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sample. 

The metabolism of DDT [1,1,1-tri- 
chloro-2,2-bis(p-chlorophenyl)ethane] in 
mammals gives rise to 2,2-bis(p-chloro- 
phenyl)ethanol (DDOH) and 2,2-bis(p- 
chlorophenyl) acetic acid (DDA) (1). 
An intermediate aldehyde has been pro- 
posed but has not yet been found to 
occur in vivo. We have synthesized the 
proposed intermediate, 2,2-bis(p-chloro- 
phenyl)acetaldehyde (DDCHO) (2). 

Because the aldehyde has never been 
found in vivo and because prelimi- 
nary studies indicate that the synthetic 
compound is highly unstable and reac- 
tive, the aldehyde was examined as a 
possible product of oxidation of DDOH 
by crystalline liver alcohol dehydro- 
genase (E.C.1.1.1.1). 

The oxidation of DDOH was detect- 
ed in a double-beam spectrophotometer 
by following the reduction of nicotina- 
mide-adenine dinucleotide (NAD) at 
340 nm in the presence of crystalline 
horse liver alcohol dehydrogenase (3). 
Because DDOH is insoluble in aque- 
ous media, the compound was dissolved 
in 50 percent glycerolformal before its 
addition to the buffered incubation 
media. The resulting cloudy suspension 
prevented accurate spectrophotometric 
determination of reaction rates, but def- 
inite increases in absorbance were ob- 
served. No reaction was detected in 
the absence of enzyme or NAD. The 
reverse reaction, the reduction of 
DDCHO, was similarly observed with 
the substitution of reduced NAD for 
the oxidized form and by following 
the decrease in absorbance at 340 nm. 
Glycerolformal in the absence of 
DDOH also catalyzes the reduction of 
NAD, but the reverse reaction was not 
observed for glycerolformal. 

Direct chemical evidence for the 
enzymatic oxidation of DDOH to 
DDCHO was obtained by formation of 
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the p-nitrophenylhydrazone derivative. 
An incubation mixture was prepared 
containing 0.016M sodium pyrophos- 
phate, pH 8.8, 0.008M NAD, and 2 
mg of DDOH in a final volume of 6 
ml. Crystalline liver alcohol dehydro- 
genase (2 mg) was added, and the mix- 
ture was incubated at 37?C for 30 min- 
utes; then 0.01M p-nitrophenylhydra- 
zine (0.5 ml) was added, and the 
mixture was shaken. A chloroform ex- 
tract of the mixture was prepared and 
evaporated to a minimum volume. Por- 
tions of the extract were chromato- 
graphed on silica-gel plates with a mix- 
ture of benzene and petroleum ether 
(75:25) or benzene and ethyl acetate 
(95:5). The extract yielded a spot on 
the chromatograms whose RF values, 
0.28 and 0.12 for the respective solvent 
systems, corresponded to those of the 
authentic p-nitrophenylhydrazone deriv- 
ative of DDCHO. 
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To help characterize organic matter 
in sediments and to test the possible 
significance of phenolic aldehydes as 
geochemical indices, we have analyzed 
oxidation products for p-hydroxybenz- 
aldehyde, vanillin, and syringaldehyde, 
three products of mild oxidation of lig- 
nin in woody tissues. The samples were 
ground with a mortar and pestle, Wiley 
mill (contemporary woods), or Ang- 
strom disk mill (indurated sediments), 
and sieved to 60 mesh. Oxidation was 
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The identity of the derivative ob- 
tained from the enzymatic incubation 
was established by low-resolution, elec- 
tron-impact mass spectrometry at 20 
ev. High resolution measurements (4) 
confirmed the elemental composition of 
the ion fragments observed in the low 
resolution spectrum. An authentic sam- 
ple of the p-nitrophenylhydrazone of 
DDCHO shows a prominent molecular 
ion at m/e (mass to charge) 399 and 
the base peak at 261. Other prominent 
ions of interest were m/e 249, 235, 
226, 199, 200, 125, 122, and 111. The 
mass spectrum of the chloroform- 
extractable derivative was the same as 
that of the authentic samplQ of the 
DDCHO derivative. These findings 
strongly support the probability that 
DDCHO is a metabolite of DDT. 
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carried out in a stainless steel tube in 
an oil bath at 183?C with about 15 ml 
of 8 percent aqueous NaOH and 1 ml 
of base-washed, redistilled nitrobenzene 
per gram of sample, for about 2 hours 
(1, 2). The reaction mixture was filtered, 
and the filtrate was washed with meth- 
ylene chloride to remove nonpolar by- 
products. The aqueous phase was acidi- 
fied with 6N HC1, and the phenolic al- 
dehydes were extracted with methylene 
chloride. The extract was concentrated 
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DDT Metabolism: Oxidation of the Metabolite 

