
The new program is  small in comparison with 
other operation programs of CDC; probably no more 
than a dozen p ro jec ts  can be ac t iv a te d  th is  year 
with the limited funds a v a i la b le .  In con tras t  to i ts  
s iz e ,  the following r e s u l t s  expec ted  from the 
program appear  prodigious:

(a) T he  focusing  of a t ten tion  on the  a re a s  of 
excep t ional ly  high mortality r a te s  of dysen ­
tery and diarrheal d i s e a s e s .

(b) The acce le ra t io n  of “ g ene ra l”  san i ta t io n  
programs by in troduction of an additiona l 
motive, namely, fly control.

(c) T he  more rapid sp read  of techn ica l  informa­
tion concerning fly control a s  a health  m eas­
ure, thus bringing re l ie f  to ce r ta in  a re a s  of 
high morbidity yea rs  in advance  of the normal 
turn of even ts .

(d) The inc rease  of fly control programs in a reas  
of high dysen tery -d iarrhea  morbidity and high

fly density  is  expected  to broaden the base  of 
the f indings of the work of Watt and L indsay 
in Hidalgo County, T ex .

(e) The pilot p ro jec ts  introduced with F edera l  
a s s i s t a n c e  and gu idance  are expected  to 
induce s im ila r  p ra c t ic e s  in nearby communi­
t i e s  having s im ilar  problems.

(f) T h e  operation of fly control p ro jec ts  in 
numerous S ta te s  under a varie ty  of conditions 
should  produce new techn iques  and advances  
in p resen t  fly control procedures .

Taken  a s  a whole, the new dysentery-d iarrhea 
fly control program may be regarded a s  another 
undertaking for CDC in the f ie ld s  of epidemiology, 
entomology, and engineering.

Whereas the new program is s ta r t ing  out in a 
very small way, i t s  im plica tions  for the future are 
very  broad. The p o ss ib le  expansion  in th is  field of 
endeavor will depend largely  on the s u c c e s s  
a t ta ined  during th is  coming se a so n .

A Preliminary Report of Studies on

the EFFECTS on FLY ABUNDANCE of IMPROVED 

MUNICIPAL GARBAGE COLLECTION and DISPOSAL

During the summer of 1948 cons iderab le  a t tention  
w as given by the authors  to an investiga tion  of the 
sou rces  of fly production in m un ic ipa l i t ie s .  T h is  
inves tiga tion  w as prompted originally  by the over­
em phasis  then p laced  upon the chemical control of 
f l ie s .  F a i lu re s  of the most w idely used  of the 
chemical in se c t ic id e s ,  DDT, in m ainta ining s a t i s ­
factory fly control provided an added incentive to 
the study . F ly  breeding so u rce s  in m unic ipa li t ies  
in  N e w  M e x i c o ,  T e x a s ,  and Georgia were 
inves t iga ted .

CONDITIONS PROMOTING FLY  BREEDING  
IN MUNICIPALITIES

Although no s ta r t l ing  or u n su sp e c te d  d isc o v e r ie s  
were made, it was determined tha t in most of the

DALE R. LINDSAY, S c ie n t is t
and i|:

DL'FFY E. McBRAYER, Sanitary E ngineer :

small c i t i e s  the production of f lies  w as  due in 
large part to the improper handling of household 
garbage, both by ind iv iduals  and by the munici­
p a l i t i e s ,  and of animal refuse  by ind iv iduals .  In 
the larger c i t i e s  an additiona l fly production 
source  w as  found in various organic w a s te s  from 
such  in d u s t r ie s  a s  canner ie s  and other fruit and 
vege tab le  p rocess ing  p lan ts ,  and from meat pack­
ing p la n ts .  In the Southeastern  S ta tes  fly breeding 
condit ions  are enhanced  by normal c l im atic  condi­
tions  which provide moisture as  well a s  a relatively
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prolonged breeding se aso n .
A condition common to a l l  the a re as  inves tiga ted  

