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Darley, E.F., et al. "Contribution of Burning of Agricultural

Wastes to Photochemical Air Pollution." Journal of the American

Pollution Control Association, vol. 11 (12), December 1966.

This article provides a very detailed description of the
equipment and analytical procedures used for the experiment which
measured the yield of hydrocarbon, €O, and C0? in lbs/ton of waste
material of barley, cotton, rice, almond, apple, apricot, cherry,
grape, peach, pear, prune, walnut, and some native bush and wood
chips. The percent of ethene, olefins, and paraffins + acetylene
of total C from burning as well as the maximum yield of hydrocarbon
per day and the yield of hydrocarbons in lbs/ton of fuel between
ethene, olefins, and saturates + acetylene from burning fruit

prunings, barley straw, and native brush are also presented. This

D

article is quite outdated.
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o \Mldszf’l-lydmurbon, €0, and €O, in Puumls per Ton of Wum
i from the Burning of Various Agriculiural. Wastes  Collectad

ve!San .loaquin Vulley and San andsm Buy Area of Culifnmm
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- “Waste | R Hy‘droear’bon I . ;_ e

Material % Moxsture .7 asC co GOy -

C SanJoa.qmnVa.lley _ S Lo
/Rice straw — S 9.1+2.4 73 = 17 2091 =305 -
Barley straw . — 14,5+ 3.7 83 23 1708 £ 389
. Native. brush‘ : ) - ]

. Dry - ‘ — o 4.7+£2.56 70 £ 8 2733 += 410
Dry . and green — 15,2 4-4.3 C Rl 6 1990 =237 ©
Teen. —_ 27.438.8 134 + 41 1528 = 464
fotton 40 £ 14 3.1 73 2532 -
‘ ) Bay Area—1965 ' :
. Fruit prunings 11+ 40 4.2+1.3 - 46 o+ 14 2258 + 238
~ Native brush. 5441 47121 65+ 30 2620 = 204
Fir chips 5 . 2:8 35 1522
' Redwood chips - 2.2 70 - 3742
o I Bay Areéa—1966 o ‘
E . Fruit prunings 35 :l:'15‘ 9742 © 66 =21 1995 347
Native brush 137 4.4+2.3 55.4 19 2374 £ 204
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-Joaquin and lower Sacramento’ Va.lleys,
and (b) the San Francxsco Bay Ares.

‘and: the results averaged ‘for = each

‘with’ some green was . plcked up at
" random without, regard to ‘species and
“geveral fires and the results averaged
. green.”’

“and two lots of each were buined and.

: : Mmcellaneous UV T
__Douglas Fu- c.hlpa Paeudntsugamn-

for’ the “classes “dry” ‘and ‘“dry -and .
. - Green brush. from . the San
: .Toaqmn Valley was collected- by Bpecies - .

-» Figures are gwen with sta.ndard devxatmns

‘collected. by individual species, burned .

in two lots each, and the results zwer-

aged for the two cla.sses “fruit prunings”

and “native brush.” In _total 123 lotg

" of waste were burned.

.. €0z gave continuous chart recordmgs _

Calcu!oﬂons .
Smce t.he ana.lyzers for C co, a.nd

and airflow. and temperature were,

- recorded every 5 sec, it was possible to.

' integrate the areas undernesth  the

recorded values and' calculate pounds
of éffluent per charge of material in ‘the.
fire. ' Calculations were made for every. -
20-se¢ interval throughout a fire,. a.nd

~ then'the total pounds of all inte

were added to give  the" pounds of
“effluent per charge of waste in the fire. .
- Individual hydrocarbors were deter- .

- mined .on two gas- chromat.ngmphs a8’

Seqmmsemper-
— lating total ppin C, a small eorreetion-

Wa.stes were. colleeted fmm two
general areas of California, (). the San -

“From. the fitst area riee and: barley

were burned in several Iot,sof 151b each : gg_en Ty e ~total C analveer &L the

species; two lots of cotton debris were -+ moment of ssmp ling. Smce Xt was not

‘burned. Dry native brush.and dry
. ‘burned from the chromatographic sam- - -

“aliquot lots of 25 Ib were burned in -

“the results averaged for the class “green -
rush ”. me the Bay Area fruit and -
. and native brush were

. noted above,

- change in volume.
) oleﬁ.ns and saturates (except. meﬂia.nei

In aorder to itransfer the
gas sample to the chromatograph, the

sainple: bottle was usuajly pressunzed
with 40 ml of nitrogen.. When' calci-"

- factor- was applied. to account for the
Percentages of the
three -classes ‘of hydrocarbons, ethene,

h&concen ratmn of total C as’.

