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. INTRODUCTION

The U.S. Environmental
Protection Agency and the

analysis and excellent detection limits. Sampling and analysis techniques were tailored to
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minimize contamination, given the constraint of non-cleanroom conditions. The objectives Bioaccumulation

National Park Service have of this trace-element survey of multiple media at the PRIMENet sites are:
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instituted a joint long-term

+ To establish suitable sampling, storage, and processing protocols for trace-element dis- The instrumental LODs for the analytes (Table 1)

were low enough to allow detection of 8 of the 12 target

factors can be calculated as the

Tabde 1. irstromonial s ol delection for el aralyies 0 waber
arabyses (LODS - 3o Basis, Ms15)

research program, the Park

tribution studies that may be components of future ecological research programs. ratios of the fish trace-element

Research and Intensive

the 12 index sites. Freshwater streams were the primary target ecosystems, although a samples collected in the Environmental Monitoring and Assessment Program's Mid- s 0,03

a point below that line represents an element with a higher concentration in the bottom-feeder

Monitoring of Ecosystems * To determine the suitability of ICPMS as a determinative method for trace-element EwmmpT;;m e ;g?g anzl;t;s ua g ot Sbwz;er Zalnf)lels. ’If‘?e Lg]]zs fm{)Cu, Zn, ) f mg/ize(;Z: lvzzicgit;ejfldv:}slo(iiff};:hfiilni:;?:;e:ir:ls;i;s_ ;_ﬁ :ﬂ ?:x Im:j 1 mj_.-;.ﬂ Z(.mcentiatlons 0 ?Te tc.orres,lIa,(})ll.l-
Network (PRIMENet)!, which utilizes 12 National Park index sites as platforms for inten- screening of multiple media in relatively pristine ecosystems. =Cr I:I.Eu! . w er.e PRORARY aCversely & ‘ecte ey é:u g el fm TR ure; A T these Fores, £ womnt aheve he Cu &S00 1w | I 17 = 1250 ?ng WA coTlcen o 101.18. -
) } ) ) S . . . ; - ) contamination, but the concentrations of Cu and Zn r— g - e & 1Y = ——— = — bioaccumulation factor includes
sive ecological research. As part of PRIMENet, EPA's Environmental Sciences Division is * To evaluate trace-element concentrations in fish at PRIMENet sites, using distributions H'E ggﬁ found in virtually all samples were still significantly T equal-concentration line represents an element that was = | = accumulation of an element
studying the distribution of anthropogenic chemical contamination in aquatic ecosystems at from statistically sampled similar ecosystems of a large geographic region of the U.S. Fish W 7 o.0f above the LODs. Be and Cd were below the LOD in the majority of samples (6 of 8, and 7 of 8, respectively). Analyses of quality control samples present in higher concentration in the predator class, while - . - 0 from all pathways (dermal and
L]
u

) i . ; = were uniformly within +£15% control limits. - gill sorption, as well as from
freshwater lake was sampled instead at one index site (Acadia N.P.), because of the absence Atlantic Integrated Assessment are being used to establish the reference distribution.? - =] 004 . . . . . class. Beryllium was only detected in the bottom-feeder homogenate from Shenandoah N.P., diet), and it is always higher
of streams. As part of that study. ESD is evaluating the distribution of trace elements in Cd 0036 Table 2 shows the results of analyses of water trip blanks that exceeded the LOD. Zinc was detectable in all trip blanks. In addition, low con- d only sliehtly above the LOD (0.006 me/k T it is 1ot sh . fth . . ' . 2 .

5 p Yy, g « To establish baseline data for trace-element concentrations at the PRIMENet sites. s 0 Ol centrations of lead and copper were detectable in several trip blanks. It is believed that these contamination problems were the result of out-of- SRE Oy SHSHEY above The ©. SRS VS, T mg/kg), so it 1s not shown in any of the than the bioconcentration factor, which reflects sorption from the water column only. While

multiple media. Samples of water, sediments, and fish were collected during Summer and e 0,004

.. . . . figures. Cadmium was detected only at Great Smoky Mountains N.P., in both classes, so it
D05 control deionized water used to prepare the trip blanks, which would not affect the quality of the data from actual samples. Unfortunately, sam-

bioaccumulation is more relevant to exposure of an organism, it depends upon a number of

This poster presents the results of the initial analyses of water and fish samples from sev- Py
eral PRIMENet Sites. The performance of the methods used, including the ICPMS analysis, | 0005
will be discussed, along with a preliminary analysis of the results from individual parks.

Fall of 1998 and Spring of 1999 from areas in the parks that are minimally impacted by appears in Figure 4. Antimony was not detected in any homogenates. Although the uranium

c ] : . : : factors that are specific to a site and situation. Therefore, bioconcentration factors are more
direct human activity. A suite of target trace-element analytes (Be, V, Cr, Co, Zn, Cu, As, ples of the water used to prepare the trip blanks were not saved to allow confirmation of this assessment. A retrospective study of field sampling

Se, Cd, Sn, Sb, Ba, Ce, Tl, Pb, and U) was selected based on potential toxicity to aquatic life.

e en G mew (s el vl (b e concentration measured was below the LOD of 0.002 mg/kg in the secondary (predator) fish often reported in the literature. Table 5 lists the bioaccumulation factors determined for the

homogenates from Shenandoah and Great Smoky Mountain N.P., it was significantly above bottom-feeder class fish at the three PRIMENet sites, along with a range of bioconcentra-

Inductively coupled plasma-mass spectrometry (ICPMS) was the technique of choice that level in all the primary (bottom-feeder) fish, and in the secondary fish from Sequoia-Kings

tion factors found in the literature. Two conclusions can be drawn from Table 5. First,
for the analysis of trace-element contaminants because of its capability of multielement

