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July 21, 1992

Mr. Cyrus Shabahari
State of CaliforniaEPA
Departmentof Toxic Substances Control
700 Heinz Avenue, Bldg. F
Berkeley, CA 94704

RE: Aluminum Levels in Naval Air Station (NAS) Moffett Field GroundWater

Dear Mr. Shabahari:

PRC EnvironmentalManagement,Inc. (PRC)reviewedmetalanalyticalresults for filteredandnon-
filteredsamples in responseto your concernaboutaluminumlevels in the A 1 hydrologiczone at NAS
MoffettField Site 9. The data reviewsuggeststhat high aluminumlevels in groundwater samples
result from the dissolutionof aluminumfrom suspendedsolids (aluminosilicates)as a resultof sample
preservation using nitric or hydrochloricacid. This letter presentsthe results of the datareview.

Total and dissolvedmetals groundwater results for samplescollectedfrom monitoringwells were
comparedto determinebias when evaluatingtotal metals data. Table 1 containstotal anddissolved
metal results for monitoringwellsW56-2(A1)and W29-2(A1). Resultsfor wells W9-46(A1)and
W61-1(A1)appear in Table 2. All ground-watersampleswere collectedin July 1991.

The comparisonindicatesthe less water solublemetals, such as aluminumand iron, showthe largest
disparitybetweenthe two analyses. Total aluminumconcentrationsrange from 7,050 to 34,100
microgramsper liter (,ag/L),whiledissolvedconcentrationsrangefrom not detectedto 39.4 #g/L. A
similar pattern of lower observed concentrationsin dissolvedmetals analysescomparedto total metals
analyseswas foundwith iron and to a lesser extent with barium, manganese,potassium,vanadium
and zinc. These results suggestsuspendedmaterialspresent in NAS MoffettField ground-water
samplesare responsiblefor the elevatedlevelsof aluminumin total metalsanalyses.

Elevatedlevels of aluminumwere also evaluatedin a memorandum(May 22, 1992)from James M.
Montgomery, Inc. (JMM)to InternationalTechnologyCorporation(IT Corp.). As indicatedin this
memorandum(attached),samplescollectedfrom monitoringwells using bailingtechniquesoften
containhigher-than-desiredlevelsof turbidity(suspendedsolids)resulting in anomalousdetectionsof
aluminum. During operationof the source controlsystem, the turbidityof extractedgroundwater
will be relatively low. Thus, low aluminumconcentrationswill be present in the effluentfrom the
Site9 source controlmeasuretreatmentsystems.
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Mr. Cyrus Shabahari
_s, July 21, 1992
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If youhave questionsregardingthis matter,pleasecall me or Mr. MikeYoungat (303) 295-1101.

Sincerely,

PRC Inc.

Reichmuth

Project Engineer

Attachments (3)

cc: Mr. Stephen Chao, U.S. Navy
Mr. Joshua Marvil, PRC
Mr. Mike Young, PRC
PRC File
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Table 1

Total and Dissolved Metal Concentrations

_, for NAS Moffett Field Ground Water Samples
(Concentration in/zg/L)

i
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_i iii iiiii_i_iiTotal!_iiiiiiiiiiiiiiiiiiiiiii2!_I iii!!iiiDissolVed :l i iiTotal _iti_i iii!iD'_olved ! !
........_56"2Ai) i:_ ! _:I_29-2A!:) !:: i!::_2922Ai!):I.......

Aluminum 21,900 B 24.6 UB 34,100 B 18.5 B
i

Antimony 32.0 U 32.0 U 32.0 U 32.0 U

Arsenic 3.60 JB 1.00 U 47.2 J 25.3

Barium 482 54.5 B 907 556
i

Beryllium 1.00 U 1.00 U 1.00 U 1.00 U

Cadmium 5.00 U 5.00 U 5.00 U 5.00 U

Calcium 175,000 B 153,000 B 187,000 B 157,000

Chromium 7.06 4.00 U 86.0 4.00 U

Cobalt 16.9 UB 5.00 U 25.7 UB 5.00 U

Copper 37.5 J 5.00 JB 74.3 J 4.00 UJ

Iron 32,800 B 8.00 U 52,200 B 25.3 B

Lead 6.40 2.00 U 31.0 4.40
i

Magnesium 69,600 56,200 85,800 66,200

Manganese 1210 239 1590 952

Mercury 0.20 U 0.20 U 0.21 0.20 U

Nickel 77.2 7.00 U 124 7.00 U

Potassium 4160 B 1760 B 5460 1400 B

Selenium 20.0 U 20.0 U 20.0 U 20.0 U

Silver 2.00 U 2.00 U 2.00 U 2.00 U

Sodium 39,900 R 40,500 JB 47,000 JB 47,200 J

Thallium 10.0 U 2.00 U 10.0 U 2.00 U

Vanadium 75.6 2.00 U 97.0 2.00 U

Zinc I01 JB 6.00 UB 130 JB 6.40 BJ

U - Undetected at the concentrationreported
J - Value is estimated
R - Value is unuseable

