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Abstract

The aim of this study was to develop an inductively coupled plasma mass spectrometry (ICPMS) method for the determination of enriched
species-specific mercury tracers at ng levels (ppt) in zooplankton and aquatic samples from biological tracer experiments. Applying a
cold vapor sector field ICPMS method a high sensitivity was obtained, i.egps0for 1ug L= of natural mercury measured é%Hg"*,
which in turn enabled the measurement of mercury isotope ratios with a 0.6-1.4%R.S.D. precision for a'5&agdard. This method was
used to quantify CkP°'Hg* and?°®Hg?* tracers in zooplankton from a biological tracer experiment with the aim of investigating the effects
of algal density and zooplankton density on mercury bioaccumulation in zooplankton in a fresh water system. For quantification purposes
a known amount of*®*Hg* was added to the zooplankton samples before digestion. The digested samples were analyzed and the resulting
ICPMS spectra split into four spectra one for each of the four sources of mercury present in the sargfHCHHg?*, 1°*Hg?* and
natural mercury) using algebraic de-convoluting. The;®HHg*™ and?°°Hg?* tracers were quantified using an isotope dilution approach with
the added®Hg*. Detection limits were 0.6 and 0.2 ngifor 2°°Hg* and CH?°'Hg", respectively. The coefficient of variation on the tracer
determinations was approximately 18% CV estimated from the analysis of real samples with tracer concentrations in the <0.11-100ng L
range. The developed method was successfully applied for the determination of species-specific mercury tracers in zooplankton samples from
a biological tracer experiment.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tory fish at levels of concern for human populations. The
ultimate accumulation of mercury is influenced by many vari-
Mercury is a well-known environmental pollutant for ablesincludingwatershed, soil and vegetation characteristics,
which the toxicity of organomercury compounds, e.g., water chemistry and food web struct&-8]. From a bio-
methylmercury exceeds that of inorganic and metallic mer- logical point of view it then becomes important to investigate
cury because their lipohilic character enhances transportand understand in detail the bioaccumulation of mercury and
across the cellular membrafid. Mercury in freshwater sys- its different species (e.g., GHg" and Hg) at every step in
tems continues to attract attention of researchers because oé given food web, particularly at lower trophic levels, where
its bioaccumulation in food webs, which leads to health risks mercury enters the food web. One of the most efficient tools
to wildlife and humans. The biomagnification of mercury to study bioaccumulation, absorption, distribution, and kinet-
across trophic levels often results in contamination of preda- ics of mercury in biological and environmental systems is a
tracer experiment with enriched isotopes of mercury and mer-
* Corresponding author. cury species. Various ICPMS techniques have been used for
E-mail addressstefan.sturup@dartmouth.edu (SifSip). mercury isotope and mercury species analysis as it offers high
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Table 1
Instrumental operating conditions for cold vapor sector field ICPMS

Cold vapor ICPMS Standard ICPMS
rf Power 1550 W -
Plasma gas flow 14.0 L/min -
Auxiliary gas flow 0.95L/min -
Nebuliser gas flow 0.30 L/min 1.05L/min
Additional gas flow 0.65 L/min 0 L/min
Sample uptake rate 1.0mL/min 0.4 mL/min
Sample/skimmer cones Nickel -
Scan type Electric -
Magnet settle time 1ms -
Magnet mass 198.968u -
Isotopes 199Hg, ZOOHg, ZOng’ 202Hg _
Mass window 80% -
202Hg* sensitivity (1u.g L~1 Hg) 1000000 cps 50000 cps
Dwell time 5ms -
Sweeps 300 -
Samples per peak 50 -
Integration window 80% -
Segment duration 200 ms -
Measurement time 56s -

