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INTRODUCT ION

ONE ALEWIFE CENTER

The site of this study is the property of One Alewife Center,
in Cembridge, MA (Fig. A). The building is mostly office spsce,
developed sround 1986 by W.R. Grace Co. and Hines Industrisl. It is
located opposite the MBTA Alewife parking gerege. The entire ares
is extant wetlends, hydrated by the Alewife Brook parkway and
surrounding ponds (Fig. B).

Construction of the parking garsage has brought hesvy traffic
into this eres of Arlington/Cambridge, causing smog and other
air/soil polliution. Conteminstion of the sres did not begin with the
extension of the subway and bus lines, however. This psrticuler
region has long been & strong center for industry. One of the most
powerful employers and environmental polluters of East
Arlington/North Cembridge is W.R. Grece, 8 chemical menufscturer.

W.R. GRACE A

W.R. Grace (Cambridge) is located at 62 Whittemore Avenue,
adjscent to One Alewife Plaze (Fig. 1,2). This is their Construction
Products Division (originelly Dewey & Almy Chemicsal Co.), one of
four division headquarters in the Grester Boston ares. The other
three sre: Amicon (Denvers), Cryovac (Woburn), end Polyfibron snd
Orgsnic Chemicals (Lexington)(Boston Globe, 12/23/90). New
building feces on Whittemore Avenue and glossy signs by the
rosdside do not disguise the face of the old Dewey and Almy Co. in
the back (Fig. 3). Right behind the W.R. Grace property is the old
Cembridge city dump, which is enclosed by a fence and pertislly
bulldozed. There is some macrolitter visible, but most has been
covered with 8 layer of soil. Residents in the sres strongty suspect
that Grece used to dump its chemical byproducts over the fence
right into the dump, but there is no official correl)(ation.

Such dumping would not seem out of keeping with Grace's
present dispbsa] stroategies. Elsie Fiore, an Ariington sctivist,
discovered that when this small Cembridge dump closed, Grace
begen illicitiy transporting sludge out to the Arlington town dump
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in the desd of night (pers. comm. with Fiore, 3/30/91). Grece's
reputetion in the Grester Boston sres 8s sn industrisl mensce is
increasing as more and more toxic weste storage and disposal
violations come to light.

In 1986, Grece peid $8 million dollars in sn out-of-court
settiement to eight Woburn femilies for conteminsating two of the
town's public drinking wells. This water has been thought to be the
ceuse of 8 neighborhood leukemis rash thet has killed five children
snd one sdult (Boston Globe, 6/1/88).

In December 1978, chemicals discovered in the Acton public
drinking weater ceused the immediate closing of two town wells.
Three others were subsequently found to be contaminated as well.
A Grece battery-sepsrator plant was found st fault, snd the EPA
lebeled the property ® Superfund toxic weste site. The plant
continued operations. It has made plastic insulating sheets to
separate the positive and negative plates of car snd industrisl
bstteries for thirty-five yesrs (Boston Globe, 12/23/90).

Spills sre common. In November 1990, 9,000 gallons of
hexene were spilled in 8 contsinment ares at the Acton plant.
Hexsne is @ highly volstile chemical. Doug Hslley, Acton’s director
of the Bosard of Health, hes commented that most of that spill "was
lost in the air,” (Globe, 12/23/90).

Accidents may be common, but reporting of such incidents is
rere. In 1988, Grace wes found guilty of 1ying to the EPA over use of
hazerdous chemicsals. The EPA monitors the use of toxics through
reguler compeny reports. In Februsry 1982, & genersl manager in
Woburn reported that only one S-gsllon drum of acetone was
purchesed snd used by Cryovac over s 22-yesr period. In the furor
over the leukemis breskout, compeny records were exsmined during
8 thorough investigoetion of the site. These records showed thet in
1973-1976 slone, W.R. Grece had bought and used 65 gellons
of ecetone (Boston Globe, 6/1/88). A

Such stories have solidified Grace'é environmentsl reputstion.
| decided to investigate One Alewife Plazs when | hesrd & rumor
thet workers st the building hed become sick from fumes and
conteminated water. Although | hesrd this from several



underground sources, | was not able to verify the fact. However, |
was able to verify thet concern over this possibility wes voiced
when plens for the building were proposed.

