
solute configuration of 2 has been estab- 
lished by an x-ray crystallographic study 
of dihydroteleocidin B monoacetate (14). 
The similarity of the optical rotations of 
1, [a]D - 171? (c 1.8, CHCl3), and 2 

[cMD - 132? (c 0.4, CH30OH) (13)-and the 
circular dichroism (CD) curves of tetra- 
hydrolyngbyatoxin A: [01210onm -22,700, 
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-41,500, [0]247 -31,100, [0]265 - 33,700, 
[0]300 0, [01312 +7,800; in methanol in- 
dicates that the two toxins have the same 
stereochemistry and absolute configura- 
tion in the nine-membered ring. 
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At this time we do not know whether 1 
is a metabolite of L. majuscula or a mi- 
croorganism associated with the cy- 
anophyte. Both 2 and dihydroteleocidin 
B have also been reported to produce in- 
tense irritation on rabbit skin (15), and 
severe irritation and eruptive vesications 
on human skin (16). 

Both 1 and 2 have the same toxicities. 
The minimum lethal dose (LDo,,) of 1 in 
mice is about 0.3 mg/kg by intra- 
peritoneal injection, which is com- 
parable to the LD50 reported for 2 in 
mice, 0.22 mg/kg by intravenous injec- 
tion (14). Tetrahydrolyngbyatoxin A and 
dihydroteleocidin B also have essentially 
the same acute toxicities as 1 and 2 (17). 

Lyngbyatoxin A is very toxic to Poe- 
cilia vittata (baitfish), killing all fish with- 
in 30 minutes at a concentration in sea- 
water of 0.15 /xg/ml. Teleocidin B and 
dihydroteleocidin B are also highly tox- 
ic to fish and have been reported to 
cause the death of Oryzias lapites (Japa- 
nese killifish) within 1 hour at 0.01 /tg/ml 
(15). 
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bling of signals could be due to two con- 
formations of the toxin. Considerable decompo- 
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of the undecomposed toxin was still doubled. 
We cannot rule out the possibility that the toxin 
is a mixture of two isomers. The chemical shifts 
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mers that differ only in the position of the linalyl 
substituent. The chemical shifts of the larger sig- 
nals (Table 1) are in agreement with the attach- 
ment of the linalyl group at C-7 as shown in 1 for 
lyngbyatoxin A. The chemical shifts of the 
smaller signals-for example, sharp doublets (J = 
8 Hz) at 8 7.07 and 6.99 for the two vicinal aro- 
matic protons, a broad singlet at 8 8.75 for the 
indole NH, a doublet (J = 18 Hz) of doublets 
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A key question in the evaluation of the 
possible human cancer risk associated 
with the ingestion of asbestos and other 
durable fibers in water, beverages, and 
food is whether microscopic fibers under 
normal conditions of the alimentary ca- 
nal can migrate through the gastrointesti- 
nal mucosa (1). Such movement of fibers 
could lead to their incorporation into the 
bowel wall or, after hematogenous or 
lymphatic transport, into the peritoneum 
and other organ tissues. Occupational 
exposure to airborne asbestos dust ap- 
pears to be associated with increased in- 
cidence of gastrointestinal and peritoneal 
cancer as well as asbestosis, bronchio- 
genic carcinoma, and pleural mesothe- 
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lioma (2). Inhalation of asbestos dust is 
accompanied by the ingestion of many fi- 
bers cleared from the respiratory tract by 
mucociliary action (3). 

The introduction of large concentra- 
tions of asbestos and other durable fibers 
into the pleura (4), peritoneum (5), or 
respiratory tract (6) of rodents results in 
malignant neoplasms. Rats fed asbestos 
fibers for long periods have failed to pro- 
vide evidence of tumor production (7), 
but rats fed powdered chrysotile as- 
bestos filter material (47 percent nonas- 
bestos material included) had a signifi- 
cant excess incidence of malignant tu- 
mors over controls (8). 

Some studies of tissues from animals 
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Ingested Mineral Fibers: Elimination in Human Urine 

Abstract. Sediment in human urine examined by transmission electron microscopy 
contains amphibole fibers which originate from the ingestion of drinking water con- 
taminated with these mineral fibers. The ingestion of filtered water results in the 
eventual disappearance of amphibole fibers from urine. These observations provide 
the first direct evidence for the passage of mineral fibers through the human gastro- 
intestinal mucosa under normal conditions of the alimentary canal. 
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Table 1. Amphibole fiber concentrations in urine samples. 