sensitivity, low detection limits, often in ngi! range, anda  centric nebulizer (AR35-1-F04, Glass Expansion, Hawthorn,
good precision on isotope ratio measurements (<1%R.S.D.)Australia) and a Scott-type spray chamber maintained@t 6
[9-12]. Sector field based ICPMS offers a isotope ratio pre- Were used. Even though a sector field ICPMS instrument was
cision of <0.1%R.S.D. approaching the precision of thermal used the medium to high mass resolution capabilities were
ionization mass spectrometry (TIMS) the golden standard for Not used. All measurements were carried out in the low mass
isotope analysis, when used in the low mass resolution moderesolution mode taking advantage of the high sensitivity on
for the analysis of elemental concentrations well above the the sector field mass spectrometric system compared to most
detection limif13]. This improvement in isotope ratio preci- quadrupole ICPMS systems. The instrument settings and the
sion is beneficial especially for mercury isotope experiments, method parameters are summarizedable 1
as the amount of isotope tracer added to a given system can
be kept close to natural levels in order not to disturb the natu- 2.2. Standard solutions, chemicals and reagents
ral pathways, as demonstrated by Pickhardt §9&to study
bioaccumulation of isotopically labeled methylmercury and  All sample digestions, sample acidifications, standard
inorganic mercury in a freshwater system. The aim of this pa- preparations and enriched mercury isotope solution prepara-
peristo present a new technigue combining advanced isotopdions were performed with trace metal grade acids prepared
determination (CV-ICPMS) and algebra to create a power- from 69% Optima nitric acid and 33% Optima hydrochloric
ful tool to follow isotopic enriched species-specific mercury acid (Fisher Scientific, Pittsburgh, PA, USA) diluted with ul-
tracers (CH2%MHg" and2°®Hg?*) in a freshwater food web.  trapure water (>18.2 2 cm) produced by a Purelab Plus wa-
ter purifier (US Filter, MA, USA). Natural mercury standard
solutions were prepared from a 1000 n1gtlstandard (CPI

2. Experimental International, Santa Rosa, CA, USA) by dilution with 0.45 M
nitric acid. Isotopically enriched mercury®Hg, 2°°Hg and
2.1. Instrumentation 201Hg) was purchased as Hg(I1)O from Oak Ridge National

Laboratory, TN, USA. For the synthesis of KéHg, methyl-

All mercury isotope measurements were performed on cobalamin, benzene (99.9% HPLC grade) and hexane (99+%
an element 1 inductively coupled plasma sector field mass Capillary GC grade) all from Sigma—Aldrich, St. Louis, MO,
spectrometer (Finnigan MAT GmbH, Bremen, Germany), USAwere used. Inthe cold vapor ICPMS system the mercury
equipped with a shielded torch and connected to a LI-2 vapor was generated using a 2% stannous chloride (Certified
cold vapor sample introduction system (Bjoern Klaue, Verlag A.C.S. grade, Fisher Scientific, Pittsburgh, PA, USA) in 1M
fuer Lern- und Informationssysteme, L&I, Breitenfelde, Ger- hydrochloric acid solution.
many) in operation at the Dartmouth Trace Element Analysis
Core Facility. For the determination of exact concentrations 2.3. Preparation of enriched mercury isotope solutions
of isotopic enriched mercury solutions by isotope dilution
a standard sample introduction system comprised of a peri-  Stock solutions of enrichet?®Hg, 2°°Hg and?®Hg were
staltic pump (Perimax 12, Spetec, Erding, Germany), a con- prepared by dissolution of the entire portion of the enriched
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Hg(I1)O powder, approximately 15mg, with 5mL of aqua 22 days after tanks were stocked with algae. A 1 mL solu-
regia (HCI:HNG 3:1) and diluted to 100 mL with ultra-  tion containing CH2%*Hg and?°°HgCl, was added to each

pure water. The resulting mercury solutiors200 mg 1) tank to achieve concentrations of 10 ngiLCH32%1Hg and
were stored as a stock solution. More dilute solutions 50 ng L1 20%gCl, in the tanks. These mercury concentra-
(1-15pg L~1) for isotopic labeling of the mesocosnt8{Hg tions were in the same order of magnitude as the natural levels

and M&®Hg) or for isotope dilution calibration purposes found in lakes across the northern New England area. Three
(19%Hg) were prepared by dilution of the stock solution with  days after isotope addition, zooplankton was added to tanks
0.16 M HNG;. The exact concentration of the spike solutions to establish low and high zooplankton density treatments, the

was determined by isotope dilution ICPMS analysis. high treatment being five times that of the low treatment. The
zooplankton was collected in Post Pond, Lyme, NH and con-
2.4. Synthesis 6P*Hg enriched methylmercury tained the general taxa: Bosmina, Daphnia, Cyclops, Meso-

cyclops, and Leptodiaptomus. A more detailed description of
Applying a procedure similar to those previously de- the experimental layout will be published elsewhere.

