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NATIONAL STANDARDS OF PERFORMANCE 

RAW CANE SUGAR INDUSTRY 

1.0 INTRODUCTION 

Carbohydrates such a s  sugar and s ta rch  serve a s  one of the 

principal energy foods f o r  man. 

sugar supplies man w i t h  nearly f i f t e e n  percent o f  the energy 

required fo r  his existence.  

of foods. 

i s  u t i l i zed  i s  refined from sugar beets or sugar cane. 

document will concern i t s e l f  w i t h  the production o f  raw sugar from 

sugar cane. The process of extract ing raw s u g a r  from cane cons is t s  

e s sen t i a l ly  of the chemical engineering u n i t  operations of macer- 

a t ion ,  ex t rac t ion ,  c l a r i f i c a t i o n ,  f i  1 t r a t i o n  , evaporation, c rys ta l  - 
l i za t ion  and centr i fugat ion.  

i n  the  immediate v i c in i ty  of the sugar cane growing areas ,  t h u s  

most of the sugar mi l l s  i n  the  world a r e  found i n  a b e l t  between 

l a t i t u d e  30' S o u t h  and 30" North. I n  the  United S ta tes ,  the 

majority of these mi l l s  a r e  located i n  Flor ida,  Hawaii, Louisiana, 

and Puerto Rico. 

of Texas. 

year round ,  the  industry i s  seasonal with seasons r a n g i n g  from two 

months in Louisiana t o  f o u r  o r  f i v e  months i n  the other  areas .  

In f a c t ,  i t  i s  estimated t h a t  

In nature,  sugar i s  f o u n d  in a number 

In our modern soc ie ty ,  however, most o f  the sugar which 

This working 

Raw sugar mi l l s  generally a re  f o u n d  

A small industry i s  developing in the southern par t  

Except i n  Hawaii, where raw sugar production takes place 



In 1970, i t  i s  estimated t h a t  a b o u t  11 mill ion tons o f  re- 

fined sugar were u t i l i zed  in the United States .  T h i s  quantity of 

refined sugar requires the production of about 11.8 mill ion tons 

of raw sugar. 

came from domestic sugar beets;  29 percent came from domestic 

sugar cane, and the remainder came from overseas sources. About 

one third of the sugar consumed annually in the United States  i s  

sold f o r  household use. 

t o  food processors. The food processors, who use more than half 

of a l l  the sugar  u t i l i z e d ,  include bo t t l e r s ,  bakers, and confec- 

t ioners ,  plus miscellaneous uses. 

very few and represent only a small amount of the to t a l  consumption. 

Approximately 30 percent of the sugar production 

The remainder goes t o  i n s t i t u t ions  and 

The non-food uses of sugar  a re  

Mainland production of sugar cane i n  the United S ta tes  takes 

place i n  Louisiana, Florida,  and Texas@). 

i s  located i n  twenty of the  south-central parishes where approxi- 

mately 43 raw sugar mi l l s  a r e  in operation. 

tends from October 1 through December 15. In Florida,  the produc- 

t ion of sugar cane i s  concentrated in the area around the southern 

par t  of Lake Okeechobee approximately 40 miles west of West Palm 

Beach. Nine raw sugar mil ls  a r e  located in t h i s  area and operation 

normally extends from about November 15  t o  about March or April 15. 

In Texas*, sugar cane production i s  j u s t  get t ing under way and no 

The industry in Louisiana 

The season normally ex- 

raw sugar mi l l s  are ye t  in operation. Other domestic production (1) 
i s  on four of the principal islands of Hawaii where about 25 raw 

*Texas has applied f o r  a quota t o  produce 100,000 tons per year 
s t a r t i ng  i n  1973-74. 

1-2 



sugar m i l l s  are located.  

o u t  t h e  year .  

sca t te red  around t h e  i s l a n d .  Product ion i n  recen t  years i s  dec l i n ing .  

In Hawaii, p roduc t ion  i s  cont inuous through- 

In Puerto Rico, there  a r e  about 15 raw sugar m i l l s  

The sugar i n d u s t r y  i s  a h i g h l y  regu la ted  indust ry(2) .  Since 

1934 i t  has operated on a quota system. 

a l l o tmen t  f o r  mainland cane, domestic sugar beets ,  domestic cane, 

and overseas sources i s  t h e  consumption es t imate  f i x e d  by t h e  Secre- 

t a r y  o f  A g r i c u l t u r e  each year. 

expected in 1971, t o  extend t h e  Act f o r  3 o r  more years.  Among o the r  

changes, the  1971 Amendments* a l l o c a t e  62 percent  o f  sugar p roduc t ion  

The bas i s  o f  market ing 

New amendments t o  the  Sugar Ac t  a re  

t o  domestic sources and s h i f t  about 300,000 tons  per  year  o f  cane 

sugar p roduc t ion  f rom t h e  V i r g i n  I s lands  and Puerto Rico t o  F l o r i d a  

and Louis iana.  

The processing o f  sugar cane t o  produce raw sugar i n  i t s e l f  

i s  an i n s i g n i f i c a n t  source o f  emissions t o  t h e  atmosphere. 

process, however, uses l a r g e  q u a n t i t i e s  o f  steam which u s u a l l y  a r e  

generated on s i t e .  

problem, and w i t h  the  present  economic balance o f  t h e  i ndus t r y ,  much 

o f  t h e  bagasse which r e s u l t s  from processing i s  burned i n  b o i l e r s  t o  

produce t h e  necessary process steam. 

value, i s  f i b r o u s  i n  nature,  and conta ins  subs tan t i a l  mois ture.  

Thus p a r t i c u l a t e  emissions from the  furnaces under t h e  b o i l e r s  can 

be s i g n i f i c a n t .  Special  problems i n  c o n t r o l  o f  these emissions are  

encountered due t o  the  na ture  o f  the  r e s u l t i n g  f l y  ash. 

The 

To avo id  a tremendous s o l i d  waste d isposal  

Bagasse has a r a t h e r  low heat  

*As o f  the  date of t h i s  r e p o r t ,  the Amentiments had n o t  been passed 
by Congress. 
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2.0 PROCESS DESCRIPTION 

The raw mate r ia l  f o r  t h i s  i n d u s t r y  i s  sugar cane, a member 

o f  the  grass f a m i l y .  Sugar cane has a bamboo-like s t a l k ,  grows t o  

a h e i g h t  o f  8 t o  15 f e e t ,  and conta ins 10 t o  15 percent  o f  sucrose 

by weight.  

t o  meet the  demands o f  t h e  var ious  growing c o n d i t i o n s  throughout 

t h e  wor ld.  The growing season i s  6 t o  7 months i n  Louis iana,  9 t o  

12 months i n  F l o r i d a ,  and about two years i n  Hawaii. 

done by hand w i t h  machetes o r ,  i n  those p laces where i t  i s  f e a s i b l e ,  

by  mechanical c u t t e r s .  The cane i s  u s u a l l y  burned i n  the  f i e l d  t o  

remove t r a s h  and control-  -c.ts_and-codents. Harvested cane must 

be processed i n  l e s s  than 24 t o  60 hours t o  avo id  r a p i d  i n v e r s i o n  o f  

t h e  sucrose i n t o  glucose and f ruc tose .  

A number o f  v a r i e t i e s  o f  sugar cane have been developed 

Harvest ing i s  

- -  

The raw sugar i n d u s t r y  a c t u a l l y  begins w i t h  d e l i v e r y  o f  t h e  

cane f rom t h e  f i e l d .  The cane u s u a l l y  i s  f i r s t  washed-to-remove 
/ 

mud and t rash ,  then chopped - i n t o  small.a-e.ces and-crushed-in 
c__ 

prepara t ion  f o r  removing t h e  j u i c e .  F igure  1 shows a genera l ized 

f l o w  diagram o f  a t y p i c a l  process f o r  t h e  produc t ion  o f  r a w  sugar 
- 

from sugar cane (3) . 

E f f i c i e n t  m i l l i n g  i s  the  key t o  a good economic balance i n  

raw cane sugar product ion.  

o f  t h ree  t o  seven i n d i v i d u a l  m i l l s ,  each o f  which cons is t s  o f  

t h ree  grooved r o l l s  opera t ing  w i t h  heavy pressure. 

The m i l l i n g  p l a n t  cons i s t s  o f  a se r ies  

Ju i ce  i s  ex- - 
t r a c t e d  from t h e  cane by passing t h e  crushed cane through t h e  m i l l i n g  -_ ------ - 
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plant .  

By spraying warm water on the f i b e r  blanket in  the l a s t  mill and 

u s i n g  a portion of the  expressed ju ices  i n  each preceding m i l l ,  about 

90 t o  95 percent of the ava i lab le  sucrose i s  removed from the cane. 

The spent cane i s  known as "bagasse" and contains 3 t o  5 percent 

sucrose plus f i b e r s  and about 50 percent moisture. 

o f  the  weight*-cane enter ing the mi-11-ing operation-may e n d - u p s  

bagasse. 

be used to  produce paper, wall board ,  l ivestock bedding, l ivestock 

food, or  fu r fu ra l .  The use of bagasse a s  fuel  will  be discussed in 

more de t a i l  l a t e r .  

Water and weak ju i ces  may be added t o  help i n  the  extract ion.  

About 30 percent 

Bagasse i s  usually used i n  bo i le rs  f o r  f u e l ,  b u t  i t  may - -- 
v 

The j u i c e  which r e s u l t s  from the mil l ing operation i s  d a r k ,  

turbid,  and  has a pH of 4 .7  t o  5.5. 

by the addition of lime and heat.  

known as  "defacation",  coagulates the col loidal  matter,  p rec ip i t a t e s  

some of  the impuri t ies ,  and changes the pH t o  more neutral .  

addition of the lime and heating, the ju ice  i s  discharged in to  a 

c l a r i f i e r  from which the s e t t l e d  material i s  discharged t o  a rotary 

drum, o r  p la te  and frame press ,  f i l t e r .  Priar_to_f_i_l. tcatn~~ the 

muds may be mixed w i t h  some of the f i n e s t  p a r t i c l e s  o f  bagasse i n  

order t o  improve f i l t r a t i o n .  The mud cake from the f i l t e r  i s  known 

as  "cachaza" and i s  usually used for  f e r t i l i z e r  on the cane f i e l d s .  

