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INTRODUCTION 

Benomyl (methyl-l-butylcarbamoyl-2-benzimidazole carbamic acid) 

was first reported by Delp and Klopping (1966) of the DuPont Chemical 

Company, U.S.A. It was not until 1969, however, that a group of plant 

pathologists (Stipes 1969, Hock and Schreiber 1970) from Ohio, discovered 

its potentiality to control the vascular wilt of native elms (Ulmus 

amerlcana L.) caused by the Dutch elm disease - DED - (Ceratocystus ulmi 

(Buismin) C. Moreau). When applied to stem, root and soil, in varying 

concentrations, bertomyl conferred a significant degree of protection to 

the affected trees (Biehn and Diamond 1971; Hock and Schreiber 1971; 

Smalley 1971). However, the degree of control obtained by soil application 

was very variable and erratic because benomyl uptake by elm roots appeared 

to be limited by the physical characteristics of the soil (Hock, Schreiber, 

Roberts 1971; Pitblado and Edgington 1972). Using a mixture of sand, 

perlite and moss, under greenhouse conditions, Hock et_ al_ (1971) found no 

effect of pH and therefore concluded that pH did not exert any influence 

on the uptake and movement of benomyl Into elm seedlings. Clearly, these 

experiments are subject to criticisms on the grounds that there was no 

rigorous control of pH in the nursery soil and that the range of pH 

employed was too narrow to discern any measurable response. On the other 

hand, working with elm leaves, Prasad (1971) noted greater penetration and 

transport of benomyl and thiabendazole at pH 2 than at pH 10. A similar 

finding was subsequently reported by Buchenauer and Erwin (1971) for 

P cotton leaves. Thus, there is a need to reassess the role of pH on root 

absorption, particularly when It is known that many biologically active 

compounds penetrate plant tissues preferentially In the form of undis-

sociated molecules (Simon and Beevers 1952). 
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The aim of the present investigation is to critically evaluate 

the influence of pll on uptake, translation and accumulation after 

feeding roots with a C1A labelled benomyl (methyl-benzimidazole 

carbamic acid - MBC). In the next papers of the series, effects of 

adjuvants, host metabolites, environmental conditions (temperature, light, 

relative humidity), concentrations and methods of application on 

systemic activity of benomyl will be examined. 

MATERIALS AND METHODS 

Culture of Plants 

Elm seedlings were raised from seeds treated with 30% "Javex" 

for three minutes in a greenhouse. In order to avoid excessive "damping-

off" in the nursery, the soil-perlite mixture was also steam-sterilized. 

When the seedlings were ca. 15" high, they were transferred to a half-

strength Hoagland solution (Hoagland and Arnon 1950) containing EDTA-

iron and grown under constant conditions of light (3000 f.c. - 16 hours 

photoperiod) temperature (25 ± 1°C) and relative humidity (50-60%). To 

minimize contamination of roots by algae, the culture jars were covered 

with tinfoil and solutions changed on alternate days to replenish 

nutrients. This prevented undue drifts in pH (6.5 ± 0.3) and the plants 

grew excellently under these conditions. For treatment with radioactive 

benomyl, only healthy and uniform individuals were selected for the 

study. 

Chemistry of Pesticide 

Benomyl readily decomposes to methyl-benzimidazole-carbamic 

acid (MBC) upon exposure to aqueous solution at room temperature 

(Kilgore and White 1970) and MBC thus formed (see Fig. 1) is the 
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actual fungitoxic principle that is responsible for suppression of the 

vascular wilt diseases (Siegel and Zabbia 1972, Peterson and Edgington 

1971, Clemons and Sisler 1969 and Sims et_ al 1969). As can be seen 

from the chemical structure in Fig. 1, the butylcarbamoyl moiety of 

the benomyl molecule is highly labile to nucleophilic attack and 

cleaves out easily into products (carbon dioxide and butyl amine) that 

are seemingly innocuous to the host tissue. MBC is relatively insoluble 

in water but forms salts of acids which, in turn, are more soluble 

and hence possibly more potent. Therefore, only MBC has been used 

for most experiments and is denoted as benomyl in the remainder of 

the text here. 

