
In summary, even in this moderate- 
sized river (discharge, about 44.6 km3/ 
year) (12, 16), physical mixing is very ef- 
fective in diluting the Hg content a short 
distance downstream from each source 
so that the Hg content of the bottom 
sediment returns to normal by the time 
the sediments reach the lower river (Fig. 
2); in comparison, effective downstream 
dilution in polluted European rivers is 
not achieved until the estuaries are 
reached (17). Overbank and channel de- 
posits close to lode Hg sources are im- 
portant depositional sinks that remove 
Hg from dispersing bed load sediment. 
Unlike nonmineralized or polluted river 
systems elsewhere (1, 11), tidal flats and 
carbonaceous delta swamps are not such 
important Hg sinks on a per unit weight 
basis as river levees and banks in the 
Kuskokwim drainage system. 

Cinnabar-rich sediment disperses the 
greatest distance in the finest size frac- 
tion (< 0.062 imm); it extends farther 
downstream in tributaries than in the 
main river where relatively more sedi- 
ment and water from nonmineralized ter- 
rane are available for dilution. Mining 
activity appears to artificially increase 
the dispersal distance of cinnabar-rich 
sediment because Hg is found greater 
distances downstream from mining sites 
than from similar-sized Hg deposits that 
are eroding naturally (Fig. 1). 

On the basis of the average Hg content 
measured in our study and discharge es- 
timates (12, 16) at the river mouth, we 
calculate that a total of 16,700 kg of Hg 
per year enters the marine environment 
from the Kuskokwim River. Of this total 
Hg content, 80 percent (13,400 kg) is 
transported by the water, 19 percent 
(3,130 kg) within suspended sediments, 
and 1 percent (160 kg) within bed load 
sediment. 
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For more than a century it has been 
known that the solar photosphere rotates 
differentially with latitude, the equator 
completing a turn around the sun appre- 
ciably faster than the poles. Differential 
rotation, both in latitude and radius, is 
now generally believed to be a principal 
cause of the cyclic behavior of solar ac- 
tivity, through its coupling with the sun's 
magnetic fields in a solar dynamo (1). 

Until recently the character of solar 
differential rotation has been assumed to 
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be constant. The present pattern was 
identified empirically by Carrington in 
1863, from observations of sunspots as 
tracers over a 7-year period (2). Exami- 
nation of subsequent sunspot data (3, 4) 
has produced no evidence for any sys- 
tematic variation with solar activity, 
from minimum to maximum in the 11- 
year cycle, or from cycle to cycle. Dif- 
ferences of several percent were noted in 
the disk-averaged rotation rates derived 
before the time of Carrington (5), but 
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Anomalous Solar Rotation in the Early 17th Century 

Abstract. The character of solar rotation has been examined for two periods in the 

early 17th century for which detailed sunspot drawings are available: A.D. 1625 

through 1626 and 1642 through 1644. The first period occurred 20 years before the 
start of the Maunder sunspot minimum, 1645 through 1715; the second occurred just 
at its commencement. Solar rotation in the earlier period was much like that of 
today. In the later period, the equatorial velocity of the sun was faster by 3 to 5 
percent and the differential rotation was enhanced by a factor of 3. The equatorial 
acceleration with declining solar activity is in the same sense as that found in recent 

Doppler data. It seems likely that the change in rotation of the solar surface between 
1625 and 1645 was associated with the onset of the Maunder Minimum. 
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these were attributed to the effect of sun- 
spot "proper motions," or to less than 
adequate samples or technique rather 
than to any real, long-term changes in 
the character of the solar rotation itself. 

A more immediate and potentially 
more precise picture of the differential 
rotation can be obtained from the Dop- 
pler shift of Fraunhofer lines at the limbs 
of the sun. With this method one mea- 
sures directly the velocity of the photo- 
spheric gas rather than the possibly inde- 
pendent movements of the magnetic 
fields defined in sunspots; moreover, this 
method makes it possible to study solar 
rotation at higher latitudes where sun- 
spots are seldom or never seen. Using 
the Doppler method, Howard has re- 
cently shown evidence for significant 
changes in the character of photospheric 
rotation in the current sunspot cycle (6), 
including a possible acceleration of the 
solar rotation at all latitudes as solar ac- 
tivity declines. These new results should 
be compared with earlier sunspot data 
for evidence of long-term or activity-re- 
lated changes in the rotation of the sun. 

