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ABBREVIATED UNITS OF MEASUREMENT

mg/L. milligrams per liter

Hey/L microequivalents per liter

pmal/L micromales per liter

Other Abbreviations

ANC acid-neutralizing capacity

CV coelficient of vanation

B deionized water

PO data-guality objective

LRTAP Long-Range Transpont of Atmospheric Pollutints
MCy median concentration value

MPV most probable value

QA quality assurance

QC quality control

QC-high high-concentration quality-control sumple
QC-low low-concentration quality-control sample
SES Standurd Reference Sumple
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Quality-Assurance Data for Routine Water Analyses by the
U.S. Geological Survey Laboratory in Troy, New York,
May 1991 through June 1993

By Tricia A. Lincoln, Debra A. Horan-Ross, Mark. L. Olson, and Gregory B. Lawrence

Abstract

A laboratory for andlysis of low-jonic-strength
water has been developed at the New York District
office of the LIS, Geological Survey (USGS) in
Troy. N.Y .. to analvee samples collectied by USGS
projects in the Northeast. The hiboratory's guality-
assurance program is hised on both internal and
interlaboratory qualiiy-assurance samples and
guality-control procedures developed 1o ensure
proper sample collection, processing, and analysis,
The quality-assurance/quality-control data are
stored in the laboratory’s SAS! data-management
system, which provides efficient review, compili-
tion, and plotting of quality-assurance/quality-
control dita. Thas report presents and discusses data
analyzed from May 1997 through June 1993,

Quality-control results for 18 analyticdl proce-
dures were evaluated for bias und precision; Control
charts show that four of the procedures have biases
but were within control limits: they are: total alumi-
num (high in March and May 1993); calcium (low
in 1991); chlonde (low from January through June
1293): and nitrate (colorimetrie method —low from
June 1992 through June 1993}, No'quality-control
sumple has been developed for the organic
monomernc aluminum procedure. Results from the
filter-blank and analviical blank nnnlyses indicate
that, in 4 of the 14 procedures in which blanks were
rumn, measurements approached or exceeded control
Iimits. Organic and total monomeric aluminum
concentrations showed upward trends in analytical-
blanks in June 1992, but most of these values were
within control limits, Total aluminum, caleium, and
chloride concentrations periodically exceeded
control limits. Blanks were not analyzed for pH,

! Use of tridds, product, or firm niames in this pablication (s for
descriptive purposes anly and does nat imply endomement by
the 1S, Governmaent

acid-neutralizing capacity, dissolved inorganic
carbon, or nitrate {colorimetric method),

Sampling and unalysis precision are evaluated in
terms of the coefficient of vanation obtmned for
duplicate und triplicate samples in 14 of the 18
procedures. Data-guality dbjectives were met {or at
least 95 percent of duplicate and triplicate sumples.
Diata guahity objectives were not mel in 32 percent
of the totl alurmitum samples; 20 percent of the
total monomeric aluminum sumples; and 23 percent
of the dissolved organic carbon samples. Duplicate
and triplicate samples were not analyzed for
ammonium, fluoride, dissolved inorganic carbon, or
nitrate (colorimetric method).

Results of interlaboratory gquality-assurance
prozrams are presented. Laboratory mtings for the
Li.S. Geological Survey's Standard Reference
Sumple Program show sitisfactory results overall.
Environment Canada’s LRTAP interluboratory
study results are plotted on control charts. Duta
guality objectives were melin 7 of the 12 proce-
dures, for more than BO percent of the LRTAP
samples, Data quality objectives were not met for
25 percent of the ammonium and calcium samples;
35 percent of the dissolved organic carbon and
silicon samples: and 45 percent of the sodium
sumples,

INTRODUCTION

The U.S. Geological Survey (USGS) maintains a
labormaory ot its Troy, NY . office to analyze lovw-
ionic-strength water for USGS watershed-resenrch
projects that require major-ion analyses of precipi-
tation. soil-wuter, shallow ground-water, stream-
water, and luke-water samples. The methods vsed in
this laboratory are described in detail in Lawrence
und others (1995),




Analyses done during the 2-year penod (May
1991-June 1993) represented by this report were:
acid-neutrahizing capucity (ANC), total monomeric
aluminum, organic moenomeric aluminum, totul
aluminum, ammonium, calcium, chioride, fluonde,
dissolved inorganic carbon (DIC), magnesium,
nitrate (ion chromatograph and colorimetric
method), dissolved organic carbon (DOCY, pH,
potassium, silicon, sodium. and sulfate.