Radioactive benomyl (MBC-C ' labelled in the benzimidazole 

ring, specific activity 67 mc/mM) was purchased from the International 

Chemical and Nuclear Corporation, California and a portion of this 

was mixed with non-radioactive MBC to yield a concentration of 1500 

ppm with 38 x 106 counts per minute. Since MBC is rather insoluble 

in water, a minimal amount of 85% lactic acid was used to dissolve it 

before preparing further dilutions from this stock solution (McWain 

and Gregory 1971), There were four pH levels (3.2, 5.2, 7.2 and 9.2); 

all solutions were buffered with potassium citrate and potassium 

dihydrogen phosphate according to Machlis & Torrey (1955). Thus 

there was a strict control of pH, and any drift that occurred was 

adjusted with 0.1 N HCL/KOH by using a mlcroelectrode pH meter. To 

facilitate absorption, a surfactant (biofilm) was added @ 1.3 ml/L 

to all solutions before the final adjustments of pH were made. 
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Figure 1. Structural Formula of benomyl and its 

Principal Degradation Product MBC 
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At each pH level, there were four replicates and each replicate contained 

the same concentration and radioactivity of MBC. The plants were allowed 

to absorb and translocate for three days before being harvested and 

sectioned into different parts (roots, stems and leaves). While 

harvesting, extreme care was taken to wash off all adhering radio-

activity from the external surface of the roots and It was found that 

three quick rinses in a large volume of distilled water removed most 

of the contaminants. 

Extraction and Assay of Radioactivity 

14 
The radioactivity of samples fed with MBC-C was determined 

Pby counting and autoradiography. For counting, plant segments of 

known weights were extracted with a series of hot ethanol (95, 70, 50 

and 20%) and water (see Fig. 2). Extractions were repeated until all 

radioactivity was finally transferred to the liquid fractions and the 

residues were free from counts per minute. About 100 ml eluate was 

thus collected and then air dried to reduce the volume to 5 ml. This 

amount was then fractionated into chloroform and water soluble portions 

and aliquots were counted from both such fractions to yield the total 

radioactivity, While calculating the specific activity from samples, 

it was assumed that over a period of three days MBC is not appreciably 

metabolized by the plants. Aqueous fractions were counted in a standard 

dioxane cocktail while chloroform fractions were counted in a toluene 

based cocktail. After registering disintegration per minute (dpm) 

in a scintillation counter ("Ansitron" by Picker Nuclear Corp.), 

appropriate corrections were made for quenching of the samples. 
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Figure 2. Method of Extraction of Radioactivity 

from Elm Seedlings Fed with MBC-C1* 
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In order to minimize variation, duplicate samples were counted usually 

for longer periods to yield statistically significant counts. For 

preparation of autoradiographs, duplicate samples were freeze-dried, 

mounted on a special paper, and exposed to X-ray film (non-screen) 

for 2-3 weeks. Further development of this film was carried out with 

the standard procedures as described by Crafts and Yamaguchi (1964). 

Where necessary some numerical data were analyzed statistically to 

test the level of significance, and for this, standard procedures as 

outlined by Snedecor (1956) were followed. 

RESULTS 

When the content of radioactivity of root, shoot and leaf 

is plotted against each PH level, it is very evident from Fig. 3, (a), 

(b), and (c) that the rate and extent of absorption and translocation 

is markedly influenced by the hydrogen ion concentration. Since roots 

are directly exposed to the fungltoxicant solution, there is even 

greater penetration and retention into this part of the seedling. 

Comparing radioactivity in all three parts it is evident that roots 

contain the greatest amount, and it is possible that active uptake 

mediated this accumulation. As can be seen from the curve, there is 

a profound effect of pH on the net accumulation rate at the most 

acidic medium (pH 3.2), and thereafter the rate declines rapidly 

r resulting in about 10-fold reduction in contents at pH 5.2. It is 

also significant to note that beyond pH 5.2 there is very little 

accumulation into the roots save at pH 9.2 where the contents begin 

to rise again. 
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Figure 3. Effects of pH on absorption and translocation of MBC-C 

by elm seedlings roots. The contents expressed as pg/gra 

fresh tissue weight reflect deposition of MBC inside the 

respective tissues. The arrow and dotted line approxi 

mately indicate the level of the external concentration 

(1500 ppm). Radioactivity 45 x 106 d.p.m. Absorption 
period - 3 days. 
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Figure 3(a). Effects of pH on absorption and accumulation of MBC-C 

into elm seedling roots alone. Concentration 1500 ppm. 