2,2-bis(p-Chlorophenyl)ethanol by Alcohol Dehydrogenase 

Abstract. A metabolite of DDT, 2,2-bis(p-chlorophenyl)ethanol, is a substrate 
of crystalline liver alcohol dehydrogenase. The oxidation of the substrate was de- 
tected spectrophotometrically. The p-nitrophenylhydrazone derivative of the prod- 
uct, 2,2-bis(p-chlorophenyl)acetaldehyde, was identified by comparing its mass 
spectrum and thin-layer chromatographic behavior with that of an authentic 

DDT Metabolism: Oxidation of the Metabolite 

2,2-bis(p-Chlorophenyl)ethanol by Alcohol Dehydrogenase 

Abstract. A metabolite of DDT, 2,2-bis(p-chlorophenyl)ethanol, is a substrate 
of crystalline liver alcohol dehydrogenase. The oxidation of the substrate was de- 
tected spectrophotometrically. The p-nitrophenylhydrazone derivative of the prod- 
uct, 2,2-bis(p-chlorophenyl)acetaldehyde, was identified by comparing its mass 
spectrum and thin-layer chromatographic behavior with that of an authentic 

DDT Metabolism: Oxidation of the Metabolite 

2,2-bis(p-Chlorophenyl)ethanol by Alcohol Dehydrogenase 

Abstract. A metabolite of DDT, 2,2-bis(p-chlorophenyl)ethanol, is a substrate 
of crystalline liver alcohol dehydrogenase. The oxidation of the substrate was de- 
tected spectrophotometrically. The p-nitrophenylhydrazone derivative of the prod- 
uct, 2,2-bis(p-chlorophenyl)acetaldehyde, was identified by comparing its mass 
spectrum and thin-layer chromatographic behavior with that of an authentic 

Phenolic Aldehydes: Generation from Fossil Woods and 

Carbonaceous Sediments by Oxidative Degradation 

Abstract. Aromatic aldehydes derived from fossil woods and carbonaceous 
sediments were identified by gas-liquid chromatography; their geochemical sig- 
nificance is discussed. 
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under vacuum, and an aliquot was dried 
under a nitrogen stream. The residue 
was silylated with Tri-Sil Z reagent 
(Pierce Chemical Co.) and examined 
by gas-liquid chromatography. Refer- 
ence solutions were freshly prepared by 
silylation of authentic compounds. 

A gas chromatograph (F&M 402) 
equipped with a hydrogen flame-ioniza- 
tion detector and containing a glass 
column (6 feet by /4 inch) packed with 
5 percent Apiezon L on Gas Chrom Q 
[60/80 mesh (Applied Science)] was 
used. With isothermal operation at 
161?C and a helium flow rate of about 
60 ml per minute, satisfactory resolu- 
tion of the silylated phenolic aldehydes 
and their acid analogues was achieved 
(Table 1 and Fig. 1). 

Lignin, a major component of all 
woody tissue in vascular plants, is a 
complex polymer with minor variations 
in structure among different plant taxa 
(3-5). One variation is in the degree 
to which the propylphenol units of the 
polymer are methoxylated. In general, 
the greater the evolutionary specializa- 
tion of a vascular plant, the more ex- 
tensively methoxylated is its lignin. 
Angiosperm lignin, for example, con- 
tains both syringyl and vanillyl groups 
in abundance, whereas gymnosperm 
lignin is characterized primarily by the 
latter. 

Lignin is readily oxidized by alka- 
line nitrobenzene. Some aromatic resi- 
dues are released as the phenolic alde- 
hydes p-hydroxybenzaldehyde, vanillin, 
and syringaldehyde (3, 6). 

The relative proportions of aldehydes 
reflect the composition of the lignin in 
the original wood. Generally, conifers 
yield primarily vanillin, dicotyledons 
yield both vanillin and syringaldehyde, 
and woody monocotyledons yield p- 
hydroxybenzaldehyde, vanillin, and sy- 
ringaldehyde. Other aldehydes and acids 
are also formed but in lower yields. 

Primitive vascular plants contain rela- 
tively little lignin. The kinds and 
amounts of aldehydes obtained through 
oxidative treatment suggest that this 
lignin may be of simpler structure than 
that of higher plants. 

Vascular tissues of plant remains do 
not deteriorate en masse in the course 
of sedimentation and degradation but 
in a sequence of stages, the cellulosic 
fraction of the cell walls being depleted 
rapidly relative to the lignin (7). Under 
anaerobic conditions, lignin is the most 
decay-resistant constituent of the woody 
plant cell wall (8). It has been observed 
histologically intact in fossil woods of 
considerable age (7-9). 
1 MAY 1970 
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Fig. 1. Gas-liquid chromatogram on 
Apiezon L of trimethylsilyl ethers of p- 
hydroxybenzaldehyde (P), vanillin (V), p- 
hydroxybenzoic acid (P'), syringaldehyde 
(S), vanillic acid (V'), and syringic acid 
(S') from Gordonia wood of early 
Tertiary age. 

