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Enclosed 1s a brief report that Audrey McBath and I put together
in response to the sucar cane factors question. As indicated therein,
any conclusinas are shaky but may be adequate for this purpose. I am o
going ahead with modifications to AP-42 but will be able to delete or &ﬁa
‘change them 1f Region IV finds problems with the analysis. e
_ Please advise Mike Martin (WPBHD) of the number(s) to use following
your review as he awaits hearing frow EPA prior to completing his current
inventory. Also, I have not talked with FSCL, Inc, since our meeting in
Atlanta. You ray wish to send them a copy of this material or your letter
to west Palm Beach. _ [F—
L | Be sura to ¢all if you have questions. L%
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Emission Factors and Field Loading for Sugar Cane Burning
James H..Souther]and

and Audrey McBath

Purpose

As a result of inquirieé from West Palm Beach County Health Department,

| Florida, the Florida Sugar Cane League, Inc., and EPA Region IV, the
emission factors and field loading factors for pre-harvest burning of
sugar cané crops has been reviewed. This report briefly discusses some
of the assoc%ated problems uncovered as a result.of that review and
provides a medium to convey the status and conc]usions made regarding

these numbers.

History

In 1972-1973 a sampling and testing program was conducted to provide
quantitative data on emission factors for burning of Sugar_cane in
Hawaii. This was initiated at the request of the EPA Region IX and in
support of the Hawaii Department of Health. The work was done by
Dr. E1lis F. Darley at the University of Ca]ifqrnia, Riverside, under a
research grant with EPA's Office of Research and Development with a
technical advisor (JgHS) from the Office of Air Quality Planning-and
Standards. Fundihg was relatively minimal (a little over $11,000), but

“due to the interest of Dr. Darley and the nature of the grant, the
amount of work done was quite extensive.

Due to reorganization, and accompanyinj transfer of responsibilities,
as well as a somewhat delinquent receipt of'the report of the work,
incorporation into AP~42 was done under separate contract with a new
project officer. This contract called for a general update, of which

sugar cane was only a small part.
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Assisting and providing consu]tation‘on the project were representa-
tives from EPA Region IX, Hawaii Department of Agriculture, Hawaii
Department of Health (air pollution), the Hawaiian Sugar Planters Association,
and other miscellaneous groups. The major concern-of interest was the
contention that the 225 1b/acre emission factor then in use (whiéh we
have not researched the basis for) waszindicating sugar cane to be a
maJor concern in the then impending State Implementation Plan ‘revision
for Hawaii.

The results of Dr. Darley's efforts were réported upon in Report:
EPA-450/3-75-071, "Air Pollutant Emissions from Burning Sugar Cane and
Pineapple Residues from Hawaii." It should be noted, however, that the
report only presents a brief summary of the data (Copies of raw data and
related correspondence were retrieved for use in this review.). When
the Contractor, Pacific Environmental Services, updated the AP-42 sectﬁon
as documented in Report EPA-450/3~75-087, "Calculation of Emission
Factors for Agricu]tura} Burning Activities," some basic detai] appears
to have been lost or overlooked as unimportant. One such detail was
that Darley's tests showed a field Toading (quantity burned) averaging
15.8 tons per acre. By separate and prior determinations, (Enclosure 1)
the Hawaii Department of Agricuiture had determined a va]ue of 17 tons/acre

It shou]d also be noted that, at the same time, duplicate f1e1d
samples were taken by the Hawaiian Sugar Planters and presumably observed
by the Hawaiian Departments of Health and Agriculture representatives.
Bufﬁing of these plants or samples by means and procedures partially
unknown and totally unclear, the 15.8 ton/acre average field loading was
reduced (See Enclosure 2) to 10.9 (or 11.0). James Southerland was no

longer associated with the project at -this point and consequently does not




3

fully understand the justification and rathnale used for thaf modification
and the records of the project show no details. The letter from Eg Lui
of HSPA to Bill Arlington (July 2, 1977) has been indicated to bé supportive
of the 10.9 figure, but fhere was difficulty in following the devé1opment
of that conclusion. (It should also be noted that they use 8.4 Tb/ton
as an emission factor--the high end of Dr. Darley's 99.9% confidence
range.) Using Darley's raw data sheets (Enclosure 3) for the shipments
on Lui's enc[osure, a 143 ton/acre (total cane) value may be calculated.
No fires in Darley's tests showed weight gain! |