w as  the failure to en a c t  or enforce ord inances  to 
regu la te  or exc lude l ives tock  from m un ic ipa l i t ie s .  
While fly breeding n u isa n c e s  were thus mainta ined 
on much of the re s id e n t ia l  property, the sy s tem s  of 
garbage co l lec tion  and d isp o s a l  were u sua lly  so 
de f ic ien t  a s  to provide l i t t le  incentive  to the 
average c i t izen  to c lean up h is  p rem ises .  In the 
Southeastern  S ta tes  poor garbage co l lec t ions  
were not improved by the prevalence of very large 
b locks with deep  re s id e n t ia l  lo ts  and w ithout s e r ­
v ice  a l ley s  — a condition tha t  required ei ther 
inc reased  opera tional man-hours of city garbage 
crews or individual cooperation in p lac ing  garbage 
ca n s  along the s t r e e t  curb on co llec tion  d ays .

In sp ite  of rapidly  expanding sewerage sy s te m s  
in nearly  a l l  of the a reas  inves t iga ted ,  many small 
c i t i e s ,  and the periphera l r e s id e n t ia l  a re a s  of 
larger c i t ie s ,  had  numerous pit and surface  p r iv ies .  
S ince th e se  are frequently  both producers of f l ie s  
and po ten tia l re se rv o i rs  of human en ter ic  d i s e a s e s ,  
they operate with o ther and more important fly 
production so u rce s  to create  a  d is t in c t  hazard  to 
human hea l th .  T h i s  factor a lone is  su ff ic ien t  
ju s t i f ica t io n  for in c re ase d  expend itu res  by munici­
p a l i t i e s  in improving both garbage and sewerage 
fa c i l i t i e s .  Whereas the ex tens ion  of san ita ry  
sew erage involves  a s ig n if ic an t  exp e n se ,  both to 
the municipal government and to the property owner 
it  s e rv e s ,  the improvement of a garbage co llec tion  
and d isp o sa l  system  w as bel ieved  p o ss ib le  in many 
in s ta n c e s  without su b s tan t ia l ly  inc reas ing  city 
co s ts .  F o r  th is  reason  the s tudy  desc r ibed  below 
was undertaken. Although the s tudy  is  s t i l l  in 
p rogress  certain preliminary r e s u l t s  are noteworthy, 
and together with the above p resen ta t ion  of the 
conditions normally ex is t in g ,  should be of value 
in p lanning improvements in municipal and environ­
mental san i ta t ion .

OBJECTIVES OF THE STUDY

1. To determine the degree of fly control that 
could be a t ta ined  through improved garbage 
co llec tion  and d isp o sa l  in a municipality .

2. To  determine by ep idem iological methods the 
ef fec ts ,  if  any, of such  control upon human 
enteric  d i s e a s e s .

3. To determine some of the i m p o r t a n t  cost-  
amortizing p o s s ib i l i t i e s  of improved san i ta t ion  
so tha t  monetary a s  well a s  welfare ga ins  over

a period of time may be pointed out to f inancia l ly  
handicapped  c i t ie s .

SELECTION OF STUDY AREAS

In order to a t ta in  the above o b je c t iv es  it w as 
e s s e n t i a l  that th is  s tudy be conducted  in the 
general a rea  in southern  Georgia where a s tudy of 
the e f fec ts  of fly control m easures  upon the mor­
bidity r a te s  of human d iarrhea l d i s e a s e s  was 
a lready  under way. Two comparable m unic ipa li t ies ,  
each with popula tions of 15,000 to 18,000, were 
s e le c te d .  At the time the s tu d ie s  were being 
p lanned , both c i t ie s  had def ic ien t  g arbage-co llec- 
tion sc h e d u le s  averaging one co l lec tion  weekly in 
r e s id e n t ia l  a re as ;  both c i t i e s  had numerous live­
s tock  e n c lo su res  and pit  or su rface  pr iv ies .  The 
only d ifference in city sa n i ta t io n  w as  in the method 
of garbage and refuse d isp o s a l .  In City I an area 
f i l l ,  located  about 1 Vi m iles  north of the main 
r e s id e n t ia l  area ,  w as  u sed .  The  garbage p laced  in 
the fill was poorly compacted and covered once or 
tw ice  a week with a layer of dirt of highly variable 
th ic k n e s s .  Although th is  method served  to bury 
the re fu se ,  it imposed very l i t t le  res tr ic t ion  upon 
fly emergence from the already heavily  maggot- 
in fes ted  garbage.  In City II garbage and other 
refuse  were p iled  on an open dump, located  a t 
the northw est corner of the city . Some control of 
fly breeding w as a ttem pted  a t  th is  dump through 
burning of combustible re fu se .  Approximately 150 
city-owned hogs were penned on the dump and 
se rved  to in c re ase  the su rface  area of fly breeding 
materia l through their  foraging a c t iv i t ie s .  In both 
c i t i e s  the weekly co llec tion  s c h e d u le s ,  frequently 
interrupted by w eather  or by equipment breakdown,

