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 demonstrate that reverse diffusion could 
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from Resources stance Holden (News and Comment, 24 cal fluids. 
Aug., p. 770), I note that no mention is The elimination of nitrate from the 

for the Future. made of long-term studies of the effects body via excretion in urine has been fol- 
of exposure to dioxin on human health lowed in our laboratory in young and old 
that are being conducted by the National individuals on a variety of diets over pe- 

II' Institute for Occupational Safety and nods of 1 month or longer. We are cur- 
' Health (NIOSH). rently working on a study in which 24- 

NIOSH, with cooperation from the hour urine samples have been collected 
chemical industry, major unions, and the for a consecutive period of 80 days. The 
Department of Defense, is compiling a most characteristic feature of urinary ex- 
registry of the population of chemical cretion of nitrate by individuals on our 
workers in the United States who have formula diets is the extreme vanability 
had documented exposure to the constit- from day to day. The daily nitrate intake, 
uents of Agent Orange, such as 2,3,7,8- as we reported, ranges from approxi- 
tetrachlorodibenzo-p-dioxin (TCDD), ei- mately 75 to 150 micromoles, while the 
ther in the manufacture of 2,4,5-tn- output exceeds the input by factors 
chlorophenol (2,4,5-T) and other herbi- of 2 to 60. Over a period of 80 days, 
cides or in industrial accidents. Once this the average excess nitrate excretion of 

Eneruv registry has been developed, NIOSH individuals on a soy diet is greater than 
plans to evaluate trends in mortality of 5 grams. Verification of our observa- 

In America's the exposed workers and, if the data per- tions has recently appeared (I) and has 
mit, will consider conducting morbidity also been communicated in correspon- Future 
and reproductive studies. Because the dence (2). 

The Choices Before Us manufacture of TCDD-contaminated Our studies, and those of others who 

A Study Prepared for the  herbicides began in this country as long have conducted careful experiments on 
National Energy Strategies Project ago as the mid-1940's, this registry of nitrate metabolism, indicate the follow- 

several thousand exposed workers ing highly simplified picture: nitrate 
Sam H. Schurr, Project Director should provide information on the ef- clearance from blood after an oral dose 

Joel Darmstadter, William Ramsay, 
Harry Perry, Milton Russell fects of dioxin exposure that will be rele- involves a distribution phase of 2 to 5 

vant to the present and future concerns hours to peak concentration in urine and 
The mounting energy problems of the 
last several years have spawned a of Vietnam veterans, saliva, and a clearance phase with a half- 
number of scholarly and popular ANTHONY ROBBINS life of approximately 8 hours (3). It is al- 
books, but Energy inAmerica's Future Office of the Director, so well known that nitrate rapidly equili- 
is uniqite in its comprehensive and National Institute for Occupational brates with extracellular water (4). 
balanced treatment. 

It lays out the facts, prospects, and Safety and Health, 5600 Fishers Lane, Therefore, if one assumes no further en- 
policy issues regarding U.S. energy Rockville, Maryland 20857 try of nitrate, the body could clear its 
sources and technologies and analyzes pool in approximately 48 hours, inde- 
their environmental, health, and safrty 
impacts. Among the issues covered pendent of the initial concentration of 
are the technological approach to the pool, since clearance is first-order in 
energy conservation, the trade-offs Nitrate and Nitrite: concentration of nitrate. This is, in fact, 
between coal and nuclear power, and 
the prospects for and limitations of Origin in Humans the observed result of the studies pre- 
synthetic fuels and renewable re- viously cited and is also verified by our 
sources. Supporting these is an 
objective survey of energy's links th The report by Witter et al. (27 Apr., p. unpublished observations of blood ni- 
productivity and our nation's economy 411) on the use of labeled nitrate trate concentrations in fasting individ- 
in the past, present, and probable ('3N03) to investigate nitrate pharma- uals. 
future. cokinetics in humans and the rat repre- While the 13N technique would appear 

The book offers insights that may sents an important contribution to the lit- to be extremely valuable for short-term 
surprise even longtime students of 
the subject. not to mention laymen erature, and directly substantiates sever- distribution studies, the short half-life of 
attempting to make sense of often al facts that were previously known only 13N limits its experimental use to time 
confusing, often conflicting, reports through indirect measurements. The periods that are shorter than the distribu- 
about the energy crisis. 

