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In postharvest studies of gas exchangemple, in the Sl system, it is standard fowhere: R = gas constant (8.3143
evaluation of previous research is greatly conprefixes to relate to the base unit by multiplesn®Pamol-%K-1) andp = either partial or total
plicated by the plethora of units used in preef 10° and only one prefix to be used per set adystem pressure (Pa).
senting data. Conversions made by the endhits, normally in the numerator. Table 2 pro- Units for rates of transferWe suggest
user of data from alternative systems of unitgides factors for converting alternative unitghat rates of transfer of all gases of physi-
must rely on assumptions that may not be tru&equently used in the literature to those of thelogical interest in postharvest research be
Although each system of units has advantagegw system. expressed in absolute terms, either per unit
and disadvantages for different sets of circum- mass (makg™s?) or for the entire system
stances, expediency is often the basis for se- under consideration, such as a fruit, package,
lection because some systems require more or storage room (mat?). Rates of exchange
computational effort than others. We propose Measured variableAll data presented for for gases that are similar with respect to the
a set of units for presenting postharvest rgublication on gases ultimately derive fromnumber of molecules appear quite different if
search on gas exchange, developed fromtlae analysis of gas samples with equipmergxpressed on a mass basis, because of differ-
preliminary proposal discussed at the Sixtthat responds to the absolute amount of gasces in their molecular weights. For ex-
Controlled-atmosphere Research Conferenggesent in a given sample volumer(sol). ample, even though rates of, @nd CQ
(Banks and Cleland, 1993). The objective o€alibration of this equipment is usuallytransfer expressed in moles are the same for a
this proposal is to provide a system of unitachieved with volumetrically prepared stancommodity with a respiratory quotient of
that facilitates accurate and clear representeards and the raw data used in subsequemity ( =1), the mass of C@eleased
tion ofinformation on gas exchange charactecalculations are thereformole fractllons is 44/32 times as great as the mass,0&ken
istics of harvested horticultural crops. (Nobel, 1991; p. 71) such as Hi;liter?, or up per unit time. Molar quantities are based

mol-mol™. These should be distinguished frony,, the number of molecules. and their use

true concentrations which are absolute gnapies comparison of rates of transfer for
. . __amounts of gas per unitvolume (e.g.,#Md).  gases in physiologically meaningful terms.
We suggest units for basic and derived Other variables are calculated from moleryig practice, in turn, would facilitate devel-

guantities used to express gas exchange afndctions, characteristics of the system und pment of increasingly realistic models of

symbols for these quantities (Table 1). Weatudy (container volumes, gas flow rates, totg] - o exchange between the commodity, its
have based the proposal on Sl units; for eypressures, temperatures, molecular weight ackage, and the outside environment. Uée of
ample, hours and centimeters are replacethd periods of time), and with knowledge okjaqe ab’solute units avoids the ambiguities
with seconds and meters. The proposal fotheirinterdependence summarizedinthe ldedlharent in nonabsolute systems of units
lows the rules for use of Sl units presented b§as Law (Nobel, 1991): (Banks and Cleland, 1993) and aligns gas

Salisbury (1991) and Downs (1988). For €XpV = nRT + 273.15) [1] exchange units used in postharvest research
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VIEWPOINT

Table 2. Factors for converting alternative units to the proposed systerairesents the molecular weight  Like the mole fraction, partial pressure of
ofthe gas under consideratidris in"C, andp, is in Pa). Conversion factors are based on the assumpt'@rgas is not responsive to temperature in an
that gases conform to the Ideal Gas Law (Eq. [1]). Data in the alternative units given in column 8,68R system at constant total pressure because

be converted to those in the proposed system by multiplying by the conversion factor given in c
3. All concentration-based driving forces are based on the gas phase. The unit “atm” is taken to

standard atmosphere pressure (101,325 Pa). The unit “mil” is one-thousandth of an inch.

Variables and units
of proposed system

Alternative units

Conversion factor

Rate of transfer
(mokkg™s?) mgkg*h
ml-kg=h?
pl-kg=h
Driving force
(Pa) %
mol-mol
pl-liter?
molnr3
Permeability
(moks*m-m=Pa?) mmokcm-cnrzhkPa?
g-milem-2day* per mm Hg
ml-mil-m->day*atnm!
ml-mil-cm2dayt-atnrt

ml-cmenmahatnr? (= cnf-h-tatnr?)
ml-cmenmrasatnr? (= csatnr?)
ml-cmcnmas&Pat (= cnhs-Pat)
ml-cmenmrst per cm Hg (= crias per cm Hg)

Permeance
(mokstm2Pa?) mmokm-2st

mmokm-3s-latmr!

mmokcmzh-kPa?

g-nr%day* per mmHg

mgm-s+kPa?!

ml-cnmrzs (= cms™)

ml-cnr%h-%atnr? (= cmhr-atnr?)

ml-cnrzstatnr? (= cmstatnr?)

meenr2s? (mes™)

ml-mr2.day-atnr?

ml-cnr?s per cm Hg (= crs per cm Hg)

ml-cmzsLPa! (= cmsPa?)