Following the initial inquiries from West Palm Beach officials and
the Florida Sugar Cane -League, the data.was somewhat superficially
reivewed and it was determined that the numbers given in AP-42 were of
Hawaiian derivation and that there is reason to believe that the Florida
(or othér) cane might differ significantly. It was also agreed that in
the absence.of other information, it would be reasonable to assume that
the emission factors themselves would not differ signifiéantly (See
Enclosure 4). A point should be made that emission factors are estimates
or averages and usua]1y-some-circumstances will exist which will prevent
hard and fast agreement with any single actual situation. Also, since
we are not "expert” in growing or burning sugar cane, ‘the technical
Judgements of those who are considered expert were heavily depended on énd
their judgement was_coup1ed with our judgement and knowledge of the

purposes and limitations of emission factors and inventories in general.

Current Analysis

After arrangements were made to meet with officials from West Palm

Beach, EPA Region IV, The Florida Sugar Cane League, and James Southerland,
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é letter (Enclosure 5) was received (at the meéting) from the Florida
Sugar Cane League recommending the use of'1oad1ng factors ranging from
3.9 to 4.4 tons/acre, Subseqqent studies by Mr. Michael Martin of West
Palm Beach_and his Tocal contacts with the Department of Agriculture,
produced additional estimates of 5 to 6 tons/acre. A fairly limited
time was spent réviewing these data and more questions were uncovered
thah can conclusively or scientifically be answered. However, the

following discussion relates to the values recejved for consideration.

" December 9 Letter from FSCLI (Enclosure 5)

The information presented in this ietter; as developed by
Dr. Orsengio, a reputable and experienced director of research for FSCLI,
is fairly internally consistent and the numbers derived and presented
are not beyond belief, although the basic studies were not developed
with air pollution factors in mind.

1. The first argument'(page 2, paragraph 2) supports a value of
3;9 tons/acre. - The rationale is that of using the same ratios as for
Hawaiian cane but using Florida Production figures. The Hawaii field
values from the Department of Agriculture (enclosed letter from Me]
Dollar) indicate a 17 ton/acre loading in Hawaii or 12% of thé total
crop (including trash). This corresponds to 142 tons/acre total crop.
If this figure of 12% is used then 44 x .12 = 5.3 tons/acre for F]orida;

Also going back to Dr. Darley's original data sheéts for the same
(qorresponding) plot used in Ed Lui's letter, an average of
164.7 1b/25 sq. ft. test plot (143 tons/acré) was calculated. If the
12% “disappearance”.figure from the Hawaiian Studies were used, 17.2
tons burned would result. - Then 143-92-17 = 34 tons/acre Unburned trash

where 92 tons/acre is yield. This incidently means that 17/51 about 33%
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of the trash is consumed, where many of the Florida estimates are around
50% of the trash consumed. Due to the dtfferences, a 5.3 value would
seem to be closer to reality than a'3.9 ton/acre value (assuming 11
tons/acre total trash in Florida).
2. Thé Clayton and Churchill value in the FSCL letter (page 2,

paragraph 5) sounds reasonable and consistent with several references,

- even though based on personal communications. Ten percent. of 44 tons/acre

= 4.4 tons/acre.

3. Also the Clayton and Churchill] values thpage 3 substantiate

the 4.4 tons/acre value and seem reasonable and consistent.

