
(24). However, these other maps de- 
scribe an area circumscribed by our 5 
and 6 ppm arsenic isopleth (soil map) and 
our 3 and 4 ppm isopleth (dispersion 
model). Thus, our maps cover a more 
extensive area. Further, our map (Fig. 
2A) suggests long-range transport of ar- 
senic from Commencement Bay to the 
Lake Sammamish Plateau. This observa- 
tion may explain reports of somewhat 
elevated arsenic levels occasionally ob- 
served at distant monitoring stations 
(24). 

There were no statistical differences 
for arsenic or fluoride for bees collected 
during July or September at similar sites. 
However, limited data were available so 
that the power of the test was low. The 
same result was obtained in a follow-up 
experiment conducted in 1983. Bees 
sampled weekly for 10 weeks at two sites 
near Commencement Bay displayed 
temporal coefficients of variation of 
about 20 percent. 

Kriging errors for arsenic (Fig. 2C) 
show that estimated error is related to 
data density (that is, the number of sites 
sampled in a given area). Error was 
relatively small in the urban areas of 
Seattle and near Tacoma where many 
beekeepers obtained samples. In con- 
trast, errors were larger in the rural 
areas, where sample locations were 
more scattered. Largest errors occurred 
at the perimeter of the study area and in 
those places where a section of the krig- 
ing grid encompassed a large mass of 
water. Kriging error is not synonymous 
with a standard deviation determined 
from replicate hives at a single location. 
Results from our studies indicate that 
coefficients of variation of about 20 per- 
cent with a range of 1.7 to 43 percent can 
be expected, depending on time of year, 
proximity to source, and other factors. 

The predicted fluoride concentration 
map ( ~ i ~ .  2E) suggests a different source 
and dispersion mechanism. On the basis 
of our studies in Montana (12), we pre- 
dicted that fluoride concentrations in 
nearby vegetation would also be propor- 
tionately high. Data provided by the 
Washington State Department of Ecolo- 
gy show that levels in grasses near the 
tide flats area of Commencement Bay 
contained up to 100 ppm (25), whereas 
background levels for grass should be 
about 1 to 6 ppm (26). In much of the 
area of high concentrations of arsenic 
and cadmium in bees, levels are also so 
high in vegetables that the Pierce County 
De~artment of Health has advised 
against consumption (27). 

Our results show that beekeepers can 
effectively use colonies of bees as a self- 
sustained system for environmental 

monitoring over large geographical ar- 
eas. Honey bees provide a spatially inte- 
grated sample of all three (gas, liquid, 
and particulate) modes in which pollut- 
ants may be transported. Moreover, our 
experience indicates that this monitoring 
system is less expensive than, for exam- 
ple, high volume air samplers that only 
monitor particulate pollutants. To deter- 
mine how bee colonies can most effec- 
tively contribute to monitoring needs, 
especially in terms of integrating the 
information obtained with decision-mak- 
ing and regulatory processes, will re- 
quire better understanding of the extent 
and limitations to which colonies of bees 
can be used in other places and for other 
pollutants. 
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Nigerian Geophagical Clay: 
A Traditional Antidiarrheal Pharmaceutical 

Abstract. The chief geophagical clay entering the West African market system 
comes from the village of Uzalla, Nigeria. Village inhabitants ascribe antidiarrheal 
properties to the clay, and they use it in traditional medicinal preparations to 
counteract intestinal problems. Mineralogical analyses demonstrate a striking 
similarity between the Uzalla village clay and the clay in the commercialpharmaceu- 
tical Kaopectate. 