$30.00 hardcover most relevant of these is that nitrate is tion phase of nitrate given orally in vege- 
$10.95 paperback absorbed primarily in the upper portion tables or vegetable juices. Another defi- 

PubI ished for of the small intestine, and that small ciency is the lack of resolution of the 
Resources for the Future by quantities can reach the lower intestinal method, which did not permit the experi- 

tract via the intestinal tube or by reverse menters to distinguish, for example, in- 

Johns Hopkins diffusion from blood. The significance of testinal contents from intestinal wall. A 
these new findings to the interpretation third deficiency, as noted by the authors, 

The Johns Hopkins University Press of our earlier report (30 June 1978, p. is the lack of ability to distinguish be- 
Baltimore. Maryland 21218 1487) on excess nitrate synthesis in hu- tween nitrate and its reaction products. 

_______________________________ mans, and to our hypothesis of intestinal This is a serious difficulty in the inter- 
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pretation of the study by Witter et al., 
since they did not attempt to measure the 
specific activity of '3N03 in the various Bon apatite! N02 and the ammonium ion (NH4) or 
compartments. It is quite probable that some of the oral dose is converted to 

simply taken up by bacteria along the 
mouth-esophagus-stomach-small intes- 
tine route, or both. The dose of '2N03- 
given to the rats is equivalent to ap- 
proximately 0.33 x l0 molecules. The 
largest amount of the dose found in the 
ileum, 4 percent, would be on the 

2'22.1 >?. order of one molecule of nitrate per 
2 intestinal bacterial cell! Therefore, some 

caution should be exercised in the inter- 
2' pretation of these studies, and the appli- 

2""" ' cation to nitrate pharmocokinetics 
'2 should be interpreted on the basis of ad- 

ditional chemical studies. 
'22222?. 22 \,2,2?.??.22 

2' Witter et al. suggest in their abstract 
that their results "may be a better ex- 

The youngest member of the growing LKB family of Ultrogel? planation of urinary, ileal, and fecal con- 
chromatography and gel filtration media is a unique headed form of centrations of nitrate and nitrite 
hydroxyapatite microcrystals trapped in a highly cross-linked agarose . .. than a bacterial nitrification in the 
network. Tradenamed HAUltrogel?, the medium is recommended intestines." I fail to see how they can ar- 
for adsorption chromatography when it is important to have high rive at this conclusion on the basis of 
flow rates, resistance to pH as high as 13 and to SDS, urea and studies that measure only nitrate flux. 
other denaturing agents. Since earlier pharmacokinetic studies (4) 

Another new member is Ultrogel AcA -202, an agarose-polyacrylamide demonstrated that nitrate is distributed 
type very high in acrylamide, very low in exclusion range. It is ideal for in extracellular water, this would ac- 
desalting and for separation of peptides, oligosaccharides and other count for the '3N label in the carcass. 
low MW compounds. Uniform, rigid beads provide much sharper The authors own studies on humans and 
peaks than previously available commercial products. the rat demonstrate that there is no mys- 

Still three other new additions to the LKB line are Ultrogels A-2, terious concentrated nitrate depot, and 
A-4 and A-6. Straight agarose types, they give excellent results therefore, any "stored" nitrate would be 
with affinity chromatography as well as gel filtration. The very cleared at a rate determined by the 
high exclusion limit of Ultrogel A-2 makes it a fine tool for gel filtration plasma concentration. Nitrate in urine in 
of large nuclear fragments and viruses. an amount greater than that of oral in- 

Each of the new Ultrogel grades - and each of the four existing take cannot possibly be accounted for by 
members of the LKB family - is characterized by a narrow, movement of nitrate into the intestine 
well-defined particle size distribution curve. You have no fines and concomitant formation of nitrite. 
to contend with. And each grade comes pre-swollen, ready to use This would result in destruction of ni- 
direct from the bottle. You can run your column the same day trate, not de novo synthesis. 
you prepare it. Witter et al. argue that the ileal and 

If you have not examined LKB Ultrogel media latley, you are in for a fecal nitrite and fecal nitrate may be due 
pleasant surprise. Contact LKB today for full information on to reverse diffusion. This may, of course, 
this growing family. be a partial explanation of our findings, 

______________________________________________________ and could have been the logical con- 
MW exclusion clusion if nitrate had also been found in 