Amphibole fiber concentrationt 

Subject Sex (years) Exposuret (fibers per milliliter) in 

Urine Blank sample 

A Male 82 UF 310(194-469) 8 (0.2-30) 
G Male 27 UF 590 (370-893) <14 (0-52) 
I Female 55 UF 580 (289-1038) 90(19-263) 
J Female 46 UF 1170 (562-2152) <70 (0-258) 
B Male 48 UF + W 150(41-384) <20 (0-74) 
C Female 48 UF + F 10(0.2-56) <5 (0-18) 
H Female 53 UF + F <30(0-111) <10(0-37) 
K Male 46 UF + F + W 120(77-179) 10(1-36) 
G' Male 27 F 40 (13-93) <10 (0-37) 
L Male 37 F 40 (5-144) <15 (0-55) 
A' Male 83 F 13 (0.3-72) 5 (0.1-28) 
D Female 39 F + W 20(3-72) <7 (0-26) 
E Male 36 F + W <20 (0-74) <7 (0-26) 
F Female 30 F + W 20(0.5-111) <11 (0-41) 
M Male 25 N <20 (0-74) <6 (0-22) 
N Male 40 N <30(0-111) <10(0-37) 

*Volunteer subjects are alphabetically listed in chronological order of sample collection and analysis. G' and 
A' designate second samples from subjects G and A collected approximately 2 months and 1 year, respective- 
ly, after ingestion of filtered tap water began in January 1977. tCodes for ingestion exposure (22) to 
amphibole fibers in drinking water during the month preceding sample collection: UF = unfiltered Lake 
Superior water (high amphibole fiber concentration); F = filtered Lake Superior water (low amphibole fiber 
concentration); W = well water (amphibole fiber concentration below detection limits); and N - never in- 
gested Lake Superior water. tMeasured amphibole fiber concentrations or detection limits are reported 
as fibers per milliliter of urine with a 95 percent confidence interval for a Poisson distribution indicated within 
parentheses. Blank sample concentrations or detection limits are reported as calculated for the corresponding 
urine sample volume. 

that had ingested fibers provide no evi- 
dence of fiber transport through the gas- 
trointestinal mucosal lining (7), but evi- 
dence for such movement is reported in 
other studies (9). Scanning electron mi- 
crographs showing large amosite as- 
bestos fibers penetrating epithelial cells 
of rat jejunal mucosa tissue were recent- 
ly reported (10). Mice that drank water 
suspensions of latex spheres 2 /m in di- 
ameter for 2 months were found to have 
the latex particles accumulated in macro- 
phages in intestinal Peyer's patches (11). 
Latex particles 0.22 Aum in diameter were 
reported to migrate from rat stomachs to 
lymphatics of the mucosa and also to 
liver and kidney tissues (12). Much 
larger particles of silica, opal phytoliths 
from plants, have been observed in di- 
gested mesenteric lymph node and kid- 
ney tissue from sheep which eat cereal 
chaff and grains (13). 

Evidence for the uptake in the human 
intestine of particles as large as 75 A/m is 
provided by the observation of starch 
granules in blood only minutes after in- 
gestion (14). Measurements made while 
subjects were sleeping, smoking, or con- 
suming caffeinated beverages detected 
higher quantities of starch particles in 
the blood. Dyed cellulose particles have 
also been identified in human blood and 
urine after the ingestion of specially 
stained plant foods (15). The cellulose fi- 
bers are not found in urine until at least 1 
week after ingestion. Direct evidence of 
the movement of asbestos and other in- 
organic fibers in the human body after 
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their ingestion has not been reported. 
No excess incidence of gastrointesti- 

nal cancer mortality (16) or morbidity 
(17) has been detected among residents 
of Duluth, Minnesota, after nearly 18 
years of ingesting unfiltered Lake Supe- 
rior water contaminated with amphibole 
fibers (18). We recently carried out de- 
tailed transmission electron microscope 
examinations of sediment filtered from 
urine samples collected from Minnesota 
residents with varying exposures to 
drinking water drawn from western Lake 
Superior. We report here the identifica- 
tion of amphibole fibers and other in- 
organic particles in the urine of persons 
who drank unfiltered Lake Superior wa- 
ter. 