4. If the Irvine data on page 3 of (Paragraph 2) of the FSCL
Tetter are adjusted to a 44 tons/acre average base then the value is
again 4.0 x 44/40 = 4.4 tons/acre. The question of 1.5% (assumed) added

for unrecovered Teaves is an obvious unknown,

5. There 1is no real problem with the 4.4 value of Orsenigo'é (paragraph

3, page 3) from the "green vs. burned” study.

January 13, 1978 Letter from Michael Martin West Palm Beach Health Department

(Enclosure 6)

USDA and West Palm Beach did some limited studies as repofted.in

Mr. Martin's Tetter.

1. Martin's value is 5.01 from the tests with USDA. An arbitrary
1.0 ton/acre would be added for use of chemicals, for a total of 6.0
tons/acre. Although, the number of stalks used was Timited, the work was

done with air pollution factors in mind.
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2. Also attached to Mr. Martin's letter was unreferenced methodology
based on 11 of 44 tons being trash and 50% of that being combustible. This
gives 5.5 tons/acre. The assumptions are within the range of those given in

various papers, etc. submitted by Martin and FSCL.

EPA 450/3—74-062 "Emissions Inventory from Forest W11df1res, Forest

Managed Burns and Agricultura] Burns, " November 1974.

The repart above references the F]or1da Department of Agriculture

and Consumer SerV1ces as the source of a fue] ]oad1ng value of 7 ton/acre
for Florida cane. The method of cajculation, assumptions, etc. are not
available, The value could not be,-therefore,_discounted or verified.
Therefore |

Assuming that values that were submitted and not disqua]ified (We
cannot scientifically qualify any values achjeved by using ratios, any
other non-field tested data, or any data where gross/net crop weight is
not included with trash weight [in same article] since gross/net crop
weight varjes by 50% Or more among varieties of cane, however, this was
overjooked due to avajlability of better information), should receive
equal wejght and consideration, we would have: |

5.3+ 4.4+ 4.4 44,44 4.4+ 6.0+ 5.5 + 7.0
8

or 5.2 tons/acre, as a "reasonable"” but not totally defensible average

value,

Emissions vs. Loading

The informatjon in the Jetters supplied by FSCLA and WPBHD rely
somewhat upon articles and papers which were put together for some other

purpose. The trash portjon that is assumed to be burned is primarily
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the dry trash. 1In looking at Darley's data sheets, it becomes obvious that
the combustion is not Just of the dry ]eaQes, but of the green leaves also.
Also, as the proportion of green leaves increases, the emissions per acre or
pef ton also ‘increase, suggesting pyro1y$is.

If the Florida cane has a larger proportion of green material per plant
or per acre than the Hawaiian cane, then perhaps the emission factor is
indeed larger for Florida cane than that tested in Darley's samples from

Hawaii.

Conciusions and Recommendations
| There are'many unknowns and variables unécounted for. Florida cane
obviously has lower loading per acre than Hawaiian. However, the emissfons
per -ton burned may well be higher. More actual field study warrants considera-
tion. This study should, if possib]e, include simulated burns similar to
Darley's to verify that the factors are also appropriate.

The cost of such an undertaking might be considerable, especially
since Darley's set-up is quite unique and he is retiring almost immediately.
The gain, other than a "nice set of numbers" might be minimal. The
impact of different numbers, the need to precisely identify the source
of non-attainment for SIP revision pufposes, etc., are all factors to be
considered in determining whéther funds should be expended toward further
revising or "fine tuning" the numbers. In the interim, it is recommended
that emission factors be used which give conservative (high) ranges and
that loading factors be used which are lower than the Hawaiian but not
the lowest extreme one might find in F]orid;. The proposed modification

to AP-42 (Supp]ement 8) is geared to provide these interim values (recommending

use of high value in range).
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‘change them 1f Region IV finds problems with the analysis. - —