The f i l t e r e d  ju i ce  i s  usually returned t o  process through the lime 

tank. 

The ju i ce  i s  usually c l a r i f i e d  

The c l a r i f i c a t i o n ,  which i s  a l so  

After 



The c l a r i f i e d  j u i c e  from the c l a r i f i e r  contains about 85 

percent water. 

by multiple e f f e c t  evaporators. 

i s  called "meladura". 

co lor ,  i s  next t ransferred t o  a s e r i e s  o f  s ingle  e f f e c t  evaporators 

known a s  vacuum pans. Here the thick syrup i s  evaporated t o  a pre- 

determined degree of supersaturation. 

by the addition of powdered sugar and sugar c r y s t a l s  build around 

the sugar nuclei .  

sugar c r y s t a l s  and molasses containing about 10 percent water. 

This mixture i s  known as  "massecuite", and  is  dumped into a mixer 

or  c r y s t a l l i z e r  followed by a mixer in which i t  i s  cooled s l i g h t l y  

to  complete c rys t a l l i za t ion .  The discharge of the massecuite from 

the pan i s  cal led a s t r i k e .  

charged from the mixer i n t o  a centr i fuge which separates the molasses 

and the sugar c rys t a l s .  

are l i g h t  brown in color and contain approximately 97 t o  99 percent 

sucrose. 

in additional vacuum pans to  obtain additional crops of sugar. 

syrup which r e s u l t s  from t h e  second centr i fuge may be t rea ted  fu r the r  

or may be sold a s  h i g h  grade molasses. 

the t h i r d  centr i fuge i s  usually used a s  seed and the syrup which 

r e s u l t s  i s  known a s  black s t r ap  molasses. 

I t  i s  evaporated t o  about 35 or  40 percent water 

The product of t h i s  evaporation 

The thickened ju i ce ,  h a v i n g  a pale yellow 

The syrup i s  shock seeded 

A t  the  optimum p o i n t ,  the pan  i s  f i l l e d  with 

The accumulated massecuite i s  d i s -  

The c r y s t a l s ,  which a re  known as  raw sugar, 
/ 

The syrup which r e s u l t s  from centr i fugat ion may be re t rea ted  

The 

The suga r  which r e s u l t s  from 
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Most of the power used i n  the  mill i s  provided by steam 

I n  addi t ion,  l a rge  quant i t ies  of turbines o r  e l e c t r i c  motors. 

steam are  required fo r  processing. 

usually produced on the mill s i t e  u s i n g  a var ie ty  of fue l .  

the most frequently used f u e l s ,  e i t he r  alone or  in conjunction with 

o i l  or  gas, i s  bagasse. 

Steam and  e l e c t r i c i t y  a re  

One of 

Approximately 11 t o  15  percent of the weight of the original 

cane i s  fiber. 

sugar production i s  tremendous, and would represent a substantial  

sol id  waste disposal problem. 

has been developed t o  a l imited extent, b u t  the economics of the 

various recovery processes a re  not favorable a t  t h i s  time. 

product uses of bagasse have been mentioned previously. 

o f  the bagasse i s  s t i l l  used fo r  fue l .  

composition and heat value, depending upon such fac tors  as season 

of the year ,  moisture content,  variety of cane, and the type of so i l  

upon which i t  i s  grown. 

percent moisture by weight and have an average fuel value of about 2,800 

to  3,900 B t u  per pound. As a ru le  of t h u m b ,  one pound of bagasse a s  fed 

t o  the furnace will produce about 2 pounds of steam. Burn ing  bagasse 

i s  d i f f i c u l t  a t  bes t ,  b u t  i t  does eliminate w h a t  would otherwise be a 

s ign i f icant  sol id  waste disposal problem. Almost a l l  bagasse burning 

boi lers  u t i l i z e  a supplemental fuel such as fuel o i l  or gas. Some 

mi l l s  already are  abandoning bagasse as the primary fuel and sending 

T h u s  the  quant i t ies  of bagasse which r e s u l t  from raw 

By-product recovery from bagasse 

The by- 

T h u s  much 

I t  i s  a fuel of varying 

On the average, bagasse w i l l  contain about 50 
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i t  f o r  by-product recovery. 

possible t h a t  l i t t l e  or  no bagasse will be used as fuel in the 

A t  some point i n  the fu ture ,  i t  i s  

industry. 

More complete descriptions of t h e  process and flow diagrams 

may be found  in  Shreve's Chemical .Process Industries(4) and  t he  

publications of Kel le r (z ) ,  and Pace (6% z). 
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3.0 EMISSIONS FROM RAW CANE SUGAR MILLS 

The processing o f  sugar cane t o  produce raw sugar i n  i t s e l f  

i s  an i n s i g n i f i c a n t  source o f  emissions i n t o  t h e  atmosphere. 

movement o f  t rucks  on unpaved m i l l  yards and once-a-week o r  so 

f i l l i n g  o f  l i m e  s i l o s  occas iona l l y  r e s u l t  i n  p a r t i c u l a t e  emissions 

which are  o n l y  o f  very  l o c a l i z e d  e f f e c t  and are  r e a d i l y  c o n t r o l l e d  

by  good housekeeping. The occasional c lean ing  o f  heat  exchanger 

tubes by b o i l i n g  w i t h  m u r i a t i c  a c i d  re leases  some a c i d  fumes which 

a r e  no t i ceab le  on l y  t o  t h e  e x t e n t  o f  8 o r  1 0  f e e t  f rom the  vent.  

I n f requen t  odors o f  carmel ized sugar f rom a s t r i k e ,  and ethanol  

f rom t h e  molasses s torage tanks l a t e  i n  the  season, u s u a l l y  a re  n o t  

no t i ced  beyond t h e  m i l l  b u i l d i n g s  themselves. 

The 

The r e l a t e d  a c t i v i t y  o f  steam generat ion by bagasse-burning 

b o i l e r s  i s  a source ma in l y  o f  p a r t i c u l a t e  emission. 

may be, and n i t r o g e n  d i o x i d e  i s ,  emi t ted  i n  q u a n t i t i e s  r e l a t e d  t o  

t h e  type and q u a n t i t y  o f  f u e l  and a u x i l i a r y  f u e l  used. The i s o -  

l a t e d  l o c a t i o n  o f  most sugar m i l l s ,  surrounded by l a r g e  acreage o f  

cane f i e l d s ,  tends t o  min imize any adverse e f f e c t  o f  furnace emis- 

s ions.  

S u l f u r  d i o x i d e  

As i n d i c a t e d  e a r l i e r ,  bagasse i s  a f u e l  o f  va ry ing  composi t ion 

and heat ing  value. 

na ture  w i t h  the  f i b e r  l e n g t h  determined by t h e  c rush ing  and macerat ion 

stages o f  processing. Almost a l l  bagasse-burning furnaces u t i l i z e  

f u e l  o i l  f o r  supplemental f u e l .  Microscopic  examinat ion o f  the  

I t can probably  bes t  be descr ibed as f i b r o u s  i n  
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resu l t ing  f lyash shows generally elongated p a r t i c l e s  of burned, 

p a r t i a l l y  charred, or unburned f ibrous material .  

gravi ty  has n o t  been determined, b u t  observations lead t o  a value 

of l e s s  than one. 

season, samples were col lected f o r  p a r t i c l e  s iz ing.  Using Martin 's  

Diameter as the basis for c l a s s i f i c a t i o n ,  the following summary may 

be considered typical ( a l l  percentages a re  expressed a s  weight per- 

centage of pa r t i c l e s  exceeding the s ta ted s i z e ) :  

The spec i f i c  

Dur ing  source sampling in  the 1969-70 Florida 

PARTICLE SIZE, l~ 

' 5  
10 
20 
50 
80 

100 
200 
500 

WEIGHT PERCENT 

98.7 - 100.0 
96.3 - . 99.3 
84.3 - 99.2 
66.3 - 91.0 
60.4 - 86.8 
33.6 - 79.8 
13.0 - 50.0 

2.4 - 22.0 

One mill i n  Florida uses a s  fuel the residue resu l t ing  from the pro- 

duction of fur fura l  from bagasse. This material i s  more granular 

t h a n  f i b rous ,  b u t  the  p a r t i c l e  s i ze  d i s t r ibu t ion  was found to  be 

s imilar  except fo r  s l i g h t l y  lower percentages i n  the s i zes  above 5011. 

Dur ing  the same season, 26 boi lers  were tes ted a t  e ight  mi l l s  

i n  Florida.  

Florida ( e s sen t i a l ly  WP Bulletin 50) using an alundum thimble a s  the 

co l lec tor .  Dur ing  sampling, a l l  bo i le rs  were operated within the 

The procedure used was t h a t  specif ied by the S ta te  of 
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range of the t o p  25 percent of boi ler  steam production recorded 

during the preceding season. 

required a s  auxi l ia ry  fuel t o  reach t h i s  capacity.  The following 

summarizes the information reported t o  the  s t a t e  control agency: 

In most cases ,  Bunker C fuel o i l  was 

MAXIMUM MINIMUM AVERAGE 

Solid fuel del ivery r a t e ,  

Par t icu la te  emission rate, 

1 bs/hour , dry 29,200 6,000 15,500 

1 bs/hour 71 3 49 199 

Par t icu la te  emission rate, 
lbs/1000 l b s  dry fuel 53.5 3 . 2  14.6 

These r e s u l t s  include those from four mi l l s  which u t i l i z e  multiclone 

co l lec tors  and four which do not. Results f o r  individual mi l l s  

probably may be obtained from the s t a t e  agency or  from the individual 

mi l l s  whose Presidents a r e  noted i n  the  l i s t i n g  i n  Appendix A .  

