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Since 1961 there has been a rap-
id increase in the practice of add-
ing carbon dioxide (CO,) to
greenhouse atmospheres, to pro-
mote plant growth (14). Current
sources of carbon dioxide include
pure liquid carbon dioxide, “dry
ice”, and the combustion products
from burning kerosene, propane or
natural gas in commercially - dis-
tributed burners designed for this
application. Pressurized pure CO,
is admitted to the greenhouse at-
mosphere at a controlled rate
through pressure regulators and gas
flow meters. The hydrocarbon
fuels are burned at a controlled
rate depending on the volume of
the greenhouse. Burners and CO,
flow rates are designed to maintain
an atmosphere containing approxi-
mately 1000 parts per million
(p.p-m.) CO, during the daylight
hours (14).

Combustion Products

Products from combustion of hy-
drocarbon fuels include the follow-
ing gases (3,6,10) (Table 1): 1.
unburned fuel gases or vapors such
as propane, ethane, or methane; 2.
intermediate products, unsaturated
hydrocarbons, such as ethylene and
propylene; 3. intermediate products,
partially oxidized, such as alde-
hydes; 4. water vapor; 5. oxides of
nitrogen, principally nitrogen diox-
ide; 6. oxides of sulfur, principally
sulfur dioxide; 7. carbon monoxide
and carbon dioxide.

The amount of unburned fuel
gases depends on the degree of mix-
ing of fuel gas or vapor and air (6).
Intermediate products are indicative
of incomplete combustion (11).
Water vapor content of combustion
effluent gases varies from 449, to
569, of the weight of carbon diox-
ide produced. The amount of ni-
trogen oxides increases with flame
temperature and with the rate of

cooling of the effluent gases. The
sulfur oxide content depends on the
amount of the sulfur in the fuel.
Carbon monoxide production var-
ies inversely with the air supply,
and is increased by flame chilling.
Suppliers of combustion CO,
generators have provided data on
the amount of combustion products
in the effluent from their generators
(2, 13). One of the suppliers (13)
provides an analytical service for
growers giving the amounts of un-
burned fuel, unsaturated hydrocar-
bons and carbon dioxide in samples
collected at the burner flue.

The sulfur content of hydrocar-
bon fuels in relation to sulfur diox-
ide production is specified in the
operating instructions for the CO,
generators (7,11,13). Fuels having
2000 p.p.m. sulfur yield 0.7 p.p.m.
sulfur dioxide in 1000 p.p.m. CO,
which can cause plant damage (11).

Physiological Effects of
Combustion Products

Carbon Dioxide — In man, car-
bon dioxide regulates the activities
of the heart, blood vessels and the
respiratory system. Carbon dioxide
concentrat:ons of 1000 to 10,000
p-p.m. (19) can cause headaches
and listlessness (4) while 8 to 10%,
can be fatal (4). Other symptoms
of carbon dioxide narcosis are:
mental disturbance, confusion,
drowsiness, perspiring, muscle
twitching, intra - cranial pressure,
bounding pulse, low blood pressure
and low body temperature (4).

Carbon Monoxide — Carbon
monoxide combines with the hemo-
globin of the blood, reducing the
ability of the red corpuscles to
transport oxygen from the lungs to
the brain and other tissues of the
body. Prolonged lack of oxygen in
the brain can result in permanent
brain injury (4). For each one
p.p-m. of carbon monoxide, 0.16%,
of the blood’s hemoglobin is inacti-
vated (8). After exposures to low
concentrations of carbon monoxide,
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Health Hazards continued

it may be several hours before ef-
fects are detectable. The earliest
symptoms are headaches, nausea,
and dizziness. Exposure to 30
p.p.m. for four to six hours may be
sufficient to pose a serious risk to
the health of sensitive persons,
while a four-hour exposure to 250
p.p.m. of carbon monoxide can be
fatal (10).

Although the effects of severe ex-
posures may be cumulative, the gas
itself is not cumulative, but is re-
leased from the blood at the rate
of half every three or four hours in
a non-polluted atmosphere (8).