B - Analyte is found in associated blankas well as in sample
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Table 2

Total and Dissolved Metal Concentrations

_, for NAS Moffett Field Ground Water Samples
(Concentration in/zig/L)

Aluminum 3730 JB 39.4 BJ 15,800 B 60.4 UB
i i

Antimony 32.0 U 32.0 U 32.0 U 32.0 UJ

Arsenic 1.00 U 1.00 U 4.40 B 1.70 JB

Barium 71.0 B 29.9 BJ 198 B 70.8 JB

Beryllium "1.00 U 1.00 U 1.00 U 1.00 U

Cadmium 5.00 U 5.00 U 5.00 U 5.00 U

Calcium 192,000 193,000 J 168,000 B 155,000

Chromium 4.00 U 4.00 U 36.2 4.00 U

Cobalt 7.60 B 5.00 U 10.9 B 5.00 U

Copper 4.30 UB 5.10 B 43.7 UB 26.1 UB

Iron 3,810 JB 38.3 BI 20,300 32.2 JB

Lead 2.00 U 2.0 U 5.30 2.00 U

Magnesium 64,800 64,500 J 63,300 53,700

Manganese 189 127 J 328 11.2 JB

Mercury 0.20 U 0.20 U 0.23 0.20 U

Nickel 11.0 B 7.00 U 50.3 7.00 U

Potassium 2730 R 2030 B 4060 B 1,700 B

Selenium 2.00 U 2.00 U 10.0 UJ 43.8 J

Silver 2.60 UB 2.00 U 3.20 B 2.30 J

Sodium 37,600 38,500 J 35,600 B 34,900 B

Thallium 2.00 U 2.00 U 10.0 U 10.0 U

Vanadium 14.2 B 3.60 B 47.5 B 4.00 B

Zinc 33.7 B 7.80 B 86.6 B 13.9 UB

U - Undetected at the concentration reported
J - Value is estimated
R - Value is unuseable
B - Analyte is found in associated blank as well as in sample
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JAMES M. MONTGOMERY,TI_C. "

_W_IaemonLIn_Walnut trek, C41tfmwta94598 610o976ee400

MEMORANDIma

TO: Lowell W'file/IT Dm_- _May
]

FRo_ Joe LeClaire JUSN_ 27__

NASMoffettFieldRemedial CLIENt. PRCEMVNav_CLEAN
In_tton/Feam"nility Study

e_ Joshua D Marvil/PRC-Denver
Lynn M Valdivia/PRC-SF
Mike Howar/JMM-WCK

_JBJECr:. Fr_ FILTERING OF GROUNDWATER SAMPLES FOR METAL
ANALTS_S

This memorandum briefly describes some of the issues about the ilt at/on of
metal oamples which were raised in the M_nthly Managers' Meoting yulerday at
PRC'sSanFranciscoo_.e. Insummary,highal-_-]_-,-valuu a_ izLdicattvo
oi" the dissolution of suspended particulates from the moni.toa-h_g.,wetl These
values are reduced considerably by filtering the samples prior to acicl_cation.
Metals sorbed to suspended particulates (or wl_ch duo part of the Im_era]
structure) am probably not mobile in the NAS Moffstt Field aquifer $n_ent
and stmuld pose no risk.

t

Groundwater samp]e.s collects, d for metal, ana.lyses are ..d__ dlr_y into a
sample bottle containing mtric acid. l_itric ac_d-ac_cl_cation to a DH valu_ of K 2.0
and cooling the sample to -4°C are us Environmental Protection AEency (EPA)-ap-
proved protocol to increase sample holdin_ times to 6 months. However, _n moni.
to.ring well_ that are bailed for evacuation and sampling, aamplen ma N _ta_
higher.thandesired levels of turbidity. These suspended solidn are effectively die-
solved by the nitric acid preservative, releasing eorbed, copreclpit_ted and
o'_l_ded metal June. Field filtration of groundwater samples _t_s errors
introduced by dissolution of" _uspended particles, but may intr_uce non-
conservative errors, if postulated faci.litated-tran_port mechanisms (_Lle and
Barcelona, 1989) are important in metal transport in aquifers.

• • . [

Filtration u_ used _. a phystcal separation technique for aevaral _'essons.
Removal of finely diwded particulate matter from the solution matrixi reduces
spectral interference duri_ analysis. Bat!ey (1983) has reported higher _ioloEical
activity (toxicity) of trace elemente as_ocmte_ with smaller e_o-_ract_.on_ Others
(Turner and Whitfield, 1980; Florence, 1982; Salomens and l_6rstner, 1994) have
defined operationally 0.45 pm as the border between the dissolved and pa_'cu!ate

_, _ru._o.n_. (T_able 1). However, Hiemenz (1977) causide_ particles up to 1 _n to be
colloidal. The partition of the groundwater sample rots *solution" an_l "solid"

I
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v phases ie particularly erltlcal, and the eonsequenmm af _ separation are non-
trivial.