scribed by Imura et a]14] and Rouleau and Blod 5] 2°1Hg
labeled methylmercury was synthesized by methylation ofin- 2.6. Sampling and sample preparation
organic?9*Hg(ll) with methylcobalamin. The synthesis pro-
ceeded as follows: (i) A portion of 1mL of the enriched Aqueous, particulate, and zooplankton samples for mer-
201Hg solution &200mgL=1) in 0.2M HNO3/0.4 M HCI cury isotope analysis were collected on days 2, 6 and 10
was placed in a 100 mL separation funnel. Approximately after the zooplankton addition. All Teflon vials and sampling
25 mg methylcobalmin was dissolved in2 ml0.01 MHCland equipment were acid cleaned prior to use. Zooplankton sam-
added tothe funnel, which was then wrapped in aluminumfoil ples (>2023.m) were collected by sieving water through a
and left to stand for 1 h. (ii) Ten millilitres of benzene/hexane 202um nylon mesh. Using clean water the collected zoo-
(1:1) was added and the mixture was stirred for 10 min. The plankton were washed onto a Teflon filter (8@), the fil-
extraction was repeated twice and the organic layers com-ters were placed in Teflon vials and frozen-&5°C in the
bined in a 50 mL conical glass vessel containing 2mL of 1 M dark until digestion and analysis. Typically less than 5mg
HCI. (i) The combined organic layers were stirred over the of zooplankton were available for analysis. The zooplankton
HCI for 10 min, then evaporated slowly by blowing a gentle samples were digested by adding 12 mL of a 2:1 HN@d
stream of argon over the surface. The methylmercury was HCI mixture and spiking to 5 pg mt! with enriched™°Hg
left dissolved in the HCI. The final solution was transferred before being heated to 7€ on a hotplate for 12 h. The re-

to a vial, sealed and stored in the freezeR(°C). The ex- sulting solutions were analyzed for mercury isotopé¥{g,

act concentration of the synthesized 4#ig solution was  20%Hg, 297Hg and?°?Hg) using the cold vapor ICPMS sys-

determined by isotope dilution ICPMS analysis. tem described below without any further dilutions. A more
detailed description of the sampling procedures for aqueous

2.5. Experimental design and particulate samples (not discussed in the paper) will be

published elsewhere.

Using a two-way design the effects of algal density and
zooplankton density on mercury accumulation in zooplank- 2.7. Cold vapor ICPMS optimization and measurements
ton (>202um), zooplankton (45-202m), and particulate
samples (0.4-4pm) were examined with treatments estab- The ICPMS instrument was mass calibrated and opti-
lished in sixteen 550 L mesocosm tanks. Only the results from mized daily using a f.g L~! natural inorganic mercury so-
the largest size fraction (>2Qn) are presented in this pa- lution, and normally a signal with a peak height of minimum
per to illustrate the application and validity of the developed 1,000,000 cps 0R%Hg" was achieved. Before a measure-
method. The tanks were cleaned, filled with water, and in- ment sequence was started, two blanks and three mercury
oculated with leaves to buffer the tank and keep the pH in standards (0.1, 0.5 anduly L—1) were measured in order to
the 7-8 range. Then phytoplankton sampled at Post Ponddetermine the background level, the detector dead time and
in Lyme, NH were added and the tanks covered. Low and the mass discrimination according to the method outlined by
high algal density treatments were established by addition Nelms et al[16]. Typical values for the detector dead time
of dissolved nitrogen and phosphorus at two different lev- and mass discrimination were 13 ns and 0.5% Wfter de-
els. The low and high algae treatment were defined by their termination of dead time and mass discrimination the instru-
chlorophyll concentration, the high being seven times that ment was washed with 0.16 M HNGor 15 min to avoid any
of the low treatment. Nutrients were added 10 days after carry-over from calibration standards to samples. The mer-
inoculation of the tanks with algae. Total nutrients in the cury concentration in the majority of the samples was in the
algal density treatment were 24§ L~ N plus 20ug L1 low ng L~1 range and careful background/carry-over control
P in the low treatment and 73% L1 N and 55.gL~! was crucial in order to obtain valid results. Between samples,
P in the high treatment. Enriched stable isotopes of inor- a 3 min wash with a matrix-matched wash solution was ap-
ganic mercury and methylmercury were added to each tankplied. No carry-over of mercury was observed for mercury
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Table 2
Sources of mercury and their isotopic composition
Source 199Hg (% abundance)  2%°Hg (% abundance)  201Hg (% abundance)  292Hg (% abundance) Atomic weight
Natural Hg (a} 16.87 2310 1318 2986 200.59
Enriched!®®Hg (b) 9195 492 066 073 199.0418
Enriched?®Hg (c) 099 9641 146 091 199.9927
Enriched CH?01Hg (d) 010 045 9811 118 200.9731

a Ref.[20].