Entries without deviations represent one

. posAl in pounds of ‘individual -
'.hydrocarbons -per - charge. of ‘waste -

" ples alone, the percentage of the three .

~ hydrocarbon classes within each sample

period was averaged for a. given fuel-

N _c]ass and this final percentage apphed to:
‘the . pound yields determined ' from

integrating the total ea.rbon analyzer

. Results’
~ The yield of hydrocarbon, CO a.nd

._I,',qoﬁ in ptmnds per. ton of waste- mate-

to the fact that rice fires burned hotter
than ba.rley " At the point in the stack

" . where temperature was measured, rice

fires were generally over 550°K while
those of barley were -between 450 and
500°K. It is interesting to note that
dry native brush had a relatively low

.eatbon yield, but as green. material

was added to-it the carbon count went

up. When totally green native brush = -
‘was burned, the highest y1elds of carbon

were obta.med While - green brush.

. produced more carbon. than -did dry

brush, it should be pointed out that in -

‘a. natura.l situation the amount of green

brush in & range improvement bum .
is & relatively. smaller .portion of the
total amount of waste burned. In the
field study .reported by McElroy in
19592 it was shown that on a 1200 acre
fire: some 1740 tong of fuel. were con-

_sumed. Of this dry brush represented -
- ‘940 tons and standing green trees and - .
shrubs represented 267 tons. ¥Fruit -
' -prunings were ralatxvew low in carhon. -
"yield except that an erease was appar- ;
~ent from the ‘prunings bumed in 1966 -
which had a higher moisture content. - -
It will be noted that there was eon- . -
siderable va.rmhonmamnmt of effluent - -

from a given waste material. It should

- be emphasizéd that there- was no ‘st~ -
tempt to make uniform by
;._‘to provide an open burnis
' vanatmn, ‘therefore; should be expected B

. Comparisoni of yields of hydroearbon. " -
‘ ‘expreesed a5 C. between burding of

- agricultural wa.ste.s and the exhausts of ©
‘gasoline’ engines will be: ‘noted below. . -
. 'The yield of ‘CO, waried from:35 to =~ -
134 lb/ton of ‘waste material. burped: -

itugiion;

'Agnin ‘the given native brush produeed

~ albmost twice as much CO s the dry .~
' brush -For other wastes, aboxt’ 50-80 .-
".Ib.was the  ususl yield. Using the .

_ emission factors ¢ompiled by Mayers- T
'aud those of : the ‘Los" Angeles County .. -

Air- Pollutioni* Control . Distriet, - anto

" exhausts’ produce somethm;g between S
‘850and3001b0£0()pertxonofgasolme_'_. S
In comparison the buming of agrieul-~ " -

tural wastes yields l&ss ‘ahan ‘one-tenth .

the a.mount of CO. .

If one.assumes tha.t CH,O repreaents L
‘t.he composition’ of the plant wastes,
. then approximately. 3000 1b: of COg
would be produced per ton of. waste
‘_‘burned The: yields ;of CO; given in = =
Table -1 indicate that ‘the burning was~ - -

generally, good' and that the method of

‘ "mtegmmng the ‘charts was fairly sat-
. igfaetory, . This is furiher borne out
by the trend of less. .CO; being produeed
from brush fires a8 the m&tena.l becam:e .

caseswhempereentmomturewnsdeter—-

“mined this infoimation is algo included. -

~ . Pounds. of carbon per-ton “of waste | -
. burned varied from, approximately two . -

. toa hlgh 0£ 27." Carben yields from .
 barley were uonsmtently higher ‘than - -

those from rice, and this is probably due. -

er than s




waste bumed are, ngen in Table II

‘ra_tw of ethene to oleﬁns varied.