Urine specimens (50 to 500 ml) were 
voided into particle-free glass flasks 
without flask-skin contact. The flask was 
immediately capped with aluminum foil 
to prevent contamination by airborne 
dust. All subsequent sample manipula- 
tions were conducted in a filtered-air en- 
vironment. A filtered distilled water 
sample (19) accompanied each urine 
sample as a blank through the analytical 
procedures. 

Each urine and blank sample was 
slowly vacuum-filtered through either a 
cellulose acetate membrane filter (diame- 
ter, 47 mm; mean pore diameter, 0.45 
Jim) or a polycarbonate membrane filter 
(diameter, 47 mm; mean pore diameter, 
0.2 /,m). Precipitation of organic materi- 
al during storage interfered with micro- 
scope analysis, and so each sample was 

filtered as soon as possible after collec- 
tion. The membrane filters were ashed at 
low temperature; the ash was resus- 
pended in filtered distilled water and 
acidified to approximately pH 4 to pre- 
vent precipitation of phosphates and oth- 
er salts, and the resulting suspension was 
filtered through a polycarbonate mem- 
brane filter (diameter, 25 mm; mean pore 
diameter, 0.1 ,um). Drinking water sam- 
ples were filtered through polycarbonate 
membrane filters (diameter, 47 mm; 
mean pore diameter, 0.1 /zm). Electron 
microscope grids were prepared from 
carbon-coated membrane filters with a 
technique described for water samples 
(20). 

In the transmission electron micro- 
scope examination of samples we sys- 
tematically scanned (at a magnification 
of x 10,000 or higher) locator grid open- 
ings of approximately 9500 tum2. Each 
particle with a length-to-width ratio 
equal to or greater than 3:1 was mea- 
sured and recorded. Amphibole, chryso- 
tile, and other mineral fibers were identi- 
fied by morphology and selected-area 
electron diffraction. Energy-dispersive 
x-ray fluorescence spectra obtained with 
the transmission electron microscope 
were used to determine the elemental 
compositions of the individual fibers. Fi- 
ber concentrations were calculated from 
the number of fibers identified in exam- 
ined grid openings which represented a 
known sample volume of urine (21). 

Urine samples were obtained from in- 
dividuals who were categorized into four 
different exposure groups as determined 
by the type of drinking water ingested 
(22) in the month prior to sample collec- 
tion (Table 1). All subjects, except two, 
had some known prior exposure to 
drinking water and food contaminated 
with amphibole fibers. All subjects were 
in good health, and none reported any 
history of kidney disease or occupational 
exposure to asbestos fibers. Analyses of 
air samples from the Duluth area indicate 
very low or nondetectable concentra- 
tions of amphibole fibers. 

The concentrations of amphibole fi- 
bers in urine (Table 1) are reported with 
95 percent confidence intervals based on 
Poisson distributions of fibers demon- 
strated by a variance test (23) for the fi- 
ber count data. Only for individuals who 
drank unfiltered water did the urine sam- 
ples contain more than ten times the 
number of fibers corresponding to the 
detection limits (10 to 40 amphibole fi- 
bers per milliliter of urine). Blank sam- 
ples contained either no detectable am- 
phibole fibers or concentrations much 
less than those measured in the corre- 
sponding urine samples. Thus, amphi- 
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bole fibers observed in urine are not the 
result of contamination introduced dur- 
ing sample preparation or analysis. 

The amphibole fiber concentrations 
(Table 1) show a clear association with 
the type of drinking water. The urine of 
subjects A and G, after months of ingest- 
ing only filtered water, contained less 
than 1/10 the amphibole fiber concentra- 
tions found in the urine when these sub- 
jects drank only unfiltered water. A fur- 
ther test of drinking water as a source of 
amphibole fibers in urine is provided by a 
comparison of energy-dispersive x-ray 
spectra obtained from amphibole fibers 
identified in urine and drinking water. All 
fibers analyzed contained silicon, iron, 
and magnesium. Many also contained 
calcium, and some gave detectable man- 
ganese Ka peaks. For almost all the fi- 
bers, sodium, aluminum, and potassium 
were not detected. The magnesium-iron- 
calcium ternary diagrams (Fig. 1) dem- 
onstrate the almost identical distribu- 
tions of fiber chemistries in the urine and 
drinking water samples. Comparison 
with mineral standards indicates an am- 
phibole mixture of approximately 75 per- 
cent cummingtonite-grunerite [(Fe,Mg)7 
SiSO22(OH)2], 20 percent actinolite [Ca2 
(Fe,Mg).SisO22(OH)2, and 5 percent oth- 
er amphibole minerals. Few tremolite or 
anthophyllite fibers, which often were 
present in commercial talcs (24), were 
identified. 