However, lignin appears to undergo 
some alteration even in relatively early 
stages of plant decay, for example, an 
initial reduction in methoxyl content 
(10, 11). It appears that demethoxyla- 
tion proceeds differentially, preferen- 
tially converting syringyl groups into 
vanillyl groups; these also undergo 
methoxyl loss, but only at a much 
slower rate. 

The yield of vanillin from wood of 
an extinct Miocene conifer (Cedrus pen- 
hallowii) is close to that produced from 
a related contemporary wood (Cedrus 
deodara). The ratio of vanillin to p- 
hydroxybenzaldehyde is nearly the same 
for both. Vanillin yields from Oligocene 
coniferous cone parts and seeds were 
comparable with those from modern 
species (4). Evidently, vanillyl residues 
are retained well in the lignin if the 
sedimentary conditions are favorable. 

Ratios of vanillin to p-hydroxybenz- 
aldehyde calculated for an early Ter- 
tiary (Oligocene?) dicotyledonous wood 
(Gordonia) and its modern counterpart 
are also nearly alike (Table 1). Here, 
however, the identity may have been 
maintained by methoxyl loss, primarily 
from syringyl groups. Syringaldehyde 
production from the fossil wood is 
quite low. The syringaldehyde: vanillin 
ratio in the contemporary wood is 
around 3.8; in the fossil wood, only 
1.1. Nevertheless, the state of preserva- 
tion of the lignin in this sample is 
quite remarkable. 

Our oldest fossil wood, a Cretaceous 
conifer, gave the largest yield of p- 
hydroxybenzaldehyde of any of our 
samples. Vanillin, ordinarily the pre- 
dominant aldehyde from coniferous 
woods, was produced in comparatively 
small yield. Again, this may indicate de- 
methoxylation of guaiacyl residues dur- 
ing the geologic history of the specimen. 

Aromatic aldehydes related to lignin 
have also been obtained from recent 
marine sediments (12), soils (2, 13), and 
peats (2, 13, 14). 

Phenolic aldehydes, principally p- 
hydroxybenzaldehyde, vanillin, and sy- 
ringaldehyde, have been generated from 
offshore California sediments by acid 
hydrolysis (12). Our work with two 
recent sediments from the Black Sea 
and the Wilkinson Basin (Gulf of 
Maine) confirms these findings. 

It is assumed that the phenolic alde- 
hydes are derived from terrestrial plant 
debris. These three aldehydes are char- 
acteristic of lignin. Marine plants are 
devoid of lignin (15), except possibly 
for traces in certain shallow-water, 

Table 1. Yield (percent) of phenolic aldehydes from woods and carbonaceous sediments 
upon oxidation with alkaline nitrobenzene. Abbreviations: Phb, p-hydroxybenzaldehyde; Van, 
vanillin; Syr, syringaldehyde; fm., formation; tr, approximately 0.01 percent or less; n.d., not 
detected. 

Sample Age Phb Van Syr 

Contemporary woods 
Araucaria bidwillii 0.2 63.1 < 0.1 
Cedrus deodara 2.1 49.4 < 0.1 
Betula lenta 0.3 7.9 35.4 
Gordonia lasianthus .9 21.9 84.1 

Fossil woods 
Cedrus wood, Sierra Nevada mtns., Calif. Miocene 1.5 41.2 n.d. 
Gordonia wood, Brandon lignite, Vt. Lower Tertiary 1.2 30.3 33.9 
Wood (coniferous), Kreischerville lignite, N.Y. Cretaceous 8.7 5.4 0.6 

Carbonaceous sediments 
Sediment, Gatun Lake, 09010'N, 79?50'W Recent 0.3 2.5 2.0 
Sediment, Black Sea, 43003'N, 33002'E Recent .07 0.18 tr. 
Sediment, Gulf of Maine, 42022'N, 69?29'W Recent .05 .14 tr. 
Peat, Montclair bog, Mass. Quaternary .5 6.1 2.6 
Shale, Green River fm., Utah Eocene .02 0.13 n.d. 
Clay, Magothy fm., N.J. Upper Cret. .03 .18 n.d. 
Black shale, Burro Canyon fm., Colo. Lower Cret. .02 .06 n.d. 
Lignitic siltstone, Ischigualasto fm., Argentina Upper Triassic .02 .11 n.d. 
Coal ball (concretion), Des Moines coal, Iowa Carboniferous .02 .06 n.d. 
Coal, Michigamme fm., Mich. 1.8 X 109 years n.d. (.01)? n.d. 
Anthraxolite, Gunflint Iron fm., Canada 2.0 X 109 years n.d. n.d. n.d. 
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truly marine angiosperms such as Zos- 
tera or Thalassia. Aldehyde production 
from bacteria is too limited to be of 
consequence in sediments rich in or- 
ganic matter. 

