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A comprehensive system for mercury

analysis

ERCURY 15 a ubiquitous

element whose harmlul

effects on plants, ani-
mals, and humans are well docu
mented. Consequently, the need to
measure mercury levels in o variety
of samples is becoming increas-
ingly important. Mercury is being
detected in river and lake water and
sediment, as well as in fish. The
APPS200IT automated mercury
preparation and analysis system
{Leeman Labs, Ing,, Lowell, MA),
shiown in Figeree 7, was used 1w di-
gest and analyvze the material re-
ported in this paper. The AP
PS200IT is fully automated, provid-
ing the convenicnce of unattended
operilion.

The most widely used technigue
for mercury analysis is cold vapor
atomic absorplion spectromerry
(CVAAS) Dedicated analyzers,
sich as the PS2001I, are commer-
cially available, They require a
small sample size, making the dedi-
cated analyzer an ecoenomical
choice. Dedicated mercury analyz-
ers are also more sensitive than
conventional AA spectromelers.,
The PSZ00U has an instrument de-
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Figure 1 The ARFSI00N automated
merclry pregaration and analysis sys-
ferri.

tection limit in the single-digit
parts-per-trillion level, well below
the 0.2 pe/L detection limil stipu-
lated by U.S. EPA methods, This
detection limit requirement is ¢orn-
tinually being lowered and that
trend will continue,

For acourate results, samples
must be digested to convert all
forms of mercury into the mereoric
ion (Hg'?), When performed manu-
ally, the anly approved digestion
procedure is very labor intensive.
The APZ00LL svstem completaiy au-
tomates this process. The mercuric
ion is reduced, typically by stan-
nous chloride, to liberate elemental
mercury vapor and the absorption is
read 2t 254 nn. Dedicated analyzers
incorpurate an absorption cell that is
long {~30 cm) for improved sensi-
tivity, and narrow (-7 mm) for fas:
response time,

Stability

While analytical sensitivity is
important, instrument stability {or
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Figure 2 Calibration curve for drift study.
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Figure 3 Long-term stabilily tast show-
Ing each data paint. The PE20N was
run caniinualy for aver 10 b,

the ability to oblain near identical
measurements from the beginning
to the end of the day) is imperative.
An unstable instrument requires fre-
guent recalibration, which increases
both the analysis time and the con-
sumption of reagents and standards.
T demonstrate the stability of the
PEZ0011 system, freskly prepared
mercuric chloride standards in 15
HCl ranging in concentration frem
blank to 5 pgfl. were used o gener-
ate the calibration curve. The ac-
cepted calibration curve {Figure 2)
had a correlation coefficient of
0.999953, indicating excellent lin-
earity. A 2 pg/L. mercuric chloride
solution in 1% HCL was run contin-
uously for over 10 hr: each data
point is displayed in Figrere 3. Bval-
wating each data point is more re-
vealing than displaying an average
ol many samples per data point on a
chart. When a chart shows an aver-
age of many data points, the noise
of the individual readings is
smoothed cut. There was less than
3% total drilt from the mean value
of 2.165 pgfl., indicaling any check
standards run over this periad
would be well within the typical
£20% criterion used [or mercury
analysis. The initial drop represents
pump tubing break-in (fresh tbing
was installed just prior to running
samples). The readings enter the
+3% range alter approx. 20 min.
The standard deviation ($D) of all
486 samples was 0.069. The percent
relative standard deviation (S%RSD)
was 3.18%, indicating very good
stability over the 10-hr period.