The mean amphibole fiber length and 
width for urine samples from subjects 
who drank unfiltered Duluth water are 
0.96 and 0.17 ,/m, respectively. This 
mean width is little different from the 
mean width (0.20 ,/m) measured for am- 
phibole fibers in several 1976 Duluth wa- 
ter samples, but these water samples had 
a larger mean amphibole fiber length 
(1.42 g/m). The previously reported (20) 
mean amphibole fiber length of 1.98 g/m 
and width of 0.30 /tm for Duluth water 
samples reflect larger fiber sizes caused 
by storm resuspension of settled amphi- 
bole particles in Lake Superior. The data 
suggest that the transport of ingested fi- 
bers from the gastrointestinal tract to 
urine may occur preferentially for short- 
er fibers, although amphibole fibers up to 
10 Jm long were observed in urine. 

Other mineral particles are commonly 
identified in urine samples. In addition to 
nonfibrous particles of silica, diatom 
fragments, iron, and clay minerals, fibers 
of iron, titanate, and glass of probable 
man-made origin are observed. Chryso- 
tile fibers are abundant in most urine 
samples but are also present in blank 
samples (25). Chrysotile, fibrous glass, 
and other inorganic fibers are used in fil- 
ters for beverage, food, and parenteral 
13 APRIL 1979 

Ca 

Mg Fe Mg Fe 
Drinking vwater Urine 

Fig. 1. Iron-magnesium-calcium ternary diagrams for the major cation compositions of 100 
amphibole fibers in both unfiltered drinking water and urine from persons drinking the water. 
Plotted cation x-ray emission intensity ratios are calculated directly from integrated Ka peak 
intensities obtained after background subtraction from the energy-dispersive x-ray fluorescence 
spectra of individual amphibole fibers. 

drug preparation and can contaminate 
the filtrate (26). 

A 1953 report (27) of the identification 
by optical microscopy of asbestos fibers 
4 to 6 ,tm long in the urine of asbestos 
workers proposed that the inhaled fibers 
had been transported through the alveo- 
lar wall to the circulatory system. The 
fraction of inhaled fibers available for 
such transport is quite small since most 
are exhaled, captured in the nasal pas- 
sages, or rapidly cleared from the lung 
by mucociliary action to the gastrointes- 
tinal tract (3). Thus it would be neces- 
sary for an individual to inhale very high 
concentrations of chrysotile fibers in or- 
der to produce, solely by migration from 
the lung to the urinary tract, the concen- 
trations we measured in urine. The am- 
phibole fibers seen in the urine samples 
can be attributed only to ingestion. 

Passage of micrometer-sized fibers 
through the kidney is not consistent with 
the organ's ability to retain much smaller 
protein material. The ultrafiltration pro- 
cess across the glomerular capillary wall 
retains protein molecules as small as an 
effective molecular radius of 40 A (28). 
Small amounts of protein that pass the 
glomerular filter are reabsorbed in the 
proximal tubule, but reabsorption is not 
expected to affect inorganic particles 
which reach the tubule. Exercise, stress, 
or extremes of heat or cold can influence 
glomerular ultrafiltration. 

The accumulation of fibers in kidney 
tissue is a potential cause of renal dis- 
ease. An excess of deaths attributable to 
kidney carcinoma (20 observed versus 8 
expected) was recently reported for a 
large cohort of asbestos insulation work- 
ers (29). Male rats examined histopatho- 
logically after drinking for 3 months wa- 
ter containing chrysotile fibers were re- 
ported to have foci of damage in the 

kidney cortex and to have red blood cells 
and hyaline casts in the urine sediment 
(30). Four kidney carcinomas were ob- 
served among 12 malignant tumors found 
for a group of 50 rats fed ground asbestos 
filter material (8). Two malignant tumors 
(not in the kidney) occurred among 50 
control rats. Chronic interstitial nephritis 
as a result of the ingestion of quartz and 
silicate particles has been attributed to 
damage caused by silicic acid rather than 
by particles transported to the kidneys 
(31). 