concentrations belowlg L—1. As an extra precaution, sam-  CH3z?°'Hg (d) as tracers. All of the four sources of mercury
ples and matrix-matched blanks were alternated throughouthave a known unique isotopic composition, 3able 2 This

the sequence to insure that no carry-over of mercury took system with four sources of mercury can be fully described
place. All sample solutions were analyzed using the method from the determination of the intensity of four mercury iso-
outlined inTable 1 The integrated data were exported into a topes, i.e.1%Hg* (1), 2°%Hg* (2), 2°'Hg"(3) and2%?Hg*
spreadsheet program, where all tracer calculations, including(4). The contribution from each of the mercury sources to
background correction, detector dead time correction, massthe four measured isotopes and thereby the concentration of
discrimination correction, algebraic de-convoluting, and iso- each mercury source in the sample can be calculated using
tope dilution calculations were performed. It is important to matrix algebra in a way similar to the approach described
note that Hg(0) vapor is not formed with the same efficiency by Hintelmann and Evar{40]. The total intensity measured
from methylmercury and inorganic mercury in the cold va- for a single isotope is the sum of the individual contributions
por system. Accurate and reliable determination of isotope from the four sources (a—d):

labeled methylmercury can therefore only be achieved after

digestion of samples with nitric acid in o?/der to convert all > 9y = "Hg(@)+ *Hg(b) + **Hg(c) + Hg(d)

methylmercury into inorganic mercury. In a systematized form the system with four isotopes (1-4)

and four sources (a—d) can be described using the following

2.8. Isotope dilution ICPMS optimization and equations:

measurements
199

The instrument was mass calibrated and optimized asZ Hg=1a+ b+ lc+1d

explained above, normally achieving a minimum sensitiv- Zzong — 2a+ 2b+ 2c+ 2d,

ity of 50,000 cps forr%?Hg* with standard pneumatic neb-

ulization and a Scott-type spray chamber. Typical values ZZOng = 3a+ 3b+ 3¢+ 3d,

for the detector dead time and mass discrimination were

13 ns and 0.3%T. The enriched isotope mercury solutions Z 202Hg = 4a+ 4b+ 4c+ 4d

(19%Hg, 2%%Hg or 291Hg) were diluted to a concentration in

the 2-1Qug L~! range and spiked with a small volume of All the individual isotope concentrations can now be ex-

a 100ug L~ natural mercury standard solution. The vol- pressed as the ratio of the individual isotopes over one com-

ume added was adjusted to obtain an isotope ratio of interestmon isotope for each source, e Ry is 2°°Hg/%°Hg isotope

(199Hg/202Hg, 200Hg202Hg or201Hg/2%2Hg) close to 1, inor-  ratio in source a:

derto minimize the uncertainty contribution fromthe detector 151a—1  1b/2b= R1p, 1c/3c= Ris 1d/4d= R,

dead time correction. When performing analysigugt. 1 2a/la= Ry1, 2b/2b=1,  2c/3c= Ry3, 2d/4d= Roy,

level with a Scott-type spray chamber, the carry-over of mer- 3a/la= Rs;, 3b/2b= R3, 3c¢/3c=1,  3d/4d= Ras,

cury was substantial and a 10 min wash time with 0.16 M 4&1a= Ra1, 4b/2b= Rsz, 4c/3c= Rss, 4d/4d=1

HNOz was applied to avoid carry-over between samples. Al sypstituting this set of ratios into the above set of equations
sample solutions were analyzed using the method outlined inyields the equations below, a system of four equations with
Table 1 The integrated data were exported into a spreadsheefoyr unknowns. The sums of the individual isotopes are mea-
program, where all calculations, including background cor- gyred and the isotope ratios are constants known from the
rection, detector dead time correction, mass discrimination jsotopic composition of the four mercury sources. The coef-
correction and isotope dilution calculations were performed. ficients 1a, 2b, 3¢, and 4d are the unknowns to be calculated:

