  the co llective  w a te r storage o f the w h o le  n e tw o rk  

o f  catch basins represents a la rge h a b ita t w ith  no  n a tu ra l predators. A lo n g  w ith  

s to rm  w a te r de ten tion  ponds, ditches, and w etlands, these b reed ing  hab ita ts 

cannot be rem oved. By design, catch basins h o ld  w a te r fo r extended pe riods  o f 

tim e, and due  to th e ir  loca tion  und e rg ro und , la rv ic id in g  has been fo u n d  to  be 

la b o u r e ffic ie n t and  e ffective  against m osquitoes (Shapiro 2003), w ith  lo w

1
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env iro nm en ta l im pacts. The species m ost l ik e ly  to ca rry  W N v  is Culex pipiens, 

whose presence w as co n firm e d  in  v ir tu a lly  a ll Toron to  catch basins sam pled 

(CoT 2003a).

A s  p a r t o f a W N v  c o n tro l p rogram , the C ity  o f Toron to  and s u rro u n d in g  

m u n ic ip a lit ie s  u n d e rto o k  la rv ic id in g  to co n tro l m osquitoes d u r in g  the sum m er 

m onths o f 2003, w ith  com ple ted app lica tions in  late June, July, and A ugust, 

d u r in g  the  peak re p ro d u c tio n  cycle o f Culex pipiens (CoT 2003a). The sale and 

use o f pesticides in  Canada are regu la ted  b y  the Pest C on tro l P roducts  A ct, 

adm in is te red  b y  H e a lth  Canada and m anaged p ro v in c ia lly  b y  the M in is try  o f the 

E n v iro n m e n t (M O E 2003). The la rv ic id e  approved  fo r  m osqu ito  con tro l in  

Canada is m ethoprene, com m erc ia lly  k n o w n  as A lto s id , in  p e lle t fo rm u la tio n  

(CoT 2003a).

I t  is the m andate o f the O n ta rio  M in is try  o f the E n v iro n m e n t to ensure 

p ro tec tion  o f the env ironm en t, in c lu d in g  p ro v id in g  technical expertise, rega rd ing  

the use o f pesticides to  co n tro l m osquitoes and m o n ito r w a te r to ensure there are 

no  adverse im pacts on  the en v iro n m e n t (M O E  2003a). The C ity  o f T o ro n to  is also 

responsib le fo r m o n ito r in g  w a te r q u a lity  and re lated p u b lic  h e a lth  issues 

subsequent to app lica tion  o f la rv ic ides  as p a r t o f its  p u b lic  hea lth  in it ia t iv e s  fo r  

W est N ile  v iru s  (CoT 2003b). In  o rde r to  de te rm ine  the fate o f the la rv ic id e  

m ethoprene, the researcher, in  con junction  w ith  cu rre n t studies a t R yerson 

U n iv e rs ity , and the C ity  o f T o ron to  and the O n ta rio  M in is try  o f the 

E nv ironm en t, have u n d e rtake n  a w a te r q u a lity  m o n ito r in g  s tu d y  w ith in  the 

To ron to  area. Surface w a te r q u a lity  is o f concern because i t  is  p a r t ic u la r ly  

vu lne rab le  to  con tam ina tion  b y  pesticides, as u rban  areas d ra in  in to  the surface 

w a te r system  (Larson 1997).

The fate o f m ethoprene  in  the u rban  en v iro n m e n t is o f  in te rest, to ensure 

th a t the la rv ic id in g  p ro g ra m  is  n o t com prom is in g  h um a n  and env iro n m e n ta l
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safety. The h ig h  leve l o f s c ru tin y  tha t exists regard ing  u rban  pestic ide  use 

indicates tha t there is a c r it ic a l need fo r  in fo rm a tio n  on  the b e h a v io u r o f 

pesticides fo llo w in g  use, and tha t the in fo rm a tio n  be com m un ica ted  to 

governm ent regu la tors, pestic ide  m anufacturers and fo rm u la to rs , pest p ro d u c t 

retailers, pest con tro l professionals, and perhaps m ost im p o rta n tly , consumers 

and hom eow ners (Racke 1993).

One challenge in  m osqu ito  contro l p rogram s is choosing a co n tro l agent 

tha t is s u ffic ie n tly  specific to  the target insect tha t i t  does no t im p a c t non ta rge t 

species or d is ru p t food  webs (Hershey 1998). E va lua tion  o f the env iro n m e n ta l 

fate and persistence o f a pestic ide  such as m ethoprene w i l l  de te rm ine  the e fficacy 

o f the p roduc t, b u t also w h e th e r s ign ifican t quantities o f the p ro d u c t are be ing  

transported  aw ay fo rm  the treated site o r reaching non ta rge t organ ism s (Racke 

1993).

P ub lic  hea lth  experts w a rn  tha t w e  have in su ffic ie n t evidence to k n o w  

h o w  to co n tro l W N v -ty p e  diseases and h o w  o u r con tro l e ffo rts  m ig h t a ffect them  

(W ilson  2003). F illin g  in  the data gaps in  o u r know ledge  w i l l  be essential in  

o rd e r to p ro p e rly  assess the r is k  balance essential to  p u b lic  hea lth  decisions 

regard ing  W N v .

W N v  is p red ic ted  to  become endem ic to N o rth  Am erica , the w a y  m a la ria  

is endem ic to  tro p ica l reg ions. A lth o u g h  i t  is a com plex disease, a W N v  

specialist o f the A m erican  Centers fo r  Disease C o n tro l states tha t one th in g  is 

certain, w he re  W est N ile  has been; i t  stays (S ibbald 2003). Pesticide a p p lica tion  

in  N e w  Y o rk  C ity  d u r in g  1999 and 2000 occurred as a response to  an em ergency 

s itua tion , and  was exem pt fro m  fu lf i l l in g  state env ironm enta l im p a c t assessment 

requ irem ents (Lopez 2002). The N e w  Y o rk  C ity  D epartm en t o." H e a lth  

recognized th a t W N v  w o u ld  be present in  subsequent years, and  th a t pestic ide  

app lica tion  cou ld  no  lo nge r occur w ith o u t env iro nm en ta l rev iew s (Lopez 2002).
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Because u rb a n  m osqu ito  con tro l program s continue as a n o rm a l ye a rly  

occurrence, i t  is  c ritica l to  m o n ito r  fo r  short and long -te rm  env iro n m e n ta l effects.

The o u tlin e  o f th is  thesis inc ludes the pro ject objectives and scope o f the 

study, conc lud ing  in  C hapter 1. C hapter 2 includes a re v ie w  o f the cu rre n t issues 

re la tin g  to  W est N ile  v iru s , u rb a n  m osqu ito  con tro l w i th  m ethoprene and its  

associated env iro nm en ta l transport and im pacts. Th is  chapter also inc ludes  an 

exam ina tion  o f the cu rre n t social and p o lit ic a l c lim ate o f m osqu ito  con tro l, and 

a lterna tives to  chem ica l m osqu ito  con tro l practices. A  descrip tion  o f the s tudy  

site in c lu d in g  the sewershed and  rece iv ing w aters is in c lu d e d  in  C hap te r 3, 

w h ic h  describes the m e thodo logy  undertaken in c lu d in g  the deve lop m en t and 

im p le m e n ta tio n  o f a f ie ld  m o n ito r in g  p rog ram  and a la bo ra to ry  experim ent. 

C hapter 4 inc ludes an analysis o f the results collected fro m  the site and the 

la bo ra to ry  experim ent, as w e ll as the results fro m  related studies, and  a 

d iscussion o f these results. F ina lly , Chapter 5 concludes the thesis w ith  

recom m endations.

1.1. O bjectives
W idespread  u rban  app lica tion  o f m osqu ito  la rv ic ides  in  Canada is a 

re la tiv e ly  n ew  occurrence, b ro u g h t abou t b y  the a rriv a l o f W N v . L a rv ic id a l 

con tro l o f nuisance m osquitoes and m idges, and vecto r-bom e diseases such as St. 

Lou is  E ncepha litis  in  the U n ite d  States has p rom p te d  studies m o n ito r in g  the 

efficacy and im p a c t o f chem icals like  m ethoprene (N ie m i 1999; H e rshey  1998; 

M cC a rry  1996). Few  studies have focused on the tra n sp o rt o f m ethoprene  fro m  

catch basins th ro u g h  the s to rm  sewer system to  rece iv ing  waters, and in  general, 

the h y d ro d y n a m ic  behav iou r o f th is  chem ical is  n o t k n o w n . Thus, i t  is im p o rta n t 

to  unders tand  the consequences o f pestic ide app lica tion  fo r  vec to r-bom e  disease 

con tro l (Shapiro 2003).
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The f ie ld  s tu d y  was conducted as p a rt o f a la rge r W N v  w a te r q u a lity  

m o n ito r in g  s tu d y  in  co llabora tion  w ith  the C ity  o f T o ro n to  and the O n ta rio  

M in is try  o f the E n v iro n m e n t (M O E). The u ltim a te  goa l o f th is  p ro ject is to  gain 

an unders tand ing  o f the env ironm enta l im pacts o f la rv ic id in g  p rogram s. Thus, 

the objectives o f th is  research p ro jec t in c lu d e  the fo llo w in g :

•  D e te rm ine  the env iro nm en ta l fate o f m ethoprene, to exam ine its 

beh av io u r in  w a te r and the concentra tion o f m ethoprene  o ve r tim e 

w h en  app lied  to  u rban  s to rm  sewer catch basins fo r m o squ ito  

co n tro l und e r local cond itions  in  Toronto .

•  Com pare the f ie ld  data to the m ethoprene decay rate ob ta ined  fro m  

a m ode l catch basin in  the labora tory.

• Assess the transpo rt o f m ethoprene in  an u rban  m osqu ito  con tro l 

p rog ram  and estim ate the mass o f m ethoprene  discharged in to  

T o ron to  surface waters, u s in g  G eographica l In fo rm a tio n  Systems 

and a spreadsheet m ode l o f the N e w to n b ro o k  sewershed.

The f in d in g s  o f the research are expected to be app licab le  to fu tu re  

p la n n in g  o f m osqu ito  con tro l p rogram s in  the G reater T o ro n to  Area, and lead to  

an increased effectiveness o f such p rog ram s fo r  reduc ing  the hum an  in fe c tio n  

rate o f W est N ile  V iru s .

1.2.Scope
The objectives in c lud e  the co llec tion  o f w a te r q u a lity  data and the ou tpu ts  

o f a mass balance m ode l. Based on  these objectives, the scope o f the research is 

lim ite d  to  and inc ludes  the fo llo w in g :
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•  To characterize the concentra tion o f m ethoprene in  the f ie ld  in  

three s tudy  catch basins and the storm  sewer o u tfa ll o f the 

N e w to n b ro o k  sewershed over three 30-day periods,

• To characterize the d isso lu tion  and deg rada tion  o f m ethoprene 

ove r tim e  in  a m ode l catch basin  in  a labora tory ,

•  To estim ate the to ta l ou tpu ts  o f m ethoprene fro m  an u rban  

sewershed.

A lth o u g h  the fin d in g s  o f th is  research m ay be u se fu l fo r  the 

ep idem io log ica l m anagem ent o f W est N ile  v irus , the m a in  focus o f th is  

in ves tiga tio n  is to  de term ine the tran spo rt o f m osqu ito  co n tro l la rv ic ides  in  the 

env ironm en t. I t  is  the hope o f the researcher tha t the s tu d y  fin d in g s  m ay  he lp  in  

ach iev ing  the best balance betw een effective p u b lic  hea lth  p rog ram s and 

ecologica l hea lth .
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C h a p t e r  2

2. Current K now ledge of West N ile  Virus Vector Control

2.1. W est N ile  Virus and Public Health
A cco rd in g  to the A m e rica n  M o squ ito  C o n tro l Associa tion, m osquitoes

cause m ore  hum an  su ffe rin g  than  any o the r organ ism , as m ore  than one m ill io n  

people succum b to  m osqu ito  b o rn  disease each year (Floore 2003). W est N ile  

v iru s  is an a rth ropod -bom e v iru s  (arbovirus); has a com plex life -cyc le  in v o lv in g  

a p r im a ry  nonhum an vertebra te  host and a p r im a ry  a rth ro p o d  vecto r (Floore 

2003). A rb o v iru s  cycles u su a lly  rem ain undetected u n t il hum ans encroach on 

na tu ra l reservo irs o f the v iru s  o r  a host escapes due to some ecological change 

(Floore 2003).

The W est N ile  v iru s  belongs to the F lav iridae  fa m ily  o f v iruses, and is 

re la ted to  D engue fever. Y e llo w  fever and St. Lou is  encephalitis  (H C  2004a). 

In fe c tion  w ith  W est N ile  v iru s  does n o t a lw ays cause illness, b u t w h en  i t  does, it  

causes a v a r ie ty  o f sym ptom s tha t inc lude  fever, headache, b o d y  ache, rashes and 

sw o llen  ly m p h  nodes (H C  2004a). In  rare cases, an in fec tio n  w ith  W est N ile  

v iru s  can re su lt in  m en ing itis , encephalitis  and acute flacc id  para lys is  (H C  

2004a). W est N ile  v iru s  w as f ir s t  id e n tif ie d  in  1937 in  U ganda, A fr ic a  and a rrive d  

in  N o rth  A m erica  in  1999. I t  has spread q u ic k ly  th ro u g h  the U n ite d  States and 

Canada, and  has resu lted in  hum a n  and an im a l in fections, some lead ing  to death 

(N osal 2003). The v iru s  is spread th ro ugh  contact between b ird s  and certa in  

m osquitoes, hum ans and dom estic  an im als are 'dead-end ' hosts as they do n o t 

con tribu te  to  the transm ission  cycle (Floore 2003).

D iffe re n t types o f m osquitoes are responsib le fo r  d iffe re n t lin ks  in  the 

transm iss ion  o f W N v : "a m p lif ic a t io n "  m osquitoes (e.g., Ciilex pipiens and Culex
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restuans), "b r id g in g "  species (e.g., Coqidlettidia perturbans) and hum an  b ite rs  (e.g., 

Aedes vexans) (N osa l 2003). A m p lif ic a tio n  m osquitoes feed on  b ird s  and tra n sm it 

the v iru s  to o the r b irds , increasing the size o f the v iru s  reservo ir; w h ile  b r id g in g  

and hum an  b ite rs  feed on b o th  b ird s  and hum ans and are responsib le fo r  the 

transm ission o f W N v  to  hum ans. In  Canada, 10 species o f m osquitoes have been 

show n to be carriers o f W N v , how eve r i t  is m ore  com m on in  species such as 

Culex tha t feed on b irds , and some in fected  species ra re ly  feed on  hum ans (H C  

2004b). Culex pipiens have been show n to tra n sm it the v iru s  to th e ir p rogeny, and 

m a in ta in  the a b ility  to  tran sm it W N v  even afte r pe riods  o f in a c tiv ity  such as 

w in te r in g  (D ohm  2002).

The O n ta rio  M in is try  o f H e a lth  su rve illance  statistics show  th a t there w ere 

135 W N v  p o s itive  m osqu ito  poo ls id e n tif ie d  in  2003, 56 o f w h ic h  w ere in  T o ron to  

(M O H LT C  2003a). In  o rde r to p reven t and con tro l the spread o f W N v , p u b lic  

hea lth  strategies re q u ir in g  coopera tion  am ong p u b lic  hea lth , p u b lic  w o rks , 

conservation area o ffic ia ls  and elected representatives, m u s t be undertaken.

A t  th is  tim e, there is no  treatm ent, vaccine o r cure fo r W est N ile  v iru s  

aside fro m  su p p o rtive  trea tm ent o f the sym ptom s; the o n ly  w a y  to stem  the 

spread o f the disease is by  r is k  reduc tion  (H C  2004b). Researchers a t the 

U n iv e rs ity  o f A lb e rta  have deve loped a m o d e l to p re d ic t the r is k  o f W N v  in  

N o rth  A m erica . Th is p rov ides  a new  m e thod  o f analysis to de te rm ine  m osqu ito  

con tro l levels, in  o rde r to m ax im ize  e ffic iency and m in im iz e  econom ic cost and 

env ironm en ta l dam age (W onham  2004).

2.1.1. Integrated Pest Management
A c co rd in g  to  the U.S. Centers fo r  Disease C o n tro l and P reven tion  (CDC), 

the key  to m in im iz in g  an ou tb reak o f W N v  is surve illance, source reduc tion , and 

chem ical con tro l (C D C  2003). In  Canada, the r is k  o f W N v  is m anaged b y  the
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N a tiona l Steering C om m ittee, organ ized in  February 2000 b y  H e a lth  Canada, 

in c lu d in g  representatives fro m  H e a lth  Canada, P rov inc ia l M in is tr ie s  o f H ea lth , 

Conservation, E n v ironm en t and N a tu ra l Resources, tire D epa rtm en t o f N a tio n a l 

Defense, E n v iro n m e n t Canada, the Canadian Food Inspection  A gency and the 

Canadian C oopera tive  W ild life  H e a lth  Centre. T he ir approach to W N v  is  an 

in tegra ted pest m anagem ent p lan , w h ic h  includes surveillance, educa tion  and 

preven tion , and response (H C  2004b).

The A m erican  M o sq u ito  C o n tro l Association describes the in teg ra ted  

m osqu ito  m anagem ent concept as "based on ecological, econom ic and social 

c rite ria  and in tegrates m u lt id is c ip lin a ry  m ethodolog ies in to  pest m anagem ent 

strategies th a t are p ractica l and e ffective  to pro tect p u b lic  hea lth  and the . 

env iro nm en t and im p ro v e  the q u a lity  o f life "  (Floore 2003). In tegra ted  pest 

m anagem ent p rog ram s have he lped  m osqu ito  con tro l in  N o rth  A m erica  evo lve 

fro m  sim ple  re liance on  insectic ide app lica tion  (Rose, 2001). The effectiveness o f 

m osqu ito  h ab ita t reduc tio n  and p u b lic  education to p rom o te  personal p ro tec tion  

is lim ite d ; therefore m osqu ito  con tro l measures in c lu d in g  the use o f la rv ic ides  

and adu ltic ides have con tinued  to  be an im p o rta n t p a r t o f a sustainable, 

in tegrated. N o rth  A m erican  response to  W N v  (Nosal 2003; F loore 2003, Rose 

2001).

Surve illance is conducted to  detect the presence o f the v iru s  as ea rly  as 

possible, in  o rde r to a le rt com m un ities  and take the necessary p reven ta tive  

measures. The extent and loca tion  o f the v iru s  is m o n ito re d  th ro u g h o u t the 

sum m er season, as w e ll as presence o f m osquitoes and larvae. Surve illance 

activ ities in  Canada focus on  b irds , horses, m osquitoes and hum ans (H C  2004b). 

The in fo rm a tio n  co llected he lps gu ide  m u n ic ip a l decisions rega rd ing  p u b lic  

hea lth  alerts and m osqu ito  c o n tro l activ ities, as w e ll as c o n tr ib u tin g  to lo ng -te rm  

surve illance data to h e lp  re fine  fu tu re  con tro l strategies (Shap iro 2003).
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P ub lic  educa tion  cam paigns are essential to  h e lp  people  unders tand  w h a t 

the risks o f W N  and h o w  they can p ro tec t themselves. P reven ta tive  

measures in c lu d e  ie d u c in g  m osqu ito  hab ita t and b reed ing  sites b y  e lim in a tin g  

s tand ing  w a te r on  p r iv a te  p rope rty ; and p ro m o tin g  personal p ro te c tio n  to avo id  

m o squ ito  b ites (Shapiro 2003). A cco rd ing  to  Shapiro  (2003), "e d u ca tio n  also 

p lays  a key ro le  in  h e lp in g  people understand w h a t m osqu ito  co n tro l is, h o w  i t  

w o rks , w h y  i t  is im p o rta n t and its  po ten tia l hea lth  and e n v iro n m e n ta l im pacts ." 

The las t com ponent o f an in tegra ted  pest m anagem ent p lan  is response: 

m osqu ito  contro l. Safe and env iro n m e n ta lly  fr ie n d ly  chem icals are an essential 

p a r t o f vector and pest con tro l (M u lla  1995).

2.1.2. Mosquitoes and Mosquito Control
M osquitoes are insects be long ing  to the o rde r D ip te ra ; they have tw o  scaly 

w ings , and fem ales have m ou thparts  fo rm in g  a lo ng  p ie rc ing -suck ing  proboscis 

(F loore 2003). M osqu itoes can be annoy ing  pests as w e ll as tra n s m it diseases to  

hum ans and anim als. O n ly  fem ale m osquitoes requ ire  a b lo o d  m eal and b ite  

anim als; Culex spp. p re fe r to attack at dusk and a fte r dark, and p re fe r b ird s  over 

hum ans and dom estic  an im a ls (Floore 2003). Culex m osquitoes do  n o t f ly  fa r 

fro m  hom e, and o n ly  liv e  a fe w  weeks d u r in g  w a rm  sum m er m on ths  (Floore 

2003^

The m o squ ito  life -cyc le  has fo u r  separate and d is tin c t stages, w h ic h  are 

recogn ized b y  th e ir special appearance: egg, la rva, pupa, and ad u lt  (F loore 2003). 

D iffe re n t species la y  th e ir  eggs in  d iffe re n t hab ita ts, w he re  w a te r is a necessary 

feature . Culex species la y  th e ir eggs attached together to  fo rm  an egg ra ft tha t 

floa ts  on  the surface o f the w ater. Culex la y  th e ir  eggs on  the surface o f stagnant 

w a te r, in  pudd les, d itches, and catch basins and o the r places w here  w a te r 

collects. The egg hatches in to  a la rva  w h ic h  lives  in  t lie  w a te r and breathes a t the
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surface. M o sq u ito  la rvae  w i l l  liv e  in  w a te r fro m  4 to  14 days, dep end ing  on 

w a te r tem pera ture  (F loore 2003). Larvae feed on m icroorgan ism s and organ ic 

m a tte r in  the w a te r (C lem ents 1992). E lim in a tin g  breed ing  sites w here  possible 

and us ing  la rv ic ides  w i l l  p re ve n t emergence in to  a b it in g  a du lt. A  m osqu ito  

la rva  w i l l  g ro w  and shed its  sk in  in  fo u r  m olts, o r instars, and a fte r the fo u r th  

instar, emerges as a pupa . The m osqu ito  rests and does n o t feed d u r in g  the 

p u p a l stage o f deve lopm ent, b u t i t  is m ob ile . W hen deve lopm en t is com plete, 

the a d u lt m o squ ito  emerges fro m  the p up a l casing. A  fe w  days la ter, b lo o d  

feed ing  and m a tin g  occurs (F loore 2003). F ly in g  a d u lt m osquitoes acquire W N v  

b y  b it in g  in fected  b irds , and the incuba tion  p e rio d  is a p p ro x im a te ly  2 to  3 weeks 

(Shapiro 2003). The le ng th  o f each stage and the en tire  life -cyc le  d iffe rs  fro m  one 

species to another, and w i l l  v a ry  w ith  tem pera ture  (Floore 2003).