_ Please advise Mike Martin (WPBHD) of the number(s) to use following
your review as he awaits hearing from EPA prior to completing his current
inventory. Also, I have not talked with FSCL, Inc. since our meeting in
Atlanta. You may wish to send them a copy of this material or your letter
to West Palm Beach. ' : _

. ~ Be sure to call if you have questions.
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Emission Factors and Field Loading for Sugar Cane Burning
James H.‘Soutﬁer1and

and Audrey McBath

Purpose

As a result of inquiries from West Palm Beach County Health Department,

Florida, the Florida Sugar Cane League, Inc., and EPA Region IV, the
emission factors and field 1oading'factors for pre-harvest burning of
sugar cané crops has been reviewed. This report briefly discusses some
of the assoc%ated problems uncovered as a result.of that review and
provides a medium to convey the status and conclusions made regarding

these numbers.

History
In 1972-1973 a sampling and testing program was conducted to provide
quantitative data on emission factors for burning of Sugar cane in
Hawaii. This was initiated at the request of the EPA Region IX and in
support of the Hawaii Department of Health. The work was done by
- Dr. E11is F. Darley at the University-of'Ca]ifqrnia, Riverside, under a
research grant with EPA's Office of Research and Development with a
technical advisor (JHS) from thé Office of Air Quality Plannihg-and
Standards. Fundihg was relatively minimal (a little over $11,000), but
“due to the interest of Dr. Darley and the nature of the grant, the
amount of work done was quite extensive.
~ Due to reorganization, and accompanyind transfer of responsibilities,
as well as a somewhat de]inquent receipt of'the report of the work,
incorporation into AP-42 was done under separate contract with a new
project officer. This contract called for a general update, of which

sugar cane was only a small part,
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Assisting and broviding consultation on the project were representa-
tives from EPA Region IX, Hawaii Department of Agriculture, Hawaii
Department of Health (air pollution), the Hawaiian Sugar Planters Association,
-and other miscellaneous groups. The major concern-of interest was the
contention that the 225 1b/acre emission factor then in use (whiéh we
have not researched the basis for) was\indicating sugar cane to be a
m&jor concern in tﬁe_then impending State Imp]ementation'Plan‘revision
for Hawaii.

The resu]ts.of Dr. Darley's efforts were réported upon 1in Report
E?A—450/3—75—071, "Air Pollutant Emissions from Burning Sugar Cane and
Pineapple Residues from Hawaii." It should be noted, however, that the
report only presents a brief.summary of the data (Copies of raw data and
related correspondence were retrieved for use in this review.). When
thevcontractor, Pacific Environmental SerVices; updated the AP-42 section
as documented in Report EPA—450/3—75-O87,_"Ca]cu]ation of Emission
Factors for Agricu]tura] Burning Activities," some basic detail appears
to have been lost or overlooked as unimportant. One such detail was
that Darley's tests showed a field loading (quantity burned) averaging
15.8 tons pek acre, .By separate and prior determinations, (Enclosure 1)
the Hawaii Department of Agriculture had determined a vé]ue of 17 tons/acre.

It should also be noted that, at the same time; duplicate field |
samples were taken by the Hawaiian Sugar Planters and presumably observed
by the Hawaiian-Departments of Health and Agriculture representatives._
Bufﬁing of these plants or samples by méans'and procedures partially
unknown and totally unclear, the 15.8 ton/acre average field loading was
reduced (See Enclosure 2) to 10.9 (or 11.0). James Southerland was no

lTonger associated with the project at this point and consequently does not
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“fully understand the justification and rathna1e used for that modification
and the records of the project show no details. The letter from Eg Lui

of HSPA to Bill Arlington (July 2, 1977) has been indicated to bé_supportive
of the 10.9'figﬁre, but there was difficulty in following the development
of that conclusion. (It shou]d also be noted that they use 8.4 1b/ton

as an emission factor--the high end of Dr. Darley's 99ﬂ9% confidence
fange.) Using Dar]éy's raw data sheets (Enclosure 3) for the shipments
on.Lui's enclosure, a 143 ton/acre (total cane) value may be calculated.
No fires in Darley's tests showed weight gain! |