Before developing, Grace conducted an environmental
assessment study of the site with an independent firm. Dr. Reymond
Herbison, e Grace officisel, evaluated the results. On April 24th,
1985, Grace relessed the results, saying that "no hezard exists due
to chemical residues on the site.” (Boston Globe, 4/25/85). The
shnouncement was made 8t & public meeting. About 35 locsl
residents showed up, expressing concern that orgsnic chemicsls
used in Grece's operations are now in the soil and ground water of
the sres. Grace makes particularly hesvy use of benzene,
naphthalene, snd acetone (Globe, 4/25/85). Although Grace hess
lebeled these non-priority chemicals, they are in fact on the EPA’s
priority chemicels list. Construction on the site would be sure to
reise dust snd bring these conteminants to the surface, citizens
seid. Once there, they would escape into the air, or lesch into the
locsl water table, vie surfece runoff. The Boston Globe covered the
contredictory nature of the meeting:

Dr. Reymond Herbison, & Grece officisl who eveluated the
tests, told the group that the site "does not represent s heslth
risk st the present time, mainly because there is no exposure”
to the chemical constituents detected in the sres, most of
which, Herbison seid, did not exceed safety guidelines.

In only & few instences, Harbison seid, did the levels
exceed safety guidelines. (my emphasis)

These levels were not revesled.

The stoate listed 62 Whittemore Ave., the Construction
Products Division, 8s 8 suspected hezerdous weaste site only two
years later {Boston Globe, 1/15/87). Three years have now passed
since the DEQE tergeted this sres for study. | was not abie to find
eny sources sbout its current stetus, or whet, if enything, is being



done to clean up the contaminsted soils and water, if in fact they
are conteaminsted. In the menner of Grace's study, | decided to
coliect water and soil semples from the site and test for
naphthslene.

NAPHTHALENE

Naphthelene is 8 bicyclic srometic hydrocarbon. Its chemical
formule is CHgend its moleculer weight is 128.16. It has 8 boiling
point of 218,87.5’°‘C, end ® melting point of 80.5°C (Wesst, 1986).
While the scute lethslity of naphthalene can be achieved through
different routes in different species (Teble 1), the EPA has not been
able to arrive ot 8 velid nephthelene water criterion (EPA, 1980).
The ACGIH (1971) presented a a threshold limit velue of 50 mg/m3
for humans exposed to industrisl emissions of nephthsalene (EPA,
1980). This wes determined to prevent eye irritstions only.
Nephthalene is 8 suspected carcinogen, snd the EPA has suggested
that it should be “regarded with concern.” (EPA, 1980). This is &
mild warning.

METHODS/MATERIALS
COLLECTION

After an initisal forasy onto W.R. Grece property in late Mearch, |
returned to Williems only to find that | had improperly collected my
samples to test for orgsnic compounds. | had used plastic botties.
Plastic traces can leach into the sample and interfere with the ges
chromatogrephy scen. | returned to Cembridge on 14 April to re-
collect water and sediment in specisal amber glass jugs with teflon-
coated cops.

After surveying the sres, | selected four places to tske soil
samples and two for water semples (see Fig. 1). Site #*1 was located
to the back right corner of One Alewife Center (see Fig. 4). It is s
shallow ravine which holds water after it reins and always wet
just below the surfsce. This sres held meny wetland indicator

species, including rushes (Juncus effusus), cetteails (Typhs



TABLE | .
PABLES

Tests of the Acute Toxicity of Naphthalene

Test Animal Number Route LDg, (mg/kg) Reference

Mice - Subcut. 5,100 Irie, et al. 1973

Sherman rats

male 40 oral® 2,200 Gaines, 1969

female 40 oral® 2,400 Gaines, 1969

male 10 skinP 2,500 Gaines, 1969

female 10 mstw 2,500 Gaines, 1969
Rat -- Oral 1,780 NIOSH, 1977
Rat -- Oral . 9,430 Union Carbide Corp., 1968
Rat -- Inhalation 100 vm; X Union Carbide Corp., 1968