Geophagy, the practice of eating 
earth, occurs throughout the world ( I ) .  
In tropical West Africa, the practice ap- 
pears ubiquitous among the various eth- 
nic groups and it occurs most commonly 
among pregnant women. One geophagi- 
cal clay that comes from the village of 
Uzalla, Nigeria, is widely sold in the 
markets of West Africa. Although con- 

siderable investigation has been devoted 
to nutritional questions and medical im- 
plications of geophagy (2, 3), we are 
unable to find studies of the pharmaceu- 
tical properties of geophagical clays. Our 
mineralogical analyses of the Uzalla 
clays indicate a kaolinitic composition 
strikingly similar to that of the clays i s  
the pharmaceutical Kaopectate. 
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Geophagists in West Africa obtain ed- 
ible substances either by procuring them 
from local sources or by purchasing 
them in the markets. Local sources may 
be as diverse as red, lateritic clays 
scraped from the walls of buildings, the 
interior of termitaria, and in some areas 
sand (4). Local clays most commonly 
eaten are those dug from the B soil 
horizon at depths of 30 to 90 cm (5). 
Local geophagical clays are used chiefly 
by those groups not tightly linked to the 
market system of the region. 

Geophagical clays in the West African 
markets come principally from two pro- 
duction centers. One of these lies east of 
the Volta River among the Ewe people of 
Ghana (4); clays from this source are 
processed to give them a rather uniform 
egg shape and size, but their penetration 
into the market network is rather limited. 
A second source is located in the area 
occupied by the Beni-speaking peoples 
of Nigeria. These clays, called eko by the 
villagers who mine and process them, 
gain wide circulation in the well-articu- 
lated West African market system; they 
have been observed by one of us 
(D.E.V.) more than 1500 km westward in 
Liberia. In Ghana and Togo the eko 
clays are known as Calabar, a name 
suggesting connection with the old slave 
port of Calabar on the Guinea coast and 
with the transfer of the practice of ge- 
ophagy via the slave trade to the New 
World (6). 

Eko comes from the village of Uzalla 
in the Benin area of south-central Nige- 
ria (Fig. 1). North of Uzalla the Aruvbi 
River cuts through an overburden of 
Pleistocene coastal sands to expose the 
gently southward-dipping Emo shales of 
Paleocene age (53 to 65 million years 
old). The extent and long history of shale 
mining in this area are manifest in the 
remarkable number of excavations that 
honeycomb the valley bottom and in the 
widening of the valley from human activ- 
ity. 

Unprocessed eko clays are light gray 
in color and massive in appearance. Bed- 
ding planes are faintly distinguished by 
slight color changes and occasional 
streaks of coarse particles and organic 
matter. 

Women process the shales for the mar- 
ket by scraping away coarse and gritty 
materials and sun-drying the irregular 
blocks. Once dried, the material under- 
goes smoking and hardening over a smol- 
dering fire for a 2- to 3-day period, a 
process that transforms the gray shales 
into eko with its characteristic rich choc- 
olate sheen and hardness. 

Eko finds outlet chiefly through wom- 
en merchants who come to the Uzalla 
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Fig. 1. Location of the village of Uzalla in 
south-central Nigeria. 

market held each fourth day. Accumulat- 
ed purchases often warrant removal by a 
large truck to regional markets such as 
Lagos, Ijebu-Ode, and Ibadan for redis- 
tribution westward throughout the West 
African market system. Observations in 
Uzalla and in its market indicate that 400 
to 500 tons are produced and sold each 
year. The widespread acceptance of eko 
among different ethnic groups many hun- 
dreds of kilometers from its source testi- 
fies to the antiquity of the trade and use 
of these clays. 

Eko is used in several medicinal prepa- 
rations in the village of Uzalla. Small 
chips or scrapings of it plus the liquid 
extracted by grinding or squeezing the 
leaves of selected plants are made into a 
potion. The village medicine man claims 
that eight of nineteen such preparations 
are for problems associated with preg- 
nancy; the other eleven concoctions are 

Fig. 2. X-ray diffraction patterns of (a) Kao- 
pectate clay (oriented sample), (b) eko clay 
(oriented sample), and (c) eko clay (random 
powder). These patterns establish the miner- 
alogical similarity of eko and the clay in 
Kaopectate. Major peaks on the oriented 
samples are produced by kaolinite; minor 
mineral peaks are labeled. Broad peaks and 
bands (K) in (c) are produced by poorly 
crystallized kaolinite of fine particle size. 

used to ease stomach and dysenteric 
ailments. Salt is added to six of the 
preparations for stomach and dysenteric 
problems. 

