
The concern Garcia-Bufiuel expresses ognized that it is not a reliable marker 
regarding the possibility that our results for acetylcholine input (3). 
may be confounded by interactions be- Even if gallamine did affect the nigro- 
tween the paralytic we used and the spe- striatal system directly, a direct action of 
cific substances under study is important gallamine at the dopamine receptor must 
and addresses an issue that is often ig- be hypothesized in order to confound 
nored in pharmacological experiments. our results, because microiontophoresis 
However, the gallamine-dopamine inter- allows one to study the direct effect of 
action hypothesized by Garcia-Bufiuel is dopamine on neurons. To our knowl- 
extremely unlikely. edge, no evidence has been advanced re- 

Garcia-Bufiuel's hypothesis necessi- lating an interaction of acetylcholine 
tates at least three assumptions: galla- with dopamine receptor sensitivity. 
mine crosses the blood-brain barrier, gal- In addition, we have found that the 
lamine affects dopaminergic systems, dose response curves for dopamine neu- 
and gallamine affects dopamine receptor ron activity in rats with respect to apomor- 
sensitivity. We address each assumption phine and dopamine are the same wheth- 
in order. er the animals are anesthetized with 

Because charged molecules cross lipid chloral hydrate or paralyzed with galla- 
membranes with difficulty, substances mi e. Intravenous administration of gal- 
containing one quaternary amino group lamine to a respirated rat anesthetized 
usually do not cross the blood-brain with chloral hydrate does not alter dopa- 
barrier in pharmacologically significant mine cell firing rate or pattern. Further- 
amounts (1); gallamine contains three more, cholinergic drugs (for example, 
quaternary amine groups. Thus, radio- scopolamine and physostigmine), which 
actively labeled gallamine has been pass the blood-brain barrier more easily 
shown not to enter the central nervous than gallamine, have no detectable effect 
system (CNS) (2). However, some of the on dopamine cell activity. 
papers referred to by Garcia-Bufiuel do From these data we conclude that in 
present evidence that small amounts of our studies gallamine did not confound 
gallamine may enter the CNS, and this the results. 
possibility must be considered. In our ' ANTHONY A. GRACE 
case, however, even the crossing of gal- LANA R. SKIRBOLL 
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Prediction of Hypolimnetic Oxygen Deficits: 

Problems of Interpretation 

Prediction of Hypolimnetic Oxygen Deficits: 

Problems of Interpretation 

The recent report of Cornett and Rig- 
ler (1) presented a model to predict 
the areal hypolimnetic oxygen deficit 
(AHOD). This model was accurate over 
the range of the 12 lakes investigated (the 
total amount of variation Rs = 0.75). The 
regression equation developed was 
AHOD = -277 + 0.5Rp + 

5.0 TH74 + 1501n(ZH) 
where Rp is the areal phosphorus reten- 
tion (in milligrams per square meter per 
year) from Dillon and Rigler (2), TH is the 
mean volume-weighted temperature of 
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the hypolimnion (in degrees Celsius), 
and ZH is the mean thickness of the 
hypolimnion (in meters). But, despite the 
accuracy of this model to predict 
AHOD, we feel there are some logical 
and computational flaws in the approach 
used to generate the model. 

The logical flaw centers around the 
term Rp, which appears to have been ap- 
plied outside the limits of its normal va- 
lidity in the Cornett and Rigler model. 
Nevertheless, this is a common problem 
with retention models (2) and is not too 
serious here. 
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lidity in the Cornett and Rigler model. 
Nevertheless, this is a common problem 
with retention models (2) and is not too 
serious here. 

The computational flaws are some- 
what more serious than the logical flaw 
and jeopardize the validity of the model. 
A basic assumption of all least-squares 
multiple regression analyses is that the 
independent variables are not correlated 
(3). Although often overlooked in many 
multiple regression analyses, this as- 
sumption was particularly violated in the 
AHOD model of Cornett and Rigler. The 
negative correlation between TH1 7 and 
ln(ZH) is very high, -0.69. A conse- 
quence of this high correlation is that 
the order in which the variables are en- 
tered into the stepwise multiple regres- 
sion analysis will dramatically affect the 
predictive equation. The temperature 
term TH74 was not significant in the 
original analysis, but this term may have 
been significant if added to the stepwise 
analysis before the hypolimnion thick- 
ness term, ln(ZH). The high negative cor- 
relation between TH174 and ln(ZH) sug- 
gests that, if temperature were added to 
the stepwise regression first, the hypo- 
limnion term might be nonsignificant. 
Should this be the result, the major point 
of the Cornett and Rigler report would be 
negated, that is, that ZH played an impor- 
tant and unexpected role in predicting 
AHOD. We suggest a more detailed 
analysis of the significance of TH and ZH 
be made before any limnological con- 
clusion about cause and effect be drawn. 
In particular, the stepwise regression 
analysis approach should be avoided. 