Activity 45 x 10° d.p.m. Absorption period - 3 days. 
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Figure 3(b). Effects of pH on translocation on MBC-C into stem of 

elm seedlings following uptake by the roots. Concentra 

tion 1500 ppm. Activity 45 x 106 d.p.m. Period of 
translocation - 3 days. 
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Figure 3(c). Effects of pH on translocation into the foliage of elm 

seedlings after root absorption of MBC-C^ Concen 
tration 1500 ppm. Activity 45 x 106 d.p.m. Period of 
tranelocation - 3 days. 
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The pattern of translocatlon into the stem and leaf is 

similar to that of root as indicated by the autoradiographs (Figs. 

4 and 5). The dense labelling of root, stem, leaves and branches 

all tend to suggest that the radioactive species easily migrated 

to various parts of the seedling and that translocation to the shoot 

is not impeded by accumulation into the roots. This is somewhat 

contrary to findings of Siegel & Zabbia (1972) who reported pref 

erential movement and localization into dwarf pea leaves 52 days 

after root treatment with MBC-C1^. Predominantly apoplastic pattern 

of movement is again evident as judged from the diffusional manner 

of concentration of the tracer into margins, veins and other tran 

spiring regions of the foliage. Centres of high metabolic activity 

such as growing tips, buds and young photosynthesizing leaves do 

not appreciably accumulate the label. This is again an indirect 

indication of the lack of phloem movement. Of significant interest 

is the slow rate of distribution and deposition into the leaves: 

at pll 9.2 the foliar contents approach infinitesimal values (see 

Fig. 6). This is further illustrated by Table I wherein the 

distribution of activity is expressed in terms of percentages. 



y 

Figure 4. Autoradiograph (right) and photograph of elm roots (left) 

fed with 1500 ppm of MBC-C1* (45 x 106 d.p.m.) at pH 3.2 
for three days. Note the high degree of accumulation 

into roots. Before preparation of the autoradiograph, 
roots were thoroughly washed in water. 



' 

Figure 5. Autoradiograph (right) and photograph of elm shoot (left) 
whose roots were fed with 1500 ppm MBC-C14 (45 x 10° d.p.ra.) 

at pH 3.2 for three days. Note the apoplastic type of 

movement into veins and margins of leaves. Older leaves 

and stem show dense labelling with radioactivity. 
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Figure 6. Autoradiograph (right) and photograph of elm root and 

shoot (left). Roots were treated with 1500 ppm MB 

(45 x 106 d.p.m.) at pH 9.2 for three days. They were 
then thoroughly washed in water before preparation of 

the autoradiographs. Note the glow migration of 
activity into stem. 
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TABLE I 

Effect of pH on percentage distribution of radioactivity in entire 

14 
elm seedling following root absorption of MBC-C for three days. 

(Cone. 1500 ppm. Activity 45 x 10 d.p.m.) 

r 
Percentage of Applied Dosage 

r 

r 

The observations that major part of the absorbed radioactivity 

was concentrated in the roots, raised the question of its site of 

localization. Therefore, to obtain some indication into which part 

of the cell the accumulation was taking place, the total activity 

was fractionated into water soluble and insoluble components. 

Inspection of Table II reveals that the trend of distribution 

in these two fractions is similar to what has been described with 

whole organs but the gradient of accumulation from root to shoot is 

much more apparent here. The chloroform fractions, on the whole, 

possess higher counts than the corresponding water fractions and 

this could be partly attributable to the selective solubility of 

MBC in organic solvents (Clemons & Sisler 1971). 
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TABLE II 

Distribution of radioactivity in chloroform (CHCA-) and water (H?0) 

fractions following extraction from root, stem and leaf of elm 

1A 
seedlings fed with MBC-C for three days. (Cone, 1500 ppm. 

Activity 45 x 10 d.p.m.) 