C o n tro llin g  m osquitoes ca rry ing  W N v  is p a rt o f m ost m u n ic ip a lit ie s ' 

m andate to  p ro tec t p u b lic  hea lth  (M O E 2003b). U n d e r the H e a lth  P ro tec tion  and 

P rom o tion  act in  O n ta rio , the loca l M ed ica l O ffice r o f H e a lth  (M O H ) in  each o f 

T o ron to 's  37 hea lth  u n its  is requ ire d  to conduct a local r isk  assessment accord ing 

to  the 'W est N ile  V iru s  Preparedness and P reven tion  P lan fo r  O n ta rio ,' w h ic h  

determ ines the need fo r  m osqu ito  con tro l in  tha t ju r is d ic t io n  (M O E  2003a). The 

M O H  w i l l  decide to  a p p ly  la rv ic id e  as a p reven ta tive  measure i f  m o sq u ito  larvae 

are id e n tif ie d  th ro u g h  su rve illance  and m o n ito r in g  (M O E 2003b). S ite-specific 

in te rven tions  based on know le dge  o f m osqu ito  b io lo g y  and loca l cond itions 

in c lud e  h a b ita t m o d ific a tio n , w a te r m anagem ent, san ita tion  and pestic ides 

(Shapiro 2003).

M o sq u ito  c o n tro l pestic ides are designed to  act e ither on  larvae 

(la rv ic ides) o r on adu lts  (adu ltic ides). The advantages o f la rv ic ide s  ove r 

adu ltic ides  are tha t they can be app lied  se lective ly to specific targets and can be 

app lied  in  so lid  fo rm , w h ic h  l im its  h um an  exposure fro m  aeroso lized d r if t in g ,

11
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and can be fo rm u la te d  to be effective fo r  v a ry in g  lengths o f tim e, fro m  a fe w  

days to  150 days, reduc ing  labou r costs (Shapiro 2003). F in d in g  and  e lim in a tin g  

b reed ing  sites to  p reven t la rvae fro m  em erg ing as b it in g  adu lts  is the m ost 

effective w a y  o f c o n tro llin g  m osquitoes (Floore 2003). The use o f a du ltic ides  is 

genera lly  reserved fo r  a response to  hum an  W N v  cases, o r w h e n  a h ig h  leve l o f 

hum an r is k  has been id e n tifie d . There have been no  a d u lt ic id in g  p rog ram s 

carried o u t in  O n ta rio ; how ever, the M O FfLTC  has re ta ined licensed pestic ide  

app lica tion  com panies th a t are tra ined  in  us ing  u ltra - lo w  vo lu m e  a p p lica tio n  

equ ipm en t in  case surve illance  detects the need fo r  increased m osqu ito  con tro l 

(M O E 2003a).

Resistance to certa in  la rv ic ides  and adu ltic ides has occurred p e rio d ica lly , 

and cross-resistance m ay occur w ith in  a class o f insectic ide w ith  the same m ode 

o f action. Sustained in teg ra ted  m osqu ito  con tro l requires a lte rn a tin g  use o f 

d iffe re n t classes o f insecticides, and resistance m o n ito r in g  (Rose 2001).
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• Figure 2.1 Schematic of the mosquito life cycle and control measures. (Shapiro 2003; drawing: 
Chesley Sheppard.)
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2.I.2.I. A lternatives to Pesticides
T ra d itio n a l m osqu ito  con tro l pestic ides have co n tr ib u te d  to an increase in

vector resistance, and in  tu rn  to the spread o f vecto r-bom e disease, and w ere  

recognized in  1982 b y  the W o r ld  H e a lth  O rga n iza tion  as unfeasib le  fo r  lo n g -te rm  

use (C o llins  2000). M ethoprene  is less tox ic  to  non ta rge t organ ism s than 

organophospate insectic ides, b u t long -te rm  effects o f w idesp read  use have y e t to 

be established (B row n  2000; C hu 1997). D eve lopm ent o f new  p u b lic  hea lth  

insectic ides is lim ite d  because i t  is expensive, regu la to ry  ap p ro va l is tim e 

consum ing, and m osqu ito  con tro l is  o n ly  a n iche m a rke t com pared w ith  

a g r ic u ltu ra l pest c o n tro l (Rose 2001; C o llins  2000). The need to  con tro l vector- 

bom e disease m ay accelerate th is process, especia lly to a vo id  resistance in  vector 

popu la tions . E ffo rts  shou ld  be m ade to use the sm allest am oun t o f chem ical 

pesticides needed as m osqu ito  con tro l becomes a ye a rly  und e rtak ing . N o ve l 

a lte rna tive  approaches to  chem ical contro l, in c lu d in g  b io lo g ica l contro l, shou ld  

be deve loped and in c lu d e d  in  in teg ra ted  pest m anagem ent p rogram s (S M C M A D  

2003; C o llin s  2000). There are also new  designs o f m echan ica l m osqu ito  traps 

available fo r  dom estic use, how ever the techno logy is expensive and some m ay 

k i l l  o ther h e lp fu l insects (Rose 2001).

B io log ica l contro ls  in c lu d e  the n a tu ra l presence o r the in tro d u c tio n  o f 

ind igenous  preda to rs  tha t eat la rvae and pupae, such as predacious m osquitoes 

{Toxorhynchites spp.; C o llin s  2000), dragonflies, b irds , bats, la rv iv o ro u s  fish  as 

w e ll as fu n g i, p ro tozoa  and nem atodes (S M C M A D  2003; Rose 2001). H ow eve r, 

some n a tu ra l m osqu ito  p reda to rs  w h e n  in tro d u ce d  to  n e w  hab ita ts m ay also feed 

on  o ther bene fic ia l w i ld l i fe  and upse t the balance o f a he a lth y  ecosystem, o r m ay  

n o t be re a d ily  ava ilab le  due  to  d iff ic u ltie s  in  rearing  and storage (S M C M A D  

2003; Rose 2001). In  some areas o f the U.S., such as C a lifo rn ia , m osqu ito  fish  are
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p ro v id e d  b y  m u n ic ip a lit ie s  to  the p u b lic  fo r m osqu ito  con tro l o f o rnam enta l 

ponds and  a rtif ic ia l w a te r sources, how ever, the in tro d u c tio n  o f m o sq u ito  fish  to 

na tu ra l w a te rw a ys  has been banned fo r  over 15 years (S M C M A D  2003). Tire 

presence o f b io lo g ica l contro ls  such as b ird s  and bats m ay n o t p ro v id e  

satis factory a lte rna tive  con tro l, and aquatic p reda tors  m ay n o t be presen t in  

n e w ly  f lo o d e d  areas, w h en  w a te r levels change, o r  w h en  w a te r q u a lity  is too 

p o o r (S M C M A D  2003; Rose 2001). The objective o f e m p lo y in g  b io lo g ica l contro ls  

is to  decrease use and frequency o f chem ical contro ls, to reduce env iro nm en ta l 

im pact and  avo id  deve lopm en t o f pestic ide resistance in  the target m osqu ito  

(S M C M A D  2003).

M ic ro b ia l agents fo r  m osqu ito  con tro l ex is t as com m ercia l fo rm u la tio n s  o f 

Bacillus sphaericiis and Bacillus thuringiensis israelensis (Bti), w h ic h  are h ig h ly  

selective fo r  m osquitoes, and p roven  to have l i t t le  im pac t on non  ta r get 

organ ism s (S M C M A D  2003; W estchester 2001; B ro w n  2000; USERA 2000). They 

are bo th  n a tu ra lly  o ccu rring  bacteria  that k i l l  m osquitoes b y  d is ru p tin g  the g u t 

w h en  i t  is  ingested b y  the la rvae (USERA 2000). B ti is ra p id ly  degraded b y  

sun ligh t, and  has a tendency to attach to sed im ent and settle o u t o f the w a te r 

co lum n  (W estchester 2001). Bacillus sphaericus is less lik e ly  to attach to  sed im ent 

and settle out, and m ay have a greater sustained efficacy than Bti. A  s tu d y  

com paring  A lto s id  b rique ts  (m ethoprene) and VectoLex (Bacillus sphaericus) 

fo u n d  th a t they w e re  b o th  equa lly  effective in  c o n tro llin g  m osquitoes in  catch 

basins, b u t  tha t VectoLex was m ore  econom ical and less la bou r in tens ive  w h en  

app lied  b y  hand  (Siegel 1999). A lth o u g h  n o t a ll b io lo g ica l contro ls  are 

successful, they are an im p o rta n t com ponent o f an In tegra ted  Rest M anagem ent 

p lan . A  com b in a tion  o f b io c o n tro l agents, such as the p lana rian  Dugesia tigrina  o r 

m osqu ito  fish , and a chem ica l la rv ic ide , such as m ethoprene, m ay o ffe r o p tim a l 

con tro l (N e lson  1994; M u lla  1978).
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2.1.3. Social and Political Climate of Mosquito Control
In  the f ig h t  against W N v , p u b lic  hea lth  u n its  are faced w ith  the challenge

o f ba lanc ing  th e ir m andate to  p ro tec t hum ans fro m  the r isk  o f in fe c tio n  against 

the r isk  o f h u m a n  and env iro nm en ta l exposure to  m osqu ito  co n tro l pestic ides 

(Shapiro 2003). In tens ive  m ed ia  coverage has accom panied the W N v  ou tb reak  in  

O n ta rio  and m ost o f the soutiieastem  parts o f Canada, b u t less a tte n tio n  has been 

g iven to  the im pacts  o f pesticides on  non ta rge t organ ism s (W ilson  2003). Some 

citizens are te rr if ie d  o f W N v  and dem and re lie f, and o n ly  carefu l fo re th o u g h t 

and p la n n in g  us ing  en tom olog ica l expertise can p ro v id e  acceptable results 

(W ebster 2003). P ro v in c ia l governm ents in  Canada p re fe r a better-safe-than- 

sorry approach in  p repa ring  fo r  W N v  contro l, because they do  n o t w a n t to be 

accused o f d o in g  n o th in g  (S ibbald 2001).

There has been concern ove r the use o f pesticides in  the f ig h t  against 

W N v , and m any  groups oppos ing  the use o f these m a in ta in  tha t "W e s t N ile  

v irus  is a com plex disease in  the env ironm ent, and hum an hea lth  is d ire c tly  

lin ke d  to  eco log ica l h ea lth " (CCH E 2004). There is lit t le  d o u b t th a t pestic ides do  

con tro l m osquitoes w hen  used accord ing  to d irections, b u t there is d o u b t tha t the 

reduc tio n  in  m osqu ito  pop u la tio n s  is s ig n ifica n t enough to  reduce hum a n  W N v  

in fections (Shap iro 2003).

M a n y  peop le  are s t il l unconv inced  th a t the r is k  o f W N v  ou tw e igh s  the 

hea lth  r is k  o f pesticides (H iscox 2003), and th a t substantia l com para tive  r isk - 

bene fit analyses o f the s ign ificance o f disease im pacts versus the h u m a n  and 

env ironm en ta l im pacts o f pestic ides shou ld  be conducted w h e n  m a k in g  

regu la to ry  decisions (Rose 2001). A n ti-p e s tic id e  activ ists c ritic ize  the U S E ?A  fo r  

fa ilin g  to  in c lu d e  an eva lua tion  o f the chem ica l b reaka ow n  p rodu c ts  o f pestic ides 

in  its  r is k  assessment (W ilson  2003). They also c la im  tha t the true  na tu re  and 

th rea t o f a pestic ide  is d if f ic u lt  fo r  the p u b lic  to  unders tand  because m any  o f its
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' in e r t ' ing red ien ts  are kep t as 'trade  secrets' (W ilson  2003). In e rt ing red ien ts  

m ake up  a s ig n ifica n t p o rtio n  o f the m ate ria l tha t is ac tua lly  app lied .

There is pubhc  concern tha t la rv ic ides m ay have effects on  u n  targeted 

benefic ia l aquatic  w ild l i fe  (Rose 2001). A n ti-pe s tic ide  groups m a in ta in  th a t the 

best defence aga inst a vector-bom e illness is a h ea lthy  ecosystem, and th a t p u b lic  

hea lth  in it ia tiv e s  m u s t n o t com prom ise  ecosystem hea lth  tha t inc ludes  a balance 

o f m osqu ito  p reda to rs  such as b irds , fish  and dragon flies (W ilson  2003; C C H E  

2004). H ow eve r, i f  insecticides are used in  a m osqu ito  con tro l p rog ram , these 

groups in s is t th a t i t  w o u ld  o n ly  be sc ie n tifica lly  responsib le fo r  p u b lic  hea lth  

au thorities  to  conduct com prehensive m o n ito r in g  and eva lua tio n  fo r 

effectiveness and adverse effects, u s ing  app rop ria te  m ethods and d is tr ib u te  the 

fin d in g s  to the p u b lic  (CCH E 2004; Shapiro 2003).

M a n y  critics  o f  pestic ide use cite past examples o f inadequate  tes ting  as 

reason fo r greater caution  to  be used w h en  app ro v ing  pesticides, as 

dem onstra ted b y  the fact tha t a lm ost 100 pesticides have been banned o r 

restric ted b y  the USERA since th e ir in tro d u c tio n  (W ilson  2003). G enerations m ay  

pass before the fu l l  im pacts o f a pestic ide on  p u b lic  and env iro n m e n ta l hea lth  

m ay be detected, and its  use p ro h ib ite d  (W ilson  2003).

C oncern has been raised spec ifica lly  on the use o f m ethoprene  in  s to rm  

sewers (H iscox 2003; S ibba ld 2003). The Canadian M e d ica l A ssocia tion  Journa l 

reports  th a t the N e w  Y o rk  E n v ironm en ta l P rotection A gency, as w e ll as M ichea l 

D 'A nd rea , T o ron to 's  m anager o f in fras truc tu re  asset m anagem ent, are w o rr ie d  

th a t w a te r flushed  fro m  treated catch basins th ro u g h  the s to rm  sewer system  is 

washed o u t d ire c tly  in to  n a tu ra l w a te rw ays w ith o u t b e ing  treated, w he re  i t  m ay  

have adverse eco log ica l im pacts (S ibbald 2003).
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2.2.Properties of the Insect Growth Regulator M ethoprene
M ethoprene  has been favoured  in  recent years over o the r insectic ides such

as organophosphates due to  th e ir un favourab le  env iro nm en ta l effects, and the 

deve lopm ent o f resistance am ong several m osqu ito  species (Sacher 1971;

Schaefer 1972; A m in  1984; B ro w n  2000). M ethoprene ( is o p ro p y l- ll-m e th o x y -  

3,7,11 - tr im e th y  1-2-4-dodecadienoate) is sold com m erc ia lly  as Zoecon A lto s id  and 

m anufactu red  b y  W e llm a rk  In te rna tiona l, in  Schaum burg, I llin o is  (W e llm a rk  

In te rna tiona l 2003). The p r im a ry  use o f m ethoprene is as an insect g ro w th  

regu la to r (IGR) and be longs in  the chem ical g roup  o f ju v e n ile  h o rm one  

analogues (W H O  2003). The Canadian Pest M anagem ent R egu la to ry  Agency 

(PM R A) classifies a ll pestic ides tha t are app lied  d ire c tly  to w a te r, in c lu d in g  

m ethoprene fo r m o sq u ito  con tro l as 'R estricted ' (H C  2001). The O n ta rio  M in is try  

o f the E n v iro n m e n t regulates the sale, use, transporta tion , storage and d isposal

! o f registered pestic ides in  O n ta rio  under the Pesticides A c t and O n ta rio

R egu la tion  914. M ethoprene  use requires a license and a pe rm it, and the 

app lica to r m us t pass exam inations in  o rde r to  carry o u t la rv ic id in g  (M O E  2003).

M ethoprene  is considered by  the U.S. E n v ironm en ta l P ro tec tion  A gency 

(USE?A) as a 'leas t tox ic ' insecticide, and i t  states tha t "m e thoprene  used in  

m osqu ito  con tro l p rog ram s according to label d irections does n o t pose 

unreasonable risks  to  w ild l i fe  o r  the env ironm ent" (USEPA 2000). I t  has been in  

use com m erc ia lly  in  the U n ite d  States fo r m osqu ito  con tro l since 1974 (M u lla  

1978). H e a lth  Canada describes m ethoprene as an insect g ro w th  regu la to r w ith  a 

non -tox ic  m ode o f action, as i t  is no t d ire c tly  toxic b u t ra ther in te rfe res w ith  

insect g ro w th  (H C  2001; USEPA 2001). I t  is ind ica ted  fo r  use against s tand ing  

w a te r m osquitoes, in c lu d in g  Anopheles, Culex, Culiseta, Coquillettidia, and  

Mansonia spp., as w e ll as adu lts  o f the flo o d w a te r m osquitoes, such as Aedes and 

Psorophora spp. f ro m  trea ted sites (W e llm ark  In te rna tiona l 1999).
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The A lto s id  p e lle t labe l lis ts  perm anent w a te r and flo o d w a te r target sites 

in c lu d in g  swam ps, marshes, tires and o ther a r tif ic ia l h o ld in g  containers, waste 

trea tm ent ponds, ditches, s to rm  dra ins and catch basins (W e llm a rk  In te rn a tio n a l 

1999). Label d irections ind ica te  an app lica tion  rate o f 5.0-10.01bs p e r acre 

(W e llm a rk  In te rn a tio n a l 1999), o r 0.56-1.12 g per Im ^  o f la nd  area d ra ined , w h ic h  

is calculated to  be 0.7 g  per catch basin in  Toronto . The pe lle ts  s in k  to the bo ttom  

o f the w a te r and s lo w ly  b reak dow n, releasing the m ethoprene ove r 

a p p ro x im a te ly  30 days (M O E 2003b). The specific g ra v ity  o f m ethoprene liq u id  

is near to  tha t o f w a te r, and tends to stay near the surface w h e n  in  suspension, 

and therefore, accord ing  to the San M ateo C o un ty  M o s q u ito  A ba tem en t D is tr ic t, 

no  ad justm ent to the a p p lica tion  rate is necessary fo r  v a ry in g  dep ths o f w a te r 

w hen  trea ting  la rvae w h ic h  liv e  and breathe a t the surface (S M C M A D  2003).

The fo rm u la tio n  approved fo r use in  O n ta rio  and w h ic h  is c u rre n tly  in  use 

in  the G T A  is the pe lle t. These pellets conta in  app ro x im a te ly  4.25% per w e ig h t 

active ing red ien t, and 95.75% in e rt b inders m ade o f p laste r and charcoal 

(W e llm a rk  In te rn a tio n a l 2003; S M C M A D  2003). A fte r  a p p lica tio n  to  w a te r, 

m ethoprene w i l l  degrade to  several m etabolites, in c lu d in g : photo isom ers, 

m ethoprene acid, m ethoprene epoxide, 7 -m e thoxyc itrone lla l, and 7- 

m e th oxyc itro ne llic  acid (D eg itz  2003; La C la ir 1998). Id e a lly , pestic ide  safety 

shou ld  be evaluated in  re la tio n  to its  in e rt ing red ien ts , b re a kd o w n  p roducts , and 

synerg istic  effects (S M C M A D  2003).

2.2.1. Efficacy
The effective le ve l o f m ethoprene concentra tion  in  m o sq u ito  h a b ita t is 

considered to  be 0.5-3.0 p g /L  (S M C M A D  2003) and the le tha l concen tra tion  (LCso) 

has been repo rted  as 0.3 to 2.3 p g /L  fo r  Culex (A m in  1984; A l i  1995). H ow eve r, 

Schaefer (1973) fo u n d  no  clear-cut re la tionsh ip  between percen t m o rta lity  and
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concentration, and m any stud ies have fo u n d  res idua l concentrations effective  

(Floore 1991; K neppe r 1992). W hen  exposed to  the chem ical, the la rvae seem to 

deve lop n o rm a lly  th ro u g h  th e ir la rva l instars, b u t n a tu ra l m a tu ra tio n  th ro u g h  

m etam orphosis is in te rru p te d  and they d ie  as p re -pupa  (Sacher 1971). Recent 

labo ra to ry  studies o f the effects o f m ethoprene on  tw o  m em bers o f the Culex 

pipiens com plex observed a p ro lo nga tio n  o f the in te rm o lt p e rio d  in  each la rva l 

ins ta r and in  the p u p a l stage, and m o rp ho log ica l changes in  the la rv a l-p u p a l and 

p u p a l-a d u lt transform ation 's (G elbic 2002). Late o r fo u rth - in s ta r m osqu ito  la rvae 

are m ost sensitive (Sacher 1971; Schaefer 1972).

Schaefer (1972) fo u n d  tha t Aedes nigromaculis la rvae w ere  con tro lled  

e ffec tive ly  in  the lab w ith  m ethoprene concentrations o f 0.01 pg /L , and show ed 

p ro m is in g  results in  the f ie ld  w ith  0.1251b/acre (14mg/m^). Aedes albopictus w ere  

con tro lled  b y  2.2 p g /L  m ethoprene in  the lab (A li 1995). A n  LCso fo r  Cidex 

quinqiiefasciatus w as achieved w ith  0.05 m g /L  (50 p g /L ) m ethoprene in  the lab, 

and 90% o r better emergence in h ib it io n  was obta ined in  the f ie ld  w ith  A lto s id  

pelle ts a t rates o f 5.4 m g/m ^ active in g re d ie n t (A .I.) fo r  flo o d  w a te r sites, 28 

m g/m ^ A .I. fo r  clean w a te r and greater than 28 m g/m ^ A .I. fo r w a te r w ith  h ig h  

organ ic content (M u lla  1995). Th is s tudy  concluded th a t contro lled-re lease 

fo rm u la tio n s  o f m ethoprene, such as pellets, p ro v id e  excellent co n tro l o f Culex 

b roods (M u lla  1995). The M e tro p o lita n  M osqu ito  C o n tro l D is tr ic t in  M inneso ta  

has had success w ith  A lto s id  pellets, w ith  emergence in h ib it io n  at 87% d u rin g  

the f irs t 30 days a fte r app lica tion , and fo u n d  tha t pe lle ts m a in ta ined  e ffic iency 

beyond the 30-day expected fie ld  life  (M M C D  2001).

In  stagnant freshw a te r test p lo ts, F loore (1991) fo u n d  th a t A lto s id  pelle ts 

app lied  a t labe l rates achieved 92% emergence in h ib it io n  fo r 29 days, and 

con tinued  to  co n tro l u p  to  74% even a t 41 days a fte r app lica tion . In  a f ie ld  s tu d y  

exam in ing  e fficacy o f A lto s id  aga inst Culex pipiens and Cidex restuans la rvae in
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h ig h ly  o rgan ic  w a te r cond itions, 90-day b riquets  p roduced  a 99% emergence 

in h ib it io n  in  buckets and 70% in h ib it io n  in  20 u rban  catch basins over 107 days 

(Kneppf r  1992). The d iffe rence in  con tro l efficacy was a ttr ib u te d  to the dynam ic  

na ture  o f the catch basin system, w h ic h  experiences flo o d in g  and flu s h in g  d u r in g  

ra in fa lls  (K nepper 1992). The slow-release fo rm u la tio n  p roved  to  release 

m ethoprene over the en tire  15 weeks o f the s tudy  and there fo re  m ethoprene 

rem ained in  the system  (K nepper 1992). The s tudy  focused on the e fficacy o f 

m osqu ito  con tro l, b u t d id  n o t exam ine the env ironm enta l fate o r the 

concentra tion o f m ethoprene ove r tim e.

A lto s id  b r iq u e t e ffic iency w as evaluated in  I llin o is  catch basins, and was 

found  to  be effective against Culex spp. in  catch basins fo r  one m on th , despite 

v a ry in g  phys ica l capacities and w a te r vo lum e o f the catch basins (Siegel 1999). 