In  a s a n i t a r y  l a n d  f i l l ,  e a c h  d a y ' s  c o l l e c t i o n  of  g a r b a g e  s h o u l d  
b e  c o m p a c t e d  in a c e l l  w i t h  a 2 f o o t  c o v e r  of  d i r t .
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favored e x c e s s iv e  amounts of fly breeding in the 
garbage. Emergence ra te s  of f l ie s  from such gar­
bage, co l lec ted  from both fixed and random s i t e s ,  
reached  a figure of 1,500 f l ie s  per day per  garbage 
can and co n s is ted  of many s p e c ie s  with Phaen ic ia  
p a l le sc e n s  (Shannon) predominating a t  95 .0  percent 
a n d M usca d o m es t ica  L inn,  included at 1.5 percent.

The county in which City 11 w'as s i tu a te d  had 
par t ic ipa ted  during 1948 in the Malaria Control 
Program, and thus the r e s id e n ts  of City  II could 
r eq u e s t  a free res idua l  app l ica tion  of DDT in the ir  
homes. R ecords  for the 1948 se aso n  revea led  tha t 
not more than 15 percen t of the homes in th is  city 
were thus  sprayed  and the authors  fe l t  tha t  the 
over-all e f fec ts  of th is  spray ing  upon the c i ty ’s 
fly population would be neg l ig ib le .  T h is  feeling 
w as  supported by high fly in d ic es  found in the city 
during 1948 and w as  further s u b s ta n t ia te d  by 
records during the 1949 se aso n  when l i t t le ,  if 
any, e f fec t  upon house f l ie s  out-of-doors w as 
noted . City  I had enjoyed no such se rv ic e s ,  and 
only DDT app l ica t ions  by individual househo lders  
were expected .

On the dual b a s i s  of the w i l l in g n ess  of city 
o ff ic ia ls  to cooperate and the fac t  tha t  r esu l ts  
would not be obscured  by the effec ts  of widely 
used  chem ical in s e c t ic id e s ,  City  I w as  s e le c te d  
a s  the s i te  of in tens if ied  s a n i ta t io n a l  m easures  
during f is c a l  year  1950, for comparison with normal 
p rocedures  in City  II.

METHODS USED

l ’he following arrangem ents for in c re ase d  s a n i­
ta t iona l  s e rv ic e s  were made with the o f f ic ia ls  of 
City I in order to provide su i tab le  cond it ions  for 
the s tudy .

1. Garbage co l lec t ions  were in c reased  from one 
per week to th ree  per  week. Three- t im es-per-  
week garbage co l lec tion  e ffec tive ly  cu r ta i ls  
fly b reeding in garbage.  In tw ice-weekly  co l lec ­
tion sc h ed u le s ,  m aggots of the genus Phaen ic ia  
can reach  maturity during the in te rv a ls  between 
c o l lec t io n s  and en ter  the  ad jacen t so i l  to form 
puparia  prior to em ergence a s  adult f l ie s .

2. The area  fill  method w as  d iscon tinued  and a 
da i ly -operated  san i ta ry  land fill  w’as  s ta r ted  on 
the sam e s i t e .  In order to shrink the opera tional 
c o s t s  of hau ling  garbage the authors  recom­
mended that th is  opera tion  be moved into or 
nearer  the c i ty ,  but city o ff ic ia ls  demurred on 
the b a s i s  of nonava ilab il i ty  of su i tab le  city-

owned land. In addition a sm alle r  machine (1 
cubic yard capacity )  than previously  used  (2 
cubic yard capacity )  w as put into se rv ic e  on 
the san ita ry  land fill  to further reduce main­
tenance  c o s ts .  In addition to reduced operational 
c o s t  the in i t ia l  co s t  of th is  m a c h i n e  w a s  
approximately one-half th a t  of i ts  p redecesso r .