We applied the Cornett and Rigler 
model with data from the Great Lakes. 
The predicted AHOD for Lake Michigan 
is 504 mg of 02 per square meter per day 
for a hypolimnion 70 m thick and a total 
phosphorus concentration of 8 mg/m3 
(4); for Lake Superior the predicted 
AHOD is 486 mg of 02 per square meter 
per day for a hypolimnion 130 m thick 
and a total phosphorus concentration of 
4 mg/m3 (5). We found that these predic- 
tions, although possible, are too high for 
both Lake Michigan and Lake Superior 
and have never been observed. Our con- 
clusion is that the model appears very 
sensitive to ZH and yields high AHOD 
values for any lake with a hypolimnion 
over 50 m thick. 

An additional but less important prob- 
lem with the computational technique is 
the transformation of the ZH and TH vari- 
ables. The transformed variables, al- 
though statistically correct (6), are diffi- 
cult to understand in terms of meaningful 
units. The temperature variable, in par- 
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from hypolimnion thickness to volume? 
In summary, although Cornett and 

Rigler (1) have developed an accurate 
model to predict AHOD for the 12 lakes 
investigated, we believe that the tech- 
niques used to formulate that model re- 
quire a considerable number of assump- 
tions. Additional effort should be direct- 
ed toward understanding why the model 
gives accurate predictions in spite of the 
various assumptions used. Until such an 
effort is made, restraint should be placed 
on the use of this model. 

WILLIAM Y. B. CHANG 
RUSSELL A. MOLL 

Great Lakes Research Division, 
University of Michigan, 
Ann Arbor 48109 

References 

1. R. J. Cornett and F. H. Rigler, Science 205, 580 
(1979). 

2. P. J. Dillon and F. H. Rigler, J. Fish. Res. Board 
Can. 31, 1771 (1974). 

3. F. N. Kerlinger and E. J. Pdehazur, Multiple 
Regression in Behavioral Research (Holt, Rine- 
hart, & Winston, New York, 1973); R. J. Har- 
ris, A Primer of Multivariate Statistics (Aca- 
demic Press, New York, 1975); J. C. R. Li, Sta- 
tistical Inference (Edwards, Ann Arbor, Mich., 
1964), vol. 2. 

4. S. J. Eisenreich, D. J. Emmling, A. M. Beeton, 
J. Great Lakes Res. 3, 291 (1977). 

5. International Joint Commission, The Waters of 
Lake Huron and Lake Superior (IJC, Windsor, 
Ontario, 1977), vol. 3, part B. 

6. R. R. Sokal and F. J. Rohlf, Biometry (Freeman, 
San Francisco, 1969). 

20 November 1979; revised 23 January 1980 

Stimulated by studies that have docu- 
mented the impact of human activity on 
the rate of oxygen depletion in the hypo- 
limnion of freshwater lakes, we devel- 
oped a simple empirical model (1) to pre- 
dict areal hypolimnetic oxygen deficits 
(AHOD). The method that we used to 
generate the model, the interpretation of 
the model, and its predictive ability are 
all criticized by Chang and Moll (2). Al- 
though we will reply to Chang and Moll's 
first two points, we believe that the em- 
pirical testing of hypotheses is the most 
important step in advancing a predictive 
science and consequently we present a 
detailed analysis of their criticism of the 
model's predictive ability. 

Chang and Moll first suggested that the 
model is logically invalid because it 
equates the areal retention of phos- 
phorus (Rp) with sedimentation. This is 
not correct. We hypothesized that the in- 
put of organic matter into the hypolim- 
nion is responsible for oxygen depletion 
in lakes. However, we chose Rp because 
it is easily estimated from existing mod- 
els and because we expect it to be statis- 
tically correlated with the input of organ- 
ic matter. 

Chang and Moll also criticized our use 
of temperature raised to the power 1.74. 
Over the range of hypolimnetic temper- 
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Table 1. Comparison of predicted and ob- 
served AHOD in the Great Lakes (10). 