2. METHODS

Fish Analyses

Canyon. It is shown in all three figures, using the secondary fish concentrations reported by uptake via the diet is an important mechanism for accumulation of trace elements at all

the instrument. three parks. Second, bioaccumulation is much less pronounced at Sequoia-Kings Canyon

The instrumental LODs (Table 3) were low enough to allow detection of 12 of the 16 target analytes in all 8 fish homogenates analyzed. The number of
samples in which U, Cd, Be, and Sb could be detected were 5, 4, 1, and 0, respectively. Figerm 4
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Of the elements detected in the fish from Great
Smoky Mountains N.P. (Figure 4), Ba, U, As, Pb, and
V were present in significantly higher concentrations

than at the other parks. It should be noted that the concentrations measured in water in
this study represent that fraction of the total element concentration that can be efficiently

Table 4 shows the accuracy and precision of the total method (digestion and analyses), using the DORM-2 material. Fourteen of 16 elements were detect- sampled and nebulized after acidification with nitric acid. The apparent bioaccumulation

e ed in the reference material. Of the 12 elements for which a certified value is reported, both microwave methods recovered 8 within the 75-125% control lim- ) in the bottom-feeder (stoneroller, Hypentelium nigri- factors could be different for different sample treatments. There is no one correct method
“Co its. Poor recovery for Cd can be attributed to the very low concentration. The poor precision for the Cu recovery by the modified method, as well as for Pb % cans) homogenate. Only tin was present in an appre- T _—
Srple Gilection, Storage, a Rrepaation : e e e e e e |
Water samples were collected in trace-cleaned polyethylene bottles using a "clean Oncorhynchus mykiss "E 1 ication) indicate interf el : 89 matel valent . - ’ { Although biomagnification (accumulation of higher
. . . . . m ersonal communication) indicate interference at m/z 82 approximately equivalen : . ] 2 ] .
hands/dirty hands" sampling protocol.? Fish samples were collected and categorized as pri- WE, 4 o ) . . e L1 <! Tt b Ay wl e f et e | Sgedon s sl ey S ruse e sl 1 concentrations of chemicals at higher trophic levels)
FEn to 1% of the m/z 81 intensity. If this correction is made to the DORM data, the P s, § o, o] e gl e 151, 5 can occur for some trace elements. it will only be o N C L U S I O N s
mary (bottom feeders) and secondary (predators). Both fish and water samples were Stoneroller " - falls withi trol limits. Of licati ¢ tion fact Fserany i [ Slecomy] ARO[ Fowm | % Become 2 ’ y o
. .. recovery falls within control limits. course, application of correction factors A ; 15 1 : “<h i
shipped in ice coolers to the laboratory within 24 hours. Water samples were stored in a Hypentelium nigricans 1= y bp 5B &3 T i apparent when comparing fish in the same food
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refrigerator at 4°C, while fish were kept in a freezer at -75°C. Fish of the same class (pri- chain. The predator fish at Great Smoky Mountains ICPMS has been used to study the trace element distributions in two media (water and fish)
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should probably be re-analyzed, using the method of standard additions (adding

mary or secondary) were composited and homogenized. Samples of whole fish homogenate N.P. was rainbow trout, Oncorhynchus mykiss, the from several stream ecosystems in the U.S. that are minimally impacted by direct human activ-

Water samples from 8 PRIMENet sites have been analyzed. Homogenates of two fish Br) to correct the BrH* interference.

were suspended in nitric acid and digested in a microwave oven (CEM™ MDS 2100
microwave oven). Two digestion procedures were used: the recommended CEM procedure in
which 10 mL of nitric acid was added to the sample, and a slightly modified version using
less acid (10 mL of 70% HNOg). One gram of each fish homogenate was digested and dilut-
ed to 500 mL total volume for analysis.

classes from three PRIMENet Parks (Great Smoky Mountains, Sequoia-Kings Canyon, and
Shenandoah) have been digested and analyzed thus far. The Great Smoky Mountains
homogenates have been analyzed using both microwave digestion methods.
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Instrumental limits of detection (LODs) were established on the 3¢ basis using the results of

The standard CEM microwave digestion method gave significantly higher recoveries than the modified method for vanadi-
um, chromium, copper, and barium. Of these elements, Cr and Co have certified values. Both digestion methods were within
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the 75-125% control limits for Cr. The CEM method gave a recovery that was 170% of the certified Co value. No explanation is |5 e ———————
available at this time. The precision for both digestion methods was good (RPDs < 10%).
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diet of which is varied and largely dependent on
insects. Trout were the predators as at most of these
[ p— sites, so biomagnification may not be evident in
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e g M H these figures.

The tendency for higher trace element concentra-
tions in the primary (bottom-feeder) homogenate is
even more pronounced for the fish from Shenandoah

ity. It has the sensitivity required to provide useful data for most elements of concern in the
majority of samples. A relatively simple sampling, processing, and analytical regime has been
effective in producing data of acceptable quality. The project is continuing with the analysis of
water and fish from more PRIMENet index sites, and the analysis of bed sediment from the
sites. Fish from a statistically sampled set of streams from the Mid-Atlantic region of the U.S.
will also be analyzed to provide a reference distribution against which to compare the
PRIMENet trace-element concentrations.

A ysi s

Acidified water samples and fish digests were analyzed for trace-element concentrations by
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15 reagent blanks scattered throughout
the analysis runs. Separate LODs were

N.P. (Figure 5). In addition to the same elements

found preferentially in the Great Smoky bottom feed-
inductively coupled plasma-mass spectrometry, using a PQ II STE instrument (VG established for the water analyses and ers, that class at Shenandoah (torrent sucker,
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