Participating Projects

The numbers and types of samples analyzed by
the laborutory during the 2-year period are summa-
rized below, by project for which they are associ-
ated; numbers jn parentheses are USGS project
numbers .

Project: Neversink Walershed Study (NY9]-200)
Cooperator: New York City Department of
Environmental Protection

Analyses: 3,005 stream, shallow ground water, and
snow samples.

Project: Biogeochemical Processes that Control
Nitrogen Cyeling and Associated Hydrogen and
Aluminum Leaching in an Undeveloped Headwater
Basin (NY91-204)

Cooperator: New York City Department of
Environmental Protection

Analyses: 1,147 stream, shallow ground-witer, sml-
solution, soil-extraction, and snow samples.

Project: Long-Term Monitoring of Five Streams in
the Catskill Mountains INY85-132)

Cooperator: U5, Environmental Protection Agency
Analyses: 726 stream samples.

Project: Forest-Floor Aluminum and Caleium
Chemistry—Relations with Acid Deposition, Root
Vitality, Stand Dynamics, and Red Spruce (NY91-
JR)

Cooperator: ULS, Forest Service

Analyses: 868 stream. soil-solution, and soil-
extraction samples.

Project: Variable Source-Area Control of Episadic
Stream Chemistry (NY91-209)

Cooperator: U.S. Forest Service

Analyses: 229 stream samples,

Project: Hydrologic Budget and Changes in Aquatic
Chemustry of Woods Lake Outlet After Watershed
Liming (NY 88-173)

Cooperator: Cornell University Department of
Natural Resources

Analyses: 56 stream samples.

Project: Relations Among Geochemical Processes
that Control Pond-Water Chemistry in Hodge Pond
Wiitershed in the Carskill Mountains (NY90-193)
Cooperator: Town of Rocklund, N.Y.

Analyses: 245 stream and shallow ground-water
samples.

Additionul information on projects of the New York
District is given in Marshall (1992) and Lee (1996).

Purpose and Scope

This report is the Tiest ina planned Series to
document the quality-assurance practices of this
libhoratory and is intended for use by current and
prospective cooperating agencies. It (1) describes
quality-control and quality-assurance procedures of
the labortory, (2) presents graphs showing the
results from analyses of gquality-control samples,
filter blanks and unalytical blanks, and duplicale
and triplicate environmental samples, and (3)
explains analytical bigses and outliers and the
corrective actions taken.

QUALITY-ASSURANCE/QUALITY-CONTROL
(QA/QC) PROGRAM DESCRIPTION

The quality of the data produced wt this labora-
tory 18 mamtained by adherence to the standard
operating procedures described in Lawrence und
others (1995) and by participation in externally
administered quality-assurance (QA) programs.
Results of QA datu are evaluated by the laboeory
supervisor and primary analysts, and appropriate
corrective dction is taken when needed.

Quality-Control Samples

Quulity-cantral (QC) samples are Used to deter-
mine the accuracy of an instrument’s calibration and
to detect variations in instrument response within an
analytical run. Source material for all QC samples is

2  Quality-Assurence data from Routine Water Analyses by USGS Laboratory, Troy, N.Y., May 1891-June 1993




obtamed from a manufacturer other than the producer
of the source muterial vsed vy make calibration
standards. or 15 obtained from a different low

The concentrations of QC samples are chosen to
hracket the expected range of the environmental-
sample concentrations. A high-concentration QC
sample and a low-concentration QC sample (refemed
1o herein as QC-high and QC-low) are prepared for
MOst constituents: exceptions are iNOrganic
monomeric aluminum, for which column efficiency
15 used to determine the acceptability of the data, and
fMuoride, for which only one QC sample 1s prepared
heguiise of the norrow mnge of environmental
concentrations measured by the laboratory.

Quality-control samples are analyzed immedi-
ately after calibration, after every 10 analyses of
environmental samples, and o the end of each run,
Exceptionsto the frequency of QO sample anilyses
are ANC (QC samiple after every 17 environmental
samples), and pH (QC sample after every 1010 13

environmental samples), The allowable differ-
ences—both greater than and less than the theoreti-
cil value of each QC sample—sel the control limits
for scceptance or rejection of environmental-
swmple data. QC samples that do not meet data-
quality objectives (DQO’S) for accuracy are rerun.
and if the value is acceptable, the run is continued.
If the rerun-QC-sample value s unacceptable, the
gnvironmental-sample data preceding it are
rejected, and the instrument is recalibrated. Only
accepted QC-sample and environmental-sample
dats are entered into the database. An exception 1o
this practice ocoues when the volume of an environ-
mental sample is insufficient for a rerun. In this
case, the environmental-sample and QC data are
entered inte the datwbase tnd Nugged, dand the
project chief then decides whether to accept or
reject these date. The number of samples analyzed,
and a summary of the quality-assurance datu. are
given in table 1.