3 .  In order to obtain su itab le  c o s t  figures on the 
comparative c o s ts  of back-yard versus  s tree t-  
curb co l lec tion  of garbage,  the cooperation of 
the householder  in the la t te r  w as  s im ulated  by 
city crews who p laced the cans along the s tree t-  
curb in advance of the truck.

4 .  Enforcem ent of c i ty  o rd inances regula ting  the 
holding of garbage,  industria l  re fuse ,  domestic 
l iv e s to c k ,  and the like w as  promised by city 
o ff ic ia ls .

PROGRESS TOWARD OBJECTIVES

T he  in tens if ied  san i ta t io n a l  program w as begun 
in City I early  in August 1949. By mid-August the 
a c c e le ra te d  garbage co llec tion  schedu le  was 
opera ting  fully, and af te r  one week of operation 
the fly maggots had alm ost completely d isappeared  
in garbage con ta ine rs  and in garbage brought to 
the san ita ry  land fill .  Since the pupation period of 
P haen ic ia  spp„ may la s t  as  long a s  2 w eeks under 
f ield  conditions the  curta ilment of adul t  fly popu­
la t ions  of th is  genus  was not g rea t  until late in 
August.

Diring th is  sam e period breeding conditions 
became favorable at a peanut p ro cess ing  plant 
cen tra lly  loca ted  in City I and the resu l tan t  emer­
gence  of adult house f l ie s ,  M. dome stica ,  caused  a 
temporary r ise  in the index of th is  s p e c ie s .  In 
view of the other s tu d ie s  in p r o g r e s s  it was 
dec ided  to u se  a m is t sprayer in applying DDT in 
the  immediate three-block v ic in ity  of the peanut 
mill in order to be able to observe r e su l t s  of the 
in tens if ied  garbage program. T h is  was done on a 
w eekly  b a s i s  for 5 w eeks  and co n s t i tu ted  the only 
u se  of a chem ical in se c t ic id e  in the study of 
City I.

Although opera tion  of a san ita ry  land fill was 
begun on sc h ed u le ,  and immediately accom plished 
the  d es ired  prevention of fly breeding with re la tive  
e a s e ,  the most e f f ic ien t  operation of the equipment 
w as  not a t ta ined  until January  1950. C os t  records 
during the remainder of the study should  be suffi­
c ien t  for purposes  of determining opera tional  c o s ts .

Meanwhile o f f ic ia ls  of City  II, the comparison
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city, had dec ided to undertake a fly control pro­
gram of their  own des ign .  Between the d a te s  of 
Ju ly  15 and September 1, 1949, they effec ted  a 3- 
tim es-per-week garbage co llec tion  sch ed u le ,  but 
did not change the ir  method of d isp o sa l .  In addi­
tion they purchased  and d isp e rsed ,  par t ia l ly  by­
knapsack  sp raye rs  and par t ia l ly  by mist-blower 
machine, 5,000 ga l lons  of a commercially prepared 
5 percent DDT so lu tion  in o il .  Garbage can sp ray ­
ing with th is  m ateria l took p lace  in City II through­
out the summer of 1949; city-wide ap p l ica t io n s  by 
a mist-blower machine were made twice weekly 
during the two periods of Ju ly  8 to August 1 and 
August 20 to September 11 . B e ca u se  of these  
changes ,  which do not permit a comparison of the
3-times-per-week garbage co l lec tion  system  of 
City I with one of le s s  frequency, an additiona l 
municipality , City  III, h a s  been added to the 
s tudy .  City III, s i tu a te d  in the same general area 
and with a  population of approximately 6 , 0 0 0 , has 
tw ice-weekly garbage co l lec t ion ,  an open dump, 
and animal en c lo su res  and pr iv ies  proportionate 
to those  found in C i t ie s  I and II. C i ty  III has  been 
under entomological su rv e i l la n c e  s in c e  February  
1950.