In an effort to assess the scientific 
basis for these folk practices, we com- 
pared the x-ray diffraction patterns of the 
edible eko with those of the clay in 
Kaopectate (Fig. 2). The three largest 
peaks for both samples are attributable 
to kaolinite; the quantities of kaolinite 
present and the sizes of the particles are 
very nearly equal, although minor and 
trace minerals differ. The eko clay con- 
tains an opaline substance and a trace of 
quartz, whereas Kaopectate contains the 
swelling clay mineral smectite, a mica, 
and some feldspar and quartz. 

Broad bands and limited resolution of 
the peaks in the diffraction angle (28) in 
the range 20" to 22" from the bulk sample 
of eko (Fig. 2c) suggest a kaolinite com- 
posed of very small crystallites with a 
disordered crystal structure. Scanning 
electron microscopic analyses reveal 
well-formed mineral flakes -1 pm in 
diameter. Other peaks in the diffracto- 
gram can be attributed to minor quanti- 
ties (less than 10 percent by weight) of 
quartz and feldspar. X-ray analysis of an 
oriented aggregate sample of the fine 
clay (less than 2 pm) suggests the pres- 
ence of two other trace mineral phases 
(less than 1 percent). The x-ray patterns 
of the samples after treatment with ethyl- 
ene glycol exhibit broad bands centered 
on 14 and 4.1 A; the former is attribut- 
able to hydroxy-interlayered vermiculite 
or swelling chlorite, and the latter is 
associated with opal-A (amorphous sili- 
ca) or opal-CT (disordered cristobalite 
and tridymite). Limited amounts of the 
two minerals preclude more precise 
identification. 

Kaolinitic clays have long been used 
as a base for pharmaceutical prepara- 
tions designed to counteract gastric up- 
sets and irritated intestines. Kaolinite 
adsorbs toxins and bacteria and has been 
reported to form a protective coat on the 
mucous membrane of the digestive tract 
(7). The absence of chemical impurities 
and other attributes makes kaolinite es- 
pecially suitable as an ingredient in prod- 
ucts for internal consumption. Kaolinite 
does not usually interfere with the ab- 
sorption of zinc or iron because its cat- 
ion-exchange capacity is less than 10 
meq per 100 g. Minerals with higher 
cation-exchange capacities interfere with 
the absorption of iron (8). A small 
amount of the kaolinite in eko would 
yield a large number of thin plates having 
a relatively high surface area; this would 
result in an enhanced adsorptive capaci- 
ty and efficacy. 
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The similarity of the mineral composi- References and Notes 
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Raman Microprobe Evidence for Lignin Orientation in the 
Cell Walls of Native Woody Tissue 

Abstract. Raman microprobe spectra from the secondary wall of earlywood tissue 
from Picea mariana (black spruce) reveal evidence of the orientation of lignin relative 
to the plane of the cell wall. In most instances, the aromatic rings of the phenyl 
propane structural units are parallel to the plane of the cell-wall surface. 

Among the structural components of 
plant cell walls, only cellulose has been 
well characterized with respect to its 
molecular organization within native tis- 
sue (1,  2). In this work we report what 
we believe to be the first direct evidence 
for the orientation of components of lig- 
nin relative to the morphological features 
of native woody tissue. 

A central problem in studies of plant 
cell walls is that the methodologies for 
investigating morphology, namely, elec- 
tron and optical microscopy, are very 
limited in their capacity to develop infor- 
mation concerning molecular structure. 
On the other hand, procedures tradition- 
ally used for exploring the molecular 
structure of cell-wall components re- 
quire prior isolation of the components 
by extractive procedures that are fre- 
quently destructive of morphological 
features (3). 

