

















Table 2. Well identification numbers (ID) and field data.

*Standard deviation

tCalculated using the hydrogen ion activity of each sample ([H*]=107H)

#Negative logarithm of the standard deviation of hydrogen ion activity

Well Sampling Thermister SpC Field
ID Date Temperature | pmhos/cm pH
°C
IN-01 9/17/95 12.3 608 7.4
IN-02 9/17/95 11.4 762 7.1 "
IN-03 9/17/95 11.0 616 7.3
IN-04 9/17/95 11.3 643 75 |
IN-05 9/16/95 11.9 666 7.1 |
IN-06 9/13/95 11.6 715 72 |
IN-07 9/13/95 11.3 632 7.0 "
IN-08 9/13/95 12.0 888 6.9
IN-09 9/13/95 13.0 807 71 |
IN-10 9/13/95 12.4 740 7.1 "
IN-11 9/13/95 12.3 784 7.1
IN-12 9/13/95 13.0 627 7.3
IN-13 9/16/95 12.2 803 7.1 “
IN-14 9/15/95 12.0 623 7.2
IN-15 9/15/95 12.1 594 71 |
IN-16 9/16/95 12.2 618 73 |
IN-17 9/16/95 12.8 618 7.1 "
IN-18 9/16/95 11.4 723 7.1
IN-19 9/16/95 12.3 617 79
IN-20 9/15/95 12.2 615 7.4
IN-21 9/15/95 12.3 662 7.1
[ mN-22 9/15/95 12.1 648 72 |
IN-23 9/14/95 12.7 584 7.3
IN-24 9/15/95 12.1 732 7.2 “
IN-25 9/14/95 14.3 487 7.0
Mean 12.2 672 7.2
Std. Dev.* 0.7 89 7.7
Maximum 14.3 888 7.5
Minimum 11.0 487 6.9




Table 3. Alkalinity and anion data.

Well [Alkalinity| HCO, | Cr F | No, | so,2
ID mg/L mg/L | mg/L | mg/L | mg/L | mg/L
CaCO, | (calc)
IN-01 370 450 | <1 | 0.4 <1 17
| IN-02 270 330 13 0.1 144 | 160
[ 1N-03 230 280 10 0.2 <1 | 160
" IN-04 140 170 | 20 | <01 | 57 150
IN-05 360 440 5 0.6 <1 50
" IN-06 290 350 24 0.2 <1 86
IN-07 320 390 14 0.1 <1 40
IN-08 370 450 | 52 0.1 <1 | 120
IN-09 290 350 | 22 0.1 122 | 44
IN-10 370 450 | 26 0.9 <1 46
IN-11 310 380 28 0.1 33 120
u IN-12 280 340 | 21 0.2 <1 82
IN-13 480 580 11 1.2 <1 42
| IN-14 300 370 17 0.4 10 63 |
I IN-15 320 390 6 0.2 <1 32
IN-16 330 400 11 1.2 <1 27
IN-17 380 460 5 0.9 <1 16
IN-18 360 440 19 0.3 11 53
| IN-19 320 390 10 0.7 <1 7
IN-20 360 440 3 0.8 <1 3
IN-21 410 500 9 0.5 <1 12
IN-22 290 350 | 21 0.3 <1 61
" IN-23 270 330 | 26 0.1 28 40
IN-24 270 330 | 32 0.1 <1 | 160
IN-25 330 400 2 0.2 <1 1
Mean 321 390 16 0.4 16 64
Std. Dev.| 65 79 12 0.4 38 52
{(Maximum| 480 580 52 1.2 144 160
[Minimum | 140 170 | <1 | <01 | <1 L |




the values differed by more than 5 percent, then
a third titration was performed.

Alkalinity values are reported as equivalent
calcium carbonate (CaCO,) in milligrams per
liter (mg/L). In addition to total alkalinity,
bicarbonate (HCOj;') ion concentration (table 3)
was calculated from the alkalinity data (American
Public Health Association; American Water
Works Association; Water Pollution Control
Federation, 1985a) and reported in mg/L.

ANIONS

The anions chloride (CI’), nitrate (NO;’), and
sulfate (SO,?) (table 3) were analyzed using ion
chromatography by injecting aliquots of the
filtered, unacidified samples into one of two
instruments. A Wescan Model 261, single
column, unsuppressed Ion Analyzer with an
Alltech Anion/R column and a conductivity
detector was used to analyze samples IN-01 and
IN-02, whereas a Dionex DX100 ion
chromatograph with a Dionex IonPac AS9-SC
column, a conductivity detector, and a model
ASRS self-regenerating suppressor was used to
analyze samples IN-03 through IN-25. The
Wescan analyzer was connected to a Shimadzu
CR501 integrator for peak processing. The
Dionex was connected to a 486 PC which
operated Dionex AI-450 software for controlling
instrument operation and peak processing.
Samples were injected into the Wescan through
a Reodyne multiloop injection valve using a
syringe and they were introduced into the Dionex
by a Dionex AS40 Automated Sampler.

A three-point calibration method was used to
calibrate the Wescan for chloride, nitrate, and
sulfate. The Dionex DX100 was calibrated using
a four-point standard calibration curve spanning
the instrument’s linear analytical range for
chloride and sulfate and the expected

concentration range of 1 to 10 mg/L for nitrate.

Four certified standards were run each day after
calibration to verify peak separations and
identification and to check accuracy and day-to-
day precision (table 4).