Emissions o f  s u l f u r  oxides and nitrogen oxides have n o t  been 

measured b u t  were calculated f o r  the appl icat ions to  the S ta te  of 

Florida f o r  a Permit t o  Operate these sources. 

An ambient a i r  study in the cane growing area of Florida (See 

Appendix B)  indicates  t h a t  a1 though combustion product par t icu la tes  

a r e  emitted in to  the atmosphere of a three-county area from bagasse- 

burning bo i l e r s ,  cane f i e l d  burning and wi ldf i res ,  the  qua l i ty  of the 

a i r  i s  very good. 

i s  l e s s  than 41 micrograms per cubic meter with very low su l fur  dioxide 

concentrations.  

geometric mean was 39 compared with 44 during the non-harvesting season. 

The annual geometric mean of suspended par t icu la tes  

During the  cane harvesting and processing season, the 
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4.0 CONTROL TECHNOLOGY AVAILABLE FOR NEW PLANTS 

Since the only noticeable sources of atmospheric emissions 

from raw cane sugar production a re  the bagasse-burning bo i l e r s ,  

most o f  the operating variables applicable t o  control from similar 

combustion sources should be effect ive.  Unfortunately, there  i s  

l i t t l e  control possible on fuel composition and  rate of production 

of fue l .  Also, there i s  l i t t l e  correlat ion between steam demand 

and bagasse production i n  a time reference. 

i s  dictated by natural f ac to r s  n o t  under the control of the mil l .  

Cane mill ing frequently 

A n  increase in mill ing and  raw sugar production requires an increase 

i n  steam production which precedes the a v a i l a b i l i t y  o f  bagasse from 

the mill ing.  

mi l l s  which appear t o  be the most successful i n  reducing to t a l  par- 

t i c u l a t e  emissions have one or  more furnaces operated a t  reasonably 

steady conditions t o  carry the base load plus others  t o  accept surges. 

Other than the use of add-on control hardware, the 

The f lyash resu l t ing  from bagasse b u r n i n g  has charac te r i s t ics  

s imilar  t o  the emissions from the b a r k  boi lers  used in  the wood pulp 

and-other f o r e s t  products industr ies .  

used i n  hardware fo r  emissions control.  

hardware, i t  i s  essent ia l  t o  d i f f e ren t i a t e  between "available tech- 

nology" and t h a t  which i s  i n  the R & D stages.  For the purpose of 

this report ,  avai lable  technology i s  tha t  which has been proven i n  

practice by fu l l - sca le  operation for a t  l e a s t  a year on the same 

Similar approaches have been 

In describing applicable 
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u n i t  processes in the same industry here or  abroad. 

modern mi l l s  a t  present use small-diameter mechanical col lectors  

such as  multiclones. 

eff ic iency of 60 t o  75 percent. Materials of construction, routine 

inspection, and maintenance a re  of considerable importance in maiii- 

ta ining the eff ic iency due mainly t o  the erosive nature o f  the 

flyash. 

an adverse e f f ec t  on emissions. 

The most 

When in good condition, these have a weight 

I t  a l so  has been observed t h a t  re inject ion of flyash has 

One mill i n  Cuba several years ago was reported@) t o  have 

unsuccessfully attempted the application of an e l ec t ros t a t i c  pre- 

c i p i t a t o r  t o  a bagasse boi ler .  

Schaffer@), who has designed a number of the more recently 

constructed raw sugar mi l l s ,  has an  unproven theory t h a t  ra i s ing  

the arch of the firebox several f e e t  will d r a s t i c a l l y  reduce par t ic-  

ulate  emissions. 

The Florida Sugar Cane League, cooperating w i t h  the Florida 

Department of Air and Water Pollution Control, i n  attempting t o  

fur ther  reduce par t icu la te  emissions from the boi le rs  has undertaken 

several R E D s tudies .  Under contract  w i t h  Environmental Engineering, 

Inc., and David B. S m i t h  Engineers, Inc. ,  several p i l o t  plant s tudies  

were begun.  

capacity was ins ta l led  and operated a t  two Florida mi l l s .  

was equipped t o  operate as a cyclonic scrubber o r  a venturi scrubber 

so t h a t  the par t icu la te  removal eff ic iency o f  both methods could be 

investigated.  An insulated duct was ins ta l led  t o  withdraw stack gas, 

In January 1970, a wet scrubbing u n i t  of 2500 CFM 

The u n i t  
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under isokinet ic  conditions,  a t  a p o i n t  pr ior  t o  the stack breeching. 

The amount of gas withdrawn dur ing  p i l o t  plant operation amounted 

t o  about 4 t o  6 percent of the to ta l  gas  flow. 

gas flow had already been passed t h r o u g h  multiclones. 

liquid/gas r a t i o s ,  l iquid pressures, and to t a l  pressure drops were 

investigated.  When operated a s  a Venturi scrubber, w i t h  r e s u l t s  

extrapolated t o  f u l l  s ca l e ,  weight e f f i c i enc ie s  of 98 to  99 percent 

were achieved. When operated a s  a Cyclonic scrubber, w i t h  r e s u l t s  

extrapolated t o  f u l l  s ca l e ,  weight e f f i c i enc ie s  of 91 to  98 percent 

were achieved. 

i n p u t  of 20 - 25 percent o f  the venturi r e su l t s .  

of the, processing season halted fur ther  work on this u n i t .  

In both cases,  the 

Various 

The cyclonic r e su l t s  were achieved a t  a t o t a l  energy 

Arrival of the end 

In November or  December, 1970, a p i l o t  u n i t  Cyclonic scrubber 

was in s t a l l ed  a t  one Florida mill t o  invest igate  problems of day-to- 

day operation and treatment of the resu l t ing  wastewater. 

revealed included carryover o f  a discoloring mist, rapid erosion of 

s t a in l e s s  s tee l  nozzles and resu l tan t  d r a s t i c  lowering of eff ic iency,  

wet steam plume, and waktewater treatment d i f f i c u l t i e s .  

the planned program, a fu l l - s ca l e  u n i t  will be ins ta l led  f o r  invest i -  

gation on a furnace a t  the Clewiston mill of the U.S. Sugar Corporation 

d u r i n g  the 1971-72 season. 

Problems 

Continuing 

In January, 1971, a p i l o t  unit  "shave-off'' mechanical co l lec tor  

was in s t a l l ed  a t  another Florida mill .  

a fu l l - s ca l e  version i s  planned for  a furnace a t  the Sugar Cane Growers 

Cooperative of Florida d u r i n g  the 1971-72 season. 

Results were encouraging and 
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5.0 RAW CANE SUGAR MILLS UTILIZING BEST EMISSION CONTROL TECHNOLOGY 

In Section 4 of this report, "available technology" was 

defined. By this definition, best available technology for control 

of particulate emissions for bagasse-burning boilers is a small- 

diameter mechanical collector such as the multiclone. When in good 

condition, without flyash reinjection, these have a weight efficiency 

of 60 to 75 percent. 

The selection of best controlled plants was made on the basis 

of those installations which have such units installed. In Florida 

these mills are the Clewiston and the Bryant mill of U. S. Sugar 

Corporation, the mill of Sugar Cane Growers Cooperative of Florida, 

Inc., and the mill of the Atlantic Sugar Association. Emissions 

stated in units such as lbs/1000 lbs dry fuel are lower than for 

uncontrolled sources. 

for uncontrolled sources of lower steam production. Actual emission 

data may be obtained from officials of the companies involved as 

indicated in Appendix A. 

mation is available from the companies. 

Total mass emission rates may be higher than 

Little in the way of reliable cost infor- 

Generally, the mills in Louisiana and Hawaii are older than 

Only some of their newer boilers reportedly are those in Florida. 

equipped with mechanical collectors. Some Louisiana mills ship all 

of their bagasse to wall board plants and use oil or gas as fuel. 

Information on results of full-scale installations of other 

types of collectors will not be available until at least the com- 

pletion of the 1971-72 Florida season. 
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6.0 SPECIFIC REGULATIONS CURRENTLY PERTAINING TO EMISSIONS 
FROM RAW CANE SUGAR MILLS 

Raw cane sugar mil ls  operate a t  present in the s t a t e s  of 

Hawaii, Florida and Louisiana. No regulations spec i f ica l ly  f o r  

par t icu la te  emissions from bagasse-burning boi lers  a re  in exis- 

tence i n  any of these s t a t e s .  

applicable t o  bagasse-burning boi lers  i n  each instance. 

General regulat ions,  of course, a r e  

All three s t a t e s  (U’u’E) have s imilar  regulations on 

v i s ib l e  emissions. Louisiana’s i s  typical of these and indicates  

t h a t  v i s ib l e  emissions from combustion sources shall  not be darker 

than 2 on the Ringelman sca le ,  except d u r i n g  s tar t -up,  soot blowing, 

e t c . ,  when 2 may be exceeded fo r  n o t  more than 5 minutes in  any con- 

secutive 60-minute period. 

In Louisiana, a general emission l imi ta t ion  f o r  par t icu la te  

matter i s  hinted a t  without providing any spec i f ic  values. I t  

s t a t e s :  

“To aid in  control l ing the overall level o f  suspended 
par t icu la te  matter i n  the atmosphere, air pollution 
control f a c i l i t i e s  should be ins ta l led  whenever 
possible,  and where ins ta l led  on a property shall  be 
used whenever emissions of par t icu la te  matter a re  
being made which can be controlled by the f a c i l i t i e s ,  
even t h o u g h  the ambient  air  qual i ty  standards in 
affected areas  are not exceeded.” 