T h is  s tudy  va lida ted  the label app lica tion  rate o f one b riq u e tte  per 9.29 m^ o r 285 

litres  o f w a te r fo r  30 days (Siegel 1999). A  fie ld  s tudy  in  M ich ig a n  catch basins 

a tta ined 82% emergence in h ib it io n  w ith  A lto s id  pelle ts app lied  a t a rate o f 7 g 

p e r catch bas in  fo r  Culex pipiens and Cx. restuans d u r in g  a 15 w eek tr ia l (M cC arry  

1996). M e thop rene  liq u id  la rv ic id e  was p roven  to be e ffective  a t 0.17 p g /L  (LC90) 

in  c o n tro llin g  an im p o rta n t disease vector in  A us tra lia , Aedes vig ilax, how eve r i t  

was fo u n d  to be a lm ost in e ffec tive  fo r tw o  nuisance species, Cx. sitiens and Cx. 

annulirostris  (R itch ie  1997). These studies show  a recent in te rest in  eva lua ting  

m ethoprene in  d iffe re n t env ironm ents  fo r  p u b lic  hea lth  uses. They o u tlin e  its  

effectiveness, b u t  do  n o t investiga te  the env ironm en ta l fate o f the la rv ic ide .

The g ra n u la r fo rm u la tio n  o f m ethoprene, A lto s id  XR-G, was tested in  the 

f ie ld  and in  the lab  against several m osqu ito  species in c lu d in g  Cx. nigripalpus, Ae. 

albopictus, Ae. taeniorliynchus, and o n ly  in  the lab on Cx. quinqiiefasciatus in  F lo rida  

(N ayar 2002). The g ranu la r fo rm u la tio n  was app lied  a t 0 .2m g/L and 0.4 m g /L  fo r  

Cx. quinquefasciatus and a t 0.02 m g /L  and 0.05 m g /L  fo r  a ll o the r species, and gave
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v a ry in g  levels o f emergence in h ib it io n , w ith  Ae. taeniorhynchus be ing  m ost 

sensitive, and Cx. quinquefasciatus and Ae. albopictus m ost to le ran t (N aya r 2002). 

Em ergence in h ib it io n  rem ained h ig h  fo r  1-3 weeks in  the lab fo r  the d iffe re n t 

species, and 3-4 weeks ou tdoo rs  in  p las tic  tubs (N ayar 2002). H ig h e r doses o f 

m ethoprene d id  n o t resu lt in  h ig h e r sustained levels o f e fficacy fo r  Cx. 

quinqiiefasciatus (N aya r 2002). The researchers com pared the e fficacy o f 

m ethoprene to  a n e w  insect g ro w th  regu la to r, p y rip ro x ife n , w h ic h  p ro ve d  to  be 

m ore  effective  at in d u c in g  com ple te emergence in h ib it io n  fo r  several weeks at 

lo w e r doses, and to  be less active against aquatic non ta rge t organ ism s (N aya r 

2002). The results o f the s tudy  su p p o rt the W o rld  H e a lth  O rgan iza tion  Pestic ide 

E va lua tion  Scheme's recent recom m endations o f the use o f p y r ip ro x ife n  fo r  

m o squ ito  con tro l a t specified rates in  certa in  hab ita ts (N aya r 2002).

M osqu itoes w ere  tested fo r  resistance to  m ethoprene over several 

generations and i t  was fo u n d  tha t there is a p o s s ib ility  tha t resistance m ay 

deve lop  in  the f ie ld  i f  in tens ive  selection pressure is app lied , b u t there w as no  

cross-resistance observed fro m  organophosphate resistant species (A m in  1984). 

D e layed sub-le tha l effects in  Culex pipiens, in c lu d in g  rep ro d u c tive  fa ilu re  w ere  

observed (A m in  1984). Some m osqu ito  con tro l au tho rities  have expressed 

concern ove r the deve lopm en t o f resistance to  m ethoprene am ong m osqu ito  

species and advocate resistance m anagem ent, and avoidance o f sub-le tha l 

dosages b e lo w  the lo w e r end o f labe l a p p lica tion  rates w h ic h  m ay encourage 

resistance and m a y  a llo w  w e a k ly  resistant insects to  p roduce  resistant o ffs p rin g  

(S M C M A D  2003).

A d d it io n a l bene fic ia l effects fro m  m ethoprene trea tm en t w e re  observed in  

o the r tria ls , such as m orphogenetic  aberrations, reduced s u rv iv a l and 

b lo o d fe e d in g  success, and a decline in  re p ro d u c tio n  and fe c u n d ity  o f m osquitoes 

th a t s u rv ive d  trea tm en t (M u lla  1995; R itch ie  1997). Th is  effect cou ld  de lay  the
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evo lu tio n  o f m ethoprene resistance in  the fie ld , exp la in ing  the lack o f 

observations o f IG R  resistance in  w i ld  popu la tions  (A m in  1984). S tudies in  

F lo rida , w here  m ethoprene  has been used fo r  m osqu ito  co n tro l fo r  over tw o  

decades, show  th a t lab  stra ins and fie ld  stra ins exh ib ited  the same su sce p tib ility  

to  the la rv ic ide , in d ic a tin g  no  deve lopm ent o f resistance b y  p op u la tions  o f Ae. 

albopictus and Cx. nigripalpus  (N ayar 2002).

2.2.2. Environmental Persistence
H e a lth  Canada states tha t m ethoprene is n o t persistent in  the 

env ironm ent, and degrades ra p id ly  in  w a ter; be ing susceptib le to  tra n s fo rm a tion  

b y  su n lig h t and m icroorgan ism s (H C  2001). M ethoprene is n o t considered an 

oncogenic, tera togenic, o r m utagen ic  com pound (W e llm a rk  In te rn a tio n a l 2003), 

and is no t k n o w n  to  b ioaccum ula te  in  an im als that feed on m osqu ito  and m idge  

larvae treated w ith  m ethoprene (S M C M A D  2003; W H O  2003). The A lto s id  

m ate ria l safety data sheet (MSDS) reports  env ironm enta l fa te  h a lf- life  va lues fo r 

m ethoprene o f g reater than fo u r  weeks in  w ater, less than 10 hou rs  b y  pho to lys is , 

and app rox im a te ly  10 days in  so il (W e llm a rk  In te rna tiona l 2003). I t  is 

m etabo lized ra p id ly  in  soil, does n o t leach and is thus n o t expected to 

contam inate g ro u n d w a te r (USEPA 2001). Its  s o lu b ility  is repo rte d  as less than 2 

m g /L  (W e llm a rk  In te rn a tio n a l 2003).

Several fo rm u la tio n s  have been developed to s lo w ly  release m etliop rene  

a t effective m osqu ito  con tro l levels over certa in  d iffe re n t pe riods  o f tim e: A lto s id  

L iq u id  La rv ic ide , A lto s id  B riquets, A lto s id  XR  Briquets, A lto s id  Pellets, and 

A lto s id  XR-C. A t  m a x im u m  label a p p lica tio n  rates fo r  pe lle ts, the sustained 

release o f m ethoprene  means tha t the actual concentration in  s tand ing  w a te r 

neve r exceeds a fe w  m icrogram s pe r litre  (S M C M A D  2003).
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D egrada tion  o f m ethoprene is increased w ith  sun ligh t, tem pera ture , 

s a lin ity  and m ic ro b ia l action  (Schaefer 1973; W estchester 2001). M ic ro b ia l 

deg rada tion  in  aquatic  systems accelerates the b reakd ow n  o f m ethoprene, 

reaching 80% deg rada tion  w ith in  13 days in  non-sterile  p o n d  w a te r (W estchester

2001). E a rly  f ie ld  tria ls  on  m ethoprene fo u n d  tha t "th e  com pound  appears to  

have a re la tiv e ly  lo w  o rd e r o f env iro nm en ta l persistence and a p o te n tia l fo r 

m in im a l env iro nm en ta l con tam ina tion " (Sacher 1971). F ie ld  tests ind ica te  tha t 

m ethoprene app lied  in  the pu re  technical liq u id  fo rm u la tio n  to p ra ir ie  poo ls was 

undetectable a fte r 24-48 hou rs  (Schaefer 1973). Boxm eyer (1997) reported  tha t 

the deg rada tion  o f A lto s id  150-day b rique ts  u n d e r f ie ld  cond itions  was 

in fluence d  b y  the nu m b e r o f days subm erged and exposure to su n lig h t, and th a t 

le fto ve r mass o f A lto s id  b rique ts  d id  n o t conta in  m ethoprene concentra tions o f 

env iro nm en ta l concern.

M ethoprene  has a short env iro nm en ta l persistence, even fo r  susta ined- 

release fo rm u la tio n s  (Ross 1994). Concentra tions o f m ethoprene in  freshw ate r 

m icrocosm s, a sm all representative system  o f na tu ra l m osqu ito  hab ita ts, treated 

w ith  several d iffe re n t A lto s id  sustained-release fo rm u la tio n s  w e re  m o n ito re d  to 

de te rm ine  i f  the effective env ironm en ta l concentra tion o f m ethoprene  w o u ld  

exceed 10 p g /L  (Ross 1994). M ethoprene concentra tion in  the pe lle t-trea ted  

m icrocosm s peaked at 2.0 p g /L  on day 7 a fte r app lica tion  and th e n  dec lined 

be low  detection  lim its  (0.2 pg /L ) a fter day  14, d u r in g  a 35-day s tu d y  (Ross 1994). 

N o  sam ple collected d u r in g  the s tudy conta ined concentrations h ig h e r than  6 

pg/L . Lab o ra to ry  and f ie ld  tests have show n th a t m ethoprene fo rm u la tio n s  have 

a m a x im a l rate o f release o f less than 4 pg /L , w h ic h  is  m uch  lo w e r than  the 

USEPA recom m ended safe concentrations fo r  organism s, w h ic h  in c lu d e  a m a rg in  

o f ove r 200-fo ld  (USEPA 2001). Therefore, exposure to m ethoprene  fo r  aquatic 

organ ism s is n o t an tic ipa ted  to  reach tox ic  levels.
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2.2.3. Effects on Nontarget Species
In  Canada, the Pest M anagem ent R egu la to ry  A gency registers pestic ides 

and o n ly  approves p rodu c ts  tha t have been sc ie n tifica lly  rev iew ed  and fo u n d  to 

be e ffective  and safe fo r  use w ith  m in im a l r is k  to hum an  hea lth  and the 

env iro nm en t (H C  2001). Rates o f app lica tion  o f pesticides fo r  m osqu ito  con tro l 

are genera lly  lo w , and the tra in in g  requ ired  fo r  licensed app lica to rs  reduces the 

r is k  to non -ta rgeted organ ism s (Rose 2001). The app lica tion  rate is selected fro m  

a range o f doses; i t  m u s t be s u ffic ie n tly  h ig h  to be e ffic ien t fo r  m osqu ito  contro l, 

ye t su ffic ie n tly  lo w  to  a vo id  non ta rge t im pacts (S M C M A D  2003; H e rshey  1998). 

The m ode o f action o f m ethoprene, the in te rru p tio n  o f insect m etam orphosis, has 

no  p a ra lle l process in  m am m als and is considered non -tox ic  (W H O  2003). I t  has 

been show n  th ro u g h  tox ico log ica l assays to have no tox ic  o r rep roduc tive , 

carcinogenic, m utagenic, treratogenic, neuro toxic, endocrine, sk in  ir r ita n t  o r 

sens itiz ing  adverse effects (W H O O  2003).

A  com prehensive re v ie w  o f available sc ien tific  lite ra tu re  conducted by  the 

W estchester C oun ty  Board o f H e a lth  in  N e w  Y o rk  State is sum m arized  in  table 

2.1. I t  was fo u n d  tha t the m ost sensitive organ ism s are invertebrates; freshw ater, 

m arine, and  estuarine, w h ic h  are h ig h ly  sensitive to  acute doses o f m ethoprene. 

Invertebrates represent ove r 95% o f a ll anim als, are om nipresent, and are 

s ig n ific a n tly  im p o rta n t eco log ica lly  and econom ica lly  (USEPA 1998). There are 

fe w  effects dem onstra ted on  b ird s  and m am m als, and m ethoprene w as o n ly  

show n to be m odera te ly  tox ic  to  w a rm w a te r fish  such as the b lu e g ill sunfish , and 

s lig h tly  tox ic  to  co ld  w a te r f is h  such as the ra in b o w  tro u t (W estchester 2001).

The m ost sensitive inve rteb ra te  tested in  la bo ra to ry  was Daphnia, w h ic h  los t 

rep roduc tive  a b ility  a t 5 to  10 pg /L , w h ic h  is 5-10 tim es h ig h e r than the expected 

env iro nm en ta l concen tra tion  fo r  m osqu ito  co n tro l (W estchester 2001).
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; T ab le 2.1 R ev iew  o f laboratory derived  toxicity values for m ethoprene on  several nontarget 
;,i organism s. (W estchester 2001)

1 Organism Tested Type o f Test Toxicity
Mammals
H u m a n derm a l no pos itive  response

(sens itiv ity )
M ice chron ic  o ra l b ro w n  liv e r  p ig m e n ta tio n  w ith  18-m onth

d ie t o f 1,000, and 2,500 ppm ; no  effect
w ith  250 ppm ; 18-m onth  N O E L  = 250
p p m

deve lopm en ta l no  effect, m ate rana l tox ic ity , fe to to x ic ity
o r te ra togen ic ity ; N O E L = 600 m g /kg /d a y

Rats acute ora l LD50= 34,600 m g /k g  (m a x im u m
contained in  ra t gut)

subchron ic o ra l no effect, 90-days w ith  250, 500, and
1,000 ppm ; increased liv e r  w e ig h t w ith

: 5,000 ppm ;
90-day N O E L  = 500 ppm ; LO E L  = 1,000

: ppm
subchron ic 21-day in h a la tio n  N O E L  = 20 mg/1

; in h a la tio n (highest dose tested)
chron ic  o ra l no  effect, 2-year d ie t o f 250,1,000, and

5,000 p p m  (86.9% acitve in g re d ie n t)
chron ic  o ra l 2-year N O E L  = 5,000 p p m  (h ighest dose

1 tested)
oncogen ic ity 18-m onth oncogen ic ity  N O E L  = 250 p p m
in ha la tion no  effect, 2,000 ppm ;

LC50> 210 mg/1
re p ro d u c tio n no effect, three generation s tu d y  w ith

2,500 p p m

1
te ra to logy s tu d y no  effect, 1,000 m g /kg

Rabbits acute derm a l LD50> 3,000-10,000 m g /k g
derm a l no  effect, 24-hour 0.5 m l (technica l

grade) on  shaved, abraded, and
unabraded

subchron ic no  effect, 21-day exposure o f shaved sk in
derm a l to  100, 300, 900, and 2,700 m g /kg /d a y ;

21-day N O E L  = 100 m g /k g  b o d y  w e ig h t
eye no  effect, 0.1 m l (technica l grade)
deve lopm enta l m ateranal to x ic ity  and e m b ryo le th a lity

I  -
%
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G uinea Pig 

Dogs

te ra to logy s tudy 
de rm a l 
(sens itiv ity ) 
in ha la tio n  
acute ora l 
subchron ic ora l

( in  u tero) LO E L = 2,000 m g /kg /d a y ;
N O E L  = 200 m g /kg /d a y  
no  effect, 1,000 m g /k g  
pos itive  test fo r  in tra d e rm a l in jec tion  o f 

u n d ilu te d  m ethoprene; n o  effect to p ic a lly  
LC50> 210 mg/1 
LD50= 5,000 - 10,000 m g /k g  
no effect, 90-days w ith  250, 500, and
1.000 p p m ; increased liv e r  w e ig h t w ith
5.000 ppm ;
90-day N O E L  = 500 ppm ; LO E L = 5,000 
ppm

Birds
M a lla rd  D ucks acute ora l LD50> 2,000 m g /kg

subacute ora l LD50>10,000 p p m
rep roduc tive  im p a irm e n t w ith  30 ppm ; 

no  effect, 3 ppm
Bob w h ite  Q u a il chron ic  o ra l 8-day d ie ta ry  LC50 > 10,000 p p m

re p ro d u c tio n no effect, 30 p p m
Chickens chron ic  o ra l no  w e ig h t loss w ith  0.005 and 0.01% 

m ethoprene food
Freshwater Fish
B lu e g ill Sunfish chron ic  exposure 96-hour LC50 = 1.52 p p m

bioaccum u la tion edib le po rtion s  concentrated 550 and 
950x am bient concentrations, res idue 
excreted w ith in  14 days o f non-exposure

exposure LD50 = 4.62 ppm
R ainbow  T ro u t chron ic  exposure 96-hour LC50 > 52 p p m

exposure LC50 = 3.3 mg/1
chron ic  exposure 96-hour LC50 = 106 mg/1

C hannel C a tfish exposure LC50 > 100 mg/1
M um m ich og exposure 96-hour LC50 = 124.95, N O E L  = 24.68 

mg/1
M osqu ito  Fish exposure no  effect, 240-hour exposure w ith  1.0 

p p m  (fry )
G o ld fish exposure no  effect on  locom o to r a c tiv ity  w i th  

exposure to  0.2 p p m
Estuarine/Marine
Pacific Blue-eye exposure 96-hour LC50 > 4 p p m
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Fathead M in n o w exposure 37-day N O E C  = 48 ug/1 and LO EC  = 84

Coho Salm on exposure
ug/1
96-hour LC50 = 876 mg/1

S ilverside
exposure
exposure

LD 50 = 32 p p m  
48-hour LC50 = 2.78 p p m

Freshwater Invertebrates
Crustaceans
Cladocera exposure 48-hour LC50 = 0.0015 p p m

chron ic  exposure 48-hour LC50 (technica l m ethoprene) = 89 
p pb

chron ic  exposure 42-day m ax im um  acceptable tolerance 
l im i t  = 2 7 -5 1  ppb

exposure 24-hour LC50 = 0.51 mg/1; 48-hour LC50 = 
0.34 m g /I

Copepods exposure 144-hour -10%  m o rta lity  w ith  0.1 p p m
exposure 72-hou tr LC50 = 1-2.0 p p m  (egg); 48-hour 

LC50 = 0.8 p p m  (early  la rva l); 48-hour = 5 
p p m  (late la rva l); 48 -hour = 10 p p m  
(adu lt)

exposure 24-hour LD 50 = 0.67 p p m
A m p h ip o d exposure 96-hour a d u lt (female) LC50 = 2.15 pp m ; 

LC90 = 4.10 ppm ; 96-hour a d u lt (male) 
LC50 = 1.95 p p m ; LC90 = 7.8 ppm ; 24- 
h o u r  youn g  LC50 = 0.32 pp m ; LC90 = 1.05 
p p m

exposure no  effect, 100 m g /L
b ioaccum u la tion accum ulated 66x am b ien t w a te r and 

equal so il conc. o f aged, rad io labe lled  
residue

C rayfish exposure LD 50 = 100 p p m
M u d  Crab exposure arrested deve lopm en t o f la rvae w ith  

exposure to 1 ppm ; n o  effect, exposure to

exposure
0.1 p p m
no subie tha l effect no ted

Shrimp
Freshw ater exposure LD 50 = 100 p p m
Shrim p

exposure no effect on presence, density , o r size 
w ith  150-day 1.5 ppb  exposure
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W h ite  S h rim p  
P in k  S h rim p  
C lam  S hrim p  
Tadpole  S h rim p  
Seed S h rim p

exposure
exposure
exposure
exposure
exposure
exposure

LC50 = 14.32 p p m
LD50 = 100 p p m
LD50 = 100 p p m
48-hour LC50 = 0.00015 p p m
24-hour 40% m o rta lity  w ith  0.00075 p p m
72-hour ~2% m o rta lity  w ith  0.5 ppm , 168-
h o u r -90%  m o rta lity  w ith  0.01 p p m
(nym phs)

Insects
M a y fly exposure no effect, 1,000 p p m  exposure
H o ney  Bees exposure 65.5% fo rm u la tio n  e lim ina ted  b ro o d  

p rodu c tion ; 10% m o rta lity , 24-hour 
exposure to  o ra l and to p ica l com b ina tion  
w ith  1000 ug/insect; 168-hour >50% 
m o rta lity  w ith  0.05 p p m  (nym phs)

D ra g o n fly exposure 168-hour >50% m o rta lity  w ith  0.05 p p m  
(nym phs)

Beetle exposure no  effect, 168-hour w ith  0.25 p p m  
(adults)

exposure no  effect, 216-hour w ith  0.25 p p m  
(adults)

exposure 48-hour -30%  m o rta lity  w ith  0.1 p p m  
(larvae)

exposure no  effect, 48-hour w ith  0.25 p p m  (adults)
A q u a tic  M idges exposure 168-hour -90%  m o rta lity  w ith  0.01 p p m
B acksw im m er exposure 72-hour -30%  m o rta lity  w ith  0.01 p p m
Other
Polychaete exposure no  effect, 100 mg/1
G astropoda exposure no effect regardless o f concentra tion
R o tife r exposure no  effefct, 224 g active in g re d ie n t/h a  

w ith in  experim enta l ponds
Estuarine/Marine Invertebrates
E stuarian M y s id  exposure

Grass S h rim p  exposure

100% m o rta lity  w ith  4-day exposure a t 
125 ug/1; decreased w e ig h t w ith  rea ring  
at 62 ug /l;reduced  num be r o f o ffs p rin g  
per g roup  w ith  rea ring  in  >8 ug/1; 
reduced n um be r o f o ffs p rin g  pe r fem ale 
w ith  rea ring  in  >2 ug/1 
fa ilu re  to com plete m etam orphos is  w ith
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A tla n tic  Oysters

M olluscs

exposure

exposure

exposure

continuous exposure to  1,000 ug/1; 
reduc tion  in  m etam orphosis com p le tion  
w ith  100 ug/1 exposure (R ,S,)-m ethoprene 
no effect, exposure to  lOx recom m ended 
dose o f 0.02 p p m  a.i. (A lto s id  SR-IO) 
48-hour TL50 = 0.269 mg/1 (89.6% active 
ing red ien t) fo r  no rm a l em bryon ic  
deve lopm ent 
48-hour LC50 -  10.6 p p m

Amphibians
Fow ler's toad acute exposure LC50 fo r a d u lt greater than 1.0 p p m
B u llfro g acute exposure LC50 fo r la rvae greater than 10 p p m
N o rth e rn acute exposure LC50 fo r la rvae greater than 10 p p m
Leopard Frog
Fow ler's toad chron ic  exposure 22-day LC50 greater than 1.0 p p m
B u llfro g chron ic  exposure 22-day LC50 greater than 1.0 ppm.
N o rth e rn chron ic  exposure 22-day LC50 greater than 1.0 p p m
Leopard Frog

The fate and  transpo rt o f m ethoprene in  sustained-release p e lle t 

fo rm u la tio n  fro m  the s to rm w a te r sew er system to watersheds in  Canada is 

la rge ly  u n kn o w n . A  2000 s tu d y  exam ined the tox ic  con tribu tions  o f 7 m osqu ito  

con tro l pesticides in  u rban  s to rm w a te r ru n o ff. W h ile  the investiga to rs  d id  n o t 

spec ifica lly  exam ine m ethoprene, they d id  conclude tha t at cu rren t ap p lica tio n  

rates, these chem icals cou ld  affect non ta rge t organism s and con found  

s to rm w a te r and n o n p o in t to x ic ity  eva lua tions (M ila m  2000). The s tudy  

exam ined the to x ic ity  o f u rb a n  s to rm w a te r ru n o ff com bined w ith  m osqu ito  

con tro l pesticides, b u t they  d id  n o t lo o k  at the fate and  tran spo rt o f the chem icals 

fro m  catch basins to  rece iv ing  waters. The researchers advised tha t in d u s trie s  

and m u n ic ip a lit ie s  p re p a rin g  p o llu t io n  p reven tion  p lans re lated to s to rm w a te r 

ru n o ff shou ld  be know ledgeab le  abou t local m osqu ito  con tro l app lica tion  

schedules because ru n o ff  a fte r a s to rm  event cou ld  conta in  insectic ides
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overlooked as p o ten tia l co n tribu to rs  to  cum u la tive  to x ic ity  (M ila m  2000). 