DPM/gm Fresh Weight 

DISCUSSION 

From the foregoing results it Is apparent that pH has a 

14 
strong influence on the absorption and translocation of MBC-C by 

the roots. There are several ways through which pH could exert 

such effects and some of the most probable modes of its action are 

discussed below:-
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(*) Effect of pH on the solubility of MBC. It is known from 

the work of several investigators, that benomyl is more soluble in 

acidic than in alkaline media (Erwin et al. 1971; Prasad 1971; McWain 

& Gregory 1971; Pitblado & Edgington 1972) and it is possible that the 

enhanced effect at pH 3.2 resulted simply by a greater solubility 

of MBC. That this may be so was indicated by the fluidity of the test 

solutions. During the course of the experiments for three days all 

MBC solutions remained clear and liquid at pH 3.2 while they started 

turning cloudy and foggy as soon as the pH was increased above 3.2, 

to the extent that considerable quantities of the pesticide precip 

itated out of solution at pH 5.2, 7.2 and 9.2. This would be 

expected if the chemical configuration of benomyl is critically 

examined (see Fig. 1, p. 4). For, acidity would tend to induce 

excessive protonation of the basic imidazole ring containing nitrogen 

moiety and thus cause greater solubility of the molecule. In this 

connection it is of some pertinence to note that Pitblado and Edgington 

(1972) have arrived at a similar conclusion in order to explain 

greater mobility of benorayl into soil treated with acidic surfactants. 

In fact, they went a step further to postulate that it is not only 

the excessive protonation that is responsible for solubility but also 

the formation of micelles by the surfactants that hold benomyl mol 

ecule in solution. It is possible that a similar mechanism operated 

in the present situation as well since all solutions of varying pH 

contained the same concentration of a surfactant (biofilm). It must 

be emphasized, however, that the role of micelle formation by sur-
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factants and the consequent causation of solubility of pesticides is 

a controversial issue and unless direct evidence is obtained to sub 

stantiate the claim, the theory of Pitblado & Edgington (1972) should 

be treated with caution. Therefore it seems more possible that the 

acids reacted with MBC/benomyl to form salts (hydrochlorides, chlorides 

or lactates) which on a priori ground would be more water soluble than 

the parent molecule. This may explain why Erwin et^ al_ (1971) recorded 

higher systemic activity after spraying cotton foliage with benomyl 

solubilized in concentrated HC1 than in water and it is likely that 

hydrochlorides, chlorides or other acid derivatives of the fungitoxl-

cant are more potent simply because of higher solubility. 

(ii) Effect of pH on root permeability. The effect of pH on 

biological membranes is well documented (Simon & Eeevers 1952) and 

it can be safely advanced that lower pH accelerated absorption of 

MBC probably by influencing the permeability of root membranes. 

Because it is a well established fact that the uptake and entry of 

many inorganic and organic pesticide molecules in plant tissues is 

regulated by subtle changes in permeability of root membranes (Bukovac 

& Norris 1972) it follows as a corollary that entry of benomyl into 

elm roots would not be an exception to this generalization. 

(lil)Effect of pH on dissociation of MBC. Another fundamental 

property of hydrogen ion concentration is to affect the dissociation 

of various weak acid and bases into ions and molecules, and thus 

evoke a preferential penetration of undissociated molecules into 

biological systems (Simon and Beevers 1952). However, it seemed 
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unlikely that MBC salts would be unduly subject to dissociation 

at lower pH because MBC or benomyl is, Intrinsically, a non-

electrolyte type of pesticide. 

Civ) Effect of pH on differential rate of metabolism of MBC. 

Lastly, there existed a possibility that varying pH levels influenced 

the decomposition of MBC differentially in such a manner that the 

metabolites thus formed had greater penetrability at lower pH. But 

according to Peterson & Edgington (1971) MBC is relatively stable 

to degradation in bean and pea plants and only a fraction (1-8%) is 

metabolized after h days (Siegel & Zabbia 1972). However without 

chromatographic Identification of the nature of MBC-C from elm 

roots it would be premature to draw conclusions. Therefore, it 

is reasonable to conclude that pH operates principally by influencing 

the solubility of MBC, 

Turning to the pattern and site of accumulation, it is 

apparent from Tables I & II and Figs. 4 & 5, that most of the 

radioactivity is concentrated into roots. Roots actually accumulate 

the pesticide (or a product thereof) to the tune of ca. 7-fold at 

pH 3.2 (see Fig. 3(a)) above the external concentration (1500 ppra). 

Similarly, the stem contains far more at lower than higher pH levels. 