Florida has a process weight char t  which has been conceded by 

A t  pres- the S ta te  n o t  t o  be applicable t o  bagasse-burning boi lers .  

ent ,  no spec i f ic  regulations a re  so applicable,  b u t  general philosophy 
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i s  t h a t  best  a v a i l a b l e  technology must be app l ied .  

s tanding t h a t  when bes t  a v a i l a b l e  technology i s  de ined and i d e n t i -  

f i e d ,  s p e c i f i c  emission l i m i t a t i o n s  w i l l  be prepar d .  

It i s  our  under- 

Hawaii has a s p e c i f i c  l i m i t a t i o n  f o r  emission o f  p a r t i c u l a t e  

ma t te r  which s ta tes  t h a t  emissions from combustion sources must be 

l i m i t e d  t o  0.85 lbs/1000 l b s  o f  exhaust gases ad jus ted  t o  50 percent 

excess a i r ,  except t h a t  f o r  new i n s t a l l a t i o n s  dus t  c o l l e c t i o n  equip- 

ment i s  requ i red  which has an e f f i c i e n c y  o f  n o t  more than 85 percent.  

I n  a d d i t i o n ,  Hawaii p r o h i b i t s  t h e  emissions o f  soot and fumes which 

are  de t r imenta l  t o  t h e  proper ty ,  heal th ,  comfor t ,  o r  s a f e t y  o f  

people, o r  which c rea te  a nuisance. 

Correspondence w i t h  o f f i c i a l s  o f  the  Sta te  o f  Hawaii revea ls  

t h a t  they  a r e  unce r ta in  as t o  whether any changes w i l l  be made i n  

t h e i r  a i r  c o n t r o l  r e g u l a t i o n s  which may be a p p l i c a b l e  t o  bagasse- 

burn ing  b o i l e r s .  
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8.0 PRODUCTION AN0 GROWH OF THE RAW CANE SUGAR INDUSTRY 

As indicated previously, the sugar industry i s  a highly regu- 

lated industry which operates on a quota system. 

keting fo r  a l l  sources o f  sugar i s  the consumption estimate fixed by 

the Secretary of Agriculture each year. 

Act i s  considered by the Congress a b o u t  every four years. Since the 

pol i t ica l  maneuvering a t  b o t h  the s t a t e  and federal level i s  v i r tua l ly  

unpredictable, projections of production by area a re  hazardous except 

where other fac tors  impose l imitat ions.  

The basis of mar- 

A new amendment t o  the Sugar 

A t  the present time i t  i s  estimated t h a t  mil ls  i n  Florida and 

Louisiana have about 10 t o  15 percent unused capacity. 

i s  believed t o  have somewhat more unused capacity and Hawaiian mil ls  

an unknown amoun t ,  b u t  i n  each instance other f ac to r s  l i m i t  the avai l -  

a b i l i t y  of cane for g r i n d i n g .  Louisiana has a number of small and  

i ne f f i c i en t  mi l l s  which probably w i l l  be shut down or consolidated 

w i t h  other mi l l s  in the future. 

Puerto Rico 

Other than possibly one or  two new mil ls  in each of the main- 

land cane producing areas i n  the  next decade most of the increase in 

production probably will be accomplished by expansion of exis t ing or  

consolidated f a c i l i t i e s .  

Figure 2 portrays actual and projected domestic raw cane sugar 

The sol id  l i n e s  a re  his tor ical  da ta ( f i3  production from 1940 t o  1980. 

w i t h  some of the f luctuat ions smoothed o u t .  "Total Domestic" i s  

the sum of the individual curves and the s t r a i g h t  l i n e  drawn through 
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the curve i s  a l ine of best  f i t  which roughly pa ra l l e l s  U .  S. population. 

The dashed l i nes  a re  projections based on information developed by 

Francis C.  Schaffer@). 

on avai lable  land imposed by an increasing population and the island 

geography. 

season. 

one mill ion tons  of raw sugar per year. 

a r e  expected t o  be developed in Texas, Arizona, and California.  

Both Hawaii and Puerto Rico .have l imi ta t ions  

Louisiana has a l imitat ion imposed by the short  growing 

Florida,  i t  i s  estimated, can grow enough cane t o  produce 

New sugar cane growing areas  
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1940 1950 1960 1970 1 o m  
YEARS 

FIGURE 2 - ACTUAL AND PROJECTED PRODUCTION OF RAW CANE SUGAR I N  THE U.S. (1940-80) 
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APPENDIX A 

L i s t i n g  o f  

(14) Producers - 
Producers Associations 
Consultants 
Research Ins t i t u t e s  



RAW CANE SUGAR PRODUCERS 

F l o r i d a  

Company Name & Address 

A t l a n t i c  Sugar Assoc ia t ion  
Post O f f i c e  BOX 370 Glade 
B e l l e  Glade, F l o r i d a  33430 
S .  N. Knight,  S r . ,  P res ident  

Fac tory  Locat ion  

15 m i l e s  eas t  o f  B e l l e  

F l o r i d a  Sugar Corporat ion 
Post  O f f i c e  BOX 1001 
B e l l e  Glade, F l o r i d a  33430 
Frank L. Froment, Pres ident  

Glades County Sugar Growers 
Cooperat ive Assoc ia t ion  

Post O f f i c e  Box 727 
Moore Haven, F l o r i d a  33471 
L u i s  deArmas, Manager 

Osceola Farms Company 
Post O f f i c e  Box 679 
Pahokee, F l o r i d a  33476 
Rafael Fan ju l ,  General Manager 

South Puerto Rico Sugar Company 
Okeelanta D i v i s i o n  
Post O f f i c e  Box 86 
South Bay, F l o r i d a  33493 
Ar thu r  K i rs te in . ,  Pres ident  

1.1 m i l e s  eas t  o f  B e l l e  
Glade 

Moore Haven, F l o r i d a  

7 m i l e s  eas t  o f  Canal Po in t ,  
F l o r i d a ,  on Route 98 

South Bay, F l o r i d a  

Sugar Cane Growers Cooperat ive 

Post O f f i c e  Box 426 
B e l l e  Glade, F l o r i d a  33430 
George H. Wedgworth, Pres ident  

B e l l e  Glade, F l o r i d a  
o f  F l o r i d a  

Talisman Sugar Corporat ion 
Post O f f i c e  Box 814 
B e l l e  Glade, F l o r i d a  33430 
W .  D. Pawley, Pres ident  

17 m i l e s  south o f  South Bay, 
F1 o r i d a  

Un i ted  States Sugar Corpora t ion  
Post O f f i c e  Drawer 1207 . 

Clewiston, F l o r i d a  33440 Bryant ,  F l o r i d a  
John B. Boy, Pres ident  

Clewiston, F l o r i d a  
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RAW CANE SUGAR PRODUCERS 

Hawaii 

Company Name and Address Fac tory  Locat ion  

Alexander & Baldwin, L td .  Hawaiian Commercial and 
Post O f f i c e  Box 3440 Sugar Company 
Honolulu, Hawaii 96801 Puunene, Maui 96784 
A. C. Wilcox, Pres ident  

Kahuku P l a n t a t i o n  Co. 

E.B. Holroyde, Pres ident  

McBryde Sugar Company, L td .  
E lee le ,  Kauai 96705 
E.B. Holroyde, Pres ident  

.. Kahuku, Oahu 96731 

Amfac, Inc .  
Post O f f i c e  Box 3230 
Honolulu, Hawaii 96801 

Bishop T r u s t  Company, L td.  
Honolulu, Hawaii 96802 

Kekaha Sugar Company, L td .  
Kekaha, Kauai 96752 
Kar l  H. Berg, Pres ident  

L ihue P l a n t a t i o n  Co., L td .  
L ihue, Kauai 96766 
K.H. Berg, Pres ident  

Oahu Sugar Company, L td .  
Waipahu, Oahu 96797 
Kar l  H. Berg, Pres ident  

Puna Sugar Company, L td .  
Keaau, Hawaii 96749 
Kar l  H. Berg, Pres ident  

Pioneer M i l l  Company, L td .  
Lahaina, Maui 96761 
Kar l  H. Berg, Pres ident  

Gay & Robinson 
Makawel i , Kauai 66769 

__ ~ 
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Company Name and Address 

C. Brewer & Company, L td .  
Post O f f i c e  Box 3470 
Honolulu , H a w a i  i 96801 
Boyd MacNaughton, Pres ident  

Cas t le  & Cooke, Inc.  
' P o s t  O f f i c e  Box 2990 
Honolulu , Hawai i 96802 
Malcolm MacNaughton, Pres ident  

Fac tory  Locat ion  

Hawaiian A g r i c u l t u r a l  Co. 
Pahala, Hawaii 96777 
Ernest  A.  Smith, Manager 

Hutchinson Sugar Co., L td .  
Naalehu, Hawaii 96772 
J. C. Stopford,  Pres ident  

K i  1 auea Sugar Company, L td .  
Ki lauea, Kauai 96754 
James C .  Stopford,  Pres ident  

Mauna Kea Sugar Co., I nc .  
H i l o ,  Hawaii 96720 
Boyd MacNaughton, Chairman 

Olokele Sugar Company, L td .  
Kaumakani, Kauai 96747 
James C. Stopford,  Pres ident  

Paauhau Sugar Company, L td .  
Paauhau, Hawaii 96775 
James Stopford,  Pres ident  

Pepeekeo Sugar Company 
Pepeekeo, Hawaii 96783 
James C. Stopford,  Pres ident  

Wailuku Sugar Company 
Wailuku, Maui 96793 
James C. Stopford,  Pres ident  

Kohala Sugar Company 
Hawi, Hawaii 96719 
Henry B. C la rk ,  Jr., Pres ident  

Waialua Sugar Company, I nc .  
Waialua, Oahu 96791 
H. B. C la rk ,  Jr., Pres ident  
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Company Name and Address 