Following the initial inquiries from West Palm Beach officfa]s and

the Florida Sugar Cane League, the data.was somewhat superficially
reivewed and it was determined that the numbers given in AP-42 were of
Hawaiian derivation and that there is reason fo believe that the-F]oridé
(or othér) cane might differ significantly. It was also agreed that in
the absence.of other information, it wdu]d be reasonable to assume that
thé_emission factors themselves would not differ signifitantly‘(See
Enclosure 4). A point should be made tﬁat emission factors are estimates
or averages and usdal]y-some-circumstanCES will exist which will prevent
hard and. fast égreement with any single actual situation. A1$0, siﬁce

we are not "expert"™ in growing or burning sugar cane, ‘the technical
Judgements of those who are considered expert were heavily depended on énd
their judgement was_coup]ed with our judgement and knowledge of the

purposes and limitations of emission factors and inventories in general.

Current Analysis

After arrangements were made to meet with officials from West Palm

Beach, EPA Region IV, The Florida Sugar Cane League, and James Southerland,
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.a letter (Enclosure 5) was received (at the meéting) from the Florida

Sugar Cane League recommending the use of”]oading factors ranging from
3.9 to 4.4 tons/acre. Subsequent studies by Mr. Michael Martin of West
Palm Beach and his Tocal contacts with the Department of Agriculture,
prodUced additional estimates of 5 to 6 tons/acre.. A fairly limited -
time was spent réviewing these data and more questions were uncovered
thah can conclusively or scientifically be answered. However, the

following discussion relates to the values received for consideration.

December 9 Letter from FSCLI (Enclosure 5)

The information presented in this ietter; as developed by
Dr. Orseﬁgio, a reputab]e and experienced director of research for FSCLI,
is fairly internally consistent and the numbers derived and presented
are not beyond belief, although the basic studies wére not developed
with air pollution factors in mind.

1. The first argument'(page 2, paragraph 2) supports a value of
3.9 tons/acre. - The rationale is that of using the same ratios as for
Hawaiian cane but using Florida Production figures. The Hawaii field
values from the Department of Agriculture (enclosed letter from Mel
Dollar) indicate a 17 ton/acre loading in Hawaii or 12% of the total
crop {including trash). This corresponds to 142 tons/acre total crop.'
IT this figure of 12% is used then 44 x .12 = 5.3 tdns/acre for F]drida:

A]so going back to Dr. Darley's original data sheets for the same
(qorrésponding) plot used in Ed Lui's letter, an average of
164.1 1b/25 sq. ft. test plot (143 tons/acré) was calculated. If the
12% “disappearance“.figure from the Hawéiian Studies were used, 17.2
tons burned would result. - Thén-143-92-]7 = 34 tons/acre anurned trash

where 92 tons/acre is yield. This incidently means that 17/51 about 33%
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of the trash is consumed, where many of the Florida estimates are around
50% of the trasﬁ consumed. Due to the differences, a 5.3 value would
seem to be closer to reality than a 3.9 ton/acre value (assﬁming 11
tons/acre total trash in Florida).

2. THe Clayton and Churchill value in the FSCL letter (page 2,

paragraph 5) sounds reasonable and consistent with several references,

~ even though based on peksond] communications. Ten percent. of 44 tons/acre

= 4.4 tons/acre.

3. Also the Clayton and Churchill values ngpage 3 substantiate

the 4.4 tons/acre value and seem reasonable and consistent.

4. If the Irvine data on page 3 of (Paragraph 2)'of_the FSCL
Tetter are adjusted to a 44 tons/a;re average basé then the value is
again 4.0 x 44/40 = 4.4 tons/acre. The question of 1.5% (assumed) added

for unrecovered leaves is an obvious unknown.