We presented evidence earlier (7) that 
in the longer term the differential rota- 
tion may indeed vary. From an analysis 
of drawings of the sun made by Johannes 
Hevelius (8), we found that in the years 
1642 through 1644-at the onset of a pro- 
longed period, the Maunder Minimum, 
characterized by a dearth of sunspots- 
the pattern of surface rotation differed 
significantly from the modern norm. At 
that time equatorial regions completed a 
synodic rotation in about 25.9 days, or 1 
day faster than the modern rate; dif- 
ferential rotation was present and, as 
now, was symmetric about the solar 
equator but was enhanced by about a 
factor of 3. We concluded that this 
change was probably associated, as 
cause or effect, with the Maunder Mini- 
mum anomaly of about 1645 through 
1715 (9). 

The implied change in surface rotation 
places new restrictions on models of the 
solar dynamo, and indirectly raises ques- 
tions about the more basic issues of the 
stability and constancy of the solar con- 
vection zone and atmosphere. Thus it 
seems important to examine other avail- 
able data from the same era as further 
checks on the reality of the rotational 
anomaly, and through probes of adjacent 
time periods to obtain a better definition 
of its onset and duration. Particularly im- 
portant is the question of whether sun- 
spot drawings made before the time of 
the Maunder Minimum show a normal or 
an abnormal rotational profile. 

The best known and most extensive 
compilation of sunspot drawings before 
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Fig. 1. Title page of the Rosa 
Ursina, printed in 1626 through 
1630. The original size was 25 by 
36 cm. The bear and rose in the 
title and plate were based on the 
name and emblem of the Duke of 
Orsini, who' sponsored the work. 
[By permission of the Houghton 
Library, Harvard University] 

ROSA VRSINA 
S I V E 

SOL 
EX ADMIRANDO FACVLARVM 

& Macularum fuarum Phoenomeno VARIVS, 
NECNON 

Circa centrum fuum& axem fixum ab occafu in ortum annua, 
circaq.alium axem mobilem ab ortu in occafum conuerfione 

quafi menftrua, fuper polos proprios; Libris quatuor 
MOB ILIS oftenfus, 

A 
CH RISTOPHORO SCHEINER 

GERMANO SVEVO, E SOCIETATE IESV. 

AD PAVLVM IORDANVM IL 
VRSINVM BRACCIANI DVCEM. 

BRACCIANI, 
Apud Andream Phaum Typographum Ducalem. 

ImprfEio coepa Anno X6a6. fiuita vcro 163o. Id.lunj. Cum Iutcintia urvrum. 

Table 1. Solar rotation, 1625 through 1626 and 1642 through 1644. The synodic rotation 
rate R (in degrees per day) and the standard deviations a- and ar/\N are from a sample N of 
sunspot measurements from Scheiner's Rosa Ursina and Hevelius's Selenographia. 

Individual spots Sunspot groups 
Latitude 

R o- o-/N N R o cr//N N 

Longitude limit, 40?; Scheiner (1625 through 1626) 
30? to 25? 13.17 0.57 0.40 2 13.17 1 
25? to 20? 13.00 1.03 .16 39 13.09 0.74 0.22 11 
20? to 15? 13.28 1.02 .09 115 13.26 .79 .12 41 
15? to 10? 13.25 0.85 .08 124 13.37 .58 .10 32 
10? to 5? 13.24 .85 .09 100 13.29 .52 .09 34 
5? to 0? 13.32 .80 .11 49 13.37 .39 .11 12 

Longitude limit, 40?; Hevelius (1642 through 1644) 
20? to 15? 13.28 1.31 .24 29 13.25 .16 .09 3 
15? to 10? 13.78 1.01 .19 68 13.79 .50 .15 12 
10? to 5? 13.83 1.10 .09 150 13.76 .72 .12 36 
5? to 0? 13.85 .84 .12 51 13.84 .27 .10 8 

Longitude limit, 60?; Scheiner (1625 through 1626) 
30? to 25? 13.45 .55 .23 6 13.48 .45 .32 2 
25? to 20? 13.16 .89 .13 55 13.35 .46 .13 13 
20? to 15? 13.30 .98 .08 162 13.34 .67 .10 43 
15? to 10? 13.32 .90 .07 164 13.35 .57 .10 35 
10? to 5? 13.34 .90 .07 162 13.44 .59 .09 42 
5? to 0? 13.46 .74 .09 71 13.48 .31 .09 13 