Table 1. Number ol environmanial and quality -control samples analyzed by USGE New York District Labioratony and summary
of quality- control (QC) data lor each constituent, May 1831 through June 18353

Summary of OC dota
Number of samples analyzed m mm; :mhﬁ gwﬁﬂﬁ“ﬂ
Consiituont Environmental ac control limits by more than § percent
p samples GC-high™  GC-ow QC-high  QC-low Qo-high QC-Jow
Acid-peutralisng cupicity 3318 220 240 5 20 i
Aduminum, toia] moenosmeric 3665 SR7 587 | il 0 ]
Aluminum, organic monomenc 5665 1] il i ] il i
Aluminum, wotal 3250 343 43 4 i T |
Ammoniam 5544 546 546 3 4 | 1}
Calcium 5148 i 371 0 4 i) 1
Carbon, dissolved inorganic 411 1 3l | f | 0
Carbon, dissolved organic 5705 17 415 Y 53 ] 19
Chiloride 3795 4449 436 b 13 I 2
Fluorde 381 43 1 { 0 f 0
Magnesivii 5144 36l inl 2 (i] ] 0
Nitrie G279 472 473 2 13 2 2
pH 5691 208 345 B 19 2 4
Potassium 5789 357 357 R 7 0 0
Siliwon 5605 ns 368 19 1 5 5
Sodium 5746 kR 347 | i 0 i
Sulfate 5803 449 449 4 10 3 I

Quality-Assurance/Quality-Control (QA/QC) Program 3




Filter Blanks and Analytical Blanks

A filter blank and an analytical blank are included
in each group of 50 environmental samples.

Filrer blanks are aliguots of deionized (DI) water that
are processed and analyzed in the sume manner as
environmental sumples. Filter blanks are analyzed
anly for those constitugnis that require filtration,
Filter-blunk analysis indicates whether contamina-
tion has occurred during bottle-washing procedures,
sample processing, or laboratory analysis,

Aunalyrical blanks ure aliquois of DI water that are
processed and analyzed us environmental samples,
except that the filtration step is omitied. Contism-
mation found in analytical blunks miy be attributed to
bottle washing, sample preservation, or laboratory
analysis, bt ot to filtranon.

Duplicate and Triplicate Environmental
Samples

One set of field dupheate or triplicate environ-
mental samples is included in each group of 50
sumples. The purpose of environmental duplicate or
triplicate samples is to determine long-lerm analyt-
ical precision. Precision can be affected by bottle
washing and by sample-callection and processing
procedures. Environmental sumples are sélected for
triplicate analysis on a rotating basis to ensure 4
wide range of sample concentrations.

Duplicate and triplicme envirenmental samples
were collected until Noveinber 1991, after which all
samples used to estimate precision were collected in
triplicate.

U.S. Geological Survey's Standard
Reference Sample Program

The USGS Standard Reference Sample Program
(SRS conducts a national interiaboratory analyticul
evaluation progrum semiannually. The Troy. N.Y.
laboratory participates in the low-ionic-strength
component of this program. Reference samples are
prefixed by o P and are analyzed for caleiam,
chloride, magnesium, pH, potassium, sodium, and
sulfate. Typically, the low-ionic-strength sample
consists of snow that is collected, meled, filtered,
and possibly diluted or concentrated, to meet the
goals of the SRS program, Laboratory personnel are

aware of the presence of the SRS sample at the time
of analysis but do not know the constituent concen-
trations until a published report is received from the
USGS. The most probable value (MPV) for each
constituent is determined through nonparametric
statistics. Individual laboratory performances are
rated numerically: the highest score is 4.0, and the
lowest is 0.0,

Environment Canada's LRTAP Interlaboratory
Study

The Troy laboratory participates in the LRTAP
interlnhoratory quality-assurance progrim, o
which a set of 10 samples 15 analvzed three times
per year, The samples are obtained from predomi-
nuntly low-ionic-strength witers from various
sources, such as precipitation, snow, lakes, and
streams throughout North America and western
FEurope. The concentrations of the constituents in
the LRTAP samples are similar to those of the
environmental samples analyzed at the Troy labora-
tory. Laboratory results are compared with a
median concentration value (MCV) determined
from results from all participants in the LRTAP
program. Laboratory personnel are aware of the
presence of LRTAP samples at the time of analysis
but do not know the MCV of the constituents until
Environment Canada publishes a report after each
study.