The0 H. Davies & Company, L t d .  
Post O f f i c e  Box 3020 
Honolulu, Hawaii 96802 

Grove Farm Company, Inc .  
Puhi, Kauai 96766 
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Factory  Locat ion  

Hamakua M i  11 Company 
Paaui lo ,  Hawaii 96776 
Leon A. Thevenin, Manager 

Honokaa Sugar Company 
Haina, Hawaii 06709 
M. H. Pickup, Pres ident  

Laupahoehoe Sugar Company 
Papaal oa , Hawai i 96780 
M. H. Pickup, Pres ident  

Grove Farm Company, Inc.  
Puhi, Kauai 96766 



RAW CANE SUGAR PRODUCERS 

Louis iana 

Company Name and Address 

Albania Sugar Company, Inc .  
Jeaneret te,  Louis iana 
70544 

Alma P lan ta t i on ,  L td .  
Highway 413 
Lakeland, Louis iana 70752 
Mrs. Margebel le Stewart ,  Pres ident  

J. Aron & Company, Inc.  
336 Magazine S t r e e t  
New Orleans, Louis iana 70130 
W.B. Burkenroad, Jr., Pres ident  

B i l l e a u d  Sugar Factory,  I nc .  
Post O f f i c e  Box 98 
Broussard, Louis iana 70518 
P. Lacaze B i l l eaud ,  Pres ident  

Breaux Br idge Sugar Coop., I nc .  
Post O f f i c e  Box 236 
Breaux Br idge,  Louis iana 70517 
I r v i n g  Broussand, Pres ident  

Wm. T. Burton Indus t r i es ,  Inc .  
White Cast le ,  Louis iana 70788 

Ca i re  & Graugnard 
Post O f f i c e  Box 7 
Edgard, Louis iana 70049 

Cajun Sugar Cooperative, Inc.  
Post O f f i c e  Box 1179 
New I b e r i a ,  Louis iana 70560 
James P. Cross, Pres ident  

Caldwel l  Sugars Cooperative, I nc .  
Post O f f i c e  Box 226 
Thibodaux, Louis iana 70301 
V i c t o r  F. B a i l l i e t ,  Chief  Execut ive 

Fac to ry  Locat ion  

Jeaneret te ,  Louis iana 

Lakeland , Louis iana 

Supreme, Louis iana 

Broussard, Louis iana 

Breaux Br idge,  Louis iana 

(Cedar Grove M i l l )  
White Cast le ,  Louis iana 

(Columbia M i l l )  
Edgard, Louis iana 

New I b e r i a ,  Louis iana 

Thibodaux, Louis iana 
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Company Name and Address 

Colombia Sugar Company 
Box 344 
Frgnklin, Louisiana 70538 

Cora-Texas Manufacturing Co. 
Post Office Box 248 
White Castle, Louisiana 70788 
Paul Kessler, President 

Dugas & LeBlanc Ltd. 
Paincourtville, Louisiana 70391 
Felix H. Savoie, President 

Duhe & Bourgeois Sugar Company 
Post Office Box 648 
Jeanerette, Louisiana 70544 

Evan Hall Sugar Cooperative, Inc. 
Post Office Box 431 
Donaldsonville, Louisiana 70346 
James H. Thibaut, President 

Frisco Cane Company, Inc. 
Reserve, Louisiana 70084 

Glenwood Cooperative, Inc. 
Assumption Parish 
Napoleonville, Louisiana 703QO 
John Thibaut, President 

Helvetia Sugar Co-op, Inc. 
Route 1 
Convent, Louisiana 70723 
Ernest Martine, President 

Iberia Sugar Cooperative, Inc. 
Post Office Box 1389 
New Iberia, Louisiana 70561 
John L. Germany, President 

LaFourche Sugar Company 
Post Office Box 555 
Thibodaux, Louisiana 70301 
Harvey Pel tier, Manager 

Factory Location 

Franklin, Louisiana 

White Castle, Louisiana 

(Westf i el d 
Paincourtv 

Jeanerette 

{ill) 
Ile, Louisiana 

Louisiana 

McCall, Louisiana 

(San Francisco Mill) 
Reserve, Louisiana 

Napol eonv i 1 1 e, Lou i si ana 

Convent, Louisiana 

New Iberia, Louisiana 

(Leighton Mill) 
Thibodaux, Louisiana 
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Company Name and Address 

Har ry  L. Laws E Company, Inc .  
Brus ly ,  Louis iana 70719 
E. B. T e r r i l l ,  Jr., Pres ident  

Lever t -St .  John, Inc.  
Route 1, Box 10 
S t .  M a r t i n v i l l e ,  Lou is iana 70582 
Ramon E. B i l l eaud ,  Pres ident  

Louis iana Sta te  P e n i t e n t i a r y  
Angola Factory  
Angola, Louis iana 70712 

Louis iana Sta te  U n i v e r s i t y  
Audubon Sugar Factory  
Baton Rouge, Louis iana 70803 

Louisa Sugar Cooperative, I nc .  
Louisa, Lduis iana 70553 

Meeker Sugar Cooperative, I nc .  
Meeker Rural  S t a t i o n  
LeCompte, Louis iana 71346 
S. C.  Bain, Pres ident  

M i l l i k e n  E Farwel l ,  Inc .  
P o r t  A l l en ,  Louis iana 70767 
F. Evans Farwe l l ,  Pres ident  

M. A. Patout  E Son, L td .  
Route 1, Box 288 
Jeaneret te ,  Louis iana 70544 
J. Patout  Burns, Pres ident  

Poplar  Grove P lan t i ng  E R e f i n i n g  

Por t  A l l en ,  Louis iana 70767 

S t .  James Sugar Cooperative, Inc .  
S t .  James, Louis iana 70086 

S t .  Mary Sugar Cooperat ive,  I nc .  
Post O f f i c e  Box 269 
Jeaneret te,  Louis iana 70544 
C. Bever ly  Causey, Pres ident  

Company, Inc.  

I _-  ~ 
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Fac to ry  Locat ion  

(C inc la re  M i l l )  
B rus ly ,  Louis iana 

(St. John M i l l )  
S t .  M a r t i  n v i l  1 e, Louis iana 

Angola, Louis iana 

Baton Rouge, Louis iana 

Louisa,  Louis iana 

LeCompte, Louis iana 

P o r t  A l l en ,  Louis iana 

(En te rp r i se  M i l l )  
Jeaneret te ,  Louis iana 

P o r t  A l l en ,  Louis iana 

S t .  James, Louis iana 

Jeaneret te ,  Louis iana 
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Company Name and Address 

Savoie I n d u s t r i e s  
Lu lu  Factory ,  Inc .  
B e l l e  Rose, Louis iana 70341 
M r s .  S.S. Chancienne, Par tner  

South Coast Corporat ion 
226 Carondelet  S t r e e t  
New Orleans, Louis iana 70130 
Sidney J. Menard, Pres ident  

Southdown'Lands, Inc.  
1221 Commerce B u i l d i n g  
Post O f f i c e  Box 52378 
New Orleans, Louis iana 70130 

S t e r l i n g  Sugars, Inc .  
Post O f f i c e  Box 572 
F rank l i n ,  Louis iana 70538 
Thomas H. A l l en ,  Exec. V.P.  

J. Supple 's Sons P l a n t i n g  Co., Ltd.  
Highway 1 
Bayou Goula, Lou is iana 70716 
.Edward T. Supple, Pres ident  

Fac to ry  Locat ion  

(Lu la  M i l l )  
B e l l e  Rose, Louis iana 

(Oaklawn M i l l )  
F rank l i n ,  Louis iana 

., (Georgia M i l l )  
Mathews, Louis iana 

(Terrebonne M i l  1 ) 
Montegut, Louis iana 

(Raceland M i l l )  
Raceland, Louis iana 

(Southdown M i l l )  
Houma, Louis iana 

(Greenwood M i l l  ) 
Thibodaux, Louis iana 

Va len t ine  Sugars., Inc .  
RFD 1 
Lockport ,  Louis iana 70374 
W i l l  J. Gibbens, J r . ,  Pres ident  

Vida Sugars, Inc.  
Post O f f i c e  Box 336 
L o r e a u v i l l e ,  Louis iana 70552 
A. W i l b e r t ' s  Sons 
Post O f f i c e  Box 540 
Plaquemine, Louis iana 70764 

A-8 

(Armant M i l l )  
Vacher ie,  Louis iana 

F rank l i n ,  Louis iana 

(Cather ine M i l l )  
Bayou Goula, Louis iana 

Lockpor t ,  Louis iana 

L o r e a u v i l l e ,  Louis iana 

( M y r t l e  Grove M i l  1 ) 
P1 aquemine, ,Louis iana 



RAW CANE SUGAR PRODUCERS 

Puerto Rico 

Company Name & Address 

Antonio Roig Sucesores, I n c .  
Humacao, P.R. 00661 

Asociacion Azucarera 
Cooperat iva La faye t te  

Arroyo, P.R. 00615 

The New Centra l  Agu i r re  Land 

Agui r re ,  P.R. 00608 

Centra l  Coloso, Inc .  
Post O f f i c e  Box 2912 
San Juan, P.R. 00903 

Centra l  Eureka, I nc .  
Post O f f i c e  Box 419 
Mayaguez, P.R. 00708 

Centra l  Igualdad, I nc .  
Post O f f i c e  Box 599 
Mayaguez, P. R. 00708 

Centra l  Mercedi ta,  Inc.  
Mercedi ta,  P.R. 00715 

Centra l  Monserrate, I n c .  
Box 445 
Manati, P.R. 00701 

Centra l  San Franc isco 

Admin i s t ra t i on  o f  Puer to Rico 

Box 5 
Yauco, P.R. 00768 

Cooperat ive Azucarera Cent ra l  Juncos 
Box 519 
Juncos, P.R. 00666 

Land A u t h o r i t y  Commonwealth o f  
Puerto Rico 

Post O f f i c e  Box 9745 
Santurce, P.R. 00908 

Fac tory  Locat ion  

Roig 

La f aye t t e  

Agu i r re  

Cortada 

Col os0 

Eureka 

Igualdad 

Mercedi ta  . . 