Usi_ the operationally-defined convention of 0.46 _ "diuotved metal" also .in-
eludes metal adsorbedby organicand inorganiccell_ds, amwell as free spee=es
and complexes (Table 9). LeClaire (1985) compared Nudepore circular (47 nun)
polycarbonate filters, with an effective pore size of 0.4 p_ and Gelman cellulose
acetate filters (0.4,5 _n), The Gelman cellulose acetate filters were found to retain
between 20 and 50 percent of copper in solution over the polycarbonate filters.
Cellulose acetate filters are approximately 150 pm thick, with irregular, tortuous
pore ckannel8, and a high surface area for adeorptiozh Polye.arbonate Kltem are
thinner (10 p=n)with holes etehQdinto tlm m_brano, and an inherently smaller
surface area, becamm of a larger pore _ to filter thickne_ ratio (Salomem and
F6rstner, 1984). However, screen filters math as the polyearbonatemem]:n-ane
have a tendent,7 to clog,nm_ haflltrat_n by the filter cake gather than the
membrane. Ultracentrifugation prior to filtration precludes this problen_

Truitt and Weber (1979) compared copper loss from solution St low €oncentrations
(-0.4 btM), using various combinations of filtering apparatus: glass versus
polycarbonate filter supports, cellulose acetate versus polycarbonate filters, and
pH 6 versus pH 7 solution. They conclude that an acld.cleaned, all po]yr.arbonate
filtration system will rn_nim;Ze sorption contamination problems. In this study, a
metal loss to the filter of lose _ 5% is found at pH 6.6 _0.2, and for the ran_ of
€oncentrations used.

l_ls a_d Barcelona (1989) €ontex_ that colloids in the range of 0.1 to 1.0 p_a (100 to
1,000 nm) may be mobile in sandy porous media. They _:lte concentration
difference of 20 to 600 times between filtered and non.filtered samples for lead and
6 to 24 times for chromium at a Cal_brnia Superfimd site. Fenrose eta/. (1990)
found that plutonium and americium are irreverslbly bound to colloids in the
0.025 and 0.45 l_msize fraction. The mobility of the particles entrained by the filter
cannot be ascertained a pdod. If they are mobile, and filtered concentrations are
used, then a potential €ontamination problem is overlooked. If the particles are
not mobile, and non-filtered results are used, then a non-existent problem is
created. Because bailers and air lift sampling devices can displace solids that are
not mobile in aquifers, one poss_le solution is to sample the wells u_Lugpositive
displacement pumps (bladder pumps). Another solution is to field filter the metal
samples, using a 1.0 _t rather than a 0,45 _ filter. Th_s filter will elir_te
the larger particles, which are likely to be non-mobile, thus svoidinir the
fitcilitated transport controversy. It ahould however, _,_;--te a eerteht fi,action
of the suspended solids which are €ontributi_ to the high metal €oncentration,
and would provide a conservative estimate of mobile metal concentrations in
groundwater.

_gh values of aluminum in groundwater samples are almost always indicative
of di_olution of particulates by the sample preservative. Aluminum is a major
elemental component of clays (aluminosiHcate compounds). At norma/pH/Eh
ranges the solubility of aluminum would be low (Sposito, 1984) because of
precipitation or coprecipitation. Any flee aluminum would likely be sorbed to
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_" mineral eurfao_ b_aus, ef ira high tonio _ua r_tlo. (Al,m,;_;,,_ is
trivalent.)

TABLE1
CLASi_'IR_'ION OFMETALFORMSINNAT_.4L WATE_ BASEDONglZF-

-- J

0.45 _m
_ T I

"dissolved" [ "particulate"

free eomplezed colloidal Iadso .r_d on structur..al itn_tural
(inor c)I

F_m Salome_ and F_t,_r (1984)

TAWS2
POSSHRZF_ OPMETALSIN_ WATgRS.

I I Illll , IF l I i I

_w Approximate
Physiochemical Examples Dtam,ter

Form .(_am)
, __ ,, ,.,,. ,

P_Into retainedby 0.43l_n filter
Simple Hydrated Metal Ions Cd(H20)6_ 0.8
Simple Inorganic Complexes M_O)4G"] s 1
Simple Organic Complexes Cu-glycinate 1-2
Stable Inorganic Complexes PbS, ZuCOs 1-2
Stable Or_a_aic Complexes Cu-£ulvate 2-4

Adsorbed on Inorganic Colloids Cu2+-Fe20s, Pb2+-Mn02
Adsorbed on _e Gollaids CuS+-humie acid 10_00
Adsorbed on Mixed _c/ Cu_-humic acid/Fe203 10_00

Inorgauic Colloids
(e_ore_, le82)

i • ii | i

Batley, G. E. 1983. The current status of trace element speeiation ltudiel in
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