CONTROL-CHART DEVELOPMENT AND
EVALUATION

Control charts (figs. 1-4) are plots of QC data in
relation to time; in this report, they are used to (1)
confirm that laboratory DQO's are met for individ-
ual QC samples, (2) detect long-term biases within
the control limits, and (3) provide comparisons with
results from other laboratories, All control charts,
except those for the blanks, are edited by deleting
each point that has a value below the laboratory’s
established reporting limits (table 2).

Quality-Conirol Samples

Results of QC sample analyses are plotted on
control charts in which the central line is equal to the
theoretical value of the control sample. Each analyte

4 Quality-Assurance data from Routine Water Analyses by USGS Labaratory, Troy, N.Y., May 1991-June 1593




Table 2 Reporting limits and data-quality objectives for accuracy, precision, and blanks for salution analyses
porformed by the U.S. Geological Survey New York District Laboratary in Troy, N.Y., May 1881 through
June 1993,

(Y, iat-quality objoctive. pnol/L, micramoles per litee. OV, copffickent of variation. ANC, acil-neviralizing capocity. Numibery i
“hviding value” column ure conicentritions thal divide high ringe from low tunge of prectsion DGO pHund ANC valuee (jn parenthesiy)
are in pH units and micreequivitents per liter, rewpectvely |

Accuracy Pracision
Low-concentration High-concentration
quallty-control sampte quality-contral sample Filter .Endl
Re=parfing ooo Concan- Dao Conoen- blanks
limit (parcant tration (perocent tration Dao
Constituent or property {imaliL) error) (umolil)  eror) (rmeliL) DO (CV)  [umoliL)
Acid-neutralizing copacity ' nane 10 1-39.9) in (125) 10 nune
Aluminum, wipl monomeric 1.5 n 74 In IRS il 0735
Aluminum, orgame monomeric © 1.5 Mo e none hiimg 10 0.75
Aluminum, total LD 15 B i} 24 i 0,5
Animonium 0 15 41 i 175 1] LV
Calcium 20 n T 1 100 1] 1.0
Chloride 20 i HE 1 BS |0 05
Carhan, dissolved inorganic’ 410 5 83 10 415 10 I8
Carhain, dissolved organic’ 410 I5 B3 10 415 1o IR
Fluotide * 0.5 L5 1.6 e none 1o none
Magnesiom [ 1 8.2 0 33 10 0.5
Nitrute (ion chromatography) 20 il 5 il 50 1 [E]
Nitrate (colorimerre method) 50 12 429 ¥ 100} I none
pH none mn (441] 0 (658 20 tione
Potassium 14l i 54 10 20 10 05
Silicon i IS i56 [0 107 1 g
Sodium [0 mn 8.7 ] 15 10 [.0
Sullate 24 i 83 [0 g3 10 03

" ANC: Values in parentheses e in microegquivalents per liter. For values within20 microequivalents per liter, an absolute
data-guality objective of &6 micrbefdivalents per liter ks used for preciston, Blanks sre nol min for ANC,

* Quulity-control samples for organic monrmeric aluminum uee unavalloble B

* Concentrarions are expressed os pmaol C/L (ecarbon per liter),

* Fluoride: No duty are yet available for precision. Blanks are nor run for Muorde.

* pH: Percent error and coefficient of variation determined from |H']. Blunks are not run for pH,

Control-Chart Development and Evaluation
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has prescribed control limits that have been estab-
lished to meet project DQO™ (table 2). The limits are
represented by the upper and lower control-limit lines
on each chart. QC-high and QC-low samples are
plotted on separate graphs by constituent and date of
analysis, and the control charts are evaluated for
irends and(or) bias, All dita are reported in micro-
moles per liee (pmol/L) except pH (pH units) and

During the period represented by this report,
several theoretical values for guality-control
samples were changed to reflect more accurately
than befare environmental-sample concentrations
(for example. fiz. 1B). Control limits were also
changed in response to the improvement and refine-
ment of certain analyses (for example, Mgure 1C),
The dates on which the changes were made are

ANC (microequivalents per liter, peg/L). identified on the graphs

Table 3. Besults abtained by Troy, N.Y. Laboratory for LS. Gevlogical Survey
Standard Aelerence Sample [SRS) Program, May 1881 through Juna 1853