Longitude limit, 60?; Hevelius (1642 through 1644) 
20? to 15? 13.25 1.26 .22 32 13.32 .12 .07 3 
15? to 1.0? 13.84 1.00 .11 82 13.84 .44 .11 16 
10? to 5? 13.93 1.35 .10 181 13.73 .84 .14 37 
5? to 0? 13.83 .93 .11 69 13.68 .27 .09 10 

Ward (1905 through 1954) (4) 
30? to 25? 12.95 
25? to 20? 13.15 
20? to 15? 13.30 
15? to 10? 13.40 
10? to 5? 13.48 
5? to 0? 13.53 
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1640 is Scheiner's Rosa Ursina (10) pub- 
lished in 1630 (Fig. 1). This large and 
beautiful work deals exclusively with 
telescopic observation of the solar sur- 
face: sunspots, faculae, and the in- 
struments and methods for observing 
them. The book has 784 pages and re- 
quired 4 years to be printed. Included are 
thousands of individual observations on 
hundreds of engravings; among them are 
66 full-page illustrations that show the 
whole disk of the sun, 22 cm in diameter, 
with exquisite sunspot details. In these 
large-scale data is an almost daily record 
of the sun from 1 January 1625 through 5 
June 1626-about 20 years before the on- 
set of the Maunder Minimum and 15 
years after the introduction of the tele- 
scope. During this time solar activity 
seems to have been gradually falling: es- 
timated sunspot numbers, according to 
Eddy's reconstruction (9), were 41 for 
1625, 40 for 1626, and 22 for 1627 (Fig. 
2). These numbers might correspond, for 
instance, to the declining phase in 1973, 
1974, and 1975 of the solar cycle just 
ended. 

Like Hevelius later, Scheiner record- 
ed the passage of single spots or sunspot 

60 

20 

groups across the face of the sun on a 
single disk drawing, to demonstrate the 
solar rotation. Thus each full-disk draw- 
ing presents the appearance of the sun on 
about 13 consecutive days. This printing 
technique minimizes errors of registra- 
tion between consecutive spot positions 
and is an invaluable assist in the data re- 
duction reported here. Like Hevelius, 
Scheiner provided the precise time of 
day (in hours and fractions) at which 
each drawing was made. He also includ- 
ed as redundant information the eleva- 
tion angle of the sun above the horizon, 
which we have used as a consistency 
check on the time of day through knowl- 
edge of the date and latitude of observa- 
tion. 

Scheiner's sunspot drawings were 
made, as today, by projecting the white- 
light image of the sun on a card, using a 
refractor with a focal length of about 2 m 
and an enlarging lens (Fig. 3). We sus- 
pect that these data, now 350 years old, 
are as accurate a representation of sun- 
spot positions as one finds in modern 
drawings or photographs of the sun and 
are limited only by clock errors or pos- 
sible distortion in the engraving and 
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Fig. 2. Annual mean sunspot number, 1610 through 1975. Values for 1610 through 1715 are 
those estimated by Eddy (9). Data for 1642 through 1644 were derived from Hevelius's Seleno- 
graphia (8); those for 1625 through 1627 are from the Rosa Ursina (10). 
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printing process. Certainly they show 
spatial detail equivalent to that achieved 
with a modem instrument of similar focal 
length. An example page is shown in Fig. 
4. 

We have analyzed each of the 49 us- 
able plates in the Rosa Ursina in the 
manner described in our earlier paper 
(7), to obtain measures of the rotation of 
the solar surface, using sunspot positions 
as tracers. In all, the positions of 768 re- 
corded sunspots were utilized, covering 
the latitude range from 30?N to 23?S. The 
estimated positional accuracy for each 
spot is about + 0.5? in heliographic lati- 
tude and longitude. We have used these 
spot positions and the differences in time 
between them to deduce surface rotation 
rates as a function of solar latitude for 
the period from 1625 through 1626. 

Results are summarized below and are 
shown in Table 1 and Fig. 5. 

1) Solar differential rotation between 
latitude limits of 20?N and 20?S was 
much less pronounced in 1625 through 
1626 than in the apparently anomalous 
period 1642 through 1644; during the ear- 
lier period differential rotation was 
roughly the same as or slightly less than 
that during the modem era of "normal" 
solar activity. 

2) The equatorial rate of solar rotation 
in 1625 through 1626 was less by about 
0.6? per day than for 1642 through 1644, 
a difference of between 4 and 5 percent. 