D egrada tion  rates fo r  liq u id  la rv ic ides  are faster than fo r  so lid  fo rm u la tio n s , 

w h ic h  are lik e ly  to  have greater lo ng -te rm  im pacts (P inkney, 2000).

M ethoprene has lo n g  been show n to  be h ig h ly  selective fo r  m osqu ito  

larvae, w h ile  non -ta rge t organism s, in c lu d in g  w e ll-k n o w n  m osqu ito  predators, 

exh ib ited  h ig h  tolerance to  the la rv ic id e  (M u lla  1979; M iu ra  1973). In  general, 

th is  com pound is b io lo g ic a lly  active against m atu re  m osqu ito  la rvae; there fo re  i t  

is  effective against some related species such as ch ironom ids (M u lla  1979; A l i  

1991). M ethoprene pe lle ts have been p roven  as an effective con tro l aga inst 

nuisance m idges in  m an-m ade and p o llu te d  waters, at an app lica tion  rate o f 5.6 

kg/ha, the same rate as ind ica ted  b y  the A lto s id  label fo r  m osqu ito  con tro l (0.56 

g/m^ -1 .1 1  g/m^; A l i  1991). The U.S. F ish and W ild life  service is concerned tha t 

non targe t insect p o p u la tio n  reductions due to  m osqu ito  abatem ent m ay affect 

w a te rfo w l, w h ic h  depend on aquatic insects fo r  food (P inkney 2000).

Acu te  to x ic ity  tests fo r  m ethoprene on  35 aquatic organ ism s in c lu d in g  

Protozoa, P la tyhe lm in ths , R otatoria , A n ne lida , A rth ro p o d a , M o llusca , C horda ta  

and T ha llophy ta , at 250 to 1000 tim es the recom m ended a p p lica tio n  rates, fo u n d  

tha t few  adverse effects w e re  observed, except fo r  some s e n s itiv ity  in  aquatic  

D ip tera , C ladocerans and Copepods (M iu ra  1973). In  a f ie ld  s tu d y  exam in ing  the 

effects o f m ethoprene on  an aquatic ecosystem. N o rla n d  (1974) fo u n d  a reduced 

abundance o f several a rth rop od  p re y  and p reda to r species, in c lu d in g  e lim in a tio n  

o f  a m ajor p reda to r, the la rv a l d y tis c id  beetle, w h ic h  had  also been id e n tif ie d  as 

an organ ism  sensitive to  m ethoprene (W H O  2003; Steelman 1972). H o w eve r, a 

1999 M a ry la n d  s tudy  show ed no s ig n ifica n t reductions in  insect p o p u la tio n s  due 

to  spray ing  o f A lto s id  L iq u id  L a rv ic id e  (P inkney 2000). P opu la tions  o f m osqu ito  

p redators O donates seem una ffected  b y  m ethoprene treatm ents (N o rla n d  1974; 

P inkney 2000).
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M iu ra  (1973) reported  ecosystem to x ic ity  values fro m  900 p g /L  to  5000 

pgAL fo r  m ethoprene, w h ile  a s tudy  b y  Ross (1994) reported  tha t concentrations 

in  m icrocosm s trea ted w ith  m ethoprene in  several fo rm u la tions  never exceeded 6 

pg /L . A  sho rt-te rm  f ie ld  s tudy, in  the sp ring  and sum m er o f 1989, fo u n d  tha t 

there w e re  no  effects on  n on ta rge t ben th ic  invertebra te  biomass, density , o r 

richness due to  la rv ic id e  trea tm ent w ith  m ethoprene slow-release b rique ts  in  

M inneso ta  w e tlands  (H ershey 1994). H ow eve r, in  a 6-year f ie ld  s tu d y  on  the use 

o f m ethoprene in  g ranu la r fo rm u la tio n  fo r  m osqu ito  con tro l in  w e tlands  in  

M inneso ta  in c lu d in g  a 3-year p re -trea tm en t m o n ito r in g  period , N ie m i (1999) 

fo u n d  n o  effect on  b ird s  o r zoop lankton , b u t d id  observe a re d u c tio n  in  to ta l 

insect densities and biomass, across various taxa. The researchers asserted tha t 

app lica tions o f m ethoprene  can a lte r the s truc tu re  and fu n c tio n  o f w e tlands  and 

tha t " i t  is unc lear w h a t the long -te rm  consequences o f insect reductions m ean to 

w e tla n d  h e a lth " (N ie m i 1999). S hort-te rm  studies have show n th a t non ta rge t 

insect p o p u la tio n s  affected b y  m ethoprene recover q u ick ly  once trea tm ent is 

ceased (W H O  2003; M u lla  1979). M u lla  (1979) states tha t the m a g n itu d e  and 

extent o f non ta rge t effects re la ted to m ethoprene app lica tion  depend on rates o f 

app lica tion , the nu m b e r o f app lica tions, and the type  o f h ab ita t treated.

A  USERA re v ie w  o f research conducted in  the early  1990s in c lu d in g  the 

E stuarine Inve rteb ra te  L ife  cycle S tady and the O ctano l/W ater P a rtit io n  

C oe ffic ien t S tudy, con firm ed  tha t m ethoprene is o f lo w  to x ic ity  and  poses li t t le  

r is k  to  hum ans and  non ta rge t species (USERA 2001). U n t i l 1996, the USERA had  

requ ire d  th a t labels fo r so lid  A lto s id  p roduc ts  w a rn  'd o  n o t a p p ly  to  k n o w n  fish  

hab ita ts ,' and 'th is  p ro d u c t is tox ic  to aquatic  d ip  ter an (m osquitoes) and 

c h iro n o m id  (m idge) la rvae ' (USERA 2001). The A lto s id  MSDS reports  eco tox ic ity  

values o f m ethoprene fo r  f is h  (b lu e g ill tro u t) at 760 p g /L  (LCso) and a t 360 p g /L  

(LCso) fo r  aquatic invertebra tes (Daphnia) (W e llm a rk  In te rn a tio n a l 2003).
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A lth o u g h  m ethoprene to x ic ity  to  fish  is lo w , levels in  excess o f  10 pg/1 cou ld  

have de trim en ta l effects on non ta rge t invertebrates such as Daphnia, w h ic h  are an 

im p o rta n t source o f fo o d  fo r f is h  and inverteb ra te  predators, and co n trib u te  to 

hea lthy  aquatic food  webs and w a te r q u a lity  as consumers o f algae (Peterson 

2001; Ross 1994; H ershey 1994).

A  s im ila r freshw ate r crustacean, M oina macrocopa, was fo u n d  to  be 

adverse ly affected b y  concentrations o f m ethoprene greater th a n  0.05 m g /L  (50 

pg /L ), b u t in te res ting ly , at concentrations lo w e r than 0.005 m g /L  (5 p g /L ) 

lo n g e v ity  and fe cu n d ity  increased (C hu 1997). A  recent s tu d y  suggests tha t 

Daphnia magna m ay even e xh ib it sub-le tha l adverse effects to  m ethoprene  

exposure a t concentrations lo w e r than 0.2 n M  (0.062 pg /L ; O lm stead 2001). Th is 

means tha t Daphnia and o the r crustaceans m ig h t be affected b y  m ethoprene  

concentrations m uch lo w e r than  expected env iro nm en ta l concentra tions fro m  

standard app lica tion  rates, b u t exactly w h a t the im pacts at the c o m m u n ity  and 

ecosystem levels w o u ld  be have n o t been de te rm ined  (O lm stead 2001; C hu 1997).

The A u s tra lia n  a ty id  sh rim p  {Caradina indistincta), w as used to  com pare 

ecosystem to x ic ity  o f 2 organophosphate m osqu ito  insecticides, m ethoprene and 

Bacillus thuringensis israelensis, in  freshw ater m arshes w here  presence o f an 

a rbov irus  vector, Cidex annulirostris, was be ing  con tro lled  (B row n  2000). The 

organophosphates, temephos and p ir im ip h o s -m e th y l w ere fo u n d  to  be 

e n v iro n m e n ta lly  unsu itab le , b u t m ethoprene and B.t.i. vv ere fo u n d  to  e ffec tive ly  

con tro l m osquitoes and w ere safest fo r  the non ta rge t sh rim p , w h ic h  are an 

im p o rta n t fo o d  source fo r  na tive  fish  (B row n  2000). The le th a l dose fo r  the 

sh rim p  was fo u n d  to be 550 tim es the expected env iro nm en ta l concen tra tion  o f 

m ethoprene, and was second to B.t.i. in  se lec tiv ity  to  the m osqu ito  la rvae  (B row n  

2000).
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Sustained-release A lto s id  pe lle ts app lied  accord ing to labe l rates w ere  

fo u n d  to  con tro l m osquitoes in  a sa lt m arsh, w h ile  h a v ing  no  adverse effects on  

o the r aquatic  insects (Law le r 2000). H ow eve r, the researchers agreed w ith  earlie r 

stud ies th a t w a rn e d  tha t the use o f sustained-release fo rm u la tio n s  m u s t be 

m o n ito re d  fo r  the deve lopm en t o f resistance in  m osquitoes and in it ia l ly  

undetected n o n ta rge t effects tha t cou ld  accum ulate ove r tim e  d u r in g  fro m  

m osqu ito  co n tro l (L a w le r 2000; B ro w n  2000; P inkney  2000; N ie m i 1999; H ershey 

1998). A  3-year s tu d y  in  M inneso ta  w e tlands found  tha t la rv ic id e  trea tm ent 

s ig n if ic a n tly  reduced the insect p o p u la tion , the richness o f genera and increased 

the  tendency to have one o r a fe w  genera dom inate  (H ershey 1998). The 

re d u c tio n  in  p op u la tio n s  o f insects, in c lu d in g  p reda to ry  insects, m ay be due to  

the m ethoprene to x ic ity , o r fo o d  w eb effects, o r bo th  (H ershey 1998). These 

effects w e re  n o t observed u n t i l  the 2"'  ̂and 3''"' year o f treatm ent, w h ic h  

dem onstrates the need fo r lo n g -te rm  studies o f ecosystem effects re la ted to  

m ethoprene a p p lica tion  (H ershey 1998).

In  the in terests o f in teg ra ted  pest m anagem ent program s, adverse effects 

to  the e n v iro n m e n t m u s t be m in im ize d , especially to n a tu ra l p redators o f 

m osquitoes. L a rv ivo ro u s  f is h  such as the A u s tra lia n  C rim son-S potted  

R a in b o w fish  {Melanotaenia diiboulayi), and the m osqu ito  f is h  {Gambiisia affinis) in  

N o r th  A m erica , can be used to com plem ent conven tiona l insectic ide 

app lica tions, h o w e ve r juven iles  m ay  be sensitive to these toxicants (B ro w n  2002; 

M ila m  2000; M iu ra  1973). In  a s tudy  on pulse-exposure effects o f m ethoprene on 

ju ve n ile  and  a d u lt Melanotaenia diiboulayi, i t  was fo u n d  to  have no acute tox ic  

effects at 12.5 tim es the estim ated env ironm enta l concentra tion  (100 pg/1) (B row n

2002). The su sce p tib ility  o f  the p lana ria n  Dugesia tigrina, another p o te n tia l 

b io c o n tro l agent, to  m ethoprene w as evaluated in  a 7-w eek f ie ld  s tu d y  in  

M iss iss ip i (N e lson  1994). T h is  m osqu ito  la rva  p reda to r w as fo u n d  to  be
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unaffected b y  m ethoprene, and the la rv ic id e  m ay have even had  a s tim u la tin g  

e ffect on its  asexual re p ro d u c tive  p o te n tia l (N e lson 1994). Even though  they  do 

n o t emerge as adu lts , m osqu ito  and m id g e  larvae are n o t rem oved fro m  the  food 

cha in  by  m ethoprene, and b ioaccum u la tion  o f th is  la rv ic id e  has n o t been 

dem onstra ted  in  la rv iv o ro u s  anim als (S M C M A D  2003).

F u rth e r concern has been ra ised rega rd ing  the deg rada tion  p roduc ts  o f 

m ethoprene, and th e ir  effect on the env ironm ent. M a n y  scientists have 

a ttr ib u te d  fis h  and fro g  de fo rm ities  to  the m ethoprene m etabo lite  m ethoprene 

acid, w h ic h  b inds  to  re tino ic  acid receptors (D egitz  2003; Sea Techno logy 1999; La  

C la ir  1998; K le in e r 1997; H a rm o n  1995) a lthough  these results have been 

contested (Kaiser 1997; L in d a h l 1998) and s im ila r de fo rm a tions w ere observed in  

Rana pipiens fro m  exposure to  u ltra v io le t l ig h t  o n ly  (A n k le y  1998). Recent studies 

c o n firm  th a t m ethoprene its e lf is n o t tox ic  to  Xenopus laevis, b u t tha t h ig h  

concentrations o f som e degradation  p roduc ts  such as m ethoprene acid (1.25 

mg/1), m ethoprene epoxide, and 7 -m e thoxyc itrone lla l (>2.5 mg/1) can cause 

deve lopm en ta l to x ic ity  to X. laevis (D eg itz  2003). H ow eve r, the researchers d id  

n o t consider these chem icals as po ten t deve lopm ent toxicants to  X. laevis because 

f ie ld  app lica tions o f sustained-release fo rm u la tions  o f m ethoprene w o u ld  resu lt 

in  m ethoprene concentrations tha t w o u ld  n o t ty p ic a lly  exceed 0.01 mg/1 (D eg itz

2003). S tudies w ith  Rana pipiens, fo u n d  tha t deve lopm en ta l effects re la ted to  

m ethoprene w ere  observed a t lo w e r concentrations o f 0.5 mg/1 (A n k le y  1998). 

These d ifferences cou ld  be a ttr ib u te d  to experim enta l design o r species 

sens itiv ity . The s tu d y  d id  n o t test fo r  any degrada tion  p roducts ; therefore, g iven  

the aqueous in s ta b ility  o f m ethoprene, the observed to x ic ity  cou ld  have been the 

re su lt o f exposure to  a m etabo lite  o f m ethoprene, ra the r than the pa ren t m a te ria l 

(D eg itz  2003).
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M ethoprene  acid has been fo u n d  to b in d  to re tin o id  X  receptors in  

m am m a l as w e ll as insect cells, w h ic h  s tim ula tes gene tra n sc rip tio n  in  

vertebrates (H a rm o n  1995). Thus a m etabo lite  o f a chem ical designed to  m im ic  a 

ju ve n ile  ho rm one in  insects can also affect m am m als, and has been show n  to 

have teratogenic effects on  m ice (H a rm o n  1995). Th is  f in d in g  suggests th a t the 

po ten tia l b io a c tiv ity  o f a pestic ide in  the env iro nm en t m ay have to  be 

reexam ined (H a rm on  1995).

Few  env iro nm en ta l p ro tec tion  agencies requ ire  com prehensive 

assessments o f deg rada tion  p roducts  o f a m a te ria l added to  the env ironm ent, ye t 

m any studies have fo u n d  tha t m ethoprene degrades q u ic k ly  in to  m etabolites th a t 

m ay be m ore  e n v iro n m e n ta lly  h a rm fu l than the o rig in a l com pou nd  (La C la ir 

1998). E n v iro n m e n ta l concentrations o f m ethoprene at rates s ig n if ic a n tly  h ighe r 

than  a llow ed  b y  the label m ost p robab ly  have the p o ten tia l fo r  adverse im pacts 

in  aquatic ecosystems (S M C M A D  2003). M u lla  (1995) cla im s tha t insect g ro w th  

regu la tors  such as m ethoprene "have  been successfully and safe ly used to date 

w ith o u t any  noticeable im p a c t on  nontargets and there are in d ica tions  tha t th is  

pa tte rn  o f use w i l l  con tinue  in to  the fu tu re ."  The p o ss ib ility  rem ains tha t 

m ethoprene and its  m etabolites m ay have u n k n o w n  effects dow nstream  fro m  

w here i t  is  app lied , how ever, th is  is ou ts ide  the scope o f th is  f ie ld  s tudy. 

U ncerta in ties exist abou t the to x ic ity  o r te ra togen ic ity  o f m ethoprene, therefore 

the in ves tiga tio n  o f the env iro nm en ta l d ispersa l o f the la rv ic id e  continues even 

w ith  the p o s s ib ility  tha t f in d in g s  o f negative b io a c tiv ity  effects m ay  be 

con firm ed. -Jt is an tic ipa ted  tha t th is  research w i l l  con tribu te  to  a greater general 

und e rs tan d ing  o f the fa te  and tran spo rt o f m ethoprene its e lf w h e n  app lied  to 

u rb a n  catch basins.
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2.3.Provincial Water Quality Objectives
The p rov ince  o f O n ta rio  sets num erica l values, p ro v in c ia l w a te r q u a lity

objectives (PW QOs), fo r  sa tis factory  levels o f contam inants in  surface waters, fo r 

long -te rm  p ro tec tion  o f aquatic  life  and a ll aspects o f the aquatic  l ife  cycles 

d u r in g  in d e fin ite  exposure to the w a te r (Iv.OE 1994). These values are based on 

the best ava ilab le  sc ien tific  in fo rm a tio n , and are used to  gu ide  w a te r q u a lity  

m anagem ent decisions as w e ll as assess w a te r q u a lity  and m o n ito r  the effects o f 

waste e fflu e n t (M O E 1994). Scien tific  lite ra tu re  is rev iew ed  fo r  in fo rm a tio n  on 

aquatic tox ic ity , b ioaccum u la tion , and m u ta gen ic ity  fo r  each chem ical. The fin a l 

va lue  is based on the low est effect concentration reported, w ith  an added safety 

factor (M O E  1994). W hen  in s u ff ic ie n t data are availab le to set a PW Q O , standard  

p ro toco l is  fo llo w e d  to  set an in te r im  PW Q O  (IPW Q O ). B io log ica l ind ica to rs  

m ay be a m ore  d ire c t m easure o f ecosystem health, and the M O E  m ay id e n tify  

in fo rm a l 'benchm arks ' in  a d d it io n  to  IPW QO s, w h ic h  m ay im p a c t specific 

im p o rta n t ecological receptors (H a ll 2004).

As p a rt o f th is  m o n ito r in g  s tudy, the M O E  is cu rre n tly  deve lop ing  a 

PW Q O  fo r  m ethoprene w ith  w h ic h  to assess the im pacts o f catch-basin e fflu e n t 

(CoT 2003). The effect o f m e tliop rene  on target organism s, m osqu ito  larvae, was 

excluded fro m  the analysis o f ecosystem im pacts (H a ll 2004). A n  in te r im  IP W Q O  

was deve loped u s ing  ava ilab le  data fro m  acute and chron ic  to x ic ity  test results 

fo r  several organism s, in c lu d in g  the w a te r flea, Daphnia magna; frogs, Xenopus 

laevis and Rana pipiens; as w e ll as fish  in c lu d in g  the fathead m in n o w , Pimephales 

pronielas (H a ll 2004). A  safety fac to r o f 10 tim es the low est repo rte d  effect 

concentra tion resu lted  in  a proposed IP W Q O  o f 0.2 p g /L  to insu re  lo n g -te rm  

p ro tec tion  o f a ll non ta rge t species (H a ll 2004).
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Table 2.2 Sum m ary o f benchm arks adapted from Hall, 2004. Sum m ary o f benchm arks for

Organism Benchmark
Fish Acute: 1.6 m g /L

C hron ic; 0.084 m g /L
Invertebrates Acute: 0.3 m g /L

C hron ic: 0.01 m g /L
A m ph ib ians Acute: 2.55 m g /L

C hron ic  (T era to genesis) : 0.0016 m g /L
IPW Q O 0.0002 m g /L

The p red ic ted  concentrations o f 2-4 pg /L  in  the s to rm  sewer system  b y  the 

M O E com pared to the IP W Q O  and the env ironm enta l benchm arks seem u n lik e ly  

to cause adverse im pacts on  rece iv ing  aquatic ecosystems (H a ll 2004). M o sq u ito  

con tro l app lica tions o f m ethoprene in  O nta rio  w i l l  occur in  the sum m er and 

early fa ll, therefore m ethoprene w i l l  lik e ly  on ly  be released to  rece iv ing  w aters 

d u r in g  ra in  events. R a in fa ll w i l l  d ilu te  m ethoprene concentrations, and  s to rm  

sewer o u tp u t concentrations w i l l  again be d ilu te d  w h e n  added to  n a tu ra l waters. 

S torm  w a te r discharges d u r in g  ra in fa ll events w i l l  p ro b a b ly  last no  m o re  than  a 

few  days, b u t m ay  re su lt in  an elevated o u tp u t mass o f m ethoprene, how ever, 

increased discharge w o u ld  increase d ilu tio n . These concentrations are n o t 

expected to reach levels above the IP W Q O  or env ironm en ta l benchm arks, 

how ever i f  they do  occur fo r  p e rio ds  o f tim e greater than  a few  m onths, 

ecological im pacts  m ay occur (H a ll 2004). C ontinued m o n ito r in g  o f the 

la rv ic id in g  p ro g ra m  is essential to  ensure p ro tec tion  o f ecological functions.

2.3.1. Related Studies -  South Etobicoke, Hum ber River and 
Toxicity

The N e w to n b ro o k  creek catch basin fie ld  s tudy  w as p a rt o f a la rge r W N v  

m o n ito r in g  s tu d y  in v o lv in g  the C ity  o f Toronto, the M O E, the U n iv e rs ity  o f 

W estern O nta rio , Peel Region, H a lto n  Region, E n v ironm en t Canada and  loca l
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conservation au thorities . Related w a te r q u a lity  m o n ito r in g  studies in  T o ron to  

exam ined m ethoprene concentrations in  the H u m b e r R ive r w atershed and at 

s to rm  sewer o u tfa ll sites in  South E tobicoke. The H u m b e r R ive r was sam pled a t 

the in tersection o f the r iv e r  and Steeles A venue, and at the m o u th  o f the r iv e r  at 

O ld  M ill .  The s to rm  sewer o u tfa ll in  South Etobicoke w as located on the 

H u m be r R ive r a long the K in g sw a y  ju s t n o rth  o f B loor S treet W est. W ater 

samples w ere  collected fro m  these sites in  a s im ila r m anner to those fro m  the 

N e w to n b ro o k  site. Samples fro m  these sites were also ana lyzed at the same 

labora tory .

A q u a tic  to x ic ity  bioassays on R a inbow  tro u t and Daphyiia magna, o f the 

o u tfa ll w a te r pre-dosage and post-dosage were conducted b y  the M O E. 

M ethoprene efficacy studies were also carried ou t b y  the M O E  and the CoT fo r  

the Toronto  reg ion  (TP H  2004). The efficacy o f m ethoprene on the larvae 

collected as p a rt o f th is  s tu d y  was assessed at the M O E  la b o ra to ry  (Baker 2004). 

48h to x ic ity  experim ent data fo r  m a la th ion  reported  an LCso va lue  o f 1 p g /L  fo r 

Aedes quadrimacidatus larvae, 1.23 m g /L  fo r  Gamhiisia affinis (M ila m  2000).