8 hr.

w Dissolved in peanut oil _ ,
Dissolved in xylene

{rm A 440 J<- G0 - 059, Anbiont_Weter” Qualihy Chlens _for Naghhalome. . Otoleer 1960,
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latifolia), dogwood (Cornus stolonifera), and tansy (Tanacetum
vulgare). | took a soil sample (~500mL) from this area.

Site #3 was farther back, adjacent to the dump (see Fig. 4).
This marshy land had pools of water, dry reeds and grasses.
Although there was no visible surface water on 14 April, | was able
to detect rivulet patterns and took my sample from the spot where
water seemed to collect. As | brushed away the reeds, an
overwhelming stench rose from the ground - a cross between raw
sewerage and a skunk. Pew!

Site #4 was across the street, by site #1 (see Fig. 5). It is an
enclosed pond, with a small inlet that probably accepts surface
runoff from the wetlands. The water here was dirty and smelled of
sewerage. Wetland plants included T. vulgare, hardhack (Spirea
latifolia), Queen Anne's Lace (Daucus carota), aster (Aster), evening
primrose (Oetnothera biennis), and various sedges and grasses.
Chemical bottles and other debris were washed up on the shore. A
soil sediment was taken from the inlet, and a water sample (5 L) as
well. '

Site #5 was near site #3, in a water channel (see Fig. 6).
Culverts at the right end accept inflow from Yates' pond, and the
water flows to the left, past an industrial sector into Jerry's Pond.
Noticeable vegetation included willow (Salix), cattails (Typhus),
reeds and grasses. Water and sediment samples were taken. The
water here was the most foul. It smelled, was a murky

yellow/brown, and had clumps of algae and a thick scum floating on
the surface by the shore.

EXTRACTIONS

The first step in analyzing the soil Ianq: water was to test the
. : . Uei .
solubility of naphthalene in different sefutions to determine what
would be the most effective solvent for the extraction process. As
naphthalene has been shown to be soluble in organic solvents
(Spector, 1956), | selected the common solvents hexane,
hexane/acetone, acetone, and methylene chloride (see table 2).

SOt
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The dry weight of each sample was determined by weighing out
3 g of the soil and reweighing after drying out in an for ~2 days
(see table 3). Next 30 g of each soil sample was weighed out into a
500mL beaker. Excess water was poured off,100 mL of CH,Cl, was
added, and two teaspoons of anhydrous sodium sulfate (Na@&H), to
absorb any remaining water. The mixture was roughly cﬁ%‘écp*ed up
and sonicated for 3 minutes. This process aided in drawing the
naphthalene out of the sediment and into the methylene chloride.
After sonication, the supernatant liquid was poured off into a
Buchner filtration apparatus. This process was repeated twice
more. The third time, all of the sample was poured into the funnel
and 25 mL of CMZCI2 was added, in an effort to filter all of the
naphthalene out of the soil. S0y

After filtration, another two teaspoons of NagFTwere added to
the filtered liquid, swirled, corked, and allowed to rest for five
minutes. During this time | was forced to switch my choice of
solvent, as the Chemistry department had misplaced Prof. Kegley's
only case of methylene chloride. She suggested a switch to hexane
might be appropriate. Although | disliked switching solvents in the
middle of an experiment, it did not interfere with my results, and
actually aided in concentrating the sample (as explained further on).
“—  The solutions were then filtered through a Florisil separatory
funnel, and rinsed twice with two 20 mL rinses of hexane. Before
this filtration, the solutions greatIy/V'a’rTe—J in color as follows: #1,
deep amber, #3, light amber,&'#dr/fyellow tinge, #5, yellow amber.
After the FIorisiAL process, much of the organic colorants were

—Nie P ASC= Spvust— -
_separated out in distillation with hexane, so the solutions had a

more uniform color: #1, deep marigold-y yellow, #3, light yellow,

ey I

#4, very clear, #5, very clear. All four solutions werg-trans ucen’t‘./“’;7

but it is obvious that the first two and the latter two share some of
the same physical properties.