This extent of concentration into root and stem is of considerable 

significance. Transpiratlonal forces and apoplastic movement alone 

cannot account for this accumulation into the root as has been 

demonstrated by several workers (Peterson & Edginpton 1971; Hock, 

Roberts & Schriber 1971). It appears metabolic processes (active 

uptake) are at play to transport concentrations against gradients 

and there may be some metabolism of MBC at these sites. Therefore, 
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some translocation into the symplasm seems to be involved (Prasad 1972) 

Secondly, these data point out that such high concentration of MBC 

would surely suppress or eradicate the pathogen (DED) from these sites 

of pathogenesis. Even if metabolic degradation takes place only to 

the extent of 8% as reported by Siegel & Zabhia (1972) in roots and 

shoots, there would still be substantial concentration of MBC left 

over to inhibit the proliferation of the disease. In this connection 

It should be recalled that vascular systems (xylem and cambial layers) 

are the sites of pathogenesis in stems and concentrations higher 

than 50 ppm are usually needed to arrest the pathogen advancement 

(Kondo 1972). That some movement takes place through symplasm can 

also be deduced from Table II where activity was fractionated into 

chloroform and water fractions. Considerable quantities resided In 

the chloroform portions and this suggests that MBC is partitioned 

into llpids, fats and pigments of the cytoplasmic components of the 

cell. 

It is somewhat surprising that accumulation into the leaf 

is minimal. Inspection of Fig. 3(c) and Table III (page 22) reveal 

that, save for pH 3.2, MBC Is not even present in effective concen 

trations in foliage to be able to inhibit the pathogen, whereas the 

amount concentrating into the stem and root is highly significant 

(Table III). At any rate, undue accumulation into leaves is 

undesirable because they are not the primary sites of pathogenesis 

and thus the pesticide may not be of value there. Then again, since 

elm leaves are deciduous, undue stockpiling into foliar components 

may lead to unnecessary contamination of the environment, when such 

leaves fall to the ground In the autumn. 
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TABLE III 

Accumulation of MBC-C in root, stem and leaf of elm in terms of 

internal concentrations based on appropriate water content of the 

respective tissues. Accumulation Ratio (A.R.) is a ratio between 

internal and external concentration and signifies net accumulation 

rate. (External cone. 1500 ppm. Activity 45 x 10 d.p.m.) 

Internal Concentration (ppm) 

r 

The preferential accumulation of MBC into chloroform 

fractions does not necessarily carry the implication that very 

little fungitoxicant is available for water transport (xylem) 

systems. Actually it is the transpiration stream wherein the 

pathogen exerts its maximum effect. Therefore it is important 

that substantial amount of MBC must travel and persist in xylem 

to arrest further development of the disease or to eradicate 

it altogether. Assuming MBC is uniformly distributed in the 

water of the plant, the effective concentrations can be calculated 
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from Table II. Thus the amount of MBC in water fractions of the 

stems at pH 3.2 and 5.2, 7.2 and 9.2 are 1202, 187, 186 and 62 ppm, 

respectively. Clearly, these levels are, by and large, above the 

critical concentration (50-100 ppm) that are normally required to 

Inhibit the DED pathogen. Further cogent evidence is provided by 

Table III where the internal concentrations of the whole plant is 

presented. It is apparent that MBC is distributed in more than 

sufficient concentration to offer at least prophylactic, if not 

therapeutic, protection In the event these plants are infected with 

the disease. 

Finally, the effects of pH on growth and development of 

roots and seedlings need some discussion. Judging from the changes 

In fresh weight over a period of three days (see Appendix III), 

apparently there Is no deleterious effect of pH on the roots and 

this was confirmed by the visual observations that all experimental 

plants looked green and healthy. To ascertain the long term effects 

of pH, a similar experiment was laid out for investigating uptake 

and accumulation at pH 3.2, 7.2 and 9.2 for nine days. Results 

indicated that the pattern of translocation, even after nine days, 

remained similar to the three-day-experiment, except that more 

activity concentrated into the foliar parts. Roots still contained 

the maximum amount and there were no adverse effects of pH on the 

growth of plants. This led to a conclusion that elms can tolerate 

wide fluctuations in soil conditions ranging from low land and 

swampy (acidic) to upland and salty (alkaline) habitats of the urban 
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environments. Perhaps this adaptability to varying site condition 

has been one of the most important factor in distribution and 

survival of elms throughout North America. Evidence that pH 

r 
influences movement and persistence of benomyl in field soils is 

forthcoming from the experiments of Fitblado and Edgington (1972). 