The larvae w ere separated in to  groups b y  instar (one th ro u g h  fou r), and 

pupae. I f  there w ere su ffic ie n t la rvae in  the sample, ten in d iv id u a ls  fro m  each 

g ro u p  w ere reared and evaluated. The groups w ere reared in  500 m l 

po lye thy lene  te rephtha la te  (PET) bottles, w ith  10 m l o f dech lorina ted , aerated 

w a te r and fed N U T R A M IN ®  food  (Baker 2004). Pupae w ere  n o t fed. M esh 

screens w ere  fixed  to  the bo ttles u s ing  elastic bands. The bo ttles w ere p laced in  

an incuba to r at 24°C, w ith  a 16/8 l ig h t  to da rk  ra tio . S u rv iva l status, g row th , 

p u p a l deve lopm ent and a d u lt emergence w ere  recorded d a ily . Larvae w ere  

considered a live  i f  they m oved  w ith in  f iv e  m inu tes o f observa tion, o r w ith  gentle 

ag ita tion  o f the conta iner (Baker 2004).
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Pupae w ere considered a live  i f  they m oved in  response to  gentle  a g ita tion  o f 

th e ir  conta iner. Pupae tha t d id  n o t respond w ere  observed fo r  u p  to three days 

a fte rw a rd  to assess su rv iva l. A d u lt  emergence was considered as com plete 

separa tion  fro m  the p u p a l casing and the a b ility  to f ly  (Baker 2004).

Em erged a d u lt m osquitoes w ere  p laced in  a freezer fo r 30 m inutes, then 

rem oved  fro m  the b o ttle  u s ing  forceps and p laced in  sm all glass v ia ls  before 

m o u n tin g  (Baker 2004). A d u lt  m osquitoes w e re  p inned  u s ing  N o . 002 p ins and 

labeled w ith  th e ir lo ca lity , date and co llector (Baker 2004). A d u lts  w ere la te r 

subject to  species id e n tif ic a tio n  and sex de te rm ina tion  us ing  a key  b y  W ood, 

D a ng  and  E llis  (1979).

The C ity  o f T o ron to  m o n ito re d  w a te r q u a lity  at s to rm  sewer catchm ent 

ou tfa lls  in  South E tobicoke. M ethoprene levels above the m in im u m  detection 

l im i t  o f 0.030 p g /L  were n o t detected in  w a te r sam pled fro m  the o u tfa lls  d u r in g  

d ry  w eather. The m a x im u m  m ethoprene concentra tion fo u n d  d u r in g  a w e t 

w eather event w as 0.24 pg /L , and 14% o f samples had concentra tions greater 

than  0.10 p g /L  (G ris  2003). M o s t o f the samples in  w h ic h  concentra tions w ere  

[ above 0.10 pg /L  w ere  co llected d u r in g  l ig h t  o r short d u ra tio n  ra in  events,

app ro x im a te ly  w ith in  one w eek o f la rv ic id in g  (G ris 2003). In  com parison w ith  

lite ra tu re  values fo r  ecotoxic ity , the m a x im u m  detected m ethoprene 

concen tra tion  a t the o u tfa ll w o u ld  have to be exceeded b y  tw o  to three orders o f 

m a g n itu d e  to  effect adverse im pacts on  dow nstream  b io ta  (G ris 2003). These 

concentrations re flec t o n ly  to x ic ity  o f the p r im a ry  p roduc t, m ethoprene, and 

none  o f the secondary m etabolites.

M e thop rene  was n o t detected in  any o f the 107 w e t-w ea th e r samples taken 

fro m  the H u m b e r R ive r m o n ito r in g  sites in  levels above the de tection  l im it  o f 

0.030 p g /L  (G ris 2003). M a la th io n  was detected in  the H u m b e r R iv e r at Steeles 

A ve nue  at 0.11 p g /L  (G ris  2003). In  a 90h to x ic ity  test Aedes albopictiis larvae w ere
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considered to le ran t to 1.043 m g /L  m a la th ion  (A ll 1995). The 24 and 48 h  LCso 

values fo r freshw ate r cladoceran M oina macrocopa w ere  in  the range o f 5-10 |ag/L 

m a la th ion  (C hu 1997).

A q u a tic  to x ic ity  bioassays on  R a inbow  tro u t (96 h o u r acute le th a lity  te s t 

sing le concentra tion) and Daphnia magna, (48 h o u r acute le th a lity  test, s ing le 

concentra tion) o f the o u tfa ll w a te r pre-dosage and post-dosage w ere  conducted 

b y  the M O E  (Table 2.3).

T able 2.3 R esu lts o f aquatic toxicity b ioassays for the m ethoprene w ater quality  m onitoring  
from  storm sew er outfalls.

N e w to n b ro o k  Creek South E tobicoke

Date

R a inbow
T ro u t
M o rta lity

D aphn ia
M agna
M o rta lity

R a inbow
T ro u t
M o rta lity

D a phn ia
M agna
M o rta lity

Ju ly  4/2003 0% 0% 30% 0%
Ju ly  10/2003 50% 0% N /A N /A
Ju ly  14/2003 100% 0% 50% 0%
A u g u s t 29/2003 N /A N /A 0% 0%
September
18/2003 0% 0% 0% 0%
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I 2.4.Catch Basins and Stormwater M anagem ent
i  R eceiving li t t le  sun ligh t, catch basins p ro v id e  exce llent b reed ing  refuges

fo r Culex pipiens and con tribu te  to  the res idua l co n tro l o f m ethoprene (M cC a rry  

1996). In  a su rvey  o f catch basins in  the G reater T o ron to  A rea, a lm ost a ll catch 

basins tested pos itive  fo r  the presence o f m osqu ito  la rvae (CoT 2003a). The 

abundance o f larvae in  catch basins is n o t corre lated w ith  p H , and is w e a k ly  

corre lated w ith  w a rm e r w a te r tem peratures and organ ic  debris  content (G eery 

1989).

Larvae are flushed  fro m  catch basins d u r in g  ra in  events, w ith  lo w  ra in fa ll 

(7-17 m m ) re su ltin g  in  22-34% la rv a l reduction , m oderate  ra in fa ll (22 m m ) 

resu lting  in  45% la rva l reduction , and a heavy ra in  (102-127 m m ) re su ltin g  in  an 

85-91% la rva l re d u c tio n  (Geery 1989). S ign ifican t ra in fa ll is necessary to f lu s h  the 

m a jo rity  o f larvae, as s tu d y  resu lts  ind ica te  tha t there are m any Culex la rvae 

rem a in ing  in  catch basins after a no rm a l ra in  (Geery 1989). For exam ple, 

s ign ifican t ra in fa ll ru n o ff caused flu sh in g  o f larvae, as w e ll as f lu s h in g  and 

replacem ent o f the catch basin w a te r in  a M ich ig a n  e fficacy s tudy  o f m ethoprene  

pelle ts (M cC arry  1996). M o rta lity  in  the catch basins rem a ined  h ig h  th ro u g h o u t 

the s tu d y  despite ra in fa ll (M cC arry  1996). Catch bas in  w a te r is flu she d  d u r in g  

lo w  f lo w  s to rm  events, w ith  ne g lig ib le  con tribu tions  fro m  the settled sedim ents 

(M o rriso n  1995). H ig h e r f lo w  s to rm  events cause d is tu rbance o f the catch bas in  

bed, w h ich  releases po llu tan ts  fro m  the contam inated sed im ent (M o rriso n  1995).

2.5.M odel of the Fate and Transport of M ethoprene
In  o rde r to  ana lyze the e fflu e n t concentra tion o f m ethoprene fro m  catch

basins, and estim ate the requ ire d  frequency o f app lica tion , a s im u la tio n  m o d e l 

was deve loped (Behera 2003). The factors considered to  a ffect the concen tra tion  

o f m ethoprene in c lu d e  the chem ical characteristics o f m ethoprene, ra in fa ll
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characteristics (ra in fa ll vo lum e , in te n s ity  and du ra tion ), ru n o ff characteristics 

(vo lum e, peak flow s , d u ra tio n , and la nd  use), catch bas in  characteristics (size, 

vo lum e, accum u la tion  o f sedim ents) (Behera 2003). A na lys is  o f the m ode l w ith  

d iffe re n t scenarios assists in  es tim ating  the requ ired  dose and app lica tion  

frequency fo r  the W N v  la rv ic id in g  p rogram .

The m ode l w as deve loped us ing  a lo n g  term  d a ily  ra in fa ll record w h ic h  was 

de te rm ined  to m ost closely represent the average c lim a tic  cond itions fo r  the 

s tu d y  catchm ent. I t  was fo u n d  tha t the annual ra in fa ll vo lu m e  o f 1980 m atches 

the lo ng -te rm  annua l average fo r the T o ron to  region. The sum m er ra in fa ll data 

fro m  Pearson A irp o r t  in  T o ron to  w e re  selected. The analysis o f the ra in fa ll 

vo lum e  w as ca lcu la ted u s ing  STO R M -type h y d ro lo g y  and d a ily  ru n o ff vo lum e  

fo r  the selected p e rio d  (Behera 2003). The s im u la tion  m o d e l estim ated the 

e fflu e n t o f m ethoprene d ischarged d u r in g  ra in  a event and p red ic ted  the 

m ethoprene concentra tion in  the catch basin  fro m  the d ay  o f app lica tion  u n t i l  the 

chem ical has been com p le te ly  rem oved (Table 2.4).

The m ode l is based on the fo llo w in g  assum ptions:

•  M ethoprene is app lied  a p p ro x im a te ly  m o n th ly , once every 30 days fro m  the 

f irs t app lica tion .

•  The tim e  in te rva l fo r  the m ode l is d a ily  (24 hours) and the day  begins at 

m id n ig h t, 0:00 hours.

• I f  a ra in  event extended ove r m ore  than one day, the am oun t o f ra in fa ll 

vo lum e  and co rrespond ing  d u ra tio n  was calcu la ted on  a d a ily  basis.

•  R uno ff is  calcu la ted us ing  a S TO R M -type h y d ro lo g y  m ode l.

• A  re la tionsh ip  betw een d a ily  ru n o ff  and co rrespond ing  m ethoprene w a shou t 

is assumed (Table 2.4). F rom  experim enta l evidence, every ru n o ff vo lu m e  has 

been show n  to  have a certa in  p o te n tia l to  rem ove some o r a ll m ethoprene 

mass fro m  the catch basin  (Sze, 2004). A  sm a ll s to rm  can rem ove p a rt o f the
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I
I
I available mass, w h ile  a la rge  s to rm  m ay rem ove a ll ava ilab le  mass. Based on

the ru n o ff  vo lum e , va rious  rem a in ing  m ethoprene mass fractions are 

assumed. E xpe rim en ta l h yd ro d y n a m ic  data fro m  a phys ica l m ode l o f a catch 

basin  have been used to de term ine th a t a f lo w  o f 9 L /s  can d is lodge  and  flu sh  

the p e lle t fro m  the catch bas in  (Sze 2004). For the average s to rm  d u ra tio n  fo r  

g  To ron to  o f 4.88 h r  (A dam s 2000), the c ritica l f lo w  fo r  com ple te  w a shou t o f the

m ethoprene pe lle ts is 158 m^. In te rp o la tio n  o f values fo r  the re la tionsh ip  

betw een the mass o f m ethoprene rem a in ing  and f lo w  produces the va lues in  

Table 2.5.

•  D a ily  m ethoprene  mass is conserved and no d a ily  decay is assumed.

• I f  there is no  ra in fa ll on a day, the d a ily  mass o f m ethoprene released fro m  

the p e lle t is  assumed to stay w ith in  the con tro l vo lum e, and be ava ilab le  fo r  

w ashou t d u r in g  the next ra in fa ll event. For example, consecutive d ry  days 

w i l l  resu lt in  h ig h e r m ethoprene concentrations in  the catch basin w a te r.

I
I
a'

i î
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Table 2.4 S im ulation  m odel for the evaluation  o f m ethoprene application  in  catch b asins.

B C D E F G H  I  J K L  M  N  
5/1/80 1 0 0 0 1 28.8 28.8 1.0 1.0 0.0972 0.010 0.000

D escrip tion  o f colum ns:

B. D ate /m onth /year.

C. D ay num be r o f the tria l.

D . R a in fa ll vo lum e in  m m  d u r in g  the 24 hours o f the day.

E. D a ily  ru n o ff  vo lum e  in  m m , us ing  m odel: Vr = 4> (V -  Sd), w he re  Vr is ru n o ff  

vo lum e, V  is ra in fa ll vo lum e , cf) is ru n o ff coeffic ient and  Sd is the a m o u n t o f 

depression storage.

F. D a ily  ru n o ff co lum n, in  m ^  based on co n tr ib u tin g  area and dep th .

G. M ethoprene rem a in ing  factor, w h ic h  is based on d a ily  ru n o ff vo lum e . The 

value comes fro m  a lo o k u p  table based on an assumed re la tio n sh ip  between 

ru n o ff vo lu m e  and m ethoprene rem a in ing  a fte r the event.

H . The am oun t o f m ethoprene mass le ft in  the p e lle t at the end o f the day.

I. This co lu m n  is the same as H , except the negative values are considered as 

zero fo r  phys ica l m eaning.

J. The am oun t o f m ethoprene e x iting  the p e lle t at the end o f the tim e  step (day). 

I f  there is ra in fa ll, m ore mass w i l l  exit; o therw ise  m ethoprene is released at 

assumed rate.

K. The am oun t o f m ethoprene ava ilab le  fo r  concentra tion w ith in  the co n tro l 

vo lum e  at the end o f the day. I f  there is no  ra in  the p rev io us  day, the mass is 

the sum  o f the p rev ious  day  and the cu rre n t day.

L. R u no ff vo lu m e  added to  co n tro l vo lum e . C o n tro l vo lu m e  is based on the 

d im ensions o f the catch bas in  and assumed vo lu m e  fac to r (e.g., 0.3 means th a t
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30% o f the to ta l sum p vo lu m e  is available fo r con tro l vo lu m e  and 70% is f ille d  

up  w ith  sedim ent).

M . M ethoprene  concen tra tion  in  the con tro l vo lum e  based on  the mass and 

vo lum e  ava ilab le  at the end o f the tim e step.

N . M ethoprene concentra tion  d ischarged fro m  tlie  catch basin. I f  there is 

ra in fa ll, re su ltin g  o u tp u t concentra tion  is p roduced  fro m  the ava ilab le  

m ethoprene mass.

The fo llo w in g  characteristics are used fo r  the m ode l:

•  R u no ff C oeffic ien t: R esiden tia l = 0.6, C om m erc ia l = 0.9, In d u s tr ia l = 0.9, 

In s titu tio n a l = 0.9, P a rk  = 0.3.

•  Area d ra in ed  p e r catch basin = 0.2 ha

• Depression storage p e r catch basin drainage area = 1.5 m m

• In it ia l dose o f m ethoprene 4.25% o f 700 m g  = 29.75 m g

• M ethoprene  fu l ly  degrades w ith in  30 days, re leasing 1 m g  per day  ove r a 

m onth .

•  Average d a ily  ru n o ff fo r  the sum m er m onths is 7.4 m^
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T able 2.5 M ethoprene w ash ou t factor per runoff volum e used  in  sim u lation  m odel.

R u n o ff V o l (m^) M ethoprene R em ain ing
0 1.0

31.6 0.8
94.8 0.4
126.4 0.2
142.2 0.1
158 0

236.8 0
473.6 0

2.6.Summary of Current K now ledge
Because W est N ile  v iru s  is considered a threat to  p u b lic  hea lth  in  O nta rio ,

d u r in g  the sum m er o f 2003, 605,607 catch basins w ere treated w ith  m ethoprene 

in  O ntario , 123,117 b y  the To ron to  Pub lic  H ea lth  u n it. In  To ron to , there w ere  2 

app lica tions o f 0.7 g pe r catch basin, fo r a to ta l o f 145 kg  per trea tm en t (M O E  

2003a). In  o rde r to  con tro l the W N v  threat w ith o u t co m prom is in g  ecological 

health, i t  is  im p o rta n t to  analyze and determ ine m osqu ito  con tro l levels, in  o rde r 

to  m ax im ize  e ffic iency and m in im iz e  econom ic cost and env iro n m e n ta l damage.

A n  in teg ra ted  pest m anagem ent p lan  is based on  ecological as w e ll as 

econom ic and  social crite ria . Long -te rm  surve illance he lps re fine  fu tu re  con tro l 

strategies. C u rre n t research on m osqu ito  b io lo gy  and m ethoprene  has focused 

on the e fficacy o f the la rv ic id e  and re fin in g  its  spec ific ity . E ffo rts  to reduce the 

quantities o f la rv ic ides o r chem icals app lied  inc lude  research on  a lte rna tives to  

chem ical co n tro l in c lu d in g  b io lo g ica l co n tro l such as fos te ring  h ea lthy  

popu la tions  o f m osqu ito  p reda to rs  and use o f B ti and Bacillus sphaericus.

In tens ive  sc ru tin y  fro m  the p u b lic  has p u t pressure on  gove rnm en t 

agencies to  research and m o n ito r the risks associated w ith  la rv ic id e  use and 

balcmce them  against the risks o f vector-bom e disease. There is c u rre n tly  a large
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I Ij b o d y  o f research on the chem ical p rope rties  and la rv ic id in g  e fficacy o f

i

m ethoprene. E fficacy m o n ito r in g  has occurred in  va rious  regions w here  vecto r 

con tro l p rogram s have been im p lem en ted : C a lifo rn ia , F lo rida , M innesota, 

A u s tra lia , and m ore  recen tly  N e w  Y o rk  State, I llin o is  and southeastern Canada. 

U rb a n  m osqu ito  con tro l in c lu d in g  la rv ic id in g  in  catch basins has been exam ined, 

b u t  th is has concentrated on efficacy m easurem ent, and has n o t considered the 

env iro nm en ta l tra n sp o rt o f m ethoprene.

Research on the env iro nm en ta l fate o f m ethoprene has show n tha t i t  

degrades ra p id ly  in  the env ironm ent. Research on its effects on  n on ta rge t 

species has dem onstra ted tha t i t  is safe fo r  use w ith  m in im a l r is k  to  hum an  

hea lth  and the env ironm en t. H ow eve r, con trad ic to ry  f in d in g s  on  the effects o f 

m ethoprene b reakd ow n  products  on aquatic organism s po in ts  to a need fo r  

research on the tran spo rt o f m ethoprene and the env ironm en ta l fa te o f its  

m etabolites.

Th is  research is  p a rt o f a m o n ito r in g  s tu d y  conducted in  concert w ith  the 

M O E  and the C ity  o f T o ron to  to de term ine i f  the use o f m ethoprene leads to 

adverse im pacts  on  aquatic  b io ta  (CoT 2003a). The M O E is c u rre n tly  deve lop ing  

a p ro v in c ia l w a te r q u a lity  ob jective against w h ic h  the s to rm  sewer o u tfa ll 

concentrations w i l l  be com pared to establish w he the r m ethoprene is flushed  

fro m  catch-basins in  de le terious quan tities  (CoT 2003b).

U rban  m osqu ito  co n tro l p rogram s have show n th a t the catch basin 

env iro nm en t m u s t be s tud ied  to de te rm ine  the im pacts o f m osqu ito  abatem ent 

p rogram s dow nstream  o f the s to rm  sewer system. In  o rd e r to do  th is, th is  s tudy  

increases the und e rs ta n d in g  o f m ethoprene fate and tra n sp o rt b y  cond uc ting  a 

fie ld  study, la b o ra to ry  experim ents and a s im u la tio n  m odel.

I m  48
/  I

ReDroduced with oermission of the coovrioht owner. Further reoroduction orohibited without oermission.



C h a p t e r  3

3. Field M onitoring Program and Laboratory Experiment

3.1. M ethoprene Field Study M aterials and M ethods

3.1.1. Sewershed Area
The en tire  N e w to n b ro o k  creek sewershed was surveyed on  foot, and a ll 

catch basins as w e ll as the land  uses w ere m arked  on a m ap o f the area. The 

catch basins and the la nd  uses w ere Üien d ig it iz e d  on a m ap o f the area us ing  

geographica l in fo rm a tio n  systems softw are, A rcG IS  8.3. Base m ap  layers o f the 

street g rid , s to rm  sewer in d e x  m ap, and topograph ica l contours w e re  p ro v id e d  

b y  the Technica l Services o f the W orks and Em ergency Services a t the C ity  o f 

Toronto . A i r  photos o f the area f lo w n  in  1999 b y  the C ity  o f T o ron to  w ere  

p ro v id e d  b y  the Ryerson U n iv e rs ity  L ib ra ry .

The N e w to n b ro o k  n e ighb ou rhood  is in  the north-eastern reg ion  o f T o ron to  

( fig  3.1). The N e w to n b ro o k  sewershed o u tfa ll f lo w s  d ire c tly  in to  N e w to n b ro o k  

Creek, w h ic h  is a tr ib u ta ry  o f the D on  R iver. The D on R ive r w atershed is 86% 

urban ized, w ith  a p o p u la tio n  o f m ore  than 800,000 people (TRC A 2003). The 

D o n  R ive r f lo w s  th ro u g h  the heart o f T o ron to  and has been u n d e r in tense 

deve lopm en t pressures fo r  the last 200 years (TR C A 2003). A cco rd in g  to  the 

T o ron to  and Region C onserva tion  A u th o r ity , the D on  R ive r is one o f Canada's 

m ost degraded u rban  rive rs  (TR C A 2004). The D on  watershed is n o w  o n ly  7% 

forested, and  has lo s t m ost o f its  w e tlands, w h ic h  threatens the r iv e r 's  ecosystem 

hea lth  (TR C A 2004).

The N e w to n b ro o k  dra inage area has a perim e te r o f 14349 m  and a surface 

area o f 3590169 m^ ( fig  3.2). In  the N e w to n b ro o k  sewershed, there are three m a in  

la n d  uses; res iden tia l, com m ercia l, in s titu tio n a l, and p a rk  and recreationa l (fig
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3.3). There are n o  in d u s tr ia l zones in  the N e w to n b ro o k  sewershed. The 

res iden tia l land  use is 77% o f the to ta l sewershed area, w h ile  la n d  fo r  com m erc ia l 

uses is 11%, fo llo w e d  b y  in s titu tio n a l at 7%, and p a rk  and recreationa l a t 5% (fig  

3.4a). A l l  o f the catch basins in  the N e w to n b ro o k  sewershed w ere  m a rke d  on a 

m ap b y  survey on  foo t ( fig  3.5). Each catch basin  w as then classified as d ra in in g  

land  fro m  one o f the fo u r land use categories (3.4b).

The C ity  o f To ron to  la rv ic id in g  p rog ram  targets s to rm  sewer catch basins 

on residentia l, com m ercia l and u rb a n  p a rk  and recreationa l streets, how ever, 

in d u s tr ia l areas have been excluded (TPH 2004). The C ity  o f T o ron to  focused 

th e ir la rv ic id in g  e ffo rts  on  res iden tia l streets because d ip p in g  surveys show ed 

tha t there w ere fe w  larvae in  catch basins in  in d u s tr ia l zones and a long  m ajor 

a rte ria l roads (TP H  2004). M ethoprene pelle ts w ere  n o t app lied  to catch basins 

on  p riva te  p rope rty , such as d rivew ays , p a rk in g  lo ts  and com m erc ia l lo ts. The 

catch basins m arked  on the fin a l d ig ita l m ap re flect these cond itions.

R a in fa ll da ta  came fro m  three separate gauges, E. Bales sta tion  a t B a thu rs t 

and Sheppard (app rox im a te ly  3.75km  away), M itc h e ll f ie ld  s ta tion  a t C h u rch

( Ave. (a p p rox im a te ly  1.125km aw ay), and the N e w to n b ro o k  Creek s ta tion  at

W illo w d a le  and S ilve rv iew , w he re  data co llection  began on  A u g u s t 11% 2003.