Next the solutions went through the Kuderna-Danish
concentrator. This steam bath removed most of the CH,Cl, diluting
the naphthalene. After the sample bqiled down to ~5 mL, another 50
mL of hexane was added to the K-D boiling tube. The solution was
boiled again to get rid of all the CHZCI,_ and concentrate the

- &+

(b.

79& iljr’xi/ l'H/-(L




TABLE 3

7, Mo1STURE IN S0IL- SAMPLES

sumple 3 | : §?§7.
sample *#3 1+ 2l %7.,
sample ¥4 : 1?;0(’75

sample #% ¢ 70. 267

fajcw[a/hms .
Sample #() enabletsedimoant : 29.54 04
eruetsle - w2y bA™  272.65bg
ek sedmart s (.89 4

Biked in Bt for 525 hours !

anable + sediment 2§_45}7
erwcible L«)«&"ﬁ”" 2172.650 g
by sedimank™ 27944

21.3949 . _x

7. molstire. = 59 .‘6' 9.
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naphthalene even further. This solvent exchange of hexane for
methylene chloride was necessary as the gas chromatograph (GC)
works optimally with hexane - thus switching from CH,,CI.L to hexane
earlier in the filtration process really made no difference at all.

| now had four concentrated samples of between 7.2 and 10.0
mL. These were further concentrated by directly placing them on the
steam bath until they reached a volume of ~1.5 mL. The colors
gradient remained about the same between the samples, although it
intensified in depth. #1 was a deep red-orange, #3 a clear orange,
and #4/#5 -elear.

celovless
WATER

The process used to extract naphthalene from the water
samples varied a bit from the method for soil. 900 mL of water was
mixed with 300 mL of hexane in the following manner:

1. The 900 mL of water was separated into three 300 mL
volumes. '

2. The 300 mL of hexane was separated into nine 33.3 mL
volumes.

3. 300 mL of the samples was poured into a separatory funnel,
and then 33.3 mL hexane added. The funnel was shaken by hand to
allow complete mixing of the liquids.

4. The density of pure H,O is greater than the density of
hexane, so it would sink in the funnel andﬁained off into a beaker.
The hexane solvent, which had attracted naphthalene in the mixing
process, was then poured out into another beaker. The water was
then poured back into the funnel, another 33.3 mL of hexane added,
and the process repeated again.

5. Each 300 mL of water was thus treated with 100/mL of
hexane. This process is very effective in extracting naphthalene
from thcg water into a proven solvent. | added about two tablespoons
of Naﬁﬁz‘into the beaker containing the hexane/naphthalene mixture,
which was then corked, swirled, and aI_IoWed to take up any
remaining traces of water. ' -p\eﬁm(\‘{

6. The procedure then follows that for soil samples. X is
concentrated in the K-D apparatus, and boiled down to a final volume



H.

of ~1.5 mL. There is no need for solvent exchange. The extracts
were named #W4 and #W5 to distinguish them from soil samples.
Both solutions were clear, with the faintest hint of yellow.

ANALYSIS
| used the gas chromatograph/mass spectrometer (GC/MS) in
the selected ion monitoring mode (SIM) to perform a qualitative
analysis for the presence of naphthalene.
Gas chromatography is the physical separation of compounds of
different polarities and boiling points (Hewlett Packard, Kegley,
1991). As a sample is injected into the port, it is vaporized and a . spechmmife,
carrier gas (He) whisks it away, down onto a separating column. AM‘(
PR detector then takes the column eluent, recording and measuring
its electronic signal (see Fig. 7).
The MS is a specialized kind of GC detector. It is an additional
step between the traditional GC column - detector process. The MS
takes the column eluent and bombards it with energy. The molecule
suffers an electron loss and charged ions and;“rAn%Llecule fragments
are formed. The fragments continue to break up or rearrange into
stable fragments. The MS detector measures and records the masses
of each ionized fragment, resuiting in a "unique fingerprint of
molecule that can be used in identification." (Hewlett Packard, 23-