PRELIMINARY RESULTS

The re s u l t s  of the in tens if ied  san i ta t io n a l  pro­
gram in City  I during the f irs t  5 months of opera­
tion, a s  compared with the in tens if ied  sa n i ta t io n a l  
and added in se c t ic id a l  opera tions in City II, are 
shown in the chart.  While consideration  of the tota l 
s p e c ie s  index, part A, appears  to show' equal 
r e su l t s  from both of the programs, a breakdown of 
the to ta l  fly counts into s p e c ie s ,  parts  B, C, and 
D, rev e a l  i n t e r e s t i n g  fea tu re s .  In part B the 
P h o en ic ia  spp . ,  breeding primarily in garbage, 
have ind ices  of approximately equal magnitude in 
both c i t i e s  ind icat ing  a s im ilar  e f fe c t iv e n e s s  in 
both garbage co l lec tion  programs. In part C the 
index of the common house fly, M. dom estica ,  is  
about three t im es a s  high in City II a s  in City  I 
during the months of maximum e f fec t  (September 
and October) un ti l  curta iled  in both c i t i e s  by cool 
weather .  T h e  s ign if icance  of th is  is  apparen t 
from inspec t ion  records  which revea l  tha t high 
fly ind ices  were obta ined  in the northw est se c tion  
of City II n ea res t  the dump and are undoubtedly a 
re f lec tion  of migration from the open dump into the  
c i ty .  Such house fly breeding a s  re f lec te d  in the 
index for City I w as determined by su rveys  to be 
occurring in improperly m ainta ined animal enc lo­

su r e s ,  primarily where cows, h o rses ,  and mules 
were s ta b le d .  In part D, the index of Sarcophagula  
occ idua  F ab r .  began r is in g  in City  I about the 
time tha t the garbage co l lec tion  was in tens if ied  
and remained high until  curta iled  by cool weather. 
Since the breeding of th is  s p e c ie s  is  most often 
encountered  in the excrement of carnivorous ani­
m als ,  inc luding man, the garbage program would 
be expec ted  to have l i t t le  e f fec t  upon its  abun­
dance.  T h e  index for th is  s p e c ie s  remained low 
throughout the s e a so n  in C ity  II, probably a s  a 
re su l t  of the in se c t ic id e s  d isp e rsed  by the mist- 
blower m achine .  In other  towns in the a rea  the 
au thors  have found space -sp ray ing  methods very 
effec tive in contro lling  th is  s p e c ie s .

It appears ,  therefore, that the d iffe rence between 
City  I and City II which may be a sc r ib ed  to s a n i­
ta t iona l m ethods is  limited to the e f fec ts  of a 
san ita ry  land fill ,  even though improperly operated 
during the period shown, as  compared to an open 
dump where sporad ic  efforts  were made by City II 
to control the f l ie s  by in se c t ic id a l  m eans.  T h is  
does  not mean, however, tha t  there were no mea­
su rab le  e f fec ts  of the in tens if ied  sa n i ta t iona l  pro­
gram. On the contrary, a s  concerned with garbage 
co l lec tion  a lone,  th e se  e f fec ts  were sp e c ta cu la r  in 
both a re as .  Both c i t i e s  s t i l l  have much to accom­
plish in obta ining the maximum sa n i ta t io n a l  effect 
upon fly control primarily through enactm ent and 
enforcement of o rd inances  to prevent sa n i ta t io n a l  
m alp rac t ice s  in the keep ing  of l ivestock .

SUMMARY

1. T h e  general re s u l t s  of an investiga tion  into the 
primary s o u rc e s  of fly production in munici­
p a l i t i e s  loca ted  in New Mexico, T e x a s ,  and 
Georgia are  p resen ted .  A preliminary account 
of the effort to apply the garbage handling 
improvements ind icated  by th is  investiga tion  
a s  fly control m easures  in a m unicipality  in the 
S ou theas t ,  is  given in order to point out some of 
the  b as ic  fea tu re s  of such  m easures .

2. The o b je c t iv es  of the study are to determine the 
e f fec ts  of the p o ss ib le  improvements in garbage 
co llec tion  and d isp o sa l  upon fly abundance, 
human d i s e a s e ,  and opera tional c o s t s .