MW fractionation limit 
range (globular the ileal fluid. It was, however, the ab- 

Ultrogel % Acrylamide % Agarose (linear) proteins) sence of nitrate in this fluid that led us to 
ArA-202 20 2 1,000 to 15,000 22,000 propose the mechanism of heterotrophic 
AcA54 5 4 5,000 to 70,000 90,000 nitrification since, in years of investiga- 
AcA-44 4 4 10,000 to 130000 200000 
AcA-34 3 4 20,000 to 350000 750,000 tion on bacterial reduction of nitrate, we 
AcA-22 2 2 100,000 to 1,200,000 3,000,000 
A-6 0 6 25,000 to 2,400,000 4,000000 have noted only partial conversion to ni- 
A4 0 4 55,000 to 9,000,000 20,000,000 trite. As far as I am aware, neither we 
A-2 0 2 120,000 to 25,000,000 50000,000 
HA * * <5,000,000 5,000,000 nor others have seen a sample of saliva 
5hydroxyapatite containing nitrite but not nitrate. 

Finally, although our original proposal 
of intestinal nitrification was made on the 
basis of indirect evidence, we have now 
isolated a variety of microorganisms 

LKB Instruments Inc. from ileostomy patients and from intact 
12221 Parldawn Drive Rockville, MD 20852 human ilea which are capable of forming 

301: 881-2510 Telex: 8-9682 nitrite from NH4 or amino acids under 
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conditions similar to those of the intact knowledge) has a requirement for oxy- New! 

ileum or caecum (5). We have also pre- gen (02) (12), but the gut is generally 
sented results (6) demonstrating a die- considered to become progressively 
tary effect of different protein sources on more anaerobic from the duodenum to 
excess nitrate synthesis. the anus (13). Bacteria may have access 

It thus appears that exposure to nitrite to small amounts of 02, presumably from 
is unavoidable, and we should seek to swallowed air (13), and the possibility continuously 

block the synthesis of N-nitroso com- exists (at least in ruminants) that micro- 
pounds from nitrite through intake of organisms attached to the gut epithelium variable length 

such agents as ascorbic acid and a- may derive 02 from the blood supplied to 
tocopherol. the intestines (13). However, this latter chrom atography 

STEVEN R. TANNENBAUM point (to our knowledge) has never been 
Department of Nutrition and Food proved. Tannenbaum indicates in his let- column 

Science, Massachusetts Institute of ter that nitrification can occur in vitro 
Technology, Cambridge 02139 under conditions that are "similar to 

those of the intact ileum or caecum." We 
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points should be clarified before this con- eventually excreted in the urine; (ii) can have a com- 
cept of heterotrophic nitrification by in- NO2- is the precursor of NO3-; (iii) pletely jacketed 
testinal bacteria, to the extent indicated Pseudomonas aeruginosa, which may be high-resolution 
by Tannenbaum, can be accepted. These found in the human intestinal tract, can - column of optimum 
points are as follows: form nitrite at an optimum rate of 2 milli- 

1) Other NO3"' and nitrite (No2"") bal- grams of nitrite per day per gram of cells length. For either 
ance studies involving rats (1), dogs (2, (dry weight) (12); and (iv) a typical bacte- descending or 
3), goats and rabbits (4, 5), humans (3), rial cell (wet weight) averages 4.7  ' '2 ascending flow. For 
and the reference for dogs (6) cited in l0-' gram (16), then, to form S grams sharper, more 
Tannenbaum's letter have shown in- of NO3- per month would require about symmetrical peaks 
complete recoveries of NO3- (and NO2-) 200 grams (wet weight) of bacteria for than ever before. 
in the urine after ingestion or injection of heterotrophic nitrification. This seems This versatile 
these ions but never an excess of NO3- or improbable, since it would be equivalent column comes complete with 
NO2-. Also, others (7) have estimated to approximately 4 x 1014 bacteria and, flow adaptors. The price? 
that less than half of the ingested NO3- is as pointed out by Tannenbaum in his let- Less than you pay for other 
recovered in human urine. ter, there are 0.33 x l0 bacteria in the suppliers' flow adaptors alone. 