WPV st probatilis sidoes TV, Ty abosutony vatoe; mpfl. milligrams per Hter
il fcunes o resiile repoited )

SHS sample number

MPV, TV, P37 P-18 P-19 P20
Annlyte and ratlng®  6M° 1ye© j2mz®  pas®
MPY, mg/L 030 — 0.24 0. 160
Caloium TV, mgil. 0,37 == 0224 D160
Rating 0 — 3 d
MPV. mgfl. 416 104 l.14 0,140
Chiorie TV, mg/L n.a72 RS 1R 0.275
Rating 4 3 3 4
MPY, mg/L. 0057 - 0.7 ). 100
Pionassium TV, mig/L AL = il {1 (1d)
Ruting l — 1 3
MPV, mg/L 0.5 — 05 {1.020
Magnesiom TV, mp/L 0,080 = (105 0,020
Rating 0 d 4
MPV, mueil. 0283 — .06 (1168
Sodium TV. mg/l. 0,270 — 0ol 0130
Ruoting 4 — 1 0
MPY 5.55 6,600 472 5.53
pH ™ 5.55 6.74 4.43 540
Rating 4 4 3 3
MPY, me/l 11,300 1610 045 0831
Sulfate TV, mpf, (.55 1.59 0,335 1,809
Rating q 4 4 4
i Labbratory rding sysiem 4 s highest scons, (s Towest
b Dpte submitted
¢ Dtz analyroed
d  Somple described in Loag and Ferrar ( 15993a)
¢ Sample described in Long and Ferear {1993b)

6 Quality-Assurance data from Routine Water Analyses by USGS Laboratory, Troy. N.Y., May 1991-Juns 1963




Filter Blanks and Analytical Blanks

Results from blank anualyses (fig. 2) are plotted
on control charts, by constituent. The control limit
was established o meet project DQO s (table 2) und
is represented by a horizontal line on the control
chirts. Data are plotted as concentration in relation
to date of collection. The contral charts are evalu-
ated to dentify possible contumination or positive
intarferences. All negative numbers, except ANC
values, for samples analyzed before May 8, 1992,
were entered as zero in the data base: this explains
the luck of scatter on several of the control charls
for blunks analyzed before this date.

Duplicate and Triplicate Environmental
Samples

The cocfTicient of variation (CV) for each tripli-

cate sample is plotted by constituent and date of
collection m fgare 3. Data with mean concentri-
tions less thin the defined reporting limit (tuble 2)
are excluded. For this repon, the DQO for all
constituents isa CV of less than 10 percent. Each
circle within the control charts represents the CV of
a duplicate or triplicate envitonmental sample. CV
vitlues that plotted off the scale are represented by a
circle accompanied by o number that gives the CV
for that group of samples:

cV = :Enum

where: ¥ =siandard deviation, and

i = arithmetic mean of triplicate samples

ANC doplicate and triplicate sumple means were
plotted on two graphs. The first graph shows the CV
for duplicate and trplicate sample means outside
thie runge of -20 to +200eg/L (Tig, 3AL) the second
graph shows vidues that Fall betwean =20 and +20
peq/L (fig, 3A2). Each symbol on the graph repre-
sents the difference between the duplicate or tnpli-
cate sumple mean and the individual values of that
duplicate ar triplicate sample.

Environment Canada’s LRTAP Interlaboratory
Study

Interlaboratory comparison graphs (Fig. 4) ure
based on results from LRTAP samples und repre-
sent LRTAP studies from August 1991 through

May 1993 Samples with MCV's less than the
reporting limits were excluded from the graphs. The
MCV and the control limits of 10 percent are
represented by lines on the graphs; the percent
difference (D) is caleulated as:

D =[{AV - MCVIMCV] x 100

where: AV =analyzed value, and
MCV = mean concentration value

A separate gruph is shown for ANC values in the
+200 -20 peg/L. range; results for these sumples are
platied as the difference between the faboratory
vitlue and the MCV (fig. 4A2). The LRTAP pH
results consist of two sets of data—pH values less
than 6,00, and pH values equal to or greater than
6.00. The two sets of data have different DQO's,
which are represented by o solid Tine and u dashed
line on the pH graph (fig. 4H).

SUMMARY OF RESULTS

The following sections summarize the results for
(A) quahity-control sumples (fig. |, p.12-16), (B)
filter blanks and analvtical blanks (fig 2, p. 17-18),
(C) duplicate and triplicate environmental samples
tfig. 3, p.19-20), (D) SRS samples (table 3, p. 6).
and (E) LRTAP samples (hg. 4, p.21-22).