Monserrate 

San Francisco 

Juncos 

Cambalache 

Fa j a r d o  

\ i  
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Company Name & Address 

Plata Sugar Company, Inc. 
Post Office Box 228 
San Juan, P.R. 00902 

Factory Location 

Plata 

Central Guanica Guanica 
Land Administration o f  Puerto Rico 
Ensenada , P. R. 00647 

Central Roig Refining Company 
Humacao, P.R. 00661 

Puerto Rican American Sugar 
Refinery, Inc. 

Mercedita, P.R. 00715 

Western Sllgar Refining Company 
Box 6 
Mayaguez, P.R. 00709 



CANE SUGAR PRODUCERS ASSOCIATIONS 

American Sugar Cane League, Inc.  
416 Whitney B u i l d i n g  
New Orleans, Louis iana 70130 

F l o r i d a  Sugar Cane League, Inc .  
Post  O f f i c e  Box 1148 
Clewiston, F l o r i d a  33440 

Hawaiian Sugar P lan te rs  Assoc ia t i on  
Post O f f i c e  Box 2450 
Honolulu, Hawaii 96804 



CONSULTANTS 
(Air) 

David B. Smith Engineers, Inc. 
2512 S. W .  34th Street 
Gainesville, Florida 32601 

F. C. Schaffer & Associates, Inc. 
185 Bellewood Drive 
Baton Rouge, Louisiana 70806 

Environmental Engineering, Inc. 
2324 S. W .  34th Street 
Gainesville, Florida 32601 
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CANE SUGAR RESEARCH INSTITUTES 

Ins i t u t e  o f  Food and A g r i c u l t u r a l  Sci  
U n i v e r s i t y  o f  F l o r i d a  
Everglades Experiment S t a t i o n  
B e l l e  Glade, F l o r i d a  33430 

Hawaii Sugar P lan te rs  Associat ion 
Experiment S t a t i o n  
Post O f f i c e  Box 2450 
Honolulu, Hawaii 96804 

Audubon Sugar Factory  
Louis iana S t a t e  U n i v e r s i t y  
Baton Rouge, Louis iana 70803 

mces 

I n t e r n a t i o n a l  Sugar Research Foundation, I nc .  
7316 Wisconsin Avenue 
Bethesda, Mary1 and 20014 
(Cane and Beet) 
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STATUS OF A I R  Qv:U,I'IY IN 17iE 
SUGAR CAVE .IRE-\ OF FLORIDA 

E. R. Hendrickson, Ph.D:, P. E. 

- 
. . .  

_ .  Environmental Engineering, IIIC. 1 - '  

Gainesvi l le  , Florida 

. . .  . .  . .  . .  

. . .  . .  

.. . . . .  
'.I :. _. ~ . . .  .. 

Ambient a i r  s tud ie s  'of l%ted  'scope p lus  t h e o r e t i c a l  emission 

and d ispers ion  ca l cu la t ions  conducted during 1967 and 1968 by personnel 

of the Palm Beach County Health Department l e d  t o  t h e  contention t h a t '  

t h e  sugar i n d u s t v  was a major cont r ibu ter  t o  pol lu ted  a i r  i n  southeast  

Florida.  ~ e s e  ca lcu la t ions  l e d  the a i r  po l lu t ion  cont ro l  a u t h o r i t i e s  

t o  conclude t h a t  the  indus t ry  was responsible  f o r  more than 25 percent 

of t h e  " t o t a l  air  pol lut ion" and more than 95 percent  of suspended 

p a r t i c u l a t e s .  

they concluded t h a t  t h e  sugar cane growing a rea  was subs t an t i a l ly  hig!ier 

than o the r  a reas  of Palm Beach County, and t h a t  the  l e v e l s  increase 

s i g n i f i c a n t l y  during t h e  harvest ing season. 

. .. . .  

. .  . .  

,. 

Based on sampl in i  f o r  suspended p a r t i c u l a t e s  at  3 s t a t i o n s  

. 

Based on the  observations which were made, t h e  s t a t e  po l lu t ion  
. .  

cont ro l  a u t h o r i t i e s  served no t i ce  o n , t h e  9 operat ing mills t h a t  they 

were in v i o l a t i o n  of  e x i s t i n g  regulat ions.  

of source evaluat ion and t h e  deve lopen t  of 

improvement program on the  p a r t  of  t h e  F lor ida  Sugar Cane L e a s e ,  Inc. 

The source sampling revealed t h a t  a l l  b o i l e r s  i n  t h e  indus t ry  were 

This ac t ion  set o f f  a round 

extensive a i r  q u a l i t y  

\ 

Presented a t  Annual Meeting o f  t he  American Society  o f  Sugar 
Cane Technologists,  Palm Beach, F lo r i da ,  October 1370. 

.., _: 
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exceeding the  ex i s t ing  process weight l imi t a t ions  c f  the  s t a t e  regu- 

l a t i o n s  when burning bagasse. . T h i s  regula t ion '  should not  be applied 

t o  a combustion source s ince  it o r ig ina l ly  was developed f o r  appl i -  

ca t ion  to  metal lurgical  furnace fumes. 

boilers represents  an a r b i t r a r y  extrapolat ion from a completely d i f -  

fe ren t , , type  of  source, it i s  not  r e l a t ed  t o  reduction o f  some un- 

des i rab le  condition in the  environment,. the  size of  p a r t i c l e s  emitted 

from bagasse furnaces is such t h a t  they a re  l a rge ly  non-respirable,  

and t h e  majori ty  of the  weight o f  the  p a r t i c l e s  falls out  on farmland 

The.se preliminary'observations r a i sed  doubt a s  

. .  . . .  . :. . 1 .  

.~ . 
. ?  

.. - 
The appl ica t ion  t o  bagasse 

. .  

. . . . .  

.I .. ..::..* - . 

. .  

' owned by t h e  growers. 

to  t h e  v a l i d i t y  of t h e  o f f i c i a l  claims. 

The Flor ida Sugar Cane League, Inc. r e t a ined  Environmental 

Engineering, Inc. and David E. Smith Engineers, Inc. as  a j o i n t  venture 

t o  plan and conduct an a i r  q u a l i t y  inprovement program. 

included continuation of t h e  bagasse b o i l e r  emission evaluat ion,  p i l o t  

. 
The program 

plant s tud ie s  of devices f o r  reduction of  p a r t i c u l a t e  emissions from 

the  b o i l e r s ,  evaluation of the  magnitude of p a r t i c u l a t e  emissions from 

cane f i e l d  burning, and an ambient a i r  survey f o r  p a r t i c u l a t e s  and 

s u l f u r  dioxide. 

S t a t ion  conducted an 'evaluat ion of a l t e r n a t i v e s  t o  cane f i e l d  burning. 

This paper repor t s  t h e  r e s u l t s  of the ambient a i r  survey. 

Concurrently t h e  Florida Agr icu l tura l  Experiment 

'PROJECT DESIGN 

Working i n  c lose  coordination with t h e  s t a t e  and county regu- 

l a t o r y  agencies,  the League de-Teloped and implemented a massive ambient 

B-2 
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air  study covering the e n t i r e  Flor ida sugarcane g r o i h g  and processing 

area. 

May, 1970, encompassed pre-season;'season, and post-season conditions.  

The major object ive of t h e  ambient a i r  s tudy was .to evaluate the  a i r  

q u a l i t y  of the a rea ,  including r u r a l  as w e l l  as populated centers .  

a lso was intended t o  estimate.  t h e  influence . .  of  sugar harvesting and m i l l  

operations on t h e  a i r  qua l i t y .  

. , . -  
. . . .  . .i., , 

The study which s t a r t e d  i n  September, 1969, A d  continued through 

. -  

I t  

i .  . .  . .  . .  .- .. . 

The ambient a i r  survey involved a meterological network, a . ... . .... . . 
sampling network f o r  suspended and s e t t l e a b l e  pa r t i cu la t e s ;  a sampling 

network t o  monitor s u l f u r  oxides ,  aircraft sampling, a sub-system f o r  

report 'ing t ime.and loca t ion  of  f i e l d  burning, and a co r re l a t ion  program. 

. .. 

' Meteorological s t a t i o n s  i n  t h e  a rea  were considered t o  be a typica l  

because of t h e i r  loca t ion  and t h e  locat ion of possible  obstruct ions.  A 

site w a s  se lec ted  south of Okeelanta which was considered t o  be more 

typ ica l  of t h e  e n t i r e  sugarcane growing area.  

consis t ing of a recording wind d i r ec t ion  and ve loc i ty  un i t  was i n s t a l l e d  

a t  this locat ion.  

d i r ec t ion  and ve loc i ty .  Each month a windrose was constructed.  Rainfa l l  

data were co l lec ted  from severa l  o ther  meteorological s t a t i o n s  in t h e  

area.  

A meteorological s t a t i o n  

Hourly average f igures  were tabulated f o r  both wind 
. .  

. ?  , 

Thir ty-four  ambient a i r  sampling s i t e s  were se lec ted  i n  t h e  

t r i -county  area.  

was l a t e r  modified by f i e l d  invest igat ion.  

access,  s i t e  conditions,  s ecu r i ty ,  and a v a i l a b i l i t y  of e l e c t r i c i t y .  