5954-8218). 3 MQ Miersi NAY
e The graph of this GC/MS analysis plots ¢ SSVS.
A‘g time and is called a total ion chromatogra& TIC) A naphthalene
L, standard was made up and injected into the GC/MS. A scan

aquisition of the standard was run (50- SAO amu @ 0.86
scans/second). Since the molecular weight of naphthalene is 128.16
amu, we expected to see a base peak at this mass/charge, and were
proven correct (see Fig. 8). A SIM seemed appropriate, for it
measures trace amounts in a mixture (Hewlett Packard, 23-5954-
8218) and we could limit our scan to the range of 127.7 - /1 ZBJbSer;tgk
where the standard showed greatest agundance (99.73- 109[) The
other advantage to this particular SLM was that the naphthalene

peaked at ~2.5 minutes, and so each run was complete within five

.
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minutes. The standard TIC was run, and then scans and TIC's for all
six samples (Fig's 9 - 21).

RESULTS

All six samples contained naphthalene. The scans for the four
soil samples clearly showj{\twhe ipﬂ;de}ector noted naphthalene at
~128.0 amu. The TIC showsthe signti peak- that rises from
the baseline at ~2.5 minutes, when the NIV %L LR
128.0. The one aberrance here is that the run on soil #4 ran for 7
minutes (human error), which makes the peak look different from the
others. It would have been useful to correct all the y axes to the
same range of abundance for comparative purposes, but this was
difficult due to computer recalcitrance.

The water samples resulted in some very bizarre graphs.
While it is clear by the scans that there is indeed naphthalene
present in these samples (Fig's 18, 20), The TIC's only registered a
dot to indicate a peak, and there was no baseline at all. | attribute
this to computer wierdness.

INTERPRETATION

Quantitative analyses are always more interesting than
qualitative ones. The reader is left feeling, "yes, but how much
naphthalene is present in the samples?” Once the initial thrill of
discovering the presence of toxics in the soil and water of my
hometown passed, | too began to itch with questions, wanting
numbers to compare to government statistics. However, a
quantitative analysis would have required much time - too much for
a college student and her overworked professor. To perform a
thorough investigation using the SIM, it would have been necessary
to make up a series of calibration curves. By injecting known
amounts of standards into the GC and recording the response of the
MS for each, | would have obtained these curves. My samples could
then be injected and the amount of napthalene present calculated by
relating its response to the different curves. This would be an
excellent idea for a future study.

22.
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While | cannot quantitatively assess the specific
concentration of naphthalene in each sample, | can make a series of
general conclusions. The relative abundance of naphthalene in the
samples proceeded as follows, from least to most: #W4 (8500),
#W5, #4, #1, #5, and #3 (6.0E + 6). The water sam'pl?#_sh a_"rgdléil,(ellwo i
contain the least naphthalene as it is a hydrocarbon,‘;’%nglthué 4’ﬂéats‘f’m’
on water. Once it has entered a large body of water, such as sites
#4 and #5, it can float away down through various water channeis
into the drainage basin. Also, these water bodies are part of an
interconnected series of ponds, and thus contamination will stem
from a number of sources. It would seem, however, that site 4
would have more naphthalene than site 5 as it is an enclosed pond.
Site 5, on the other hand, is closer to the old dump.

| expect that there would be greater concentrations of
naphthalene in my soil samples than my water ones. | was not able
to find any information on the properties of naphthalene in soil. Is
it more likely to stick to sediment particles or leach down into the
water table? Although | do not know these answers, | was able to
make some qualified guesses to the reasons behind the varied
abundances. sl i

#4 was the least abundant. The extraction had been clear,

_ . . o 1 harn e

pointing to the nature of its soil composition; gedfobm rather than
organic. This site was by the pond, and the runoff came from the
wetlands of site 1. | would expect the abundance of naphthalene, ’
then, to be higher at site 3, as it was. The exiract #3 had been a
deep red-orange, indicating heavy organic material. Either organics 6‘C€‘L A
hold more naphthalene than éé&“é&%s or some chemical dumping had concl
occured at this area, which is likely.