2) Other workers have failed to detect rat. Estimates in humans range up to ap- 
NO3"' or NO2- in human ileostomy (8) or proximately l0' bacteria in the gastroin- 
fecal (3, 9) samples. testinal tract (17). The vast majority of Contact LKB today 

3) It has been noted in several reports these bacteria, which are strict anaer- 
(10, 11) that quantitation of NO3- and obes or facultatively anaerobic bacteria, for full details. 
NO2- in various diets is difficult. There- are found in the distal ileum and colon. 
fore, it is difficult to rule out the possi- The population of bacteria is very sparse 
bility that ingested NO3"' and NO2- in the upper intestinal tract, where Tan- 
"hidden" from reaction in the Griess test nenbaum et al. (30 June 1978, p. 1487) 
may, nonetheless, be made available or indicate heterotrophic nitrification 0C LKB Instruments Inc. 
released during digestion. In fact, analy- curs. The oral cavity might be a site where 
tical considerations have prevented heterotrophic nitrification could oc- 12221 Parklawn Drive 
others (7) from speculating on the cur. However, as Tannenbaum et al. (18) Rockville, Maryland 20852 
endogenous formation of NO3- in has shown, bacterial nitrate reductase 301: 881-2510 
humans. activity predominates in the oral cavity. i3A 301 
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conditions similar to those of the intact knowledge) has a requirement for oxy- New! 
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such agents as ascorbic acid and a- may derive 02 from the blood supplied to 
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such as environmental oxides of nitro- 
gen, should also be carefully considered 
(19). For example, if 6 liters of air are in- 
haled per minute and the air contains 
NO2'- at a concentration of I part per mil- 
lion (ppm), approximately 0.5 gram of 
NO3- could be formed per month. 

The observations in our Science report 
on the pharmacokinetics of labeled nitro- 
gen (13N03"') in humans and rats repre- 
sent only a portion of the work that has 
been conducted using this isotope. Com- 
ment on our other work is also necessary, 
even though it has been accepted for pub- 
lication in another journal (20). We be- 

SE Tekmar's Super Dispax units range in size from the SDT lieve our findings neither support nor ab- 

DISPER Tissumizer which can be hand-held to in-line units capable of solutely negate heterotrophic nitrifica- of 300 gallon per minute flow rates. All fully-guaranteed by tion by intestinal bacteria. We do believe 
Tekmar, IVIDIS lIT Whatever your job, Tekmar can recommend the appropriate they demonstrate that labeled nitrogen 
unit for your application. ('3N) of nitrate and nitrite reaches the 

E All of the units are based on the rotor-stator principle, lower intestinal tract by ingestion with 

HOM OGENIZ Liquid and solid pump through the rotor-stator gen- food and water and by passage from the erator and are subjected to shear, impact, collision, and bloodstream into the lower intestinal 
cavitation effects which disperse, disrupt, emulsify, homogenize, or contents. Tannenbaum has selected only 

LUULEU shred... as needed. 

@NNEU But, best of all, when we sell them, they stay in operation, with few one mechanism, "reverse diffusion," 
from our report as a potential ex- 

service problems with any size from large to small. 
Interested? Circle the Reader Service No. for the full story, or call us planation for his ileal or fecal N03 and B LEND collect in Cincinnati. N02 results. Our experiments show that up to 24 percent of gavaged '3N from 

2jf2' JI 2/ 
p('2'2K;O/f>12 ft'  '77I < j2/i' '3N03' can reach the lower intestinal 

/2 2' 

P.O. Box 37202 Cincinnati, OH 45222 Tel: (800) 543-4461 tract of conventional-flora (CV) rats 
'See us at FASEB" In Ohio, call collect: (5131 761-0633 within 1 hour. Passage down the in- 

Circle No, 300 on Readers' 5ervice Card testinal tract combined with reverse dif- 
fusion and the as-yet-unconfirmed possi- 
bility of '3N reentering the intestine via 
the pancreatic or biliary secretions or 
both, and not simply "reverse diffusion" 
alone, were the basis for the last sen- 
tence in our abstract to account for ileal 

and fecal NO3- and NO2- values. We 
- * * * feel these mechanisms may better ex- 

plain the results of Tannenbaum et al. 
(30 June 1978, p. 1487) because the fecal 
and ileal samples he reported were ap- 
parently from patients ingesting a "free 
choice, Western-style diet" and were 
not from the same group of volunteers 
who were on a restricted (low NO3-, or 
protein) diet. Consequently, NO2- in the 
ileal and fecal samples could have been 
of dietary origin. 