50
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Figure 3.1 Toronto storm  sew er drainage area m ap. N ew tonbrook  creek is  in  the northeastern region
o f  Toronto. C ity o f Toronto, 1999.
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Figure 3.4-a Percentage o f  the N ew tonbrook storm  drainage area 
occupied  by land  uses.

29; 2%

244; 20%

50; 4%

920; 74%

Figure 3.4-b N um ber o f catch b asin s in  each  
land u se  zon e.
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Figure 3.5 O verhead v iew  o f the m onitoring site.
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k 3.1.2. Monitoring Site Description
The s tu d y  site a t S ilve rv iew  Road and W illo w d a le  A venue  was chosen 

because of its  p ro x im ity  to  the o u tfa ll o f the s to rm  sewer dra inage area, and the

C ity  o f Toron to 's  w a te r q u a lity  m o n ito r in g  h u t  in  the grassy area on  the
II
I no rthw est corner o f the in tersection. The loca tion  reflects the focus o f the C ity  o f

I ' Toron to 's  la rv ic id in g  e ffo rts  on  res iden tia l areas. The s tu d y  site consists o f three

catch basins a t the in te rsection  o f W illo w d a le  A venue  and S ilve rv ie w  Road in  

N o rth  Y o rk  (F ig  3.6). W illo w d a le  is a m odera te ly  busy m a in  street lin e d  w ith  

houses; S ilve rv iew  is a q u ie t res iden tia l street w ith  houses, a school and a sm a ll 

pa rk . Both streets have m any trees and law ns, w h ic h  con tribu te  to the 

perviousness o f the area.

The catch basin on  W illo w d a le  is id e n tif ie d  as W l;  the tw o  catch basins on 

S ilve rv iew  are id e n tif ie d  as S I and S2 ( fig  3.5-6). The o u tfa ll is located d ia g o n a lly  

across the street fro m  the three catch basins. Before the sam p ling  p rog ram  

began, ha lf the sedim ents in  catch basin W l  and a ll the sedim ents in  S2 w e re  

cleaned ou t b y  a vacuum  truck  in  o rde r to observe the effects o f v a ry in g  levels o f 

w a te r and sed im ent on Üie beh av io u r o f m ethoprene (Table 3.1).

I

W l S I S2

Water surface (cm) 31 11.5 106
Sediment depth (cm) 52 66.5 3
pH 7.21 6.97 7.41
Basin temp. (°C) 20 22 22
Traffic volume H ig h L o w L o w
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Overhead V iew  o f Newtonbrook Creek 
M onitoring Station

JViHmvdale Avenue
Grasn’ Area m wide
Sidewalk-^Lom wide

Concrete H u t  
(L9m  X 2.6m)

Figure 3.6 Schematic overhead view of the study site, showing the three catch 
basins, W l,  81 and 82, as well as the onfall and the monitoring hut.
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3.1.3. Methoprene Application and Water Quality Monitoring
L a rv ic id e  dosages w ere  0.7g per c , ’■>asin, and app lied  Ju ly  4 ‘^  A u g u s t

9*"', and  September 9% 2003. These datp=  ̂ coin . aed w ith  the C ity  o f T o ron to 's  

la rv ic id in g  schedule o f the area. The la r . , used was m ethoprene, in  A lto s id

pe lle t fo rm u la tio n , w h ic h  contains 4.25% active in g re d ie n t. A lto s id  so lid  

sustained-release p e lle t fo rm u la tio n s  are designed to  be e ffective  fo r  u p  to 30 

days, accord ing  to  labe l d irec tions  (W e llm a rk  In te rna tiona l 1999). F ie ld  tria ls  in  

freshw ater test p lo ts  in  F lo rid a  (Floore 1991) and Illin o is  catch basins (Siegel 

1999) also fo u n d  th a t emergence in h ib it io n  was effective fo r  app ro x im a te ly  30 

days post-trea tm ent.

The le n g th  and d iam e te r o f 3 batches o f 50 pelle ts each w e re  m easured. 

The batches w e ighed  1.474 g, 1.565 g, and 1.490 g each. The p e lle t le ng th  

d is tr ib u tio n  w as m ore  va riab le  than  the p e lle t d iam eter. The d iam e te r o f the 

pelle ts averaged 0.40 cm, w ith  a standard de v ia tio n  o f 0.0080. The le n g th  o f the 

pe lle ts averaged 0.73 cm, w ith  a standard de v ia tio n  o f 0.1717. The dens ity  o f the 

pelle ts averaged 1.57g/cm^, w ith  a standard de v ia tio n  o f 0.0131.

Catch bas in  w a te r w as sam pled d a ily  us ing  a sm all ba tte ry-opera ted  

m echan ica l p u m p  f it te d  w ith  a lo ng  stainless steel tube w h ic h  w as low ered  in to  

the catch basin. The sam ple w as taken fro m  the top  5-10 cm  o f the  w a te r surface 

(Hershey 1994; Schaefer 1973). Samples w ere  stored in  a cooler w ith  ice u n t i l  

de live red  to  the lab w ith in  48 h, w here  they w ere  stored in  a fr id g e  a t 4°C u n t i l  

they co u ld  be extracted as q u ic k ly  as possible (Hershey 1994). The p u m p  and 

tube w e re  rinsed  a fte r be ing  used at each catch basin. W ate r sam ples were 

ana lyzed d a ily  fo r  m ethoprene and m ala th ion , tw ice  w e e k ly  fo r d isso lved 

o rgan ic carbon (DO C), and a fte r the 3'̂ '* app lica tion ; w e e k ly  fo r  hea vy  m etals 

(Table 3.2). A fte r  the in s ta lla tio n  o f au tom atic  w astew ater sam plers, (A m erican

58

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



■ i

59

Reproduced with permission of the copvriaht owner. Further reproduction prohibited without permission.

Sigm a M o d e l N o . 1350) at each o f the catch basins in  A u g u s t 2003, i t  w as possib le  

to  use the b u ilt - in  p u m p  fo r  d a ily  sam pling . G rab sam ples w e re  taken fro m  the 

o u tfa ll d u r in g  ra in  events b y  C ity  o f To ron to  W o rks  and Em ergency Services 

u n t i l  the in s ta lla tio n  o f the au tom atic  sam pler (A m erican  Sigm a 900M A X ) in  the 

concrete h u t  (F ig 3.6).

The researchers d id  n o t use the tra d it io n a l m e thod  o f la rvae co llec tion  

kn o w n  as 'd ip p in g ' (Geery 1989; M O H L T C  2003b); w h e n  w a te r sam ples w e re  

taken fro m  the catch basins w ith  the electric pu m p , m o sq u ito  la rvae w e re  also 

taken up . The n um be r o f la rvae seen in  each catch basin  w as recorded  as a 

qu a lita tive  observa tion  and assigned a status and num ber: none = 0, fe w  = 1, 

m any = 2, w h ic h  has no  re la tio n  to  the concentra tion o f m ethoprene. M o sq u ito  

larvae w e re  reared in  the M O E  labora to ry . The presence o f larvae s im p ly  

indicates the need fo r a m o squ ito  con tro l p rogram , b u t is n o t an in d ic a to r  o f the 

effectiveness o f the m ethoprene, as i t  prevents emergence fro m  the p u p a l stage 

and has n o  effect on  the presence o f larvae.

3.2. Laboratory Experiment Materials & M ethods
A  p las tic  tank was constructed w ith  three spouts a t d iffe re n t he igh ts  a long

its  side (Fig.3.7), and f il le d  w ith  tap w a te r w ith  a tem pera ture  o f 16°C and a p H  

o f 7.26. The d im ensions are app ro x im a te ly  the same as a s to rm  sew er catch ( '

basin, b u t the tank  is ro u n d  instead o f square. The tank  d im ensions are: in s ide  ,

d iam eter: 600mm , thickness o f  tank w a ll is 10mm, and the faucet he igh ts  are: M T  [

900mm, M M  600mm, and M L  450m m  fro m  the bo ttom . The tank  w as f i l le d  w ith  I
I

tap  w a te r to  ju s t above the top  spout, w h ic h  w as 905 m m  fro m  the b o ttom .

M ethoprene  pe lle ts w ere added to  the water, and the w a te r was sam pled d a ily  

fro m  each spout, s ta rting  fro m  the to p  dow n, in  o rde r to  observe any  

concentra tion  g rad ien t th a t m ay have occurred. A n  am oun t o f fresh  tap  w a te r |

1 \
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equal to  th a t w ith d ra w n  w a s  added to  the tank  a fte r each sam pling. The f irs t 

tr ia l lasted 25 days, the second, 30 days; and the th ird , 25 days. The doses o f 

m ethoprene used in  each tr ia l w e re  as fo llow s; 1®' a p p lica tio n  0.710g, 2"*̂  

a p p lica tion  3.534g and 3'''̂  ap p lica tio n  35.074g. These quan tities  w ere used in  

o rde r to observe the  concen tra tion  decay rates fo r  the m o squ ito  con tro l f ie ld  

dosage, and  fo r f iv e  and f i f t y  tim es the f ie ld  dosage; w h ic h  w o u ld  n o t be 

ty p ic a lly  used in  a f ie ld  se tting  unless b y  accident.

The results o f the f ir s t  lab tank  experim ents p ro m p te d  the researchers to 

conduct fu rth e r tes ting  to  observe the effects o f w a te r de p th  and p e lle t size on 

the d isso lu tion  and  decay o f m ethoprene in  quiescent cond itions. These 

experim ents w e re  com p le ted  u s ing  the m osqu ito  con tro l dose o f 0.7 g A lto s id  

pellets, b u t  v a ry in g  the w a te r d e p th  and p e lle t size d is tr ib u tio n . The f ir s t  tr ia l 

w as ru n  us ing  tw o  tanks, one f il le d  w ith  w a te r to  the lo w e r tap (M L  -  450 m m ) 

and one f il le d  to  the m id d le  tap (M M  -  600 m m ). The second tr ia l w as also 

conducted w ith  tw o  tanks, f il le d  to  the m id d le  tap, b u t each dose o f 0.7 g o f 

pe lle ts w as com posed o f a ll short pellets, o r a ll lo n g  pelle ts. The p e lle t leng th  

ranged fro m  4.293 m m  to  11.582 m m . The dose o f short pe lle ts was com posed o f 

pelle ts near the s h o rt end o f the le n g th  range, w h ile  the dose o f lo ng  pelle ts was 

com posed o f pe lle ts  near the  long  end o f the le ng th  range. The f irs t t r ia l lasted 

25 days, and the second lasted 27 days.
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Figure 3.7 Lab tank schem atic.
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3.3. Sam ple A nalysis & H andling
M ethoprene  concentrations in  the collected samples w e re  ana lyzed b y  the

C ity  o f T o ron to  labo ra to ry , u s ing  the U n ite d  States G eolog ica l S urvey (USGS) 

m ethod  o f liq u id - liq u id  ex trac tion  and gas chrom atography/m ass spectrom etry  

fo r  de te rm ina tio n  o f m osqu ito  insecticides in  w a te r (Z im m e rm an  2001). Th is 

m ethod  is used to  acqu ire in fo rm a tio n  about the fate and tra n sp o rt o f m osqu ito  

insectic ides th ro u g h  analysis o f surface and g ro u n d -w a te r samples. The 

surrogate standard  te rb u th y laz ine  was used to  assure q u a lity  co n tro l in  sam ple 

analysis. M ethoprene  concentra tion  results received fro m  the C ity  o f To ron to  

Labo ra to ry  have surrogate  standard  recovery rates o f betw een 22 and 66%. 

H ow eve r, a d d itio n a l q u a lity  checks o f the testing  procedure  w e re  conducted b y  

add ing  a k n o w n  q u a n tity  o f m ethoprene in  a w a te r sam ple and m easuring  the 

am oun t o f  m ethoprene; i t  w as fo u n d  tha t 95% o f the added m ethoprene  was 

detected b y  th is  ana ly tica l m ethod . W ater samples fo r m ethoprene  analysis w ere  

collected in  am ber ja rs to  l im it  p h o to ly tic  deg rada tion  o f the m ethoprene, and a ll 

samples w e re  stored on ice d u r in g  trans it to  the lab fo r  testing  (Table 3.2), w h ic h  

is consistent w ith  the s tandard  m ethod  (Z im m e rm an  2001).
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Table 3.2 Sam p lin g  m aterials, h a n d lin g , and analysis.

M ethoprene D O C C h lo rid e H e a vy
M eta ls

Size (ml) 250 500 500 500

Preservation ice ice + acid 
(H2S04)

ice ice + acid 
(H N 03)

Jar type Am ber + Teflon- 
lined lid

Clear Clear Clear

Detection
method

Liqu id  extraction 
and gas
chromatography

Combustion
tota l organic
carbon
emalysis
(Model
1020A)

Ion
chromatography 
(Dionex IC25)

Inductively
Coupled
Plasma
Optical
Emission
Spectrometry

Detection
lim it

< 0.03 pg/L < 0.5 mg/L <0.1 mg/L Varies per 
cation (0.001 
-  0.012 mg/L)

Schedule Daily Bi-weekly Bi-weekly Weekly 
starting after 
3"!
application
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3.4.Mass Balance o f M ethoprene in  the N ew tonbrook Sew ershed
The m ode l, w ith  scenarios representing  the in d iv id u a l characteristics o f  the

three N e w to n b ro o k  s tu d y  catch basins, was ru n  b y  the researcher u s ing  ra in fa ll 

da ta  fro m  2003. The s im u la tio n  m ode l estim ated the e fflu e n t o f m ethoprene  

d ischarged d u r in g  ra in  events and p red ic ted  the m ethoprene concen tra tion  in  

the catch basins fro m  the d ay  o f a p p lica tion  u n t i l  the chem ica l w as com p le te ly  

rem oved (F ig  3.8-10). The catch basins in  the s tudy  site are a ll considered to  

d ra in  res iden tia l areas, and therefore the ru n o ff coeffic ien t in  the m o d e l rem ains 

0.6. Each catch bas in  has a d iffe re n t w a te r vo lum e  and sed im ent dep th , there fo re  

d iffe re n t e ffective  vo lum es (Table 3.3). The o u tp u t fro m  the m ode l represen ting  

the m ethoprene concentrations in  the catch basins is com pared to  the actua l 

m ethoprene concentrations (F igures 3.8-10).

T able 3.3 Catch b asin  characteristics o f  the N ew tonbrook  creek study site for the sim u lation  
m odel.

Catchbasin Size W l S I S2

Base area (m^) = 0.3721 0.3721 0.3721
H e ig h t up  to
sew er (m) 0.83 0.78 1.09
E ffective v o l.
Factor 0.3735 0.1474 0.9724
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A n  analysis o f tw o  ra in  events fro m  A u g u s t 16*’’ and  A u g u s t 26% 2003 

requ ired  de te rm ina tio n  o f o u tf lo w  fro m  the catch basins. R a in fa ll data used 

w ere  collected a t 5 m in u te  in te rva ls . Based on c o n tr ib u tin g  area and dep th , and 

assum ing the f lo w  in to  each catch bas in  is the same as the f lo w  out, the fo llo w in g  

equation  was used:

D a ily  ru n o ff vo lu m e  in  m m : Vr = cj) (V  — Sa)

" w here  Vr is ru n o ff  vo lum e ,

■ V  is ra in fa ll vo lum e ,

■ cf) is ru n o ff coe ffic ien t and

■ Sd is the am oun t o f depression storage.

The f lo w  o f the o u tfa ll was recorded d u r in g  m o n ito r in g  fo r  the tw o  ra in  

events, as w e ll as the o u tf lo w  m ethoprene concentration. The concen tra tion  o f 

m ethoprene in  the catch basins was also de te rm ined  fro m  the d a ily  m o n ito r in g  

data. The o u tf lo w  o f the catch basins w as calculated based on  the ru n o ff v o lu m e  

and the area d ra ined , 0.2 ha, b y  each catch basin.

U s ing  the calcu la ted f lo w  o u t o f the catch basins, and the concen tra tion  

obta ined fro m  f ie ld  va lues d u r in g  ra in  events on  A u g u s t 16*’’ and  26'^ 2003, an 

o u tp u t mass o f m ethoprene  was obta ined (Tables 3.4-5). The resu lts  show  tha t 

because the m ode l does n o t take chem ica l decay in to  considera tion , there is  a 

great d iscrepancy betw een the m ode l o u tp u t, and the m easured o u tg o in g  mass 

o f m ethoprene. Fo r the ra in  even on A u g u s t 16% the m o d e l va lues are 

app rox im a te ly  25 pg, whereas the m easured values are no  greater than  0.0071 

pg. I f  the m ode l d id  account fo r  the decay o f m ethoprene, i t  is  p robab le  th a t the 

o u tp u t w o u ld  be closer to  the m easured quantities. For a dose o f 0.7g o f pelle ts, 

con ta in ing  4.25 % active  ing red ien t, 29.75 m g  o f m ethoprene is a p p lie d  to  each 

catch basin. The m o d e l w o u ld  have to  in c lu d e  a release rate o f a p p ro x im a te ly  1 

m g  per day, and a h a lf- life  o f 28 days. The m ode l values fo r  A u g u s t 26"" are
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closer to  the m easured va lues as i t  is  nea rly  three weeks since app lica tion , and  b y  

tha t tim e, there is  ve ry  l i t t le  m ethoprene rem a in ing  to  be d isso lved  in  the co n tro l 

vo lum e .

A  second m o d e l ite ra tio n  us ing  ru n o ff coeffic ients represen ting  the fo u r  la nd  

use types in  the N e w to n b ro o k  sewershed p ro v id e d  m ode l va lues fo r  the o u tp u t 

vo lu m e  and mass o f m ethoprene fro m  a ll catch basins in  the dra inage area.

W hen  these va lues w e re  m u lt ip lie d  b y  the num be r o f catch basins in  each la n d  

use dra inage area (Table 3.5-6), a to ta l o u tp u t vo lum e  and m ethoprene  mass 

cou ld  be  p red ic ted  fro m  the  m ode l. N e ith e r the m o d e l f lo w , n o r the m ode l 

o u tp u t mass o f m ethoprene  w ere  close to the m easured values, and  w h e n  the 

concen tra tion  is ca lcu la ted, there are fo u r to  five  orders o f m a g n itu d e  o f 

d iffe rence  betw een the m o d e l o u tp u t and the actual m easured f ie ld  values.

These errors are due in  p a r t to the om iss ion  o f chem ical decay in  the m ode l, 

as w e ll as a possib le base flow  in  the o u tfa ll w h ic h  cou ld  c o n h ib u te  to  th< x. u tfa ll 

vo lum e . The p ro p a g a tio n  o f these errors fro m  the in d iv id u a l catch bas in  le ve l to 

the en tire  d ra inage area is  s ign ifican t. Th is is ev iden t in  the w id e  gap betw een 

values ob ta ined  fro m  the m ode l, and those m easured in  the fie ld .

T able 3.4 M odel R ain  Event 1 - A u g  16,7:15 am to A u g  16,9:25 am, 2003

Field Values M odel Values
Tota l
V o lu m e  (m3) 
Mass o u t  (pg)

O utfa ll W l S I 32 
3774.06 9.84 9.84 9.84 

43496.35 0.0044 0.0071 0.0000

W l 31 32 
9.84 9.84 9.84

25.17017 25.49847 25.49847

T able 3.5 M od el R ain Event 2  -  A u g  26, 3:05 am to 7:05 am, 2003

Field Values M odel Values
Tota l O utfa ll W l 31 32 W l 31 32
V o lu m e  (m3) 
Mass o u t (pg)

8941.80 1.2 1.2 1.2 
443130.21 0.0000 0.0004 0.0000

1.2 1.2 1.2 
2.2595 0.0000 0.0000
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T able 3.6 M o d el R ain  Event 1 - A u g  16, 7:15 am to A u g  16,9:25 am, 2003.

Model Values
Tota l Residential Commercial Institu tiona l Park/Rec
V o lum e  (m 3) 
M ass o u t (fag)

9.84
439110

14.76
658665

14.76
658665

4.92
219555

T able 3.7 M o d el R ain Event 2 - A u g  26, 3:05 am to 7:05 am, 2003.

Model Values

T ota l Residential Commercial Institu tiona l Park/Rec
V o lum e  (m 3) 
Mass o u t (pig)

1.2
53550

1.8
80325

1.8
80325

0.6
26775

T able 3.8 M od el output o f m ethoprene for N ew tonbrook  drainage area, for rain ev en t A ugust 
16th, 2003.

Vol (m3) Mass (u^) # ofcib 's Vol (m3) Mass (g)

R esidentia l 9.84 439110 920 9052.80 403.98 (
C om m erc ia l 14.76 658665 244 3601.44 160.71
In s titu tio n a l 14.76 658665 50 738.00 32.93
Park/Rec 4.92 219555 29 142.68 6.37
T o ta l 1243 13534.92 604.00 1

T able 3.9 M od el output o f  m ethoprene for N ew tonbrook  drainage area, for rain even t A ugust
26th, 2003.

VoZ (m3) Mass (u^) # ofcib 's VbZ (m3) Mass (^)
R esidentia l 9.84 439110 920 9052.80 403.98
C om m erc ia l 14.76 658665 244 3601.44 160.71
In s titu tio n a l 14.76 658665 50 738.00 32.93
Park/Rec 4.92 219555 29 142.68 6.37
Tota l 1243 13534.92 604.00

T able 3.10 C om parison o f m od el ou tput vo lu m e and m ass to m easured ou tfa ll va lu es

August 16th A ugust 26th

Volume (m3) Mass (g) Cone. (mg/L)
Mass 

Volume (m3) (g)
Cone.
(mg/L)

M o d e l 13534.92 604.00 44.625 730.60 73.66 100.819
O u tfa ll 3774.06 0.04350 0.012 8941.80 0.44313 0,050
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3.4.1. Sim ulation w ith  Average Rainfall
In  o rd e r to  estim ate the average d a ily  expected m ethoprene concen tra tion  in

catch basins in  a ty p ic a l T o ro n to  ne ighbourhood , an analysis o f the m ode l w ith  

characteristics represen ting  catch basins d ra in in g  the area fro m  each la n d  use 

type  in  the N e w to n b ro o k  creek sewershed w as ru n  u s ing  ra in fa ll data  fro m  1980.

The m on ths  o f June, Ju ly  and A u g u s t w ere  used, w ith  app lica tions assumed on  

the 1®' o f each m on th . The n u m b e r o f catch basins in  the N e w to n b ro o k  s to rm  

sewer d ra inage  area be long ing  to  each land  use typ e  w as calcu la ted u s ing  the 

d ig ita l m aps (F ig 3.4b and 3.5). There w e re  1243 to ta l catch basins, 920 d ra in in g  

res iden tia l zones, 244 com m ercia l, 50 in s titu t io n a l and 29 in  p a rk  o r recreationa l 

zones. To  account fo r  v a ry in g  leve ls o f sedim ents and w a te r dep th  in  catch 

basins in  a typ ica l ne ighbou rhood , ca tc li basins w e re  assumed to  have 50% 

effective vo lum es: d ie  actua l vo lu m e  o f w a te r h e ld  in  the basin.