A. Quality-Control Samples

Acid-Neutralizing Capacity (fig. 1A)— DQO’s
were met for more than 95 percent of the
samples. No apparent trends or binses were
evident among the QC-high and QC-low
samples.

Aluminum, Total Monomeric (Mg, 1B)—DQO"s
were mel for 100 percent of the samples: No
apparent trends or biases were evident among
the QC-high nnd QC-low samples. The total
monomere aluminum QC-high concentration
was decreased from 27 8 to 18,5 pmol/L in April
1992 1o reflect environmental-sample concentri-
tions from the projects more acoutatléy than
befare.

Aluminum, Organic Monomeric.—A QC sample
fias niot been developed for this analysis.

Interpretation of Contral Charts, by Consthuent 7



Aluminum, Total (fig. 1C)—DOQO"s were met for

more than 95 percent of the samples. The control
limit for the QC-low was decreased from 37
percent to 20 percent in March 1993 as a result
of refinements of the analytical procedure. No
apparent trends or biases were evident, except
for the QC-high in March and May 1993, The
bias did not appear in June 1993,

Ammonium (fig. 1D} —DOO"s were met for more

than 95 percent of the samples. No apparent
trends or binses were evident, The ammonium
QC-high concentration was changed from 21.4
o [ 7.8 pmal/L in Aprl 1992 the QC-low
concentration was changed from 10.7 1o 7.1
pmol/L in March 1992, These lower concentri-
tions reflect environmentul-sample concentra-
tions from the projects more nocuratley than
before.

Calcium (fig. | E).—DOO s were met for more than

95 percent of the samples. A shight low bias was
observed for analyses performed in 1991,

Carbon. Dissolved Inorganic (fig, 1F)—D0"

were met for more thun 95 percent of the
samples. No apparent trends or biases were
evident for the QC-high and QC-low samples,

Carbon, Dissolved Organic (fig. 1G)—DOO"s

were met for more thin 90 petcent of the
samples. Dissolved organic carbon analysis was
performed by the New York City Department of
Environmential Protection Loboratory in
Grahamsville, N.Y ., from May 1991 until
January 1992, after which analyses were
performed in the Troy luboratory. A high bias
wis observed for the QC-low sample from May
1991 through December 1991,

Chloride (fig, | H).—DQ0O"s were met for more than

95 percent of the samples. The QC-high graph
illusteates a low bias after January 1993: this wus
due 1o an error in preparation of QC stock
solution and has been corrected. No bias or trend
was evident for the QC-low sample.

Fluoride (fig. 11)—DQO"s were met for more than

95 percent of the samples. No trends or binses
were evident for the quality-control sample.

Magnesium (fig. 1])-—DQO"s were met for more

than 95 percent of the samples. No trends or
bidses were evident for'the QC-high und QC-low
samples.

Nitrate tion chromatography) (fig. 1K) —DQ0Ys

were met for more than 95 percent of the
samples. No trends or hiases were evident for the
QC-high and QC-low samples.

Nitrate (colorimetric method) (fig. 1L)—DQO’s

were met for more than 95 percent of the
samples. The QC-high and QC-low samples
appear to be biased low; this is atributed to
mcomplete conversion of nitrate to nitrite by the
cadmium-reduction column. The column was
operating at 90-percent efficiency during this
period. Multiplying the environmental- and QC-
sample concentrations by 1.1 would carrect the
bius. The project chef determines whether to
apply this correction factor.

pH (fig. IM).—D0O"s were mat for more than 95

percent of the sumples. No apparent trends or
biases were evident for the QC-high and QC-low
samples.

Potassium (fig. IN)—DQ0O's were met for more

than 95 percent of the samples. No trends or
hiases were evident for the QC-high and QC-low
samples. The potassium QC-high concentration
was inereased Mrom 12.8 to 25.6 pmol/L in 1993
to reflect environmental-sample concentrations
from the projects more accuratley than before..

Siticon (fiz. 10).—DOO"s were met for more than

90 percent of the samples. No trends or biises
were evident or the QC-ligh and QC-low
simples, In Decembier 1991, the QC-high
concentration was inereased from 35.6 1o 106.8
pmol/L and the QC-low concentration from 18.3
Lo 35.6 pmol/L to reflect environmental-sample
concentrations of the projects more accuratley
than before. In May 1992, the silicon method
wis changed from segmented-flow analysis to
flow-injection analysis.