A freshwater sediment from an inlet 
near the northeastern shore of Barro 
Colorado Island, Gatun Lake, Panama, 
was also examined. This sediment is 
rich in partially degraded organic ma- 
terial derived from a low-lying tropical 
rain forest inundated during the forma- 
tion of Gatun Lake, in the development 
of the Panama Canal. Oxidation with 
alkaline nitrobenzene yielded chiefly 
vanillin and syringaldehyde-a result 
consistent with the source material, 
mainly residue of deciduous forest 
trees. 

Postglacial peat from Montclair bog, 
North Quincy, Mass., was examined. 
The contribution of coniferous wood to 
this temperate, freshwater deposit is 
reflected in the relatively high yield of 
vanillin. The correspondence between 
the aldehydes generated from peat speci- 
mens and the parent plant was clearly 
demonstrated in earlier studies with 
peat and soil (2, 13). 

On oxidative degradation of non- 
marine ancient carbonaceous sediments, 
small yields of p-hydroxybenzaldehyde 
and vanillin were obtained from Mes- 
ozoic and younger specimens. Syringal- 
dehyde was not detected. Lignin rem- 
nants may be the progenitors of the 

aldehydes from these older sediments 
as well. In sediments, where conditions 
are anaerobic and anoxic, lignin per- 
sists. Lignin is rapidly degraded only 
under aerobic conditions, or when oxy- 
gen can be transferred or dehydrogen- 
ation can take place (11). 

Although older sediments are mark- 
edly different in many respects, their 
aldehyde yields are quite similar, and 
of the same order of magnitude as 
those of recent marine sediments. 

A sample of Chattanooga shale (Up- 
per Devonian) from northwest Georgia 
yielded p-hydroxybenzaldehyde and va- 
nillin in amounts like those from Mes- 
ozoic sediments. This is not surprising, 
since the Chattanooga shale is rich in 
humic material (16). The specimen ex- 
amined may have been rich in woody 
matter, having been collected near the 

probable shoreline of the Chattanooga 
Sea during its period of greatest extent. 

Investigation of several Precambrian 
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samples did not afford equivocal re- 
sults. No aldehydes were detected from 
a Middle Precambrian anthraxolite, an 

anomalous, anthracite-like carbonaceous 
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substance containing about 95 percent 
carbon and less than 0.1 percent extrac- 
tives. Michigamme coal, also of Middle 
Precambrian age, however, gave ap- 
proximately 0.01 mg of vanillin per 
gram of sample. Confirmation by other 
means is needed because the vanillin 
yield from our controls approaches this 
amount. 

Paleobotanical evidence suggests that 
the capacity of plants to synthesize lig- 
nin did not evolve until late Silurian 
and early Devonian time. However, 
analysis of crude oil 1 billion years old 
from Precambrian Nonesuch Shale (Up- 
per Michigan) gave 0.07 mg of p-hy- 
droxybenzaldehyde and 0.14 mg of va- 
nillin per gram of sample. This might 
be due to contamination, however, since 
the precise history of the specimen is 
not known. 

Thus, it seems that phenolic alde- 
hydes can be generated from plant ma- 
terials of greatly differing ages. The 
phenolic aldehydes can be separated 
and identified; their ratios appear to 
be related to the chemical structure 
of the lignin in the initial plant. The 
phenolic aldehydes from the sediments 
analyzed in this study may be a geo- 
chemical index of the contribution of 
lignin to the organic sediments. 
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Department of Biology, Harvard 
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ELSO S. BARGHOORN 
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Trimethylphosphate (TMP) is used 
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tion of approximately 0.25 g per gallon, 
for controlling surface ignition and 
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posed as a food additive for stabilizing 
egg whites (4). 

Trimethylphosphate is weakly toxic 
to rodents when administered orally, 
parenterally, or cutaneously (5); long- 
term administration of high doses in 
rats induces weight loss and paralysis. 
The compound is rapidly degraded to 

dimethyl phosphate, and S-methyl- 
cysteine has been identified as a urin- 

ary metabolite, an indication that it 
functions as an alkylating agent in vivo 
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Mutagenicity of Trimethylphosphate in Mice 

Abstract. Subtoxic concentrations of trimethylphosphate, administered orally 
or parenterally to male mice, produced mutagenic effects, dependent on dosage, 
in the dominant lethal assay. 
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