A  s im u la tio n  fo r  each la n d  use type  was com ple ted us ing  d a ily  ra in fa ll data j

fo r  June, Ju ly  and A u g u s t 1980 fro m  Pearson A irp o r t  (F ig 3.11). The in d u s tr ia l 

and com m ercia l ru n o ff coeffic ients are the same (0.9), so the o u tp u t o f 

m ethoprene is the same fo r  these tw o  land use types. The ru n o ff  coe ffic ien t fo r
I

parks is m u c h  lo w e r (0.3), there fo re  less m ethoprene is expected to  be w ashed f

o u t d u r in g  each ra in  event. T h is  m eans th a t there is m ore  m ethoprene rem a in in g  

available fo r  w a shou t d u r in g  subsequent ra in  events. F igu re  3.11 show s th a t |

m ethoprene is expected to be q u ic k ly  w ashed o u t in  greater am oun ts fro m  catch 

basins d ra in in g  in d u s tr ia l and  com m ercia l areas, whereas the la rv ic id e  is w ashed 

o u t m ore s lo w ly  and over a lo nge r p e rio d  o f t im e  f  rom  catch basins d ra in in g  

res iden tia l and p a rk  areas.
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3.4.2. R ecom m endations and A pplication of M odel to other 
Sewersheds

The s im u la tio n  m ode l fo r the  a p p lica tio n  o f m ethoprene to  catch basins 

requ ires considerab le  fu rth e r deve lopm en t. I t  is  s t ill u s e fu l to  s im p lis tic a lly  

illu s tra te  the  process o f flu s h in g  m ethoprene fro m  the  catch basins in to  the  s to rm  

sew er system  and o u t to  re ce iv in g  w a te rs. I f  a decay fu n c tio n  as w e ll as ae 

h yd ro d yn a m ic  sed im ent resuspension fu n c tio n  w ere in co rp o ra te d  in to  the  

m ode l, i t  m ay becom e m ore u se fu l in  p re d ic tin g  o u tg o in g  concen tra tions o f 

m ethoprene, and a id  in  the p la n n in g  o f app lica tions o f the la rv ic id e .

F u rthe r im p ro ve m e n t co u ld  in c lu d e  a m ore com plex GIS a p p lica tio n . The 

catch basins co u ld  be d ig itiz e d  in  the  m ap to  in c lu d e  sp a tia l coord ina tes, as w e ll 

as connections to the  s to rm  sewers u n d e rg ro u n d , and actua l m o d e lle d  ru n o ff, 

n o t an assum ed ru n o ff coe ffic ien t. The cons truc tion  o f a n e tw o rk  in  G IS w o u ld  

a llo w  the in c lu s io n  o f tra v e l tim e  fo r  concentra tions a rriv in g  fro m  the  fu rth e s t 

catch basins. The catch basin  response to  ra in fa ll ove r tim e  co u ld  be p re d ic te d  as 

a series o f snapshots. A d d itio n a lly , G IS can be used to  estim ate the  d ischarge o f 

m ethoprene to  the e n v iro n m e n t on  a w atershed basis. The num b e r o f catch 

basins w ith in  a w a te rshed  can be estim ated based u p o n  the  n o rm a l d is tance  

betw een catch basins and the le n g th  o f roads. Together w ith  the  sew er n e tw o rk , 

the  num ber o f catch basins connecting  to  each sew er o u tfa ll can be d e te rm ined . 

F in a lly , the  cu m u la tive  m ass o f m ethoprene fo r  each o u tfa ll can be com pu ted  

u s in g  the im p ro v e d  s im u la tio n  m ode l.
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3.5. Related Studies
The N e w to n b ro o k  creek catch basin  fie ld  s tu d y  was p a rt o f a la rg e r W N v  

m o n ito rin g  s tu d y  in v o lv in g  the C ity  o f T o ron to , the M O E, the  U n iv e rs ity  o f 

W estern  O n ta rio , Peel R egion, H a lto n  R egion, E n v iro n m e n t C anada and loca l 

conserva tion  a u th o ritie s . R elated w a te r q u a lity  m o n ito rin g  s tud ies in  T o ro n to  

exam ined m ethoprene concen tra tions in  the  H u m be r R ive r w a te rshed  and a t 

sto rm  sew er o u tfa ll sites in  S outh E tobicoke. The H u m b e r R iv e r w as sam pled a t 

the in te rse c tio n  o f the  r iv e r  and Steeles A venue, and a t the m o u th  o f the  riv e r a t 

O ld  M ill.  The s to rm  sew er o u tfa ll in  S outh E tob icoke w as loca ted  on  the  

H u m b e r R ive r a long  the  K in g sw a y  ju s t n o rth  o f B lo o r S treet W est. W ate r 

sam ples w ere co llected  fro m  these sites in  a s im ila r m anner to  those fro m  the 

N e w to n b ro o k  site . Sam ples fro m  these sites w ere also ana lyzed  a t the same 

la b o ra to ry .

A q u a tic  to x ic ity  bioassays on R a inbow  tro u t and Daphnia magna, o f the  o u tfa ll 

w a te r pre-dosage and post-dosage w ere  conducted b y  the M O E . M ethoprene  

e fficacy stud ies w e re  also ca rried  o u t b y  the M O E  and the  C oT fo r the T o ro n to  

reg io n  (TP H  2004). The e fficacy o f m ethoprene on  the la rvae  co llected  as p a rt o f 

th is  s tu d y  w as assessed a t the M O E  la b o ra to ry  (Baker 2004).

The la rvae  w e re  separated in to  g roups b y  in s ta r (one th ro u g h  fo u r), and 

pupae. I f  there w e re  s u ffic ie n t la rvae  in  the sam ple, ten in d iv id u a ls  fro m  each 

g roup  w ere  reared and eva lua ted . The g roups w ere  reared in  500 m l 

p o lye th y le n e  te re ph tha la te  (PET) bo ttles, w ith  10 m l o f dech lo rin a te d , aerated 

w a te r and  fe d  N U T R A M IN ®  fo o d  (Baker 2004). Pupae w ere  n o t fed . M esh 

screens w e re  fix e d  to  the b o ttle s  u s ing  e lastic  bands. The b o ttle s  w ere  p laced in  

an in c u b a to r a t 24°C, w ith  a 16/8 lig h t to  d a rk  ra tio . S u rv iv a l sta tus, g ro w th .
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p u p a l deve lopm en t and a d u lt em ergence w ere  recorded d a ily . Larvae  w ere 

considered a live  i f  they m oved  w ith in  fiv e  m inu tes o f obse rva tion , o r w ith  gentle  

a g ita tio n  o f the con ta ine r (Baker 2004).

Pupae w ere considered a live  i f  they m oved  in  response to  gen tle  a g ita tio n  o f 

th e ir conta iner. Pupae th a t d id  n o t respond w ere  observed fo r  u p  to  three days 

a fte rw a rd  to  assess s u rv iv a l. A d u lt em ergence w as considered as com ple te  

separa tion  fro m  the p u p a l casing and  the a b ilty  to  f ly  (Baker 2004).

Em erged a d u lt m osqu itoes w ere  p laced in  a freezer fo r  30 m inu tes , then 

rem oved fro m  the b o ttle  u s in g  forceps and p laced in  sm a ll glass v ia ls  before  

m o u n tin g  (Baker 2004). A d u lt  m osquitoes w ere  p in n e d  u s in g  N o . 002 p ins  and 

labe led  w ith  th e ir lo c a lity , date and co llec to r (Baker 2004). A d u lts  w e re  la te r 

subject to  species id e n tific a tio n  and sex d e te rm in a tio n  u s ing  a ke y  b y  W ood, 

D ang and E llis  (1979).
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C h a p t e r  4 

4. Results and D iscussion

4.1. Field Study Results

4.1.1. Methoprene concentration and rainfall

The S I catch basin  h ad  the least am oun t o f w a te r in  i t  (abou t 115 m m ), 

hence the  m ethoprene concen tra tions w ere v e ry  h ig h  com pared to  the  o th e r tw o  

catch basins w h ic h  w ere  h ig h ly  d ilu te d . The scales used fo r  the m ethoprene 

concen tra tion  in  the  p lo ts  fo r  W l and 82 have a m a x im u m  va lue  o f 1 pg /L , 

how eve r th is  scale is  too re s tric tiv e  fo r the e levated concentra tions in  81 and a 

m a x im um  va lu e  o f 16 p g /L  fo r m ethoprene concen tra tion  w as used in  p lo ttin g  

concentra tions fo r  th is  catch basin, to  fa c ilita te  com parison  o f the m ethoprene 

concentra tions o ve r tim e. M ean m o n th ly  a ir tem pera tures fo r  Ju ly , A u g u s t, and 

Septem ber w e re  21, 20, and 15°C, and  the sum p tem pera tures w ere  stable at 

a roun d  20 to  22°C  th ro u g h o u t the sum m er.

Wl

V  Application  (F ig  4.11: M e thoprene  concentra tions w ere  fo u n d  to  peak w ith in  

tw o  days, then peaked aga in a t 4 days, and le ve lle d  o ff to  non-de tectab le  levels 

(<0.03 p g /L ) 7 days a fte r f ir s t  a p p lica tio n , the  d ip  in  the  concen tra tion  cou ld  be 

due to  flu s h in g  fro m  a ra in  even t on  day 3. A t 32 and 33 days a fte r a p p lica tio n , 

m ethoprene  concen tra tions appeared a t 0.04 pg /L , th is  m ay be re la ted  to  

tu rb u le n ce  in  the  catch bas in  sum p due to a ra in  even t th a t occurred  on  day 32.

76

Reproduced with permission of the coovrioht owner. Further reproduction prohibited without permission.



2nd Application  (F ig  4.2V. T w o  peaks occu rred  a t d ay  1 and  day 3 a fte r second 

ap p lica tio n . The in it ia l peak in  concen tra tion  is  m uch  h ig h e r than i t  w as a fte r the 

f ir s t dosage, and reached a peak a t 3 days, w h ic h  m ay have been caused b y  

flu s h in g  fro m  a ra in  even t on  the 2""̂  day. The m ethoprene concentra tions 

le ve lle d  o ff 11 days a fte r the second a p p lica tio n .

3’’‘‘ Application  (F ig  4.3): A g a in , tw o  peaks in  the m ethoprene  concen tra tion  are 

observed, the  f irs t w ith in  1 day, and the  n ex t is 6 days a fte r a p p lica tio n , b u t th is  

one then d ro p s  o ff steeply. A  la rge  ra in  event on day 8 m ay have been 

responsib le  fo r flu s h in g  the m ethoprene. A  sm a ll rise  in  concen tra tion  is 

observed 13 days a fte r a p p lic a tio n  w h ic h  does n o t seem to  be co rre la ted  to  a ra in  

event. A n o th e r increase in  conce n tra tio n  appeared fo r o n ly  one day, 21 days 

a fte r a p p lica tio n , one day a fte r a m a jo r ra in  event. I t  is  c lear fro m  F ig u re  3 th a t 

the  in it ia l peak concen tra tion  is dependen t u p o n  the  ra in fa ll a fte r a p p lica tio n . 

The am oun t o f ra in fa ll affects the flu s h in g  o f m ethoprene and resuspension o f 

pe lle ts  in  sedim ents.
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S I

1̂ ‘ Application  (F ig  4.4): The peak in  m ethoprene concen tra tion  occu rred  one day 

a fte r a p p lica tio n , w ith  a second peak a fte r 6 days. A fte r 19 days, concen tra tions 

w e re  u nd e r de tec tion  lim its , w ith  a fe w  rises in  concen tra tion  be tw een 23 and 27 

days, and a t 34 days. W ith  the  h ig h e r concentra tions presen t in  th is  catch basin, 

i t  is  easier to  observe a c o rre la tio n  betw een ra in  events and rises in  m e thoprene  

concen tra tion , as on  days 7 ,12 , and 19 a fte r ap p lica tio n . H o w eve r, the  ra in fa ll 

da ta  used are fro m  a s ta tio n  loca ted  fu rth e r no rthw est, th is  m ay e xp la in  w h y  

sm a ll peaks on  days 25 and 27 d id  n o t occur in  tandem  w ith  ra in  events, and th a t 

a ra in  even t on  day 30 has no  co rre spond ing  increase in  m ethoprene, i f  any 

chem ica l is  le ft at a ll.

2'"' Application (Fig 4.5): A  lo w  f ir s t peak in  m ethoprene occurred  a fte r the  second 

day, then a t d ay  4 concen tra tion  rose to  a h ig h  peak o f 12 pg /L , and decreased 

sh a rp ly  w ith in  2 days. A fte r 19 days, concentra tions w ere  u n d e r de te c tio n  lim its . 

The ra in  even t on  day 7 m ay have  been responsib le fo r flu s h in g  o f the  d isso lved  

chem ica l and  subsequent rise  in  concen tra tion  fro m  resuspension. A  ra in  even t 

on  da y  12 corresponded w ith  a sm a ll peak in  the m ethoprene concen tra tion .

3rd Application (Fig 4.6): A  f ir s t peak occurred  a t day 2 a fte r th ird  a p p lica tio n , 

tw o  sm a ll peaks are observed, b u t are m uch  lo w e r than  in  p re v io u s  m on ths. 

M e thoprene  concen tra tion  leve ls  d ropp ed  to  non-detectab le  le ve ls  10 days a fte r 

a p p lica tio n , and  appear aga in  fo r  one d a y  a t 22 days a fte r a p p lica tio n , a fte r a 

s m a ll ra in  even t. A  m a jo r ra in  even t occurred  20 days a fte r a p p lica tio n , b u t there 

w as no  co rre spond ing  rise  in  concen tra tion . T h is m ay be due to  com ple te  

d ilu tio n , d e g ra d a tio n  and flu s h in g  o f the  chem ical.
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S2

1 '̂ Application  (F ig  4.7): M e thop rene  concentra tions w ere  unde tectab le  u n t il 11 

days a fte r a p p lic a tio n  and peak a t day 12, show in g  sm a ll concentra tions (0.05- 

0.06 pg /L ) fo r  2 days o n ly  and tlie n  w ere  unde tectab le  fo r  the re m a in d e r o f the 

tr ia l. The w a te r vo lu m e  in  th is  catch basin  caused the  m ethoprene conce n tra tio n  

to  be so d ilu te  th a t i t  w as b a re ly  p resen t a t detectable leve ls. A  ra in  even t o n  day 

11 m ay have been responsib le  fo r  the s lig h t rise in  concen tra tion  on  d a y  12, 

p ro b a b ly  caused b y  tu rb u le nce  in  the sum p w a te r.

2”’̂  Application (Fig 4.8): The same tre n d  is  observed as the one d u rin g  the  1®* 

a p p lica tio n . H o w eve r, m ethoprene  concentra tions w ere  rm detectab le  u n t il 20 

days a fte r the  second a p p lica tio n , w h e n  m ethoprene w as detectable (0.07 p g /L ) 

fo r one day.

3rri Application (Fig 4.9): M e thoprene  concentra tions rem ained unde tectab le  

im m e d ia te ly  a fte r a p p lica tio n , w ith  no  detectable leve ls  u n til 22 days a fte r 

a p p lica tio n . H o w eve r, th is  tim e  the fa m ilia r tw o -p e a k  curve  is  observed o ve r a 

p e rio d  o f 5 days. A  ra in  even t o f 16.3 m m , 7 days a fte r a p p lica tio n  appears to  

have no e ffe c t on  m ethoprene concentra tions, b u t an even t o f g rea te r m a g n itu d e  

(32.6 m m ) 20 days a fte r a p p lic a tio n  m ay be re la ted  to  the subsequent appearance 

o f m ethoprene  concentra tions in  the sum p w a te r.
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The conce n tra tio n  o f m ethoprene in  the catch basins is  a ffected  b y  the 

am oun t o f w a te r sto red  in  the  catch basin. Th is has been observed in  p re v io u s  

fie ld  stud ies w here  sh a llo w  ponds had greater concentra tions th a n  deeper ponds 

(H ershey 1994). F or the  expe rim ent, S I had n o t been vacuum ed o u t and had  the 

least am oun t o f w a te r; as a re s u lt the  m ethoprene concen tra tion  w as least 

affected b y  d ilu tio n , and concen tra tions w ere detectable even 35 days a fte r 

ap p lica tio n . 52 and W 1 con ta ined  m ore w a te r and had  m uch  lo w e r m ethoprene 

concentra tions. The less w a te r in  a catch basin, the  lo n g e r the m ethoprene  |

concentra tions rem a ined  detectable (>0.03 pg /L ).

The shape o f the m ethoprene concen tra tion  curves fo r the  catch basins
1

m ay be due to  the  g ra d u a l b re a kd o w n  o f the  pe lle ts  in  the  f irs t fe w  days, and |

subsequent peaks a fte r the f ir s t 4 o r 5 days cou ld  be due  to  resuspension  caused j

b y  tu rbu lence  in  the catch bas in  w a te r due to  ra in  events. R ain events m ay also |

be responsib le  fo r flu s h in g  o f the chem ical, a lth o u g h  b o th  o f these resu lts  are |

d iff ic u lt  to  co rre la te  d ire c tly  w ith  ra in fa ll. The m ag n itu d e  o f the  ra in  even t m ay 

also d ic ta te  w h e th e r the  chem ica l is  flu she d  o r i f  i t  o n ly  causes resuspension  o r
■ 1

bo th . M e thoprene  conce n tra tio n  curves fo r W 1 and 51 fo r the m o n th  o f |

5eptem ber, w h ic h  had  the heaviest ra ins  d u rin g  o u r s tu d y  p e rio d , show  th a t I

a fte r the in it ia l tw o -p e a k  curve , sm a ll rises in  concen tra tion  are de tected  one to

tw o  days a fte r a hea vy ra in  event.

Because ra in fa ll data cam e fro m  three separate gauges, the  E. Bales s ta tio n  |

a t B a thu rs t and  5heppard , the  M itc h e ll fie ld  s ta tion  a t C h u rch  A ve ., and  the

N e w to n b ro o k  C reek s ta tio n  a t W illo w d a le  and 5 ilv e rv ie w , som e ra in  events th a t (
(

a ffected o n ly  the  W illo w d a le  and 5 ilv e rv ie w  area are n o t considered in  the 

ra in fa ll data as the gauges w e re  too fa r aw ay to  reco rd  events lo ca lize d  in  th a t 

area. The presence o f m ethoprene  in  the s to rm  sew er o u tfa ll in d ica te s  th a t the 

chem ica l m ay have been flu sh e d  fro m  the sew ershed and  in to  re ce iv in g  w aters.

89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T h is  m ay have eco log ica l im p lic a tio n s  fo r o the r in ve rteb ra tes and  am ph ib ians 

dow nstream .

4.1.2. Larvae presence and rainfall

The presence o f m o sq u ito  la rvae  w as observed in  a ll th ree  catch basins 

o ve r the course o f the  fie ld  s tudy . The W 1 (F ig  4.10) catch bas in  h ad  the  least 

fre q u e n t la rvae  observa tions, w h ile  S I (F ig  4.11) and S2 (F ig  4.12) w ere  u s u a lly  

f ille d  w ith  la rvae . N o  la rvae  w ere  detected in  any catch bas in  a fte r Septem ber 

18*. A ll m osqu itoes sam pled fro m  the N e w to n b ro o k  catch basins w ere 

id e n tifie d  as Culex spp., 90% o f w h ic h  w e re  id e n tifie d  as Culex pipiens (Baker 

2003).

In  o rd e r to  assess the e fficacy o f m ethoprene a t p re v e n tin g  la rvae  

em ergence, la te  in s ta r la rvae  m u s t be co llected  and reared. D ue  to  the 

in s u ffic ie n t n u m b e r o f la te  3'̂ '̂  and 4 * in s ta r la rvae p resen t in  the co llected  

sam ples, no  e fficacy  statem ents can be m ade at th is  tim e . T h is  in d ica tes  the  need 

fo r fu rth e r stud ies. M o s t a d u lt em ergences occurred  fro m  sam ples co llected  la te r 

in  the  la rv ic id in g  p ro g ra m ; how ever, the re  is n o t enough data to  a ttrib u te  th is  to  

the  e fficacy o f m ethoprene. R a in  m ay have been a fa c to r in  d e te rm in in g  the  

presence o f m o sq u ito  la rvae  in  the  catch basins; how ever, i t  is  d iff ic u lt  to  observe 

a d ire c t co rre la tio n . G eery (1989) observed flu s h in g  o f la rvae  fro m  catch basins 

d u rin g  ra in  events, the  g reater the ra in fa ll, the m ore la rvae  w e re  w ashed ou t.
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4.1.3. DO C and Chloride vs. Larvae

C h lo rid e  and D O C  concen tra tions w e re  m o n ito re d  w e e k ly  to  assess i f  

these cou ld  be facto rs in  the n u m b e r o f la rvae  observed. A ll th ree  catch basins 

had  s im ila r concen tra tions o f D O C  (4.13-15), w h ic h  is  an im p o rta n t source o f 

n u tr it io n  fo r  Cx. Pipiens la rvae  (C lem ents 1992). W 1 had  the h ig h e s t c h lo rid e  

concen tra tions (F ig  4.13), and also the lo w e s t num be r o f la rvae  observed. W h ile  

ch lo rid e  w as presen t in  b o th  S I (4.14) and  32 (4.15), the  conce n tra tio n  w as lo w e r 

than  in  W l, and m any la rvae  w e re  observed fre q u e n tly  in  b o th  catch basins. The 

presence o f ch lo rid e  ions m ay in d ica te  h ig h  sa lt concentra tions w h ic h  can be 

d e trim e n ta l to  la rv a l g ro w th  (C lem ents 1992).
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I
4.1.4. M alathion

i  The C ity  o f T o ron to  a n a ly tica l la b o ra to ry  th a t ha n d le d  the w a te r sam ples

I  fro m  the catch basins s im u lta n e o u s ly  tested fo r m ethoprene and m a la th io n .

ano ther pes tic ide  used as an a d u ltid d e  fo r  dom estic, m u n ic ip a l and a g ric u ltu ra l 

use (USEPA 2002). M a la th io n  w as detected in  catch bas in  W l (F ig  4.16) o n ly , 

b e g in n in g  Ju ly  20‘^  and was p resen t re g u la rly  u n t il Septem ber 20‘>’. T h is and 

o the r u n id e n tifie d  pestic ides m ay have co n trib u te d  as a d d itio n a l in h ib itio n  to  

la rv a l g ro w th  in  th is  catch basin.

M a la th io n  concentra tions w o u ld  have an opposite  re la tio n s h ip  w ith  ra in  

than  m ethoprene, as ra in  en tra ins m a la th io n  fro m  s u rro u n d in g  areas in to  the 

catch basins, increas ing  the m ass p resen t in  catch basins, how ever, la rge  vo lum es 

o f ra in fa ll w i l l  also d ilu te  catch bas in  concentra tions o f m a la th io n . The presence 

o f m a la th io n  in  catch basin  W l m ay have affected the la rvae  p o p u la tio n , 

a lth o u g h  no  causal connection  can be m ade betw een changes in  m a la th io n  

concen tra tion  and la rvae  observa tions. A s i t  w as n o t a p p lie d  b y  the  C ity  o f 

T o ron to , the  occurrence o f m a la th io n  in  catch basins is d is tu rb in g . I t  o rig in a te s  

fro m  dom estic uses, and w ill be ca rrie d  to  n a tu ra l w a te rs  th ro u g h  the  s to rm  

sewer, h a v in g  im pacts on dow nstream  organism s.
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4.1.5. H eavy M etals and rainfall

In  o rd e r to  id e n tify  o th e r possib le  in h ib ito ry  facto rs to  la rv a l g ro w th , 

w a te r sam ples fro m  the  catch basins w e re  ana lyzed fo r heavy m eta ls. H eavy 

m eta ls w e re  m o n ito re d  w e e k ly , b u t o n ly  a fte r the  3̂ ** a p p lic a tio n  o f m ethoprene 

as th is  fa c to r had  n o t been considered p re v io u s ly  in  the s tu d y . The m ost 

com m on m eta ls detected w e re  iro n , m anganese and a lu m in u m , w ith  a m a x im u m  

concen tra tion  o f 7.98 m g /L  o f iro n  in  W l (F ig  4.17). There w e re  no  occurrences o f 

cadm ium , m o lyb d e n u m  o r tin , and a concen tra tion  o f 0.008 m g /L  o f lead was 

detected o n ly  once in  catch basin  W l. H e a vy  m e ta l concentra tions w e re  h ighest 

in  W l, p ro b a b ly  due  to  the  h ig h e r am oun t o f tra ffic  on  W illo w d a le  A venue, 

w here  car exhaust and  deb ris  enters the  s to rm  sewer. The second h ighes t heavy 

m eta l concen tra tions w e re  fo u n d  in  catch basin  S I, fo llo w e d  b y  82.
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It

4.1.6. O utfall m ethoprene concentration and rainfall

The s to rm  sew er o u tfa ll w as sam pled d u rin g  10 separate ra in  events ove r 

the course o f the  fie ld  s tu d y . The events on  Ju ly  7% A u g u s t 26‘  ̂and A u g u s t 6**’ 

are show n  in  F igu res 4.18, 4.19-a and 4.20-a. R a in  gauge data fro m  the  

N e w to n b ro o k  s ta tio n  w e re  o n ly  ava ilab le  a fte r A u g u s t 11'^, and the re fo re  data 

fro m  E. Bales s ta tio n  and M itc h e ll fie ld s  w ere  used fo r  events p r io r  to  th a t day. 