Resistance
(Pam&s-motl) atmscnr?
scnt
snrt

2.778x 107/mw
3.341x 1071 p, /(T + 273.15)
3.341x 10% p,, /(T + 273.15)

Pt X 102

plOI

Py X 10°®

8.3143x (T + 273.15)

2.778x 10°
2.20% 10%9mw
3.492x 1022 p,, /(T + 273.15)
3.492x 108 p, /(T + 273.15)
3.297x 104 p, /(T + 273.15)
1.187x 10, /(T + 273.15)
1.203x 10 g, /(T + 273.15)
9.023% 10° p, /(T + 273.15)

1.0x 10%/py

9.869x 10°

2.778x 10°

8.681x 10¢/mw

1.0x 10%mw

1.203x 10%/(T + 273.15)

3.297x 102 p, /(T + 273.15)

1.187x 10 p,, /(T + 273.15)

0.1203/T + 273.15)

1.374x 104 p, /(T + 273.15)
9.02% 107 p, /(T + 273.15)

1.203x 1072 py, /(T + 273.15)

8.424x 107 (T + 273.15)p,
831.43x (T + 273.15)
8.3143x (T + 273.15)

with those used in ecophysiological research If the fruit were producing ethylene at a
rate of 100ul-kg™h? at 25C and standard
Assume that a fruit has a rate of COpressure, its

(Mitchell, 1992).

production () of 40 mgg™h?at 25C;

this would be expressed as 253 nkmls?,
calculated as follows:

would be 1.14 nrkgtl-s™:

(4]

QdRine increases in proportion to absolate-

&PRfire. In contrast, concentration (o)

of the same gas in such a system is related
inversely to temperature, as can be readily
shown by rearrangement of Eq. [1].

Use of partial pressure units aligns work on
exchange of permanent gases with that on
transpiration (Sastry etal., 1978); driving forces
for water vapor transfer are usually expressed
in pressure units because water vapor pressure
can be calculated readily given the known
psychrometric properties of air (American
Society of Heating, Refrigeration, and Air-
conditioning Engineers, 1989). Partial pres-
sure units are also used for driving force in the
literature on polymeric films used for packag-
ing horticultural produce (Pauly, 1989).

Regular presentation of data on gas driving
forces in partial pressures will require that
researchers obtain data on pressure within
their experimental systems. This would ide-
ally be achieved in the system itself with a
pressure transducer, but approximations to
ambient total pressure could be obtained using
data from a nearby meteorological station.

Concentration of ggsin a liquid or solid
mediumk, at equilibrium at a given tempera-
ture,T( , mokm=2), can be calculated from
its partial pressure in the gas phase if its
solubility in k is known (Lendzian and
Kirstiens, 1991; p. 77):

(6]

The solubility of gagin k at temperaturé
( ,mobm=Pal)isequivalenttothe Henry's
Law constant. The partition coefficient for the
gas in the liquid phase at a given temperature
is an analogous constant for calculating the
concentration in the liquid or solid phase if the
concentration, as distinct from partial pres-
sure, in the gas phase is known (Lendzian and
Kerstiens, 1991). The use of partial pressures
to express driving forces in the gas phase also
avoids the potential for confusion with con-
centration of gasesinthe liquid or solid phases,
a critical point in avoiding ambiguity in work

Again, the figures in parentheses can be combing a5 exchange across plant cuticles (Lendzian
[2] togivetheappropriate conversionfactorin Table 2,4 Kirstiens, 1991).

The terms in parentheses can be combined Units for driving force Although concen-

Units for permeance and permeability

to give the appropriate conversion factor iffation differences (mah~) are the prime ypits for permeability of mediurk to gas;
Table 2. If this fruit weighed 0.16 kg, then itsdrvingforces for diffusion-mediated gas trans(p ‘motsm.m-2Pa?) follow from those used

would be 40.4 nmed.
The same fruit, with a surface area of 0.016
a water vapor permeance of 30 nsiaimrzPat
kept in a water vapor-pressure deficit of 1.
kPa &50% relative humidity at 2&), would
have a rate of transpiration (

nmols* (equivalenttoa

fer (Nobel, 1991; p. 409), we recommentyy rate, driving force, barrier thicknedsj,
artial pressures as units for expressing drivyng area, from Fick’s Law:

ng forces in the gas phase for a number of

easons. At standard pressure, partial pres- 7]
ures in kPa are close in numerical values to
the mole fraction percentages familiar to postwhereAp, = difference in partial pressures of
) of 720harvest researchers (1% = 1.013 kPa at stagasj on the two sides of the barrier (Pa).
of4imokkg™s?):  dard pressure), a feature likely to favor use of Permeance, equivalent to the term “con-

this system rather than using expression in truductance” used in the ecophysiological litera-
concentrations, as suggested by Banks artdre, is the inverse of resistance to gas diffu-
Cleland (1993). In addition, information onsion. Permeance of barriér composed of
gasj expressed in partial pressurgs Pa) mediumkis related to permeability éfby:
provides more information than mole frac-

tions (N), because they incorporate variation (8]

in gas status due to total pressure of the system Permeance is particularly useful in post-
from which a sample is taken:

B p=Np,

1130

(5]

harvest research because barriers may be het-
erogeneous or of unknown thickness. Perme-
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