These i n i t i a l l y  were located on a g r i d  network which 

Final  loca t ion  depended on 

, B-3 
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Eight of  the sites were i n  urban are&, located on t h e  rooftops. of  

buildings,  and twenty-six were i n  r u r a l  a reas  'on.power poles .  

shows the loca t ion  o f  individual  s t a t ions . .  ' 

. .  . .  ;.;-,.. . .  :... - 
Figure 1 - 

. -  . 
. . .  

:.. 

A l l  t h i r t y - f o u r  s t a t i o n s  were equipped .wi th  d u s t f a l l  buckets 

t o  measure the  s e t t l e a b l e  p a r t i c u l a t e  concentration accumulated during 

a 30-day exposure. 

i n  "Standard Method f o r  Col lect ion and Analysis of  Dustfall," AsTlvl 

The technique used is  t h a t  e s s e n t i a l l y  described 
.. , . .  

. . . ' , . ,  , :. . .. 

Designation D 1739-62. 

t i c u l a t e s  and water soluble  pa r t i cu la t e s .  

.4l1 samples were analyzed f o r  insoluble  par-  

f i e - d u s t f a l l  rate was . 
. .  

determined by dividing t h e  container  opening area  i n t o  t h e  weights o f  

soluble  and insoluble  p a r t i c u l a t e s  co l l ec t ed  over a per iod of t h i r t y  days. 

Thir teen representa t ive  sarrples were s e n t  to  Walter C. McCrone Associates,  

Inc. ,  f o r  morphological examination t o  .estimate t h e  port ion o f  each 

sample which was a t t r i b u t a b l e  t o  cane burning and b o i l e r  s t ack  emissions 

as opposed t o  o ther  s e t t l e a b l e  p a r t i c u l a t e  mat ter .  These samples were 

se lec ted  t o  show condi t ions during periods of burning and non-burning. 

. ~ .  , 

The e ight  urban s t a t i o n s ,  p lus  s ix teen  of  t h e  r u r a l  s t a t i o n s  
. .  .: 

were equipped with high-volume samplers which co l lec ted  suspended 

pa r t i cu la t e s  during a 24-hour period. 

every ' four th  day during the  survey per iod.  

e s s e n t i a l l y  t h a t  described i n  "Recommended Standard Method f o r  

Atmospheric Sampling of Fine P a r t i c u l a t e  Matter by' F i l t e r  Media- - 

High-Volume Sampling," AFN-2.5, APCA Coimnittee TR-2. 

used were Curtin Model 1105-3C which were equipped with a on-off 

The Hi-Vols were operated once 

The procedure used was 

The samplers 
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timer and recording flow meter:' The flow recorder  w a s  ca l ibra ted  with 

a c e r t i f i e d  ca l ib ra t ion  o r i f i c e .  

Type A f ibe rg la s s  f i l t e r  at  a r a t e " o f . 3 0  - SO CFE.1. 

t i c u l a t e  concentration &as determined by dividing the  f i l t e r e d  p a r t i -  

cu l a t e  weight by t h e  metered air  volume. 

were equi l ibra ted  i n  a spec ia l  humidity .. and . temperature control led room 

f o r  twenty-four hours. 

during the  e n t i r e  season were also subjected t o  a morphological exami- 

nat ion by Walter C. McCrone,, Associates,  Inc. 

p a r t  of  the  county were serected t o  show influence of west winds. 

. .. . .  
. . .  . .I.. _ .  . 

Air samples were f i l t e r e d  through a 
. -  . 

The suspended par-  

P r io r  t o  weighing, filters 

. . . . .. . . . ,  ... .. . 

Twenty- th ree  o f  the  high-volune samples co l lec ted  

.~ 
. .  

J ., - .  .. 
Those. from t h e  eastern 

. .  

A t  the  e igh t  urban s t a t i o n s ,  sulfat ' ion r a t e  was a l s o  monitored . .  

during t h e  survey. The Fbey s u l f a t i o n  p l a t e  Was u t i l i z e d  f o r  t h i s  

purpose. 

A t  t h e  end of  t h i r t y  days exposure, the  samples were analyzed f o r  the  

Exposure was f o r  t h e  same period as the  d u s t f a l l  samplers. 

s u l f a t i o n  r a t e  which is r e l a t e d  t o  the  s u l f u r  dioxide concentration. 

On several  occasions, an instrumented a i rp lane  t raversed the  

smoke plumes r e su l t i ng  from cane f i e l d  burning. 

made i t  poss ib le  t o  es t imate  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  the  

plume a t  var ious a l t i t u d e s  and various d is tances  from t h e  burning f i e l d .  

Photographs a l s o  were takdn of the f i e l d  'which was sampled. 

The instrumentation 
... 

I n  order  t o  evaluate  the  d i f f e r e n t  condi t ions which p reva i l  
.. 

during t h e  season when burning operations take p lace ,  and when burning 

operat ions a r e  not  conducted, t h e  sampling period s t a r t e d  i n  September 

and ended i n  May. 

November and ended about mid-March. 

Field burning began during the  l a t t e r  half  of 
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DISCUSSION OF RESULTS . .  .. . .' . - . .  
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. I  

S e t t l eab le  P a r t i c u l a t e  Data. Se t t l eab le  p a r t i c u l a t e  mat ter  
- 

usual ly  i s  considered t o  be t h a t  f r ac t ion  g rea t e r  i n  size than. 10 

microns. 

much to  be desired.  

& a h r e  o f '  t h e  general  d i r t i n e s s  of 'a c o m i t y . .  

U.S. ci t ies range from 1 0  t o  100 tons p e r  square mile pe r  month. 

In t e rp re t a t ion  of t h e  r e s u l t s  of these measurements leaves 

It is usua l ly  considered t o  be a very gross 

Typical values  f o r  

Geometric mean concentrations f o r  a!l . th i r ty- four  s t a t i o n s  . .. _. . .. .. .. . - . .  

during t h e  e n t i r e  sampling period ranged from a low of 5 tons/mi'/mo 

t o  a high of 22  tons/mi /mo. 

( s ta t ions  i n  Palm Beach County) and as western s t a t i o n s  ( s t a t ions  i n  

Hendry and Glades count ies) .  

season were 1 2  tons/mi /mo f o r  eas te rn  s t a t i o n s  and 8 tons/mi /mo f o r  

western s t a t i o n s .  

sampling period of September, 1969, through May, 1970, was l e s s  than 

10 tons/mi2/mo. 

ind ica tes  t h a t  lower concentrations a r e  e.xperienced during t h e  sumnier 

months, therefore ,  t h e  mean value of  l e s s  than 10 tons/mi /mo wosld 

probably have been reduced if the summer months would have been included 

in the  sampling period. 

. .  
2 S ta t ions  were grouped as eas te rn  s t a t i o n s  

The geometric mean values for t h e  e n t i r e  
2 2 

' .  . . 

The geometric mean value f o r  'a l l  s t a t i o n s  during the  

Data from t h e  Palm Beach County Health Deparbnent 

2 

. .  

Results of the morphological examination revealed t h a t  t h e  

amount of burned p l a n t  mate'rial i n  the  samples taken during the  burning 

season ranged between 11 and 47 weight percent.  b r i n g  the season when 
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cane was not  being burned, t h e  value'r&ged from l e s s  than 1 t o  43 

weight percent.  The category of  "burned p l a n t  material" includes not  

only p a r t i c u l a t e s  r e s u l t i n g  from cane processing operat ions,  but a l so  

p a r t i c u l a t e s  from any vegetat ion which is burned in t en t iona l ly  o r  

accidental ly .  

, ,  :. . . . . .  . .  

. .  

. .  , -  . .  

. .  

areas. 

The levels observed a r e  general ly  acceptable in r e s i d e n t i a l  

Very l i t t l e  da ta  r e l a t i n g  t o  e f f e c t s  a s  measured by s e t t l e a b l e  

. . .  p a r t i c u l a t e s  can be .found. ,i .- 
J . . ~  . . . . . .  . .  ... . . .  

Suspended P a r t i c u l a t e  Data. The caregory of suspended 'par t i -  
. .  

' a l a t e  matter  t o  some exten t ,  is defined"by the method of co l l ec t ion  

and analysis .  Using t h e  Hi-vol f i l t e r  and g l a s s  f i b e r  f i l t e r s ,  t h e  

s i z e  range is  about 0 . 1  t o  less than 100 microns. 

in appropriate concentration, have 'been r e l a t ed  t o  human hea l th  e f f e c t s ,  

mater ia ls  damage, and v i s i b i l i t y  .&erference. According t o  t h e '  c r i t e r i a  

document of t h e  National Air Pol lut ion Control Administration the  minimum 

leve l s  a t  which adverse e f f e c t s  have been noted include: 80 t o  100 micro- 

grams p e r  cubic meter @/m ) m the presence of su l f a t ion  r a t e s  exceeding 

30 mg/m /mo. - increased death r a t e s  f o r  persons over 50 %occur ;  60 

t o  180 pg/m3 i n  the  presence of s u l f u r  dioxide and moisture - corrosion 

Suspended p a r t i c u l a t e s ,  

3 .  

2 

of  s t e e l  and zinc panels  occurs a t  an accelerated r a t e ;  about 150 ,g/rns 

(where predominant p a r t i c l e  s i z e  ranges from 0.2 t o  1 micron) and r e l a t i v e  

humidity i s  less than 70 percent - v i s i b i l i t y  3 be reduced t o  as low 

as 5 miles.  

means. The concentrati.on f o r  v i s i b i l i t y  is a 24-hour observation. 

All values except t h a t  f o r  v i s i b i l i t y  are annual geometric 
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Observed values i n  near-urban ind urban areas  range from about 60 

t o  200 .pg/m annual geometric mean. Individual 24-hour observations 

may vary 300 t o  700 percent from t h e  meaq. , . 