Sulfur Dioxide — Concentrations
from 1 to 5 p.p.m. cause prolifera-
tion of the mucous glands, cough,
expectoration, wheezing and chron-
ic bronchitis {(8).

Nitrogen Dioxide — Nitrogen di-
oxide may irritate the lungs, with
the development of bronchopneu-
monia following severe exposure
(8). Low concentrations react with
hydrocarbons in sunlight to yield
oxidants (smog) which irritate the
eyes and may cause plant injury (4).

Aldehydes—Increasing aldehyde
concentrations from about 0.1
p.p-m. are associated with in-
creased eye irritation in smog-pol-
luted atmospheres (8).

Measurement of Combustion
Products — Commercially - distrib-
uted CO, generators have been per-
fected to the extent that even with
excessive CO, enrichment of the
greenhouse atmosphere the emis-
sion of other gases is usually below
the threshold for conspicuous in-
jury to plants and humans (Table
I). How far the concentrations of
CO, and other gases can vary with
respect to greenhouse size and con-
struction, weather conditions, me-
chanical variability of the apparatus,
human error, air supply and fuel
composition is unpredictable. For
this reason it is desirable for the
grower to be able to measure at
least the CO, and preferably car-
bon monoxide as well.

For crop safety as well as the

welfare of greenhouse workers it
may be desirable for the growers to
measure, periodically, the concen-
trations of several gases (Table 2).
Several companies (16,17,18,21,25)
offer gas detectors consisting of a
pump which draws a measured
volume of air through an expend-
able glass tube containing a chemi-
cal indicator for each of several
gases. The range of measurement
of gas concentration depends on the
volume of air sampled as well as
the reaction range of the tube.
Thus it is possible to relate gas
measurements in the greenhouse
air with those taken at the burner
exhaust.

The glass tubes may be used only
once or twice and cost from $5.00
to $7.90 per dozen, so the frequen-
cy of their use is limited. Low lev-
els of gases in.the greenhouse can
be correlated with high levels of
CO, in the effluent from some of
the burners by other instruments
(19,20,23) which can be used re-
peatedly. A carbon monoxide alarm
which is sensitive to low levels (50
p-p-m.) of the gas, is available (24).
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Table I
GASES FROM CARBON DIOXIDE GENERATORS AND

THRESHOLD LIMIT VALUES (p.p.m)

Plant
Injury
3, 11, 14)
Methane
Ethane
Propane
Ethylene 01 - 1
Propylene .01 - 50
Aldehydes 01 - 1
Sulfur Dioxide 15 - 4
Nitrogen Dioxide 0.50 - 25

Carbon Monoxide 500
Carbon Dioxide 20,000

Indoor
Propane
Outdoor Propane Burner
Human Burner Flue Exhaust
T.L.V.(1) (3, 5,9, 13) (2, 12)
,,,,,,,, 2.85
........ 0.028
________ 0.0295 0.20
0.0105 0.10
0.0095 0.05
5
5
5 “several
p-p.m.”(3)
100 50 - 100(5) 50
5,000 8% 0.77%

Table II
GAS DETECTORS AND SUPPLIERS

Detector
Scott-Draeger (16,17)

Gases Detected
Carbon Dioxide

Approx. Price
$85.00

Carbon Monoxide
Nitrogen Dioxide
Sulfur Dioxide

Aldehydes

Same as above

Same as above plus
Ethylene and Propylene

Similar to above

Carbon Dioxide only

Carbon Monoxide only

Carbon Monoxide only

Carbon Monoxide only

Davis (18)
MSA (25)

Kitagawa (21)

Dioxor (15)

Monoxor (22)

Saf-CO (26)

MSA (25)

Unico carbon monoxide
alarm (24)

“Fyrite” (20,23,27)

Dwyer (19)

Carbon Dioxide, 0.5 -20%
Carbon Dioxide, 0.5 -20%

$9.95 (incl. 12 tubes)

$80.00
$100.00
$78.50
$42.50
$25.00
$45.00

$125.00
$38.80 to $63.60
$37.75
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