Pre- Ob- 
Lake ZH dicted served 

AHOD AHOD 

Superior 134 520.8 615 
Michigan 70 504 ? 
Huron 50 391 394 
Ontario 71 630 768 
Erie (central) 3.9 431 409 
Erie (eastern) 14.7 529 833 

atures found in our study lakes (4? to 
13.5?C) many investigators (3) have dem- 
onstrated that biological respiration rates 
increase nonlinearly with temperature. 
Our analysis was influenced by this 
work. We chose 1.74 because this ex- 
ponent was used by Hargrave (4) in his 
empirical equation to predict sediment 
respiration from ambient temperature. 
We retained this exponent in the final 
model because the use of other powers 
did not improve the predictive ability of 
our model. 

The mean thickness of the hypolim- 
nion (ZH) was transformed to a logarith- 
mic scale, not because we originally ex- 
pected a logarithmic relation but because 
more data of sufficient quality were 
available from shallow lakes than from 
deep lakes. Consequently, our original 
data set was strongly skewed toward 
shallow lakes. We transformed the data 
to normalize our distribution of lake 
types for the statistical analysis. How- 
ever, more recent studies suggest that 
the effect of ZH does seem to decrease 
with increasing ZH (5). 

Chang and Moll also criticized our 
model because two of the independent 
variables, ZH and TH, were negatively 
correlated in the original data set. They 
suggested that this correlation could 
have caused the apparent effect of ZH on 
AHOD. If this suggestion were correct, 
our interpretation of the multiple regres- 
sion analysis would certainly be suspect, 
although the predictive value of the 
equation for AHOD would be unaf- 
fected. 

The important question is whether the 
apparent effect of ZH on AHOD is real. 
Evidence that ZH is essential to any in- 
terpretation of the model is provided by 
removing ZH from the regression. Using 
exactly the same data set that we applied 
to develop our predictive model (1), we 
ignored ZH and calculated the statistical 
model to be 

AHOD = 230 + 0.8 Rp - 2.2TH'74 (1) 

We rejected this model because it im- 
plies that lakes are different from all oth- 
er biological systems in that their respi- 

ration rate decreases as ambient temper- 
ature increases. This observation, al- 
though not stated explicitly in (1), can be 
deduced from the correlation analysis we 
presented; Rp is not highly correlated 
with ZH or TH, whereas these two vari- 
ables are themselves strongly negatively 
correlated. We also showed that In (ZH) 
is positively, and TH1'74 is negatively, 
correlated with the dependent variable 
AHOD [table I of (1)]. Therefore, re- 
moving Znwill cause a negative partial 
regression coefficient for TH, as Eq. 1 il- 
lustrates. This is consistent with the orig- 
inal multiple regression analysis. In that 
analysis, the partial regression coeffi- 
cient for ln(ZH) was highly significant af- 
ter the effects of TH and Rp were consid- 
ered. Only the R2 values were given in a 
stepwise progression. The conclusion 
that ZH exerts a strong influence upon 
AHOD values is not negated, as Chang 
and Moll (2) have suggested. Several 
other more recent analyses also support 
the hypothesis that deeper lakes with a 
thicker hypolimnion have higher AHOD 
values (5-7). 

Although we tested the predictive abil- 
ity of our model by comparing the values 
predicted by the model with the ob- 
served AHOD values in an independent 
data set consisting of small oligotrophic 
lakes (N = 22), we also requested addi- 
tional testing. Chang and Moll's (2) most 
potentially serious objection is that they 
have completed the testing that we re- 
quested and found the model to be in- 
appropriate in the Great Lakes. How- 
ever, they presented no measured 
AHOD values. We have now conducted 
this test for most of the Great Lakes, us- 
ing data collected from the literature (7- 
9). The results (Table 1) show the ex- 
pectation and conclusion of Chang and 
Moll to be erroneous. Lake Superior's 
measured AHOD is higher, not lower, 
than that predicted by the regression 
model. We could find no adequate data 
for Lake Michigan with which to test 
Chang and Moll's expectation for that 
lake. However, for the other deep basins 
of the Great Lakes the model makes 
good predictions or underestimates mea- 
sured AHOD values (Table 1). Perhaps 
our model underestimates (rather than 
overestimates) the influence of depth up- 
on AHOD values? However, the high 
AHOD values predicted by the model 
are certainly justified when the predic- 
tions are compared with the observed 
values. 

Although we believe that we have 
countered Chang and Moll's objections, 
we shall be delighted if our model is 
found to be invalid as a result of further 
measurements. However, empirical the- 
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ories can only be tested with good data. 
Beliefs and preconceptions about the 
way nature should work provide no sci- 
entific basis for rejecting predictive em- 
pirical models. 