2.9. Calculation of enriched tracer concentrations in Z 1999 = 1a+ R122b+ R133c+ R144d,
zooplankton using algebraic de-convoluting
Z 200Hg = Rpjla+ 2b+ R233c+ R244d,
The digested zooplankton samples from the mesocosms
contain mercury from four different sources: natural mercury Y  ?%*Hg = Rsila+ Ra22b+ 3¢+ Ras4d,
(a) regarded a contaminant in our system, enric¢figdg (b)
for calibration purposes, and enriched inorg&hAfig (c) and Z 292Hg = Raila+ Raz2b+ Raz3c+ 4d
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These coefficients can be calculated using a matrix inversion 10000

approach. The equations can be rewritten on a matrix form:
AX =B: 8000
1 Ri2 Riz Rig la @ 6000
A Ry 1 R>3 Ry X 2b e
= ’ = ’ 1]
R31 Rz 1 Ry 3c S 4000
| Ra1 R4z Raz 1 4d 8
7Y 19%Hg 2000
B Z ZOOHg
= | Y201 0 . . :
5 2024g Hg-199 Hg-200 Hg-201 Hg-202
L (a) Mass
The solution vector X) can now be found using the in-
verse of theA matrix asX =A~1B. The inverse ofA (A1) /“*'—-—-———._
can be calculated using the excel function MINVERSE. 10000 1
The matricesA andA~1 are the same for all the samples

measured as the mercury sources and their isotopic com- 8000 -
positions are constant with only their contribution to indi-
vidual samples changing from sample to sample. The two
matricesA and A~1 can be calculated from the data in

Counts (CPS)

Table 2and need only to be calculated once for the complete e
study: 2000 - Hg-201 spike
Hg-200 spike

1 1869 068 008 0 Hg-199 spike

137 1 6603 038 natural Hg
A=lo78 013 1 8314 |’ 200 app

177 015 062 1 ) Mass

000423 —0.00527 —0.00688 057448 Fig. 1. Algebraic de-convoluting of mercury spectra: (a) original ICPMS
. ’ ’ spectrum; (b) de-convoluted spectrum showing the isotopic composition of
_ 0.05376 —0.00027 000031 —0.03030

A 1_ the four mercury sources.

—0.00073 001526 000007 —0.01142
—0.00004 -0.00013 001209 —-0.00521
The exact concentration and mass of #féHg spike

When the sum of the signal intensities for the four isotopes added before sample digestion is known, therefore pairing
has been determined in the samplB$ ¢sing the ICPMS  the 19%Hg spectra with each of the three other spectra, the
system, the information needed to calculztés available. concentration of natural HEZ®Hg spike and CH'Hg
The concentration of the different mercury sources is calcu- spike can be calculated applying a standard isotope dilution
lated using isotope dilution with enriché8Hg and there-  approach, e.g., when the concentration of4#f#ig source
fore based on isotope ratios of the measured isotopes ands calculated thé®*Hg/2%Hg ratio (X/Y) is calculated from
not on absolute count rates. Therefore, the small 5-10% re-the combined enriched®Hg and 2°°Hg source spectra
duction in instrument sensitivity over the course of a day’'s and applied in the following general equation for isotope
analysis is less critical to the final results than variations in dilution calibration. In this calculation the measured ratio of
the background level, as the level of mercury is very low, the calibration isotope'®®Hg) over the spike isotopdRyy),
often less than 20ngtl. As a consequence, every single the mass of the original samplemp) plus the massnsp)
sample is bracketed by two matrix-matched blank solutions. and concentratiorcgp) of the 2°°Hg spike added are used:
The true number of counts for each isotope is then calcu-

lated as the detector dead time and mass bias corrected count _ MspcspAsmp(Rx/yYsp — Xsp)
rate subtracted the average of the two blanks bracketing the ™ = 7g oAy (Xemp — Re/y Ysmp)
sample.
When the true number of counts is fountcan be cal- whereA is the atomic weightX andY the isotopic abun-

culated using the above equation. Using the calculated num-dances. All of the above equations and calculations are
bers forX all the coefficients and terms in the four equations conveniently built into a spreadsheet, which calculates the
with the four unknowns can be calculated and the measuredconcentrations of the enriched inorgafi€Hg and enriched
ICPMS spectrum splitinto four spectra each representing oneCHz2%MHg, the two mercury tracers that originally were
source, as illustrated iRig. 1a and b. added to the mesocosms.
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3. Results and discussion were 0.6 and 0.2ngt! for 2°°Hg and CH?%1Hg, respe-
ctively.
3.1. Precision of the isotope measurements The coefficient of variation (%CV) for the method