'3 2 to .5 | ‘Thus smong the hydroca:btms

measumd the - photochexmca.lly actwe :

. The * maximum yxeld ‘of the  three

‘ f‘ca.t.egorm of hydrecarbons in- pounda
. per ton of waste material burned: is

presénted in Table ITL - Ttwillbenoted .
here that the maximum yields of ethene -

and -olefins nre again from 'the green
i native brush which constitutes a rel-

“atively. small  portion of the- hative
‘brugh that is buined. In general, the

pounds of éthene per ton :of waste

- burned was 3 1b or lesamdthatof all’

" iplefing 51b or less.

The three pnnclpal a.gﬁwltural wa.ste-_ .‘
types. in the Sari Francmco Bay Area-.

are’ friit prunings, baxley: straw, and

native brush: Using the data obtained
from' bummg Bay Area pruvings and -

;in-1966 and asmmmg thstba.rley-
would have. the samie ‘value a5 for the.
Sean iﬁqum Valley, thase three fue]s O

) .' Ca'lifornia.' ‘
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= Per ¢ents are given w1th standa.rd devmhonﬁ
. one or two fires. _
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Health?; - those for ethene,. olefins, and -

. saturates plus acetylenes are based upon' ‘
the weight per cent of these same com-

pounds.presented by Jackson.?’ The_-

- yield of “total hydroearbong from the'
‘burning of the three principal agricul: oa

. tural wastés in the San Franciseo’ Bay

Entrms w-zthout devmhons mpresent .

on t,ota.l yxelds Accordmg ‘to the qur'
Area Distriet, qurt" ‘the .autotiiobile -~

contributes . abmxt 1014 ‘tons of hydro- 5

.carbons per day from: thedmiy consump-
' tion_of ﬂppmnmately 12,0(10 ‘tons of -
‘gasokine ' The the ; WEE

Arren ‘are: considersbly less than those ' bi ilos.

- from’ gasoline engine exhausts. The

".::Faldstsem,etal‘ Inagmm
' carbon caﬁegm'm -athene and 5--.j
- ‘they m(heatetha‘t-ﬁmmﬁsfrm the

. auto exhaust, and: for puxposes oﬁ:am
... cliemical reactions it would - appear tim

i oomaes dven: leaaoi a conmbuwr bnsed “

'seaaun), si:uhble and stniw (aummer

m) and mge bmsh (fall sesaon)-ﬁ--‘g

\ ﬁnporta.nt tﬂ emplnsﬂe.‘thﬂ-’tv the_

‘preaantsﬁﬂy is 'dus ‘to-: thefactthqt
reeg:dsuverthepastfew yearsmmm

‘aimwn in- Table V.. The: figures - ¢
foty _-hydrocarbons irom ‘the" gasoline
engine ‘dre- caleulated on the basis of |

burmng of plamt wna%mxm wwﬁan

e Pounds/ton are ealeulated by mu.lhp!

. d its d
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Bu.med/Yr .

. HC/Yr. .

97&429{1ﬂJm
1453£3.7: 1,832
44223

. pmmngs
straw

28,140

_ 5375‘:.254 o
123
: '62 +382 %

=150 days from December through April: *

SRS 120 days Novembew{)ecember, and J une—J uly

o 2 days in August..
k' studies and were not based on. data. ob-
ed from open burning. -

eterminations. ‘of mtrogen oxides a8
NO; were made on 'a few fruit pruning. -
. and native brush wastes burned in 1966. -
The. concentration of NO; at tempera~ -

ture peaks of 400°-519°K ranged from
| 21 to 42 ppm. One minute before or

i after the temperatuie peak at tempera- . .
" tures of about 380°K, the concentrations -

mnged from 11 to 25 ppm.. - Only 1.5—
. 38ppm of NO, were found at the sample

period deszgna.ted as “epd -of fire.”
Since  the “concentration of nitrogen -
Sxides: expresseda.aNO,mauﬁo exhausts .
8" reporfed ‘to be greater than 1000
¥ it sppears that. the contribution -

ppm,
of thls efftuent from the burning of agri-

eultural wastes is m}_.l,ch less than from

?the sutoraobile.