Sodium (fig. |P)—DQO"s were met for more than

95 percent of the samples. No trends or biuses
were evident for the QC-high and QC-low
sumples. The sodium QC-high concentration
wits therensed from a theoretical value of 34.8
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43,5 pmol/L in 1993 o reflect environmental-
sample concentrations of the projects more
accuratley thin before.

Sulfate (fig. 1Q).—DQO's were met for more than
95 percent of the samples. The slight ligh bias
for the QC-low was corrected by npgriding
compopents of the ion chromatograph in January
1993, A slight low bias was evident for the QC-
high sample.

B. Filter Blanks and Analytical Blanks

Aluminum, Total Monomeric(fig/2A).—The DOO
was met for more than 85 percent of the samples.
An upward trend in analytical blunks begain in
June 1992, The software, which caleulites
sample-analysis results, was upgraded, and-an
incorrect default setting was discovered that
subtracted the absorbance of the leading baseline
from the sample peak absorhance. This has been
corrected; the softwaie now cileulites an average
whsorbance from the leasding and trailing
baselines and subtracts this vadue from the
sarmple peak.

Aluminum, Organic Monomeric (Og. 2B1.—The
DQO was met for more than 93 percent of the
samples. An upward trend in analytical blanks
began in June 1992 The software, which calcu-
lates sample-analysis results, was upgraded, und
an incorrect default setting was discovered tha
subtracted the absorbunce of the leading buseline
from the sample peak ubsorbance. This has been
corrected; the software now calculinnes an nvernge
absorbance from the leading and trailing
baselines and subtraets this value from the
sumple peak.

Aluminum, Total (fig. 2C).—The DO was met
for more than 75 percent of the samples.
Periodjc blank comamination was anributed to
inconsistent bottle-washing procedures; this
conclusion was based on o study of washing
procedures used for total aluminum aliquot
bottles. As a result, a new aliguor contamer-
preparation procedure was implemented in
March 1993 and is being tested.

Ammonivm (fig. 20).—The DQO was met for more
than 90 percent of the saimples. No systemalic
trends were evident for this analysis,

Caleium (fig. 285).—The DQO was met or more than
70 percent of the sumples, The larze number of
samples that dicd not meet the DOO m 1992 was
corrected through mstallation of o new hollow-
cathode Jamp.

Carbon, Dissolved Organic (fig, 2F) —The DOQO
was met for more than 75 percent of the samples.
The DQO 15 being reevaluated o delerming
whither it should be increased .

Chloride (fig. 2G).—The DOQO was met for more
than 80 percent of the sumples. A higher
frequency of blank contumination in 1993 than
for previous results was caused by the use of o
dilute hydrochloric acid solution to wash sample
bottles. Chloride aliquot bottles are now washed
with delonized water only.

Fluoride (fig. 2H). —The DOO wos met forall of the
samples. No systematic trends were evident Tor
this analysis.

Magnesium (fig. 21).—The DOO was met for more
than Y5 percent of the samples. No systematic
trends were evident for this analvsis,

Nitrate (ion chromatography) (fig. 217 —The DO
was met for more than 95 percent of the samples.
No systematic trends were evident for this analy-
sis.

Potassium (fig. 2K)—The DQO was met for more
than 90 percent of the samples. No systematic
trends were evident for this analysis,

Silicon (fig. 2L) —The DO was met for more than
95 percent of the samples. No systematic trends
were evident for this analysis. In March 1992,
the silicon analysis was upgraded from a
segmented-flow mmstrument with a strip-chart
recordet to a Mow-injection amlvzer with o
computer for data capture. The greater resolu-
tion of electronic data capture than was possible
with the stnip chart recorder was indicated by
the greater variability of measurements after
March 1992,
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Sodiom (fig. 2M ). —The QO was met for more than
80) percent of the samples. The atomic absorption
spectrophotometer was upgraded in the fall of
1992, The graph of blank data shows the effect of
improved softwire,

Sulfate (fig. 2N1.—The DOQO was met for all of the
samples. No systermatic trends were evident for
this analysis.

C. Duplicate and Triplicate Environmental
Samples

Acid-neutralizing Capacity (figs, 3A1 and 3A2)—
Mare than 95 percent of the duphicate and tripli-
cate sumples met the DQO.

Aluminum, Total Monomeric (fig. 3B).—Twenty
percent of the duplicate and tniplicate sample CV
values were above the DQO of 10 percent. Nine
percent of the duplicate and trniplicate CV values
were above DQO of 15 percent.