Concentrations of amphibole fibers 
eliminated in urine (Table 1) represent 
approximately 10-3 of the number of fi- 
bers ingested with drinking water. This 
ratio seems remarkably large and may be 
modified by further measurements. Diur- 
nal variations in kidney function, for ex- 
ample, were not accounted for since only 
one 24-hour specimen (subject A) was 
analyzed. The magnitude for intersubject 
variability in gastrointestinal mucosa, 
kidney, and other tissue permeability to 
particles is also unknown. 

Many complex pathways with dif- 
ferent time factors undoubtedly exist for 
particle transport from the gastrointesti- 
nal tract to urine. Despite these compli- 
cations, an approximate steady state be- 
tween the number of ingested fibers and 
the number of fibers eliminated in urine 
could exist so that the number of fibers in 
urine would represent the minimum 
number of fibers absorbed by the in- 
testinal mucosa. To the extent that some 
fibers are permanently retained by the 
body or eliminated by other routes, the 
urine concentrations are an underesti- 
mate of the ingested fiber absorption. 

The time needed to reach such a 
steady state, or to reach zero urine elimi- 
nation of fibers after the cessation of in- 
gestion, should equal the time necessary 
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for all fibers from a single exposure to be 
eliminated or permanently retained in 
tissue. A single day's ingestion of water 
contaminated with amphibole fibers was 
observed to result in a urine amphibole 
fiber concentration approximately 10-' 
of the number of fibers ingested, with fi- 
bers detectable in urine at least 10 days 
after ingestion. Subject G, after drinking 
filtered water for 2 months, had a 90 per- 
cent reduction in the urine amphibole fi- 
ber concentration. Subject A, 13 months 
after a change to filtered water, had a 
greater reduction in the urine amphibole 
fiber concentration. 

The data suggest that some ingested 
mineral fibers are accumulated in body 
tissue but do not allow a prediction of 
whether fibers are permanently retained. 
Further study of ingestion exposure and 
urine clearance should allow calculation 
of steady-state body concentrations of 
those fibers subject to eventual elimina- 
tion in urine. Furthermore, the electron 
microscope analysis of urine samples for 
inorganic particles such as asbestos fi- 
bers can provide a valuable index of past 
exposure. 

PHILIP M. COOK 
GAYLE F. OLSON 

U.S. Environmental Pr-otection Agency, 
Environmental Research Laboratory, 
6201 Congdon Boulevard, 
Duluth, Minnesota 55804 
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Extraction and Analysis of Organic Cations from Acid Solution 

with Strong Electric Fields and Mass Spectrometry 

Abstract. High electric fields have been used to extract organic cations from solu- 
tions of small organic molecules in polyphosphoric acid. The cations have been ana- 
lyzed by mass spectrometry. Production of ions by this method is shown to be related 
to ease of protonation by acid rather than to ionization potential. 
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The presence of well-defined amounts 
of protonated solute organic molecules 
in solutions composed of organic com- 

pounds and mineral acids is well estab- 
lished. This report presents experimental 
results indicating that cationic species in 
such solutions may be sampled directly 
into a vacuum system by using high elec- 
tric fields and subsequently analyzed by 
mass spectrometry. In these experi- 
ments a solution is prepared in situ in the 
ion source of a mass spectrometer from 
the combination of polyphosphoric acid 

supported on a tungsten wire and organic 
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samples admitted into the instrument in 
the gas phase. Extraction potentials of 
3000 to 12,000 V applied between the so- 
lution and a counter electrode provide 
detectable ion currents. 

Experiments using techniques of field 
desorption mass spectrometry (1) have 
shown that in the presence of proton 
sources or alkali metal salts, the ion 
beams observed may consist of pro- 
tonated or metal-complexed organic 
sample molecules (2). In addition, it has 
been shown that these processes are en- 
hanced by the emitters that lack the 
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