These workers concluded that the mobility of the fungicide in 

field soil is dependent upon both water solubility caused by 

acidification and by surfactant actions of spray additives. 

PRACTICAL APPLICATION 

The results presented above suggest several applications:--

(1) Benomyl would be more effective in water soluble than in 

insoluble form and this is a function of pH of the formulations. 

Acidic formulations would be more water soluble and hence are likely 

to be more potent in combatting the Dutch Elm Disease than basic 

formulations, (2) Probably water soluble salts of benomyl can be 

manufactured by reacting It with weak (lactic) or strong (hydro 

chloric) acids. (3) Applications of benomyl in somewhat acidic 

r 
soils (swampy and low land sites) are likely to produce better 

results than those in alkaline soils. (4) Relatively low dosages 

of benomyl would be required for effectiveness on acidic sites. 

(5) Surfactants (biofllm) seem to aid in penetration and trans-

location of benomyl and should be included In formulations. (6) 

Further dissemination of the disease through root grafts may be 

halted by applications of benomyl to root or soil. This is 

because benorayl concentrates in the roots. 



Controlled laboratory experiments employing elm seedlings, 

grown in nutrient solution were carried out to test the effects of 

" 
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SUMMARY AND CONCLUSIONS 

pH on penetration and translocation and hence systemic action of 

radioactive benomyl (MBC-C ) by roots. Results demonstrated that 

benomyl attains maximum systemic action (absorption and translocation) 

at a pH 3.2 and lesser and lesser as the pH is raised beyond this 

level. At pH 9.2 there was no significant translocation and accumu 

lation into leaves. The principal site of accumulation is root where 

the concentration level approaches several fold after three days of 

continuous immersion in the pesticide solution (cone- 1500 ppm). 

Stem and leaves contained less fungicide than the roots. Much of the 

movement seems to occur in xylem (apoplasm) and only a slight amount 

seems to translocate into the phloem (symplasm). The acidic pH cause 

greater solubility of benomyl probably by protonation and micelle 

(salt) formation. 

It is concluded that acidic formulations would be more 

effective for combatting Dutch Elm Disease because they penetrate 

and accumulate rapidly at the site of pathogenesis and thereby 

lower the dosages to be applied. It is also suggested that benomyl 

might afford a higher degree of protection to affected trees 

growing in acidic soils. Water solubility of benomyl is apparently 

an important factor in the transport, accumulation and systemicity. 
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APPENDIX - I 

DISTRIBUTION OF RADIOACTIVITY IK ELM SEEDLINGS TREATED WITH MBC-C 

Upper Figures - dpm/Plant 

Lower Figures - Percent of Applied Dosage/Plant 

14 

Dosage Applied - 100 ml MBC-C 

Cone, - 1500 ppm 

Period of Uptake - 3 days 

14 
Solution = 45 x 10 dp™ 

1 

ha 
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APPENDIX - II 

DISTRIBUTION OF RADIOACTIVITY IN ELM SEEDLINGS TREATED WITH MBC-C 

Micrograms/Plant 

14 

Dosage Applied - MBC-C14 ug/g Conversion Factor * 0.003628 for dpm/g 

Cone. - 1500 ppm 

Period of Absorption - 3 days 

D 

I 



I I I 

APPENDIX - III 

DISTRIBUTION OF AVEEAGE FRESH WEIGHT IK ELM SEEDLINGS IK GMS 

FW - Fresh Weight 

Water Content = FW-Dry Wt. 

I 

u> 
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APPENDIX - IV 

DISTRIBUTION OF RADIOACTIVITY IN ELM SEEDLINGS TREATED WITH MBC-C 

Upper Figures - dpm/gms Fresh Weight 

Lower Figures - Percent of Applied Dosage/gm Fresh Weight 

14 

Dosage Applied - 100 ml of MEC-C" 

Cone. - 1500 ppra 

Period of Uptake - 3 days 

Solution = 45 x 10 dpn. 

I 
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APPENDIX- V 

DISTRIBUTION OF RADIOACTIVITY IK ELK SEEDLINGS TREATED WITH MBC-C 

ppm/Plant 

14 

.14 
Dosage Applied - MBC-C 

Cone. - 1500 ppm 

Period of Absorption - 3 days 

Mg/g Conversion Factor = 0.003628 for dpm/g 
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