was estimated from the determination of tH€Hg?* and
Since the quantification of the mercury tracers are per- CH;201Hg* tracers in eight real samples on two different

formed using an isotopic dilution approach, it is important days. The standard deviation on the results was estimated as
the ICPMS instrument is setup to measure isotopic ratiosSZ:ZdZ/Zn [18], wheredis the difference between two mea-
with the best possible accuracy and precision. Therefore, asurements of the same sample on different days. The %CV
relative high number of sweeps< 300) across the four mer-  was 19% foP%°Hg?* and 17% for CH29MHg", which is rela-
cury isotopes are used to cancel out random noise, primarilytively high, but acceptable considering that the tracer concen-
from the sample introduction system. The precision of the trations were in the 0.4-100 ngt range fo”°®Hg?* and in
isotopic ratio determinations applying the standard ICPMS the <0.2-18 ng Lt range for CH2%Hg".
setup with a pneumatic nebulizer was evaluated by repeated
analysis (= 10) of a 500 ng t* natural mercury standard. 3.3 Determination 0#%%Hg and CH2%IHg tracers in
The 19°Hg/”%%Hg, 19%Hg %'Hg and'*Hg/"%Hg ratios can  aquatic samples
be measured with a precision in the 0.3-0.5%R.S.D. range,
approximately twice the theoretical pl’eCiSion as calculated The deve'oped ICPMS method for the determination of
from Poisson statistics. For the cold vapor ICPMS system species-specific mercury isotope tracers was applied in a bi-
the precision was 0.6-1.4%R .S.DA10) for repeated anal-  glogical experiment designed to study the effects of algal
ysis of a 50ng L™~ standard solution, again approximately density and zooplankton density on mercury accumulation
twice the theoretical precision. The sensitivity of the cold va- jn zooplankton. The data presented here are a subset of the
por ICPMS systemis more than an order of magnitude higher complete dataset, chosen to show that the developed method
than that of the pneumatic nebulization system and thereforesyccessfully can be applied for the determination of enriched
is it advantageous for the analys!s of the zoqplankton sam-mercury isotopes at ngil levels in biological tracer ex-
ples, as the mercury concentration in the digests of theseperiments. The full results for the biological study will be
samples are in the low ng- range. On the other hand, the - pyplished elsewhere. One of the hypotheses tested was that
pneumatic nebulization ICPMS system is preferred for the the algal biomass would have an influence on the uptake of

by isotope dilution as the isotope ratio determinations are that methylmercury would be bioaccumulated to higher con-
more precise than for the cold vapor generation ICPMS sys-

tem. Furthermore, the mercury concentration of the sample 4,
solutions can be adjusted to minimize the impact of back-
ground subtraction and detector dead time correction on the
precision and accuracy of the measurement, typically in the
2-10pg L~ range. Finally the operation of the pneumatic
system is simpler and faster.

A good accuracy on the isotope ratio determinations is en-
sured by mass bias correction of the observed isotope ratios.
The mass bias correction factdr=(Riue/Rmeasured iS €sti-
mated daily from the analysis of mercury standard solutions.
A consistent and systematic higher mass bias of 0.5%u (A
versus 0.3% ulwas found for the cold vapor generation
system compared to the pneumatic nebulization system. The 2500
most likely explanation for this difference is that the observed

600 Q

500 T
400
300

* Hg (ng/g)

200

100 5

=

Algal treatment

2000 o

mass bias is dependent on the total ion current produced from g o
a sample in the plasnja7], which is clearly different for the £ 1500 ry
two sample introduction systems as one is introducing a gas _:? 1000 L
into the plasma, the other an aerosol. =, 8
g 500 E
3.2. Figures of merit for tracer determinations 0 i :
High Low
The detection limit for the determination of tR&°Hg?* (B) Algal treatment

and the CH?%MHg" tracers in the aquatic samples was cal- _ _ ” S
culated as three times the standard deviation of concentra-i9 2- Concentration of enriched labeHg® (A) and CH*°'Hg" (B)

fi in 12 t | tak f th b in zooplankton as a function of low and high algal treatment. Individual mea-
1oNns In water samples taken irom the mesocosms e'surements(()) and the averagd®) with one standard error (S.E.Ms&/n)

fore the mercury tracers were added. The detection limits grror bars.
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