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Editor's note—We work with many dangerous
chemicals and sometimes become very blase about
normal safety precautions. To our knowledge there
have been no "accidents" with the C02 burners,
however, it is obvious the gas burning equipment
should be kept in a good state of repair and adjust
ment.

The purpose of reprinting this article is to have
you recognize some of the problems associated with
this new practice. R. W. L.

Since 1961 there has been a rapid increase in the prac
tice of adding carbon dioxide (C02) to greenhouse at
mospheres, to promote plant growth (14). Current
sources of carbon dioxide include pure liquid carbon di
oxide, "dry ice", and the combustion products from burn
ing kerosene, propane or natural gas in commercially-
distributed burners designed for this application. Pres
surized pure C02 is admitted to the greenhouse atmos
phere 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 green
house. Burners and C02 flow rates are designed to main
tain an atmosphere containing approximately 1000 parts
per million (p.p.m.) C02 during the daylight hours (14).
Combustion Products

Products from combustion of hydrocarbon fuels include
the following gases (3,6,10) (Table I): 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, parti
ally oxidized, such as aldehydes; 4. water vapor; 5. ox
ides of nitrogen, principally nitrogen dioxide; 6. oxides
of sulfur, principally sulfur dioxide; 7. carbon monoxide
and carbon dioxide.

The amount of unburned fuel gases depends on the de
gree of mixing of fuel gas of vapor and air (6). Inter
mediate products are indicative of incomplete combus
tion (11). Water vapor content of combustion effluent
gases varies from 44% to 56% of the weight of carbon
dioxide produced. The amount of nitrogen oxides in
creases with flame temperature and, with the rate of cool
ing of the effluent gases. The sulfur oxide content depends
on the amount of the sulfur in the fuel. Carbon monoxide
production varies inversely with the air supply, and is in
creased by flame chilling.

Suppliers of combustion C02 generators have provided
data on the amount of cpmbustion products in the effluent
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from their generators (2, 13). One of the suppliers (13)
provides an analytical service for growers giving the
amounts of unburned fuel, unsaturated hydrocarbons and
carbon dioxide in samples collected at the burner flue.

The sulfur content of hydrocarbon fuels in relation to
sulfur dioxide production is specified in the operating in
structions for the CO, generators (7, 11, 13). Fuels hav
ing 2000 p.p.m. sulfur yield 0.7 p.p.m. sulfur dioxide in
1000 p.p.m. C02 which can cause plant damage (11).

Physiological Effects of Combustion Products

Carbon dioxide—In man, carbon dioxide regulates the
activities of the heart, blood vessels and the respiratory
system. Carbon dioxide concentrations of 1000 to 10,000
p.p.m. (1%) can cause headaches and listlessness (4)
while 8 to 10% can be fatal (4). Other symptoms of car
bon dioxide narcosis are: mental disturbance, confusion,
drowsiness, perspiring, muscle twitching, intra-cranial
pressure, pounding pulse, low blood pressure and low
body temperature (4).

Carbon Monoxide—Carbon monoxide combines with
the hemoglobin 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 inactivated (8). After exposures
to low concentrations of carbon monoxide, it may be
several hours before effects 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 exposures may be cumu
lative, the gas itself is not cumulative, but is released 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 proliferation of the mucous glands, cough, expec
toration, wheezing and chronic bronchitis (8).

Nitrogen Dioxide—Nitrogen dioxide may irritate the
lungs, with the development of bronchopneumonia follow
ing 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 increased eye irrita
tion in smog-polluted atmospheres (8).

Measurement of Combustion Products—Commercially
distributed C02 generators have been perfected to the ex
tent that even withexcessive C02 enrichment of the green
house atmosphere the emission of other gases is usually
below the threshold for conspicuous injury to plants and
humans (Table I). How far the concentrations of CO,
and other gases can vary with respect to greenhouse size
and construction, weather conditions, mechanical varia
bility of the apparatus, human error, air supply and fuel
composition is unpredictable. For this reason it is desir-
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Table 1. The gases produced by various C02 generators and the levels of toxicity to plants and humans (figures given in
parts per million, p.p.m.).