‘Although not ongmally mtended tobe

part of this stiidy, it becanie'of interest

0 dehea-mme the natare of the bemene

=¢xmmble part,lculates collecheﬂ

'ﬁenal wa.sobﬁamed fmm thegx:een native
brush. - Strong absorbance peaks indi-

mmg hydmca.rbqns were: ﬂbta.med at -

Bpectra from dry bmmh,on the.: Qﬁher_ i
hand, contained nothing of interest and .
pearedtobehtﬂedxﬁemnﬁfmmbaek o
ground ' spectra. -Absorbances in all
b dsbuttheOHwerepreﬁentm@ecm
from oecasiopal fruit pruning and barley -

; but the streng

th was one-third or -
'«lms‘thmthatof g‘rwnbmsﬁ. Spectmaf o

' rice: bums were no d1fferent from back— _

ground.

Discussion
Two field studies® * on the contribu-

tions of open burning of agricultural - -

wastes indicated that such burning did

not contribute significantly to the hy-
drodarbon. richness of the atmosphere at -
any distance away from- the fire. The "
- methods used in the study, however, did - .
- - not permit data to be expressed in. terms - -
~of units of efuent per unit of material -
‘burned. -Another report* presented es- -
. timates in terni of pounds of effluent per .
ton of debris burned in urbanland clear< -
ing operations and suggested that sich -
* burning was s significant source of hy- -
drocarbons, but “the estimates were
baged onr- data obtained from. single

apparatus a.n d

" discussed in the present paper oﬁemd a

R apen butm.ng ‘situation. The"
- Tremltaohtamedshowtha,t,themm;mg;

be éxpected o produce as much as361b-

of hydroearbon per ton but: this type of *

" waste constitutes s relatively seall 1 por- o nams
) tion of the total material burped in a . -8
‘range imprevement prograzm, In com- | Sults

: enk:e hetween t.he two sqm-cw, however, s
not $0- great. when considering ethene -

only. Oft.hefouragncnihu'alwastes,'

~fruit tree prunings’ eémitted the most

‘ethene—2.7 lb/f.on of waste burned.

" This compares with ‘shout 78 1b from -
"Total olefins from burn- - -

auto-exhausts.
ing of fruit prunings and fiom auto ex-

_ hsiusts were 4.1.and 20.81b , regpectively, - -

80, even in this photochen'ncally active -
group - of hydrocarbons, , agricultural

. burning emits. less: eﬂiuent per ton.of - .
" material burned. Moreover, if total,: -

yields of hydrocarbons are compared in .

' the Bay Area, sgriculture contributes -

. considerably less than the agtomobile as

* evideénded by ‘the fact. that the latter -

source contnbut.es about 1014 tons of

hydrocarbons per ‘day from the daily .

* eonsumption of about 12,000 tons of

gasoline, whereas the anmmi burning of -

* 151,000 tons of the three prineipal agri~  + -
_'cultura.l wastes: pmducesamamnum of = .

- ‘950" tons -of 'hydrocarbons “per- year. -
"Thus the annual yield froin. agrwulture

; -a.ppwmafes the dmlyyleldf (I 2

r__reamlts vanesfmm thpseof thereport‘_-

 noted above which states that the yields = -

‘chamber mcmera.tors a.nd not from optm_ - ofethene and total olefins were greater

?mahne engina operdtldns- 5 should |

. _rlmthela«mer_smdywmv '
'_feehmqua of de-bermmmg the pon.mda af:-_ : e chamber i

";’t‘he Bmmna of '@0 md:..md&as nf-'-' - :

'h@gekalwmfﬁmwﬂ!ebﬂmgo{ :
agrioultural wastes 1. & velatively less -
imiportant ‘souree ' of | :

- _relatedpoﬂumnthsnia'themmmobﬂe.
o .. Except for green nagive brush, which . -
ing friit tree prunings, rice maw, harley i
. straw, and dry native range brush would ;

‘be. spproximately 14,9, 18, and 7 1b, -

emitted up to 170db of CO, theemissions -

of this ‘pollstant from-the buraing of - °
\mmmbemnmmmw_

parison, the  autemobile -exhaust pro- . bF

duces about 130 Ib of the samie hydro-. | ¢entrations durh
._embenspei‘mnoffuel. LThus:t:sem-‘ . e

,"l’ubh V--Compnnison o! Yield of Hydro:arbons in Pounds per Tun of Fu-l-'_" i
between the Burning ‘of the Three Principal Types: of Agricullural Wasies -
_“.mn'ing In lhe Sad” Frm_mc_lsco Bay Areq and ﬁ'om Hla Exhﬂm! of Gcs-

oline Engines :

—Agricultural W
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