3) The latitude profile of solar rotation 
in 1625 through 1626 was more like that 
of the modem norm than that of the 
anomalous period from 1642 through 
1644. 

4) The distinctions described in items 
1 through 3 persist when the data of 
1625 through 1626 are broken into two 
consecutive, approximately equal subpe- 
riods. [This test was also applied to veri- 
fy the findings for 1642 through 1644 (7).] 

5) Sufficient observations are included 
in the two sets of 17th-century data to 
establish that four or five standard errors 
separate the derived rotation profiles for 
low-latitude regions in the data of 1625 
through 1626 and 1642 through 1644. 
From this we conclude that the dif- 
ferences are statistically significant. 

As with the etchings of Hevelius, 
Scheiner's drawings of the sun for 1625 
through 1626 appear to have been exe- 
cuted and reproduced with considerable 
precision. Even so, it is possible that in 
either or both cases, optical distortions 
in the early telescopes could have in- 
troduced subtle systematic effects that 
the early astronomers could have over- 
looked and which would appear in our 

analysis as anomalies in the solar rota- 
tion. It is not hard to imagine the intru- 
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sion of such errors, particularly with the 
auxiliary, enlarging lens used then, as 
now, in projecting images of the sun 
large enough for tracing. If the outer 
zones of the solar image were to be mag- 
nified slightly more or slightly less than 
the center of the disk, the derived rota- 
tion rates would be proportionately dis- 
torted, no matter how careful the sub- 
sequent drafting. Indeed, Beckers (11) 
has recently shown that pincushion dis- 
tortion in solar images from a moder re- 
fractor can lead to longitude errors of 
several degrees in apparent sunspot posi- 
tions and to significant errors in derived 
solar rotation rates. 

We have carried out several tests of 
both sets of 17th-century data to check 
on this possibility of error. In one we 
separated data by solar longitude inter- 
vals, to determine whether rotation rates 
derived for longitude zones nearer the 
limb of the sun differed systematically 
from rates derived from central zones. In 
this test we found no significant effects; 
differences found were at the level of 
0.01? per day. 

In another test, suggested by Beckers, 
we compared solar rotation rates deter- 
mined from passage of spots across the 
central meridian, that is, for complete 
rotations of the sun, with those obtained 
from daily sunspot displacements. In this 
way, full rotation data might be expected 
to be free of distortion effects. Here, 
however, we are plagued by the Maun- 
der Minimum anomaly: spots during the 
early 17th century, and particularly as 
the protracted sunspot absence devel- 
oped, were few and noticeably short- 
lived. Only a small number were ob- 
served to persist for a full solar rotation 
in either of the 17th-century data sets, 
and so our sample is probably too small 
to permit application of the test. More- 
over, to these few cases a large prelimi- 
nary correction must first be applied: re- 
current, long-lived spots are known to 
rotate almost 0.2? per day more slowly 
than the average of all spots, as shown 
in a comparison of the solar rotation data 
of Newton and Nunn (3), determined 
from recurrent spots, with that of Ward 
(4), for all spots. 

In the period from 1625 through 1626, 
rotation rates derived from the five spots 
that persisted for a full rotation of the 
sun are not different from rates deter- 
mined in the same data set from daily 
sunspot motions. In the data from 1642 
through 1644, four recurrent spots were 
identified. All gave lower rotation rates 
than for daily displacements. For two of 
these the rate difference was about that 
anticipated, as described above, be- 
tween recurrent and long-lived spots. 
25 NOVEMBER 1977 

For the other two the difference was 
about twice as large. These samples, we 
believe, are far too limited to signify 
more than a warning. Indeed, if an anom- 
aly were found in two sunspots in mod- 
em data, it would surely be ignored. 

We conclude that Scheiner's data from 
the Rosa Ursina establish a solar rota- 
tion behavior for 1625 through 1626 
much like the modern norm, adding cre- 
dence to the hypothesis that photospher- 
ic rotation developed an anomalous pat- 
tern at the subsequent onset of the 

Maunder sunspot minimum. In the 20 
years between 1625 and 1645 the equato- 
rial regions of the solar surface seem to 
have accelerated, to complete a rotation 
about 1 day faster than usual. 

The sense of the acceleration, with 
higher equatorial rotation associated 
with lower sunspot activity, is the same 
as that reported by Howard in modern 
Doppler data (6), although about double 
the amplitude that he found between 
modern cycle maximum (1967 through 
1970) and cycle minimum (1974 through 

C,.Plinims. Sec: Lil. . c. Io . 
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J I - MacuWti et IFcufit ex uariis obferuand modis flabiiiuntur. 