Aluminum, Organic Monomeric (fig. 3C)—The
DQO was met [or mare than 935 percent of the
duplicate and triplicate samples.

Aluminum, Total (fig. 2D}, —Thirtv-two percent of
the samples exceeded the established precision
DOO. The chunge in aliquot bottle-washing
procedures discussed above is expected 1o
significantly reduce this number.

Ammonium.—All duplicate and trplicate sample
data fell below the reporting limits for this
constituent.

Caleium (fig. 3E).-More than 95 percent of the
duplicate and triplicate samples met the DQO.

Carbon, dissolved organic (fig. 3F) ~Thiny-five
percent of samples exceaded the established
DQO. This was attributed to a reporting limit
that was too low (18 pmol/L). The eporting
limit has since been increased to 41 pmol/L.,

Chloride (fig. 3G).—More than 95 percent of the
duplicate and triplicate samples met the DQO.

Magnesium (fig, 3H) -More than 95 percent of the
duplicate and triplicate samples met the DQO.

Nitrate (ion chromatography) (fig. 31).-More than
95 percent of the duplicate and triplicate samples
met the DQO.

pH (fig. 31)—All duplicute and triplicate samples
met the DQO.

Potassium (fig. 3K).—More than 95 percent of the
duplicate and triphcate samples met the DQO.

Silicon (fig. 3L).-More than 95 percent of the dupli-
cate and tnplicate samples met the DQO.

Sodium (fig. 3M).—More than 95 percent of the
duplicate and triplicate samples met the DQO.

Sulfate (fig. 3N).—More than 95 percent of the dupli-
cate and triplicate samples met the DQO.

D. U.S. Geological Survey's Standard
Reference Sample (SRS) Program

Overall laboratory results for ull SRS samples
were satisfactory. Average ratings for each SRS
sumple were:

P17 24
P18 3.7
P-19 3.1
P-20 3.1

Chloride, pH, and sulfate were ruted 3 or 4 for
each SRS sumple. Calem and magnesinm were
rated zero for sumple P-17, but were satisfactory in
samples P-19 and P-20, Potassinm rated | for
samples P-17 and P-19, and improved to a rating of
3 by sample P-20. Sodium was rated zero for
sample P-20. This was corrected thhrough inétalla-
tion of 4 new hallow cathode lamp.
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E. Environment Canada's LRTAP
Interlaboratory Study

Acid-neutralizing capacity (figs. 4A 1 and
4 A2)—The DOO was met for more than 95 percent
of the LRTAP samples. No trend or bias was
evident.

Ammonium (fig. 4B) —The DQO was met {or
75 percent of the LRTAP samples. A low bias for
ammonium which was correcied by use of a new
standard stock.

Calcium (fig. 4C).—The DQO was met for 75
percent of the LRTAP sumples. A high bias for
calerm in studies 31 and 32 was corrected by use
of a new hollow cathode lamp.

Carbon, dissolved organic (fig. 410 —The
DQO was met for 65 percent of the LRTAP
samples. A low bas for studies 28 through 30 was
corrected by use of nnew stundurd stock.

Chloride (fig. 4E),—The DQO was met for 80
percent of the LRTAP saumples. No trend or bias
was evident.

Magnesium (fig. 4F).—The DQO was met for
more than 90 percent of the LRTAP samples. No
trend or bins was evident.

Nitrate (1on chromatography ).—The DQO was
met for more than 85 percent of the LRTAP
samples: The outliers were most often biased low.

pH (fig. 4H)—The DQO was mel for more than
95 percent of the LRTAP samples with a pH less
than 6,00, In study 27, the pH values above 6,00
were biased low. This was corrected by use of anew
pH probe. The DQO was met for more than 80
percent of the LRTAP samples with a pH greater
than 6.00 for stodies 28 through 32.

Patassium (fig. 41),—The DQO was met for
maore than 85 percent of the LRTAP samples. The
outliers were most often biased low.

Silicon (fig. 41)—The DQO was met for 65
percent of the LRTAP samples. A high bias for
silicon was solved by use of 4 different type of
standard stock.

Sodium (fig. 4K).—The DQO was met for 55
percent of the LRTAP samples: A low bias in
studies 31 and 32 was corrcted through the mstalla-
tion of a new hollow-cathode lamp.

Sulfate (fig. 4L).—The DOQO was met for more
than 95 percent of the samples. No trend or bias was
evident,
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Figure 4. Environment Canada, LRTAP laboratory study (continued): H. pH. . Potassium. J. Silicon. K. Sodium.

L. Sulfate.
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