GASES PRODUCED
BY PROPANE BURNERS2

Outdoor Type Indoor Type
LEVELS OF TOLERANCE*

Plant Human

Methane
Ethane
Propane
Ethylene
Propylene
Aldehydes
Sulfur Dioxide
Nitrogen Dioxide
Carbon Monoxide
Carbon Dioxide

.01 - .1

.01 - 50

.01 - .1

.15 - .4

.50 - 25

500
20,000

*No information available
1This information from references 1, 3, 11, and 14
2This information obtained from references 2, 3, 5, 9, 12 and 13

#

*

*

#

5

5

5
100

5,000

.645 *

.028 •

.145 .20

.0085 .10

.0095 .05
• *

* »

"several p.p.m." (3) *

50 - 100 (5) 50
80,000 7,700

Table 2. GAS DETECTORS, SUPPLIERS AND APPROXIMATE PRICES

Detector* Gases Detected Approx. Price

Scott-Draeger (16, 17) Carbon Dioxide $ 85.00
Carbon Monoxide
Nitrogen Dioxide
Sulfur Dioxide
Aldehydes

Davis (18) Same as above $ 9.95 (incl. 12 I
MSA (25) Same as above plus

Ethylene and Propylene $ 80.00
Kitagawa (21) Similar to above $100.00
Dioxor (15) Carbon Dioxide only $ 78.50
Monoxor (22) Carbon Monoxide only $ 42.50
Saf-CO (26) Carbon Monoxide only $ 25.00
MSA (25) Carbon Monoxide only $ 45.00
Unico carbon monoxide

alarm (24) $125.00
"Fyrite" (20, 23, 27) Carbon Dioxide, 0.5 - 20% $ 38.80 to $63.60
Dwyer (19) Carbon Dioxide, 0.5 - 20% $ 37.75

*The numbers refer to the list of manufacturers and distributors found under "Reference to Gas Measuring Apparatus."

able for the grower to be able to measure at least the C02
and preferably carbon 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 concentrations of several gases (Table
2). Several companies (16, 17, 18, 21, 25) offer gas de
tectors consisting of a pump which draws a measured vol
ume of air through an expendable glass tube containing
a chemical indicator for each of several gases. The range
of measurement of gas concentration depends on the vol
ume 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 frequency of
their use is limited. Low levels 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 repeatedly. A carbon monoxide
alarm which is sensitive to low levels (50 p.p.m.) of the
gas, is available (24).
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Boiler Inspection Law
{continued from page 4)

All violations found at the time of inspection are
to be complied with within fifteen days.

All fees are on a per boiler basis regardless of the
number of boilers which may be found at any one
location.

Summary
In summary, it is difficult to generalize concerning the
law. Persons who operate boilers as a part of their horti
cultural businesses should become familiar with the pro
visions of the law and the interpretation of these require
ments for their specific situation. For further classifica
tion, you may wish to discuss your situation with your
Extension Agent or contact the state inspection personnel
directly.
Write or telephone:

Mr. Gordon E. Langford
Supervising Boiler Inspector
Bureau of Boilers

N. Y. S. Department of Labor
State Office Building Campus
Albany, New York 12226

NOTE: Italic in provisions of law added by author.

Letters to the Editor
Dear Dr. Boodley;

Today I received my copy of NYSFG bulletin 241. I
read your article with much interest and must say I would
pass judgment on same just as you did.

I have been a commercial grower for many years, and
am used to raw soil with which I have always had the
finest results, especially for bench Mums and Pompons.

Now, one point I am interested in and I have never
heard your department speak about and that is, if we
sterilize our soils of today with either steam or chemicals,
what becomes of all the beneficial bacteria and soil organ
isms that must do the most important work within the
soil?

Inasmuch as we need humus as well as commercial fer
tilizers for any good results in our crop, and understand
ing soils as I do, just what is going to break down this
humus? Surely it won't break down by itself.

I realize that today growers do not use raw soil and
farm manure like I learned to use; they go for manufac
tured fertilizers and soil mixtures today, some not even
using soil at all, like your C mix.

I am against all forms of sterilizing because I preserve
all beneficial organisms that are there for a good purpose.
Why kill all of them by steam and etc.? What takes their
place when sterilization is employed?

This may be a big question, but, as I say, I have never
heard one word about it from Cornell or any of its asso
ciates.

Can I trouble you for a word on it?

Very sincerely yours,
Herbert E. Kopper
Associate Member

Schenectady, N. Y.

Dear Mr. Kopper;

Prior to the use of sterilization of greenhouse soils, it
was a common practice to replace the soil used in the
greenhouse every summer. This was a lot of work but was
felt necessary by the growers. I personally can remember
the umpteen wheelbarrows of soil that I moved out under
a hot sun in a 120°F greenhouse.

With sterilization it no longer became necessary to do
this back-breaking job. Growers found improvement in
the crops being grown through elimination of disease
organisms in the soil. Losses of plants were also reduced.
This meant the grower no longer had to propagate 2000
poinsettias or geraniums in order to have 1000 good
plants at the time of potting.

Now the term sterilization is a misnomer since "to be
sterile" means no organisms are present. This is not the
case with steaming of soils. I agree that in many cases
soils that are "cooked" at 212°F for 4 or 5 hours are left
in a pretty miserable condition. However, with our nor
mal recommendation of 160°F for y2 hour, there are
many organisms that are not killed.

{continued on page 6)