Table 1

Results from certified water samples digested using the AP/PS20011

Value found

Certified value

Performance acceptance limlte

Lot #4265 3.87 po/'L 3,89 pg'L 2,92-4.86 pgrL

Value found Expected value Replicate summary
Check ~0.086 -0.043 =0.093, -0.114, <0079, -0.076, -0.079
standard 1
Chack 1.92 pail 2.03 pgl 1.86, 2,00, 1.81,1.88, 1.32
standard 2
Table 2

Resulls from certified soil samples digested using the AP/PS20011
Value found  Certified value Performance acceptance limlts

Lot #226 1.49 ma'kg 1.68 mgikg 0.806—2.62 mgtkg
Elank lot —0.057 mgrkg <0010 migrkg

#57006

Value found Expected value Replicate summary

Check =ra7e mgky  -0.061 modkg  —0.071, =0.073, —0.707, ~0.075
swandard 1
Check 1.02 myfky 1.03 mg/ka 1.07,1.06, 0.876, 0,956
standard 2
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Figure 4 Calibralion conve for aquecus samples digesied sccording to LS. ERA
Matfhod F4704.
Protection

When analyzing mercury sam-
ples, especially waste samples, the
sample batch may occasionally con-
tain spmples with a mercury level
well ouiside the calibration range of
the other samples, Mercury vapor
adheres to internal surfaces but has a

Teble 3
Conditions used to operate the
PS200Il for fish analysis

Pump rate I mUmin
Gas .04 Lprn
Uptake fime 45 sec
Integratian tims 10 s2e
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Figure 5 Calibration curve for soil samples digested accarding to U,S. EPA Method

F4TIA,
Table 4

Results from fish samples digested using the AP/PS20011
Sample  Concentration  %RSD Replicate summary
Cod 0.0E0 pagig 1.04% 0.061 0.060 0.060
Haddock 0.052 pa’g 1.49% 0.052 0.051 0.053
Salmon 0.044 pgfyg 1.47% 0.044 0.044 0.045
Scallop —0.008 pg's =B.B2% —0.o02 0009 -0.007
Shrimp Q006 pg'n 22.9% 0.004 0.007 0.007
Swordfish O.722 pgin D F2: 0.719 0.724 0721
Tuna 0.753 po 0.635% .78 0,754 0.748
Table §

Results from certified fish samples digested using the AP/PS200I

Value found  Certified value

Performance acceptanca limits

DOLT-2 2.02 pugfg 1.9%2 ug'g 1,89-2.0 paf
DORM-2 4.83 palg 464 pof 4.38-4.90 pa'g

Value found Expected value Replicate summary
Chack -0.022 ug'y 0,019 —n.024 -0.024 =0.019
standard 1
Check 1.05 gl 1.00 paf 1.02 1.04 1.06
standard 2

very slow elution rate; thus, it can
take hours to clean a system after
exposure to high levels of mercury.
The PS2001L analyzer is equipped
with a high-concentration protection
system to prevent contamination of
the instrument from an unexpectedly
high sample. (When running sam-
ples ranging from a blank to 20 ppb,
the high- concentration system will

be triggered by a sample of approx.
500 ppb.) The PS software monitors
the slope of the uptake, and if the
slope is found to be out of range, the
high-concentration system is trig-
gered automatically. The sample up-
take is halted and the liguid and
maseous areas are flushed to remove
the sample and any vapor that may
have been generated. This continues

until a stable baseline is once again
achiewved. This typically requires a
couple of minutes for a sample of
approx. 1 mgd/L. The report indicates
that the concentration was out of
range and the analysis of subsequent
samples continues.

Versatility
Environmental samples

Environmental laboratories ana-
Iyze water samples for mercury
content according to U.5. EPA
methods: SW-8446 Method 74704 15
used for waste samples or Methed
254.1 is used for drinking water
samples. Most mercury analysis is
performed at the parts-per-billion or
mg/L level. The AP2Z00II precisely
dispenses the required reagents ino
each sample cup, then mixes, moni-
tors, and heats the samples accord-
ing to the method selected. Water
samples were digested on the
AP200IT and analyzed for mercury
levels. The calibration curve shown
in Figure 4 exhibits excellent lin-
earity ((.999793) and reproducibil-
ity as evidenced by the %RSD. The
curve was accepted and samples
were analyzad. The spiked samples
showed good correlation to the ex-
pected values and the replicates
showed good reproducibility. Each
sample required approx. 1 min for
analysis, The check standards read
back within the expected range. The
value of 3.87 pgig for the certified
sample, shown in Table !, agreed
with the certified value and was
well within the performance accep-
tance limits (Environmental Re-
source Associates, Arvada, CO).