5. There is no real problem with fhe 4.4 value of Orsenigo'é (paragraph

3, page 3) from the "green vs. burned" study.

January 13, 1978 Letter from Michael Martin West Palm Beach Health Department

(Enclosure 6)

USDA and West Palm Beach did some limited studies as repofted‘in

Mr. Martin's Jletter.

1. Martin's value is 5.01 from the tests with USDA. An arbitrary
-i 1.0 ton/acre would be added for use of chemicals, for a total of 6.0
tons/acre.'Although, the number of stalks used was limited, the work was _

done with air pollution factors in mind.
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2. Also attached to Mr. Martin's letter was unreferenced methodology

based on 11 of 44 tons.being trash and 507 of that being combustible. This

gives 5.5 tons/acre. The assumptions are within the range of those givgn in

various papers, etc. submitted by Martin and FSCL.

EPA 450/3-74~O62, "Emissions Inventory from Forest Wildfires, Forest
Managed Burns and Agricultural Burns," November 1974, |

The repart above references the Florida Department of Agriculture

and Consumer Servjcgs és the source of a fue] 10ading value of 7 ton/acre
for Florida cane. The method of calculation, assumptlons, etc. are not
available, The value cou]d not be, -therefore, d1scounted or ver1f1ed
Therefore _

Assuming that values that were submitted and not d1squa]1f1ed (Ne
cannot sc1ent1f1ca]]y qualify any values achieved by using ratijos, any
other non-field tested data, or any data where gross/net crop weight is
not included w1th trash we1ght [1n same article] since gross/net crop
weight varijes by SOA or more among. var1et1es of cane, however, this was
over]ooked_due to ava1]abi]ity of better information), should receijve
equal weight and consideration, we would have: |

5.3+ 4.4 + 4.4+ 4.4+ 4.4+6,0+5,5+ 7,0
8

or 5.2 tons/acre, as a "reasopable” but not totally defensible average

value.

Emissions vs, Loading

The information in the letters supplied by FSCLA and WPBHD rely
somewhat upon articles and papers which were put together for some other

purpose. The trash portion that is assumed to be burned is primarily
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the dry trash. In Tooking at Darley's data sheets, it becomes obvious that
the combustion is not_just of the dry ]eatee, but of the green leaves also.
Also, as the proportion of green leaves increases, the emissions per acre or
peh ton also increase, suggesting pyto]ysis. |
If the Florida cane has a larger proportion of green material per plant
or per acre than the Hawaiian cane, then perhaps the emission factor is

indeed larger for Florida cane than that tested in Darley's samples from

Hawaii.

Conciusions énd Recommendations
- There are'many unknowns and variables unecounted for. Florida cane
obviously has lower loading per acre than Hawaiian. However, the emisstons
per ton burned may well be higher. More actual field study warrants considera-
tion. This study should, if poss1b1e, include s1mu1ated burns s1m11ar to
Darley's to ver1fy that the factors are also appropr1ate

The cost of such an undertaking might be considerable, eépecia]]y
since_bar]ey’s set-up is quite unique and he is retiting almost immediately.
The gain, other than a "nice set of numbers" might be minimal. The
impact of d1fferent numbers, the need to precisely 1dent1fy the source
of non- atta1nment for SIP reV1s1on purposes, etc., are all factors to be
considered in determ1n1ng whether funds should be expended toward further
revising or ”fine'tuning" the numbers. In the interim, it is recommended

that emission factors be used which give conservative (high) ranges and

~ that loading factors be used which are lower than the Hawaiian but not

the lowest extreme one might find in Florida. The proposed modification

to AP-42 (Supp]ement 8) is geared to provide these interim values (recommending

use of high value in range).
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Emission Factors 1b/ton Fuel Loading, tons/acre
Particulate CO HC HA 11-17
6 - 8.4 60-81 5-16 FL 4-7
LA 3-5