Fig. 3. An illustration from the Rosa Ursina demonstrating various methods for observing the 
sun in the 17th century. The lower inset portrays the more conventional manner in which draw- 
ings that became full-page plates were probably made; we may presume that the author, then 
about 50 and in appropriate clerical garb, is shown in this picture, probably at the right. [By 
permission of the Houghton Library, Harvard University] 
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1976). The correspondence may be mis- sunspot rotation rates from maximum to 
leading, for in one case we measure the minimum in the cycle for which Howard 
velocity of sunspot magnetic fields and in made his measurements, but this possi- 
the other photospheric gas. It is not bility is being investigated. Also, the 
known whether there was an increase in temporal regimes may be different: the 

LXII, Imayo ,. DC XXVI.- 

O1,f ruafson // In Colfteio Romano Socieiaftis 

C/urlas Macraarum, adic ,- a 18 Apriis, 
Aiis aiorT annorum {etmp ore eoden 

AB.Ec{ip{icS, Ii 
8 $ 

A*- .kI* . I 

, a..,, A-wu a= 
r 

1, *' 

I, Aprills. 

a, Occidens, 
*I - 

a I 
9 

f 
7 I 

APRILIS. '_ 

/D r_H _ 0,m ̂ D-H n_ 
' t. U, 4 --- 2z, , 2 ;Ul, +- 2.3, o. 

6'u;. U - + 1, o, u + 

8 +,. 4-i-- 1. So, 1r,.u 2 .- 8. 30. 

g,U,. f ty o, , o ,ru, -t 18. S-. 

o,. ,. 7-- . z, 3o, 18,W, 2,- - +?,':o, / 

N 3 o, td " 

(40N Longitude limit) 

(40? Longitude limit) 

Ward- / Scheiner Spot 

(1905-1954)j (1625-1626) groups 

- --_ _ . Hevelius 
- - \\ - (1642-1644) 

A \ A 
13.0 13.2 13.4 13.6 13.8 14.0 

I , I I I I I , I I I I 

Ward..,.. Individual Ward / Scheiner spot 
l 

(1905-1954 (1625-1626) 
spot 

--- - -i + Hevelius 
(1642-1644) 

/ 

Fig. 4 (top). One of the 66 full-page plates of 
the sun from the Rosa Ursina, showing the 
daily locations of spots and faculae from 4 
April to 18 April 1626. Original diameter, 22 
cm. Flower medallions on either side of the 
Christian emblem at the top are the ursine or 
bearlike rose. [By permission of the Houghton 
Library, Harvard University] Fig. 5 (bot- 
tom left). Solar synodic rotation rates, in de- 
grees per day, for the three periods 1625 
through 1626 (solid circles) (10), 1642 through 
1644 (open circles) (8), and 1905 through 1954 
(smoth curve) (4), all from Table 1. Data 
shown are for spots within 40? of the central 
meridian. For each set, Northern Hemisphere 
and Southern Hemisphere data have been 
combined. Error bars on the 17th-century data 
depict the estimated standard deviation of the 
mean rotation rate determined for each belt of 
latitude. The data of Hevelius (open circles) 
extend only to the latitude belts 15? to 20? 
north and south of the equator. 

apparent change in the 17th century may 
be of long term, possibly related to the 
gross depression of the envelope of solar 
activity; in the modem case the rotation- 
al change may reflect the phase of the 11- 
year sunspot cycle. Finally, the shape of 
the rotational profile derived for 1642 
through 1644 differs from that found by 
Howard for the present cycle minimum, 
although the absence of sunspots above 
about 20?N and below about 20?S in the 
early data may hide crucial details of the 
distinction. 

Further comparison of the 17th-cen- 
tury anomaly with modem evidence of 
cycle-related change requires that we 
identify the phases of the presumed 11- 
year cycle in which the early data were 
taken (Fig. 2). Unfortunately, there are 
not sufficient data to determine this un- 
ambiguously (9) or indeed to answer 
the more fundamental question of wheth- 
er the 11-year cycle existed at all before 
about A.D. 1700 (12). In the rotational 
results reported here, for 1625 through 
1626, we may have the suggestion of an 
affirmative answer: since differential ro- 
tation in Scheiner's observations was 
similar to that of modern times, we may 
assume that the action of the solar dy- 
namo was like the modern norm and 
hence that there were 11-year sunspot 
cycles in existence at the time. 