R. J. CORNETT 
F. H. RIGLER 

Department of Biology, 
McGill University, Montreal, 
Quebec, Canada H3A IBI 
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Synergistic Effects in Trace Gas-Aerosol Interactions Synergistic Effects in Trace Gas-Aerosol Interactions 

Baldwin and Golden (1) recently re- 
ported some results of a study of the re- 
action of various atmospheric gases with 
both H2SO4 and soot surfaces. They re- 
ported that SO02 and NO2 (as well as sev- 
eral other gases) did not react appre- 
ciably with the soot. We have similarly 
observed no effect when dry SO2 and 
NO2 are exposed to carbon surfaces indi- 
vidually, but significant reaction is ob- 
served when SO02 and NO2 are exposed 
to such surfaces in combination. 

Our experimental procedure (2) con- 
sists of a microgravimetric determination 
of chemisorption with subsequent analy- 
sis of the chemisorbed species by vari- 
ous techniques. A substrate sample is 
placed on the pan of a continuously re- 
cording microbalance and is exposed for 
a given time to a measured flow of carrier 
gas (dry or humidified) which contains 
small quantities (10 to 100 parts per mil- 
lion) of one or more test gases. The 
sample is then exposed to a flow of dry 
N2 to desorb any physically adsorbed 
species. In control measurements, the 
substrate is exposed to pure carrier gas 
and the system with an empty pan is ex- 
posed to the various gases. 
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When samples of commercially avail- 
able carbon black (used as a soot surro- 
gate to maintain uniformity) are exposed 
to either SO02 or NO2 in dry air or N2 as 
the carrier gas, no quantitative chem- 
isorption (< 5 ,g on = 1 mg of sub- 
strate) is observed. However, exposure 
of the same grade of carbon to a combi- 
nation of S02 and NO2 in dry air or N2 
results in significant chemisorption (180 
to 280 ,tg/mg), a major fraction of which 
is analyzed as sulfate. The NO2 appears 
to be an oxidizing agent, since reaction 
occurs in either N2 or air. In fact, a 
slightly higher yield is observed with N2 
than with air; some constituent of air 
(perhaps NO) may inhibit the reaction 
somewhat. The reaction is believed to be 
heterogeneous and to occur on the sub- 
strate because no reaction is observed 
in appropriate control measurements. 
Humidification of the carrier gas, wheth- 
er air or N2, increases both the total 
chemisorption and the amount of sulfate 
by about an order of magnitude. These 
values are measured after desorption of 
the samples by dry N2 and therefore do 
not merely represent adsorbed water. 
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nation of S02 and NO2 in dry air or N2 
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than with air; some constituent of air 
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somewhat. The reaction is believed to be 
heterogeneous and to occur on the sub- 
strate because no reaction is observed 
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er air or N2, increases both the total 
chemisorption and the amount of sulfate 
by about an order of magnitude. These 
values are measured after desorption of 
the samples by dry N2 and therefore do 
not merely represent adsorbed water. 

The effect of humidity in converting 

SO02 on carbon black is so pronounced 
that some chemisorption and sulfate 
yield is observed with SO2 in humid air 
without the addition of NO2, but addition 
of NO2 increases the yield by an order of 
magnitude or more. Quantitative chem- 
isorption on carbon black has not been 
observed (i) with S02 in dry air, in dry 
N2, or in humidified N2 in the absence of 
NO2 or (ii) with NO2 in these carriers in 
the absence of S02. 

We have also observed chemisorption 
and sulfate formation on an AO1203 sub- 
strate with SO02 + NO2 in humidified air, 
but with lower yields than on carbon 
black. Barbaray et al. (3) have reported 
enhancement of the chemisorption and 
oxidation of SO2 by NO2 and H20 on a 
V205 substrate, and Novakov and his co- 
workers (4) have demonstrated the im- 
portance of both gaseous and liquid H20 
on heterogeneous SO02 oxidation in the 
presence of carbon surfaces. 

We agree with Baldwin and Golden on 
the potential importance of hetero- 
geneous processes in the atmosphere. 
We strongly urge, however, that re- 
search on such processes should consid- 
er synergistic effects among atmospheric 
trace gases. Baldwin and Golden consid- 
ered such effects in their studies with the 
H2SO4 surface, with negative results for 
03 + NO and 02 + NO. 
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