3. T he  m ethods employed and the p rogress  in 
e f fec ting  the improvements are  given, a s  are the 
preliminary r e s u l t s  ob ta ined . F ly  breeding in 
garbage, both in cans  and a t the san ita ry  land 
f i l l ,  v irtually  w as  eliminated by the acce le ra ted
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co l lec tion  and d isp o sa l  sy s tem . House fly 
breeding remained a problem but o r ig ina ted  
primarily from animal e n c lo su re s ,  pointing  out 
the need  for enforced ord inances  to regula te  
l ives tock  within the c i ty .  T he  d ifference in 
house fly ind ices  between C i t ie s  I and II is  due 
primarily to the house  fly breeding in the open 
dump at City II. The spray ing  program in City 
II is  bel ieved  to have been primarily effective 
in the control of the excrem ent-breeding fly,

Sarcophagula occidua.
4. In addition to c o s t  da ta  the r e su l t s  of the study 

w ill y ie ld  da ta  on the e f fec ts  upon fly d e n s i t ie s  
and human d is e a s e  in: (a) City I with 3 garbage 
co l lec t io n s  per week and an eff ic ien t  sanita ry  
land fill;  (b) City  II with 3 garbage co l lec tions  
per week but with inadequate  d isp o s a l ;  and
(c) City  III with tw ice-w eekly  garbage co l lec ­
tion s u b je c t  to some varia tion and inadequate 
garbage d isp o sa l .

CONSIDERATIONS IN SAMPLING FLY POPULATIONS

In recen t years  many programs for 
the control of house-frequenting f l ie s  
have been undertaken. As might be 
expected  in such developmental pro­
grams, g rea te r  em phasis  has  been 
p laced  upon the methodology of control opera tions  
than upon the measurem ent of the fly popula tions.  
Various dev ice s  have been used  in eva lua t ing  the 
e f fec t iv e n ess  of the fly control m e asu res ,  such  a s  
ba i ted  fly t raps ,  tanglefoot ta p es  and s h e e ts ,  and 
time counts  over uniform a t t ra c ta n ts .  T he  fly grill 
developed by Scudder* has  been perhaps the most 
widely used  of th e se  d ev ice s  in programs sponsored  
by the Communicable D ise ase  C enter.  However, 
the appl ica tion  of the grill has  varied between 
programs, and th is  lack  of uniformity in the methods 
of taking and in terpre ting  fly population sam ples  
has  p revented  really  accurate  d irec t  comparison 
among programs.

The need  for a s tandard  method of sam pling  fly 
popula tions is  ind ica ted ,  not only to fac i l i ta te  the 
eva lua tion  of fly control opera tions  but to make 
p o ss ib le  the correla tion of the re su l t s  with s ta n d ­
ard epidem iological m easurem ents .  A re l iab le  
s a m p l i n g  m e t h o d  should have the following 
ch a rac te r is t ic s :
1. It should be repea tab le ,  and ob jec tive .
2. It should be useful in guiding control opera tions .
3. It should  be economical to apply.
4. It should  supply data  which are s u i ta b le  for
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s ta t i s t i c a l  a n a ly se s .
5. It shou ld  be app l icab le  over wide geographic 

a re a s .
6 . It shou ld  be a d a p t a b l e  to a wide range of 

condit ions .
T he  following d isc u ss io n  of the m ethods e s ta b ­

l i s h e d  and in u se  by the au thors  and  the ir  co­
workers on an experimental study in south Georgia 
i s  p resen ted  for consideration  by other programs.

PREREQ UISITES TO SAMPLING

The following s te p s  were followed in e s ta b l i sh ­
ing the sam pling  program on the experimental 
projec t under d isc u ss io n .
1. Maps of the c i t i e s  were obta ined and brought 

up to  d a te .  B e s id e s  large office m aps,  small 
no tebook-s ize  reduc t ions  were made for field 
u se .

2. All b locks  in the c i t ie s  were numbered for easy  
re ference .

3. The c i t ie s  were divided into su b -a reas  of about 
10 b locks ,  or a 10 percen t sample , excep t  tha t 
in the high-income re s id e n t ia l  d i s t r ic t s ,  sub­
a reas  of 20 b locks ,  or a 5 percen t sam ple ,  were 
u se d .  Sub-areas  which included in d u s t r ie s  with
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