JOHN A. EDDY, PETER A. GILMAN 
DOROTHY E. TROTTER 

High Altitude Observatory, National 
Center for Atmospheric Research, 
Boulder, Colorado 80307 
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as witnessed in the monumental Rosa Ursina. 
He chose the name Ursine Rose to honor the 
book's patron, Paolo Gordano, Duke of Orsini, 
whose family insigne featured a bear (from 
which the name Orsini derived) and a wild rose, 
which, as an elegant medallion, is generously 
sprinkled through the illustrations in the book. 
The subtitle ("Or the sun dotted by the surpris- 
ing phenomenon of its faculae and spots, by the 
German Swabian Christopher Scheiner, of the 
Society of Jesus") (Fig. 1) explicitly describes 
the content of the volume and reveals Scheiner's 
particular interest in the photospheric faculae. 
The book includes scattered sunspot observa- 
tions that were made during the full 18 years of 
the author's interest in the solar surface. In it he 
determined the rotation period of the sun as be- 
tween 26 and 27 days (an average over latitude) 
and found the inclination angle of the solar axis 
to be between 6? and 8?-as compared to the ac- 
cepted, modern value of 7?15'. He also noted 
that higher-latitude spots rotated more slowly. 
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Sedimentary Polycyclic Aromatic Hydrocarbons: 
The Historical Record 

Abstract. Polycyclic aromatic hydrocarbons in three sections of a dated sediment 
core from Buzzards Bay, Massachusetts, have been analyzed by gas chromatograph- 
ic mass spectrometry. This historical information suggests that sedimentary polycy- 
clic aromatic hydrocarbons, at least at this location, result primarily from the anthro- 
pogenic combustion offossilfuels. 
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The presence of complex mixtures 
of polycyclic aromatic hydrocarbons 
(PAH) and their alkyl homologs in soils 
and sediments from the New England re- 
gion has been well established (1-3). In 
all cases, the qualitative distributions of 
the unsubstituted PAH and the relative 
abundances of the alkyl homologs within 
a given PAH series have been very simi- 
lar (4). Before the geochemical signifi- 
cance of these findings can be deter- 
mined, however, a detailed understand- 
ing of the sources of PAH in these recent 
sediments must be developed. 

At present, there is a consensus that 
these PAH mixtures are not produced 
biologically (3, 5) but rather that they re- 
sult from the deposition of combustion- 
generated airborne particulate matter (3, 
4, 6). There is, however, no consensus 
on whether these particulates are natural 
(2, 3) or anthropogenic (4, 6). This is an 
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important question. If the source were 
natural (forest fires, for example), man 
would have been exposed, for much of 
his history, to a burden of carcinogenic 
PAH to which he may well have devel- 
oped a certain tolerance. On the other 
hand, if the source were man's activities, 
this tolerance probably would not exist 
since the level of environmental PAH 
would have been continuously increas- 
ing. 

Semiquantitative measurements of the 
alkyl homolog distributions tend to sug- 
gest that sedimentary PAH could not re- 
sult from anthropogenic airborne partic- 
ulates (3). These data, however, are not 
conclusive because mechanisms which 
could modify the homolog distribution 
after the particulates have been depos- 
ited have not yet been taken into account 
(4, 6). 

Other experimental information per- 

important question. If the source were 
natural (forest fires, for example), man 
would have been exposed, for much of 
his history, to a burden of carcinogenic 
PAH to which he may well have devel- 
oped a certain tolerance. On the other 
hand, if the source were man's activities, 
this tolerance probably would not exist 
since the level of environmental PAH 
would have been continuously increas- 
ing. 

Semiquantitative measurements of the 
alkyl homolog distributions tend to sug- 
gest that sedimentary PAH could not re- 
sult from anthropogenic airborne partic- 
ulates (3). These data, however, are not 
conclusive because mechanisms which 
could modify the homolog distribution 
after the particulates have been depos- 
ited have not yet been taken into account 
(4, 6). 

Other experimental information per- 

taining to the source of these PAH has 
been the recent finding of complex mix- 
tures of azaarenes in sediments from 
Buzzards Bay (7). These investigators 
assume that azaarenes are produced by 
the incomplete combustion of plant ma- 
terial, and thus by inference that the 
PAH in these sediments are also pro- 
duced by the combustion of plant materi- 
al such as in a forest fire. 