There was a greater abundance of naphthalene at site 5. The
extraction had been clear, as the soils along the bank contained
little organic matter (most washes off into the water). Where does
the runoff to the bank come from? Site 3, and the dump. Site 3
clearly had the highest relative abundance of naphthalene. The
orange color of extraction #3 pointed to the organic nature of this
marshy area. This soil should be heavy in naphthalene, and by

extension, the dump should have the highest concentration of all.



Having trespassed on W.R. Grace property to obtain my samples, |
didn't want to scale the fence and take samples from the dump -
however, after this analysis, | would love to analyze that sediment.
Unlike water, it is easy to pinpoint one contaminator for toxic soils

- and | suspect Grace truly did dump its byproducts directly over its
back fence.

CONCLUSION

W.R. Grace is incontrovertibly the source of much pollution in
eastern Massachusetts. On January 31, 1991, it closed its Acton
plant, relocating to Kentucky where environmental regulations are
less severe. Closing a plant, however, will not aid the MA citizens
who have worked for or live near Grace. Clean-up is the essential
factor, and that is not evident in Acton, or Woburn, or Cambridge. If
the MA economy enters a recession, the DEP is not going to be able to
afford even surface cleanup.

MA environmental officials called for businesses to take on
responsibility for their contamination of ground, air, and water last
December (Boston Globe, 12/17/90). A report was released by the
DEP stating that less than 25% of 4,200 hazardous waste sites in
MA are being cleaned up at the present time (Globe, 12/17/90).
These figures are shocking. For the neighborhood kids who swim,
play, and fish in Jerry's Pond, Grace's lack of responsible action may
prove fatal. If naphthalene is present in the area, it is a safe guess
to $ippose benzene and acetone are also present. The filth and
stench, scum and debris are enough to warrant further investigation
by the DEP or independent citizens. '

The men and women who work at One Alewife Center and
Grace's Construction Products Division have the right to demand a
safe workplace, free from hazardous waste contaminants. This area
of Cambridge, however, is a lower-class working neighborhood,
where people often do not have the luxury of buying bottled water or
risking their job by voicing complaints. It is up to independent
parties to spur the research and eventual cleanup. In my opinion, the
responsibility rests entirely on W.R. Grace.
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FUTURE STUDIES

This report would certainly be lacking without a brief
reference to future work. There were so many aspects to this report
that it was difficult to decide how to tackle it. In the end | stuck to
a technical lab report, but it also raised very interesting human,
legal, and political issues. | am still waiting for a questionnaire |
sent out-to Ms. Fiore to come back, and | have pages of quotes from
Arlingm sidents. Although | am not one to work on reports after
they have been "finished”, | would really like to keep working on this
case and come up with some really striking conclusions to give to
the MDEP, Conservation Law Foundation, or another institution.

Certainly the area should be tested for both the presence and
the quantity of naphthalene, benzene, and acetone. How did Grace get
the permission to develop in a wetlands area without an intensive
EIR? Workers at One Alewife Plaza and local residents should be
questioned about their feelings on W.R. Grace and how the area has
changed over the years. Wells in the area could be sampled and



\,\/W(»\\L {ep -
[ o m\xw’“
[ 3.

tested for toxic pollutants. [Fish in the pond could be tested for
bioaccumulation of naphthalene....the possibilities are limitless.

Finally, | would like to state that this project, haphazard as it
may seem in this final form, has given me a real taste for
environmental action and the possibilities for change. It was
exciting and "real", and working in the chemistry lab was a highlight
of the past few weeks. | really feel that this paper is only the
project's first form, and that | can really take off and run with this.
There are agencies and individuals out there who are interested in
reversing the pollution trend! | look forward to finding out more
about W.R. Grace in the coming months. 3(:0\:
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