Solid waste

Analvzing solid waste requires
a more vigorous digestion proce-
dure as described by SW-B46
Method 7471 A or Method 2455,
Many selid samples contain con-
siderable organic contamination
and must be digested thoroughly.
The APZO0II requires just 0,1 g of
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Figure 8 Caiibration curve far fish samples digested accarding to LS. EFA Method

245.6.

sample, Mercuric chloride standard
salutions in 2% HMO; ranging in
concentration from blank 1o 5 pefg
were digested and generated the
calibration curve shown in Figure
5. An inorzanic blank soil and
Contract Laboratory Program
{CLP) inorganic soil certified sam-
ples {Environmental Resource As-
sociates) were digested and the re-
sules agreed with the published
values (see Table 2). The check
standard values were ¢lose to ex-
pected concentrations with little
fluctuation,

Fish tissne

Analyzing fish tissue for
mercury content is becoming more
popular. The fut content varies con-
siderably depending on the type of
fish. The two dogfish (Squalus
acanthias) certified reference mate-
rials (CRMs) analyzed contained
approx. 5% fat (dogfish muscle tis-
sue or DORM-2) and 249 fat (dog-
fish liver tissue or DOLT-2) (MNa-
tional Research Council Canada,

Ottawa, Canadad. The digestion
procedure must be rigorous enough
to extract any mercury compounds
from the fat and convert all forms
of mercury into the mercuric ion for
analysis. A variety of fish samples
were digested on the AP2001] using
the FISH protocol based on U5,
EFA Method 245.6 (Determination
of Mercury in Tissues by Cold Va-
por Atomic Absorption Spectrome-
try). The digested solution tends (o
be frothy but the PI200IL accom-
modates foaming without loss of
accuracy. Freshly prepared mer-
curie chloride standards in 2%
HNO3, ranging in concentration
from blank to 5 pefa, were used 1o
gencrate the calibration curve
shown in Figure 6. The instrument
opereting conditions, shown in
Tafla 3, were selected for sensitiv-
ity and to minimize frothing. The
tissue samples of different species
varied considerably, as shown in
Tuable 4, from a low value of 0,008
pgie for scallop to a high of 0.753

g/o for tuna. Not surprisingly, the
swordfish was also high at 0.722

pefe, Two dogfish CRMs for trace
metals, DORM-2 and DOLT-2, as
well as the check standards, showed
excellent agreement with expected
values, as shown in Tabie 5.

Cthers

Preliminary work apalyzing
blood samples on the AP/PS20011
system has been done; a Full report
will be released at a later date.

Productivity

The versatile AP/PS2001T svs-
tem can be used for o wide variety
of samples. The preparation unit
and analyzer run independently
and can operate simultaneously
for maximum productivity gain. A
fully automated system delivers
rapid, reproducible results, includ-
ing any required QC samples.
Run-to-run consistency is en-
hanced when a process is auto-
mated because each sample 15
handled in exactly the same
manner. The AP/PS2O0L] uses pro-
porticnally reduced volumes 1o
minimize reagent consumplion and
waste, which reduces disposal
costs. The key is that the specificd
method volumes are scaled down
proportionally 1o ensure adherence
to the methods, Throughput is in-
creased because the AP200II di-
sests up to 88 aqueous samples si-
multancously with little setup time,

Canclusion

There are many challenges fac-
ing toduy’s laboratory, Laborato-
ries compete fiercely for business
and the productivity of each proc-
ess needs to be closely serutinized.
The AP/PS2001] antomated mer-
cury preparation and analysis sys-
tem is a solution (o managing the
mercury sample load efficiently
and economically.