The Raman microprobe offers an op- 
portunity to bridge this gap through 
spectroscopic investigation of individual 
morphological features in unperturbed 
plant tissue. The microprobe permits ac- 
quisition of Raman spectra from domains 
as small as 1 pm (4, 5). But its greatest 
asset in the present context is that mo- 
lecular orientation within these domains 
can be established from analysis of the 

polarization of Raman scattered light (6, 
7). 

The particular question that we ad- 
dressed was the possibility that lignin 
molecules are oriented with respect to 
the geometry of the cell walls in native 
woody tissue. Such information would 
be helpful for a better understanding of 
its function. Although some anisotropy 
in the structure of lignin had been postu- 
lated on the basis of measurements of 
ultraviolet dichroism (8), these measure- 
ments were later attributed to form di- 
chroism rather than to molecular orienta- 
tion (I). The possibility of lignin orienta- 
tion is suggested by the high degree of 
organization of cellulose as well as by 
evidence for orientation of the hemicel- 
luloses in cell walls (9, 10). Our experi- 
ments were specifically designed to es- 
tablish whether the aromatic rings of the 
phenyl propane units in lignin molecules 
had preferential orientations with re- 
spect to the plane of the cell-wall sur- 
face. In the work reported here attention 
was focused on the secondary wall in 
earlywood tissue from Picea mariana 
(black spruce). 

The microprobe system consisted of a 
Jobin Yvon Ramanor HG2S equipped by 
the manufacturer with a Nachet micro- 
scope modified for coupling to the spec- 

trometer and designed to provide imag- 
ing on a glass screen. The microscope 
serves the dual functions of focusing the 
exciting laser beam on the domain of 
interest and of gathering the Raman scat- 
tered light and imaging it at the entrance 
slit of the monochromator. The objective 
used in the present study was a x l00 
(numerical aperture 1.18) liquid-immer- 
sion objective corrected for water. The 
exciting radiation was the 5145-A line of 
an argon ion laser. The system and meth- 
odology are described in detail else- 
where (11). Our work and that of others 
(12) indicate that the spectra arise from 
domains approximately 1 pm in diameter 
and 0.5 pm deep. 

The woody tissue was sectioned both 
longitudinally and transversely. The sec- 
tions, approximately 30 pm thick, were 
mounted on slides approximately 2 by 3 
cm, held in place by cover slips through 
the centers of which small holes had 
been drilled. Each slide was then placed 
in a small flat-bottomed beaker, and D20  
was added to a depth of approximately 1 
cm. After the liquid-immersion objective 
was brought close to the sample, the 
D20  was covered with a thin layer of 
mineral oil to limit both evaporation and 
exchange with atmospheric moisture. 
Immersion in D 2 0  limited laser-induced 
fluorescence (11), and the D20  bands 
provided a convenient internal reference 
for intensity measurements. The possi- 
bility of spectral effects arising from ex- 
tractives, which constitute less than 1 
percent of the secondary wall, was ex- 
cluded on the basis of comparisons of 
spectral features from extracted and un- 
extracted tissue. 

The central point of the experiments 
was to compare spectra recorded with 
the polarization of the incident laser 
beam parallel and perpendicular to the 
plane of the cell wall. In order to avoid 
complications associated with the di- 
chroism inherent in the optics of the 
microscope and the monochromator, a 
polarization scrambler was inserted in 
the path of the Raman-scattered light at 
the point of coupling of the microscope 
to the monochromator, and we obtained 
the different spectra by rotating the sam- 
ple about the optical axis of the micro- 
scope. This was possible because the 
microscope was equipped with a rotating 
stage that had been precisely aligned. 

We carried out the alignment of the 
stage by observing a micrometer slide 
and adjusting the stage so that it could be 
rotated without translation. At the higher 
magnifications, small amounts of residu- 
al translations could occur but these 
were readily compensated for by micro- 
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