Still another experimental approach is 
to search for a historical record of PAH 
in the environment. Man's inputs of 
DDT (8), lead (9), and trace metals (10) 
have been recorded in the recent sedi- 
mentary record. Obviously, man's pat- 
terns of utilization of fossil fuels have al- 
so changed considerably over time, and, 
if the anthropogenic combustion sources 
of PAH are substantially larger than nat- 
ural sources, this change should be re- 
flected in the sedimentary record. We re- 
port here the analysis of PAH in three 
sections of a dated sediment core in an 
attempt to establish a historical record of 
PAH production and deposition. 

The core sample was obtained from 
Buzzards Bay, Massachusetts (station P, 
41029.0'N, 70?52.5'W, 17-m depth), from 
an area where measurements of 210Pb 
(11), 137Cs, 239Pu, and 240pU (12) provide a 
means of estimating the sedimentation 
rate. [An earlier study (13) of alkanes, 
cycloalkanes, and phenanthrenes in an- 
other sediment core from this location 
showed a trend of decreasing concentra- 
tions between the upper 2 cm and 54 to 
58 cm, which pointed toward fossil fuel 
combustion as the principal source 
of hydrocarbons in these surface sed- 
iments.] The core was collected in Au- 

gust 1975 with a sphincter corer 21 
cm in diameter and 1 m long (14). Three 
sections of the core were used for this 
study: the top 4 cm (1970), 20 to 24 cm 
(1900), and 38 to 42 cm (1850). There 
was no sulfide present in the top 8 cm. 
An oxic, bioturbation zone of about 
4 cm was indicated by the 210Pb depth 
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port here the analysis of PAH in three 
sections of a dated sediment core in an 
attempt to establish a historical record of 
PAH production and deposition. 

The core sample was obtained from 
Buzzards Bay, Massachusetts (station P, 
41029.0'N, 70?52.5'W, 17-m depth), from 
an area where measurements of 210Pb 
(11), 137Cs, 239Pu, and 240pU (12) provide a 
means of estimating the sedimentation 
rate. [An earlier study (13) of alkanes, 
cycloalkanes, and phenanthrenes in an- 
other sediment core from this location 
showed a trend of decreasing concentra- 
tions between the upper 2 cm and 54 to 
58 cm, which pointed toward fossil fuel 
combustion as the principal source 
of hydrocarbons in these surface sed- 
iments.] The core was collected in Au- 

gust 1975 with a sphincter corer 21 
cm in diameter and 1 m long (14). Three 
sections of the core were used for this 
study: the top 4 cm (1970), 20 to 24 cm 
(1900), and 38 to 42 cm (1850). There 
was no sulfide present in the top 8 cm. 
An oxic, bioturbation zone of about 
4 cm was indicated by the 210Pb depth 

Table 1. Concentrations of PAH (dry weight basis) and distributions of alkyl homologs in three sections of a sediment core taken from Buzzards 
Bay. The estimated errors in the PAH concentrations are + 20 percent. The relative abundances of PAH are expressed as a percentage of the 
total unsubstituted PAH (values in parentheses). The bioturbation zone is 4 cm (11); thus the error in the dates is + 15 years. 

Year of DphPAH concentration (ppb) and relative abundance Homolog distribution 
Depth deposi- Phenan- Fluoran- Standard 

tion () threne n Pyrene C18H12* C20HI2t Totalt Slope? deviationI threne thene deviation[ 
1970 0-4 53 130 120 160 340 800 -1500 + 500 

(7) (16) (15) (20) (43) 
1900 20-24 42 130 120 200 380 870 -1400 + 600 

(5) (15) (14) (23) (44) 
1850 38-42 8 11 7 12 26 64 -1800 + 300 

(13) (17) (11) (19) (41) 

*Compounds of the formula C1sH12, including chrysene, benzanthracenes, and triphenylene. tCompounds of the formula Co20H1, including benzofluoranthenes 
and benzopyrenes. tTotal unsubstituted PAH concentration, dry weight basis. ?Slope of a least-squares line fitted to the average abundance (composited over 
the C16Hi0, C18Hi2, and C20H12 species) of the various alkyl homologs (normalized to 104 for the unsubstituted species) versus the number of alkyl carbon atoms. For 
details on this type of data presentation, see (1-4). lIStandard deviation of the slope of the homolog distribution. 
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