. , .' .' 
.. .. 

. . .  . . i.. , . .  3 '  
. .  . . .  

- 
The first f i e l d  burning began on November 11, 1969, and continued 

on through bkrch 2 2 ,  1970. During t h i s  time approximately 138,120 acres  

of sugar cane was burned. Based upon f ie ' ld  burning da ta ,  23 percent o f  

this t o t a l .  acreage was burned on days that suspended p a r t i c u l a t e  samples 

, '  

. : . . .  , .  . .. 

. were being taken. The nmber  of sample days during t h e  time t h i s  acreage 
- .  . 

was burned represented about 25 percent of the ' . to ta l '  number o f '  i ays  during 

t h e  e n t i r e  burning season. 
. . .  

... . .  . .  

. .  Maximum, minimum, and geometric mean concentrations of t h e  

suspended p a r t i c u l a t e  da ta  a r e  show i n  Table 1, which includes a d i f -  

f e r e n t i a t i o n  behceen burning and non-burning conditions.  During the  

burning season the  geometric mean concentrations f o r  a l l  twenty-four 

s t a t i o n s  ranged between 22 and 70 pg/m . 
f o r  t h e  non-burning season was between 26 and 100 pg/m . 
mean concentration of a l l  s t a t i o n s  operatinb during the  burning season 

was 39 ,g/m , and during t h e  non-burning season it was 44 pg/m . 
range of  suspended p a r t i c u l a t e  concentrations i n  which most burning and 

non-burning samples f e l l  was between 1 0  and 50 pg/m a s  shown i n  Figure 2 .  

As previously mentioned, the  s t a t i o n s  were separated i n t o  eas te rn  

The geometric mean concentration f o r  suspended p a r t i -  

3 The range of concentrations 
3 The geometric 

... : 

3 3 The 

3 

and western groups. 

a l a t e  i n  the  eas te rn  s t a t i o n s  was 48 pg/m , and i n  t h e  western s t a t i o n s  

3 it was.32 pg/m . 

3 

Mien a l l  da ta  were evaluated f o r  both burning,and 
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. .  
non-burning condi t ions,  the  geometric mean concentration . .  f o r  the  

sampling period w& 41 &n3. 

reduced i f  the  sampling per iod had included the  Surmner months, because 

,da ta  from the  Palm Beach County Health Department indicate.s lower 

- . . . .  ' 
. .  

This, value would probably have been - 

. .  

concentraticns during t h i s  period. 

-. . . :. Morphological examination of t h e  samples taken during t h e  

burning season resu l ted  i n  observations of  15 t o  54 weight percent 

burned p l a n t  mater ia l .  

4 . .  t o  14 weight percent.  

During the  non-burning season t h e  range was 
.: .. . - . - .  ... ~ : ,,.. . . . 

Included i n  these f i g u r e s  were p a r t i c u l a t e s  

from' cane processing operat ions as well as p a r t i c u l a t e s  from any other  

vegetation burning. 

Using da ta  which were co l lec ted  on wind d i r ec t ion  and ve loc i ty  

as well  a s  information on loca t ion  and 'duration of  burning cane f i e l d s ,  

s t a t i o n  loca t ions  were i d e n t i f i e d  f o r  each day of  operation i n  vhich 

three  o r  more were in a narrow s e c t o r  a f fec ted  by only one burn o r  a 

c lus te red  group of burns. 

locat ion and d is tance  from burn with suspended p a r t i c u l a t e  concentration. 

No co r re l a t ion  was found. 

. . .  

An attempt was made t o  c o r r e l a t e  s t a t i o n  

Since, on any given day of operation, one loca t ion  may have 
. .  

been exposed t o  t h e  p a r t i c u l a t e  from several  d i f f e r e n t  bums,  t h e  t o t a l  

time of possible  exposure f o r  each locat ion was calculated.  

t o  r e l a t e  this information t o  suspended particulate'concentration f o r  

each s t a t i o n  f o r  each day of  operation a l s o  r e su l t ed  in no apparent 

An a t tempt .  
. I  

co r re la t ion .  
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The observed va lues ,  when adjusted f o r  the  lower concentrations 
. .  , . i.. . .  

which a r e  sai.d t o  occur during the  summer months, a r e  weil  below those 

which are re l a t ed  t o  any adverse e f f ec t s  on hea l th  o r  mater ia ls  even 

in t h e  presence of  subs t an t i a l  concentrations of ' sulfur  dioxide.  Occa- 

s iona l  24-hour concentrations were noted which would ind ica te  possible  

interference with v i s i b i l i t y .  

the  burning season and six during the non-burning season. 

. .  

Six  of these  occasions were noted during 
. . . .  . .  

Sulfur  Oxide Data. The maximum observed su l f a t ion  r a t e  outs ide 
I . .. c .  . .. 2 of West Palm Beach was 3 .2  &SO,/an /day and t h e  minhun 0.01;-. The 

maxihum geometric mean of  t h e  s u l f a t i o n  r a t e  t h a t  occurred during the  
2 sampling period was 0.51 pg SO /an /day, and the  minimum value was 

0.16 pg S03/cm /day, This is an ind ica t ion  of an extremely low leve l  

of s u l f u r  dioxide exposure, far below any adverse hea l th  e f f e c t s  even 

i n  t h e  presence of p a r t i c u l a t e  matter.  

3 
2 

A i r c r a f t  Sampling. Several attempts were made t o  measure the 

r a t e  o f  p a r t i c u l a t e  emission from burning cane f i e l d s .  

longi tudinal  paths  were followed i n  each pluiie. 

with an o p t i c a l  p a r t i c l e  counter with which it was possible  t o  measure 

the  number o f  p a r t i c l e s  in severa l  d i s c r e t e  s i z e  ranges from 0.3 t o  7 .  

microns. The da ta  co l l ec t ed  were inconclusive. 

Transverse and 

The a i rp lane  was equipped 

General observations were t h a t  a quant i ty  of l a rge  p a r t i c l e s  

fa l l  out on t h e  cane f i e l d s , a s  soon a s  they a re  re leased from the  thermal 

updraf t .  Some la rge  p a r t i c 1 . e ~  were car r ied  t o  severa l  thousand f e e t  



before s e t t l i n g  began. 

micron and sub-micron p a r t i c l e s .  

of  the  plume changed made it impossible to ,  ob ta in  s i g n i f i c a n t  concen- 

t r a t i o n  t raverses .  

The upper a i r  plume c0ntaine.d q u a n t i t i e s  of 
. .  

2.. 

n e  r a p i d i t y  'with which t h e  volume 

. .  
>- 

. .  
. .  . 

CONCLUSIONS 
.. . . .  

. . . .  . . ..:.. . .  . _. , 
The r e s u l t s  of the  most comprehensive evaluation of a i r  q u a l i t y  

ever conducted i n  this area  ind ica te  a very good q u a l i t y  of  air a s  

measured by some of the  common indica tors  of ' a i r  po l lu t ion .  

the .34  s t a t i o n s  used were i n  locat ions comon t o  those of the  Palm Beach 

.. .. 

Three of 

County Health Department. 

s t a t i o n s  compared well with da ta  co l lec ted  by t h e  Department. 

Data co l lec ted  by t h i s  survey a t  t h e  common 

The most inportant  f inding was. t h a t  the  average suspended 

p a r t i c u l a t e  matter concentration during t h e  e n t i r e  S U N ~ Y  was l e s s  than 

41 pg/m 

of a i r  which is b e t t e r  than the  lowest. criteria values developed by 

WCA. 

when it i s  considered tha t  t h e  NAPCA values assume . the presence of 

.appreciable quan t i t i e s  of s u l f u r  dioxide. 

i n  t h i s  survey and the  survey by the Palm Beach County Health Department 

3 (annual geometric mean). This represents  a very good q u a l i t y  

Comparison with t h e  WCA c r i t e r i a  values  is e\ien more favorable 

The observed SO2 l eve l s  both 

were very low. 

air q u a l i t y  according t o  NAPCA. 

SO l eve l s  are well below those which ind ica te  impaired 2 

Li t t le  difference was noted in average values of  suspended 

p a r t i c u l a t e s  betweer. the  e a s t  and west p a r t s  of t h e  surveyed area  and 
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between urban and r u r a l  a reas .  ' Lit t le  difference a l so  was noted i n  

the weight of  mater ia l  co l lec ted  by t h e  samplers during periods when 

the sugar cane f i e l d s  'were being burned and when they were not ,  

although the,  makeup of ' the mater ia l  was d i f f e r e n t  a t  t h e '  two t.imes. '' 

The ma-uimm weight percent of  the  burned vegeta.ti.on (which may o r  

may, 'not be a t t r i b u t e d  t o  cane burning operations) observed a t  t h e  

34 sampling s t a t i o n s  was about 50 percent.  

sand, and other  na tu ra l ly  occuring mater ia l s .  

s ions t o  nuisance , l eve l s  of  p a r t i c u l a t e  concentrations were observed 

both during the  period when cane was beir& harvested and when it was 

not. 

t r a t i o n s .  

I 

.. . . , . . . .  . . .  

. .  

The remaining was dus t ,  

Occasionally excur- 
. .. .. . 

I _  .. 

. .  

These high l eve l s  a r e  included i n  the calculated average concen- 

The general  conclusions which can be d r a m  f o r  t h e . n i n e  month 

study is t h a t  although the  sugar cane industry,  along with other  na tura l  

and man made sources,  occasional ly  may be the cause of  nuisance l eve l s  

of p a r t i c u l a t e  matter and d u s t f a l l ,  t h e  observed a i r  q u a l i t y  i n  the  a rea  

is far from being detr imental  t o  t h e  hea l th  o r  property of man .  
. .  
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