Greene and Hiatt (6), cited by Tannen- 
baum, do suggest that NO3- in the blood 

- * * * ** - equilibrates with extracellular fluid N03" 
in dogs, and this may be responsible for 
our rat carcass '3N values. It may also be 
responsible for the fluctuation in urinary 
NO3- content noted by Tannenbaum et 
al. (30 June 1978, p. 1487), if the body's 
ability to retain NO3- is variable. We can- 
not agree with Tannenbaum's statement 
that "clearance is first-order in concentra- 
tion of nitrate." Careful examination of 
the studies cited by Tannenbaum in his 
letter and of the above study (6) show 
that, although the published data show 
approximately first-order kinetics over 
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very restricted ranges of concentration and take of nitrate, which is known to be re- 
time, they are far from conclusive on this duced to nitrite by alimentary tract bac- 
point. Indeed, since recycling of nitrate teria. Whether the bacteria metabolizes 
occurs through saliva and through the nitrite to harmful or innocuous com- 
gut and since nitrate is metabolized by pounds remains to be determined. 
the bacterial flora, it is hard to see why JAMES P. WITTER 
clearance should be first-order, espe- S. JoHN GATLEY 
cially for near-normal endogenous 1ev- EDWARD BALISH 
els. Departments of Medical Microbiology, 

The title of our Science report implies Radiology, and Surgery, University 
that the chemical form of '3N, once in- of Wisconsin Medical School, 
gested, is not known. Although we are Madison 53706 
currently attempting to separate and 
characterize these 12N derivatives, our References and Notes 
work with germfree (GF) rats may an- 1. G. Hawksworth and M, J, Hill,Br, J. Cancer 25, 520 (1971). 
swer, to some extent, several of these 2, M, Whelan, J, Biochem. 29, 782 (1935). 
questions raised by Tannenbaum, if one 3. N. M, Keith, M, Whelan, E. G. Bannick, Arch, 
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given to GE and CV rats. Basically, GE 7, J, L. Radomski, C. Palmiri, W. L. Hearn, Tox- icol. Appi. Pharmacol. 45, 63 (1978). rats do not appear to convert NO2'- to 8. M, J, Hill and G. Hawksworth, IARC (mt. 
NO2-. However, GE rats do chemically Agency Res, Cancer) Sci, Pubi. No, 9 (1974), p 

220. 
alter NO2- to excrete the 12N from ga- 9. H. Ishiwate, H. Mizushiro, A. Tanirnura, T. 
vaged '3N02'- more rapidly than do CV 10. Murata,J. Food Hyg. Soc. Jpn. 19, 318 (1978). R. G. Cassens, T, Ito, M. Lee, D. Buege, Bio- S S rats, and there appears to be more '2N in Science 28, 633 (i978). 
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rats. This suggests to us that the flora of A. Nicholas, J, Agric, Food Chem. 22, 302 (1974), 
conventional rats alters and metabolizes 12, D. D. Focht and W. Verstraete, Adv, Microb. 
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altered in the process. This bacterial re- 21. C. F. Wang, R. G. Cassens, W. G. Hoekstra, * * 0 - 6 0 
duction of available NO3 in the ileum unpublished information summarized in a sym- ** - * posium held in 1973 at the Food Research Insti- 
may be responsible for ileal NO2- values tute of the College of Agriculture and Life Sci- S * S - S. * S 

as noted by Tannenbaum et al. (30 June ences, University of Wisconsin-Madison. 
1978, p. 1487), rather than an oxidation 
of more reduced forms of nitrogen. Erratum: In a letter to the editor (3 Aug., p. 447), Yvonne Brackbill writes (p. 448, column 2, line ii), 5 0 A U * U Our 13N data on GE and CV rats also "In the state of New York, two recent Court of Ap- 
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biological, and pharmacokinetic data to Newman and H. L. Frisch (17 Aug., p. 662), a clause was omitted. The clause should be inserted on page date are insufficient for such an assump- 667, third column, line 31, as follows: "I. - - respec- 

tively,] at t = t0, but subsequently we would like the - S S 
tion. This is essentially what prompted gradient in the z direction to be maintained, and thus 
us to submit our report to Science. Our require 
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