The s to rm  events th a t occu rred  in  Septem ber w e re  n o t sam pled due  to  

equ ipm en t fa ilu re .

In  general, an increase in  flo w  and in  the concen tra tion  o f m ethoprene (F ig  

4.19-b, 4.20-b) in  the  o u tfa ll can be observed d u rin g  ra in  events. The shape o f the 

curves suggest a balance betw een the processes o f d is s o lu tio n  and  decay, o f The 

h ighest m e thoprene  concen tra tion  observed in  the  o u tfa ll w as 0.24 p g /L  (Ju ly  7*^), 

w h ich  is  w e ll b e lo w  the USEPA recom m ended e n v iro n m e n ta l conce n tra tio n  o f 

10 pg /L , and the  e co to x ic ity  va lue  fo r aquatic in ve rteb ra tes  o f 360 p g /L , u n d e r 

the co n d itio n s  m o n ito re d .
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4.2. Laboratory Experiment Results

In  o rd e r to  observe the  b e h a v io u r o f m ethoprene u n d e r qu iescen t 

I  cond itions, a m o d e l catch basin  ta n k  w as dosed w ith  m ethoprene u n d e r the

co n tro lle d  co n d itio n s  in  a la b o ra to ry . The resu lts  o f the firs t ba tch  o f tr ia ls  

p ro m p te d  questions abou t the e ffect o f w a te r d e p th  and p e lle t size on  the 

concen tra tion  o f m ethoprene ove r tim e  in  sta tic w a te r (Table 4.1).

Table 4.1 Experim ental setup o f  lab tank.

batch 2"'' batch

Water depth 
(mm)

900 900 900 600 450 600 600

Pellet mass 0.710 3.534 35.074 0.708 0.728 0.724 0.713

Pellet size R andom R andom R andom R andom R andom L o n g S hort

4.2.1. Full tank & random size, 0.7g, 3.5g, and 35g

The doses o f m ethoprene fo r the firs t ba tch  o f tria ls  in  the la b o ra to ry  ta n k  

w ere 0.7 g, 3.5 g  and 35 g in  272 litre s  o f tap  w a te r fo r the 1=', 2"^ and  3"̂  ̂ tr ia l, 

respective ly . The shape o f the  curves fo r m ethoprene concen tra tion  ove r tim e  fo r 

each o f the  spouts; M T , M M , and  M L , seem to  be p a ra lle l to  each o th e r (F ig  4.21), 

and e x h ib it the  doub le -peak shape observed in  the  catch bas in  concen tra tions, fo r 

the m a jo rity  o f the expe rim en t. Sam ples fro m  the  to p  spou t show ed th a t in  

general, concen tra tions a t the  surface o f the w a te r w ere  s lig h tly  h ig h e r than  a t 

the m id d le  o r the  bo tto m , w h ic h  is  desired as Cx. Pipiens la rvae  liv e  a t the  

in te rface  be tw een a ir and w a te r.
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The second dose a p p ro x im a te ly  5 tim es the  f ir s t dose, y e t

concentra tions in  the  tu . ere s im ila r to  the  f irs t tr ia l, b u t had  lo w e r peak

concentra tions. T h is  w as h ypo the s ized  to  be a ttrib u te d  to  the  h ig h  v a ria tio n  in  

le n g th  o f the in d iv id u a l m ethoprene  pe lle ts , as they a ll had  s im ila r m easured 

diam eters, b u t an irre g u la r d is tr ib u tio n  o f le ng th , w h ic h  c o u ld  a ffect the p h ys ica l 

b re a kd o w n  o f the p e lle ts . The th ird  dose w as 50 tim es the  f ir s t dose, and show ed 

a m uch m ore e leva ted  concen tra tion  o f m ethoprene, p e a k in g  a t 1.6 pg /L .

E xp onen tia l tre n d  lines w e re  fitte d  to  the  m ethoprene  concen tra tion  

curves fo r each spou t, fo r each tr ia l, b e g in n in g  a t the f ir s t peak in  concen tra tion . 

The decay rates range fro m  0.045d ’ to  0.1829d'^ (Table 4.2) and the reaction  o rd e r 

fo r  a ll curves w as 1®' o rd e r expo nen tia l decay.
ifr

T able 4.2 E xponential regression  eq u ation s and R-squared va lu es for m ethoprene

V  tria l -0.7^ 2'”’ tr ia l -3 .5 2 3'̂ '' tria l -3 5 2
M T M M M L M T MM M L M T MM M L

Decay
rate
(day-1)

0.0983 0.045 0.0983 0.0686 0.0627 0.0586 0.1765 0.1766 0.1829

R-
squared

0.695 0.8288 0.731 0.6029 0.5606 0.5192 0.7436 0.7563 0.8102

P ub lished  va lues fo r  the decay o f m ethoprene in  w a te r in d ica te  a h a lf- life  

g reater than  4 w eeks, and a d a ily  release ra te  fro m  so lid  fo rm u la tio n s  o f less than  

4 p g /L  (W e llm a rk  In te rn a tio n a l 2003; USEPA 2001). L ig h t increases the  decay 

ra te  o f m ethoprene, as its  h a lf- life  is  less than  10 hou rs  b y  p h o to lys is .

4.2.2. Methoprene concentration and water depth

P re lim in a ry  resu lts  fro m  the fie ld  s tu d y  and lab  ta n k  expe rim e n t 

suggested th a t the re  m ay be a re la tio n s h ip  betw een w a te r vo lu m e  and the ra te  o f
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d is s o lu tio n  and decay o f m ethoprene. In  o rd e r to  observe th is  in te ra c tio n , a 

second b a tch  o f tr ia ls  w as conducted  u s in g  the  m osqu ito  c o n tro l dose o f 0.7g, 

and  tw o  d iffe re n t dep ths o f w a te r, 450 m m  and 600 m m .

In  genera l, the  co n ce n tra tio n  curves fo r  tiie  d iffe re n t w a te r dep ths w e re  

s im ila r and  e xh ib ite d  m u ltip le  peaks (F ig  4.22). B o th  tanks m a in ta in e d  

m ethoprene  concen tra tions above 0.5 p g /L  u n til the day w h e n  the  

conce n tra tio n  in  the  ta n k  w ith  the  greatest vo lu m e  was 0.44 p g /L  a t the lo w e r 

tap . H o w eve r, the ta n k  had  concen tra tions o f 1.8 p g /L  fro m  the  lo w e r tap  a t day 

25 o f the tr ia l. A ll sam ples had  concen tra tions above de tection  lim its  fo r  the 

d u ra tio n  o f the tr ia l. Some sam ples on  day 11 and on days 20, 21 and 22 w ere  

lo s t due to  in s tru m e n t fa ilu re  in  the  a n a ly tica l lab.
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4.2.3. M ethoprene concentration and p ellet size

D u rin g  the  f ir s t batch o f lab experim ents, the  second tr ia l, w h ic h  w as 

conducted w ith  5 tim es the mass o f pe lle ts  o f the f irs t tr ia l, show ed a 

concen tra tion  cu rve  th a t d id  n o t peak as h ig h  as the  f ir s t tr ia l, and d id  n o t 

m a in ta in  a susta ined concen tra tion  fo r  any longe r. T h is  suggested th a t the 

random  d is tr ib u tio n  o f p e lle t le n g th  m ay a ffect the  to ta l surface area o f the  p e lle t 

sam ple and e ith e r increase o r decrease the d is s o lu tio n  ra te  o f the pe lle ts  

accord ing  to  ava ila b le  surface area. In  o rd e r to  observe th is  re la tio n sh ip , a th ird  

ba tch  o f tr ia ls  w as conducted u s ing  tw o  sam ples o f pe lle ts , b o th  0.7 g, one w ith  

a ll long  pe lle ts , and  one w ith  a ll s h o rt pe lle ts . B o th  tanks had  the same w a te r 

dep th , 600 m m .

A lth o u g h  b o th  tanks h ad  curves w ith  m u ltip le  peaks, a d e fin ite  tre n d  in  the 

concen tra tion  curves dem onstrates th a t the sam ple o f s h o rt pe lle ts  d isso lves 

m ore  ra p id ly  and susta ins a lo w e r concen tra tion  o f m ethoprene ove r the 

d u ra tio n  o f the  expe rim en t (F ig  4.23). I t  suggests th a t lo n g e r pe lle ts  d isso lve d  

m ore  s lo w ly , and m a in ta in e d  a h ig h e r m ethoprene concen tra tion  ove r the 

d u ra tio n  o f the  expe rim en t. The balance betw een decay and d is s o lu tio n  is  

sh ifte d  as d is s o lu tio n  is  s low ed  d o w n  b y  the  size o f the  pe lle ts , and decay is  

balanced b y  a susta ined  release o f m ethoprene. The lo n g e r pe lle ts  m a in ta in e d  a 

concen tra tion  o f 0.5 p g /L  o r h ig h e r fo r  m ost o f the expe rim ent, w h ile  the shorte r 

p e lle ts  w ere b e lo w  th a t concen tra tion  fo r  the greater p a rt o f the  tr ia l.
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4.3 D isc u s s io n

The fie ld  s tu d y  has dem onstra ted  th a t there are severa l e n v iro n m e n ta l 

co n d itio n s  a ffe c tin g  the  concen tra tion  o f m ethoprene in  a catch basin , in c lu d in g  

ra in fa ll and w a te r vo lum e . There are fo u r m a jo r facto rs a ffe c tin g  the  

concen tra tion  o f m ethoprene  over tim e  in  the catch basins; the f ir s t  tw o  co u ld  be 

observed in  the lab  ta n k  experim ent, and the second tw o  in  the  fie ld  s tu d y .

These facto rs are:

d isso lu tio n : w hen  the pe lle ts  p h y s ic a lly  b reak d o w n  

deg rada tion : w h e n  the m ethoprene  chem ica l decays in to  

secondary p rodu cts

d ilu tio n : the chem ica l is  d ilu te d  in  the  catch bas in  w a te r 

flu s h in g : w h ic h  happens d u rin g  ra in  events 

The last is  the  fa c to r w h ic h  m ay have eco log ica l im p lic a tio n s  fo r  o th e r 

in ve rteb ra tes  and am ph ib ians dow nstream .

These p h ys ica l characteristics, as w e ll as the chem ica l co m p o s itio n  o f each 

catchbasin, also a ffec t the frequency o f la rvae  presence observa tions. I t  is  clear 

th a t ra in fa ll has som e e ffect on  the peak concen tra tion  o f m ethoprene  in  catch 

basins and th a t ra in  con tribu tes  to  flu s h in g  o f the chem ica l th ro u g h  the  s to rm  

sew er system  cind in to  dow nstream  w aters, w h ic h  m eans th a t i t  is  im p o rta n t to  

de te rm ine  h o w  m uch  m ethoprene is  be ing  added to  n a tu ra l w a te rs . R a in  m ay 

have also been a fa c to r in  d e te rm in in g  the  presence o f m o sq u ito  la rva e  in  the 

catch basins; how eve r, the c u rre n t da ta  do  n o t c o n firm  a co rre la tio n . The 

ch lo rid e  conce n tra tio n  is  p ro b a b ly  the m ore lik e ly  in h ib ito ry  fa c to r and W l had 

the  few est la rvae  observa tions, and had the h ig h e s t c h lo rid e  concen tra tion . The 

presence o f m a la th io n  in  catch basin  W l m ay also have a ffected the  la rvae  

p o p u la tio n .
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In  the  qu iescent c o n d itio n s  o f the la b o ra to ry  tank, m ethoprene w as 

present a t detectable leve ls  fo r  a p p ro x im a te ly  7 days lo n g e r than  in  the  catch 

basins. T h is  m ay be due to  d iffe re n t w a te r leve ls, flu s h in g  and changes in  

tem pera ture . The second b a tch  o f la b o ra to ry  tria ls  show ed th a t v a ry in g  w a te r 

leve ls had  less im p a c t on  the  concen tra tion  o f m ethoprene th a n  d id  the  size o f the 

pe lle ts.

In  general, the  shapes o f the  concen tra tion  curves ove r tim e  are s im ila r fo r 

the catch basins and the la b o ra to ry  tank, e x h ib itin g  tw o  peaks be fo re  decreasing 

to  non-detectab le  leve ls. T h is  shape suggests a balance betw een the  decay and 

d is s o lu tio n  o f the m ethoprene  pe lle ts . The rises in  concen tra tion  la te  in  each tr ia l 

fo r some o f the  catch basins are n o t seen in  the la b o ra to ry  tank, and m ay 

I there fo re  be a ttrib u ta b le  to  som e h yd ro d yn a m ic  p ro p e rtie s  o f the catch basins.

^  The lo w e r concen tra tions o f m ethoprene in  the catch basins m ay also be

a ttrib u ta b le  to  m ic ro b ia l a c tiv ity  and changes in  tem pera tu re  n o t p resen t in  the 

la b o ra to ry  con d itio n s . The n e x t step in  th is  research is  to  im p ro ve  the m ass- 

balance m o d e l o f th is  process, in  o rd e r to  re fin e  know le dge  o f the release o f 

m ethoprene in to  the  e n v iro n m e n t.
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C h a p t e r  5 

5. Conclusions and Recommendations
F illin g  in  the  data gaps in  o u r know ledge  is  essentia l in  o rd e r to  assess the 

r is k  balance c ru c ia l to  p u b lic  h e a lth  decisions re g a rd in g  W est N ile  v iru s . A s the 

v iru s  becomes a y e a rly  concern, pestic ide  a p p lica tio n  w ill occu r re g u la rly  and 

m ust be concu rren t w ith  e n v iro n m e n ta l rev iew s, in c lu d in g  m o n ito rin g  fo r  sh o rt 

and lo n g -te rm  effects.

The scope o f the s tu d y  o u tlin e d  specific  u n d e rta k in g s  th a t w e re  

im p lem en ted  to  m eet the s tu d y 's  objectives. The scope o f th is  s tu d y  in v o lv e d  the 

cha racte riza tion  o f the concen tra tion  o f m ethoprene in  the fie ld  in  th ree  s tu d y  

catch basins and the  sto rm  sew er o u tfa ll o f the N e w to n b ro o k  sew ershed ove r 

three 30-day pe riods. I t  also in v o lv e d  tlie  d e te rm in a tio n  o f the d is s o lu tio n  and 

deg ra da tion  o f m ethoprene o ve r tim e  in  a m ode l catch basin  in  the la b o ra to ry . 

F in a lly , the  scope in c lu d e d  the  characte riza tion  o f the to ta l o u tp u ts  o f 

m ethoprene fro m  an u rban  sew ershed. These tasks w ere successfu lly  p e rfo rm e d  

and the fo llo w in g  conclusions are m ade.

There are fo u r m a jo r facto rs  a ffe c ting  the concen tra tion  o f m ethoprene  

o ve r tim e  in  the catch basins; the  f ir s t tw o  cou ld  be observed in  the la b  ta n k  

experim ent, and the  second tw o  in  the fie ld  s tudy . These are d isso lu tio n , 

deg rada tion , d ilu tio n , and flu s h in g . F lush ing  is  the fa c to r w h ic h  m ay have 

eco log ica l im p lic a tio n s  fo r o th e r inverteb ra tes and am ph ib ians dow nstre am  and 

m ay reduce m ethoprene concentra tions to  re s id u a l leve ls, re d u c in g  e ffica cy . I t  is  

c lear th a t ra in fa ll has some e ffe c t on  the peak concen tra tion  o f m e thoprene  in  

catch basins and th a t ra in  co n trib u te s  to  flu s h in g  o f the chem ica l th ro u g h  the 

s to rm  sew er system  and in to  dow nstream  w aters. N everthe less, the release o f 

m ethoprene d u rin g  ra in  in  o th e r s itua tio ns  m ay pose som e e n v iro n m e n ta l
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im p a c t in  the  re ce iv in g  w a te rs  i f  the  dosage is  h ig h  and the  flu s h in g  is  severe, 

and the tim e  elapsed fro m  the  a p p lic a tio n  to  the  ra in fa ll. T h is  s tu d y  has show n  

th a t the s to rm  sew er o u tfa ll d id  n o t release m ethoprene a t d e trim e n ta l 

concentra tions d u rin g  the  s tu d y  p e rio d ; how ever, n o t a ll ra in  events w ere  

sam pled. T h is  w o u ld  have been h e lp fu l in  Septem ber w h e n  there  w e re  m ore  

ra in  events, and events o f g rea ter m ag n itu d e  than  d u rin g  Ju ly  and A u g u s t.

The la b o ra to ry  lab  ta n k  experim ents show ed th a t in  a d d itio n  to  the 

h yd ro d yn a m ic  and chem ica l e n v iro n m e n t o f the catch basin, m ethoprene 

concen tra tion  is  a ffected  b y  d ilu tio n  and the p h ys ica l deg ra da tion  o f pe lle ts . The 

p h ys ica l d e g ra d a tio n  o f the p e lle ts  is re la ted  to  the size o f the pe lle ts  w h ic h  

determ ines the to ta l surface area ava ila b le  fo r b re a kd o w n  and release o f 

m ethoprene. The expe rim en ts dem onstra ted  th a t the  size d is tr ib u tio n  o f the 

p e lle t sam ple is  m ore  im p o rta n t in  d e te rm in in g  m ethoprene concen tra tion  than  

w a te r vo lum e .

A  s im u la tio n  m ode l a ttem p ted  to  characterize the  concen tra tion  o f 

m ethoprene released fro m  catch basins over tim e . H o w eve r, the m ode l d id  n o t 

take  in to  account the  decay o f m ethoprene ove r tim e, and overestim ated  the 

o u tp u t m ass o f m ethoprene . I t  d id  illu s tra te  a s im p lis tic  re la tio n sh ip  be tw een 

la n d  use and ru n o ff vo lum e , and the  process o f flu s h in g  fro m  the s to rm  sew er 

system  and  its  e ffe c t on  m ethoprene concen tra tion  in  catch basins. H o w eve r, 

w h ile  the m ode l p re d ic te d  a decrease in  m ethoprene concen tra tions a fte r a ra in  

event, fie ld  data in d ic a te d  th a t m ethoprene concentra tions tended to  rise  a fte r a 

ra in  event. The m o d e l w ill need to  be ad justed  to  in c lu d e  a decay fu n c tio n  and 

h yd ro d yn a m ic  a c tiv ity  w ith in  the catch basin  such as resuspension o f sedim ents. 

In  its  cu rre n t fo rm , the  m o d e l is  n o t an ap p ro p ria te  to o l fo r p re d ic tin g  o u tg o in g  

s to rm  sew er concen tra tions o f m ethoprene.

116
J  I

ReDroduced with oermission of the coovriaht owner. Further reoroduction orohibited without oermission.



C on tinue d  and m ore  in tric a te  m o n ito rin g , m ore v ig ila n t ra in fa ll and in  

s itu  tem pera tu re  re co rd in g  and sam p ling  o f the s to rm  sew er o u tfa ll d u rin g  ra in  

events and d u rin g  d ro u g h t pe riods w o u ld  be necessary to  adequate ly assess the 

o u tp u t concentra tions o f m ethoprene. A  greater num ber o f catchbasins o v e r a 

spectrum  o f env ironm en ts  and  land  use w o u ld  be h e lp fu l in  d e te rm in in g  the 

m ethoprene  o u tp u t fo r  an e n tire  sew ershed. F u rth e r analyses o f the  fie ld  and 

la b o ra to ry  resu lts  co u ld  in c lu d e  A N O V A  to  de te rm ine  the v a r ia b ility  o f the  

m ethoprene curves. T liis  co u ld  de te rm ine  h o w  s ig n ific a n t the conce n tra tio n  

g ra d ie n t in  the  m ode l catch bas in  in  la b o ra to ry  is, and w o u ld  h e lp  estim ate  the 

d iffe rences in  m ethoprene release due to  d iffe rences in  catch basins.

F u rth e r stud ies on  the e fficacy o f m ethoprene in  c o n tro llin g  la rv a l 

em ergence in  these catch basins, as w e ll as concu rren t analyses o f m ethoprene 

m etabo lites in  the d a ily  m ethoprene sam ples, the in te ra c tio n  be tw een A lto s id  

p e lle ts  and catch b as in  sedim ents, and o th e r facto rs in  the  d e g ra d a tio n  o f 

m ethoprene such as tem pera tu re , u ltra v io le t ra d ia tio n  and  m ic ro b ia l a c tiv ity , 

w o u ld  be u se fu l in  o u tlin in g  the  advantages and d isadvantages o f the m o sq u ito  

co n tro l p rog ram . A n  im p ro v e d  s im u la tio n  m ode l w h ic h  in c lu d e s  chem ica l decay 

facto rs  and the  in te g ra tio n  o f m ore  com plex GIS fu n c tio n s  w o u ld  assist in  

m o n ito rin g  the in p u t and o u tp u t o f m ethoprene in  the u rb a n  e n v iro n m e n t.

The N e w to n b ro o k  s to rm  sew er system  d ra in s  in to  N e w to n b ro o k  C reek, 

w h ic h  is a tr ib u ta ry  o f the D o n  R iver, w h ic h  flo w s  in to  Lake O n ta rio . These are 

im p o rta n t eco log ica l features fo r  the T o ro n to  reg ion , and they  are u n d e r in tense 

u rb a n iz a tio n  pressure. In  o rd e r to  m a in ta in  fu n c tio n in g  ecosystem s to  in su re  the 

la s tin g  e n v iro n m e n ta l and hum an  hea lth , i t  is  im p o rta n t to  m o n ito r hum an  

im pacts. R esponsib le im p le m e n ta tio n  o f a w idesp read  u rb a n  m o sq u ito  c o n tro l 

p ro g ra m  u s in g  a chem ica l la rv ic id e  such as m ethoprene requ ire s  m o n ito rin g  o f 

lo n g  and sh o rt-te rm  e n v iro n m e n ta l effects. T h is research is  one e lem ent in  the
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p la n n in g  o f m o sq u ito  co n tro l p rogram s in  the G reater T o ro n to  A rea, and the 

ach ievem ent o f the best balance betw een e ffe c tive  p u b lic  h e a lth  in itia tiv e s  and 

eco log ica l hea lth .
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