The lowest calibration standard for each anion
was determined to be the lowest quantifiable

concentration at which the relative standard
deviation and relative error were less than 10
percent. Sample component values less than the
lowest standard are reported as less than the
lowest standard value. Approximately 10 percent
of the samples were run in duplicate to determine
sample precision. Accuracy was determined
from the relative error for the EPA check
standards. Component concentrations greater
than the calibration scale were diluted to bring
them within the calibrated range.

Fluoride was analyzed using an ion-specific
electrode (ISE) (Orion, 1983; American Public
Health Association; American Water Works
Association; Water Pollution Control Federation,
1985b) (table 3). An Orion fluoride ISE, model
94-09 and an Orion double junction reference
electrode were used with an Orion 940 meter.
Interferences were minimized by adding a total
ionic strength adjuster, TISAB II (Orion, 1983),
to each sample and standard. Measurements
were made on a solution consisting of 10 ml
sample and 10 ml TISAB II. A three-point
calibration from 0.1 parts per million (ppm) to 2
ppm was performed using in-house standards
prepared from analytically pure sodium fluoride.
The calibration curve was checked using two
EPA check standards spanning the calibrated
range (table 4). The relative standard deviation
was determined based on the check standards and
duplicate samples, and relative error was
calculated from check standards and spiked
samples.

CATIONS AND MINOR ELEMENTS

An aliquot of filtered, acidified water from
each well was analyzed for calcium (Ca),
magnesium (Mg), potassium (K), sodium (Na),
aluminum (Al), boron (B), total iron (Fe), total
manganese (Mn), silicon (Si), strontium (Sr), and
zinc (Zn) (table 5) by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES)
utilizing a Jarrell Ash Atomcomp II model 975
simultaneous instrument. The plasma gas flow
was set at 30 liters (L) per minute and the
auxiliary gas flow at 0.5 L per minute. The
radio frequency (RF) forward power was set at
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Table 4. Mean analytical value (mg/L) and certified 95 percent confidence range for anion standards from
Environmental Resource Associates (ERA 3969), ULTRA Scientific (ULTRA), and the U.S Environmental

Protection Agency (WS 378, sample 2 and 5).

Standard Cr F NOy SO,?
ERA 3969 54.5 NA NA 44.1
(50.5 - 58.5) (38.0-50.5)
ULTRA 91 NA 25.3 82.5
(85.5-96.0) (21.8 - 29.2) (73.0 - 89.5)
WS 378 NA 0.40 NA NA
Sample 2 (0.36 - 0.49)
WS 378 NA 0.81 NA NA
Sample 5 (0.73 - 0.90) _

NA = Not applicable

1.0 kilowatt (kW) with the reflected power at less
than 5 watts (W). The integration time was 0.5
seconds and each sample was exposed six times
with the observation height 15 mm above the
coil. A Rainin peristaltic pump and a Leeman
Labs Hildebrand Grid Nebulizer were used to
introduce the samples into the torch.

Two multiple-element calibration standards
were prepared from 1,000 ppm stock solutions
purchased from the appropriate commercial
vendors so that the concentration of each element
in the standard was approximately proportional to
the concentration in the samples. The low
standard contained elemental concentrations high
enough to produce a stable signal. The high
standard contained one hundred times the amount
in the low standard, except for potassium, which
contained approximately ten times because the
low standard had to be spiked in order to obtain
a signal above the background noise. The
instrument was re-calibrated after every fifth
sample and the high standard was then run as a
check standard (table 6). A commercial check
standard (ICP Calibration Standard from ERA)
was run to verify the accuracy of the method.
Six burns per sample were averaged and if the
relative standard deviation (RSD) was greater
than 1.0 percent, the sample was re-run. Based

on RSDs, two significant figures are reported for
an element when the concentration is at least a
factor of ten higher than the low standard value,
and one significant figure is reported when the
concentration is less than a factor of ten higher
than the low standard. Concentrations less than
the low calibration standard are reported as less
than the low standard value. '

PRIORITY POLLUTANT METALS

Seven priority pollutant metals including
arsenic (As), barium (Ba), cadmium (Cd),
chromium (Cr), lead (Pb), selenium (Se), and
silver (Ag), were analyzed at IGS, and mercury
(Hg) was analyzed at BSCD (table 7). Barium
was analyzed by ICP and that method is
discussed in the previous section. Mercury was
analyzed using the manual cold vapor technique
(U.S. Environmental Protection Agency, 1979)
and a Perkin Elmer model 306 atomic absorption
(AA) spectrophotometer. Calibration curves for
mercury were created by analyzing seven
standards with concentrations in micrograms per
liter (ug/L) of 5, 4, 3,2, 1, 0.5, and 0.25. Each
standard plus a blank were run in triplicate both
before and after analyzing the samples. The 0.5
pg/L standard was re-analyzed after every tenth
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Table 5. Cation and minor element data.

Well Ca Mg K Na Al B Fe Mn Si Sr Zn
ID mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L mg/L
IN01 | 98 | 26 2 15 | 03 ] <1 | 04 |034] 82 | 018 ] <0.05
IN02 [ 130 | 35 2 3 | <01| <1 | <01fo034 ] 27 ] 011] <005
IN03 | 83 | 37 1 4 | <01] <1 [ <01]008] 40 ] 007 ]| <o0.05
IN04 | 100 | 24 1 7 | <01] <1 | <01]o010] 42 ] 013 | <o0.05
IN05 | 110 | 34 3 7 | <01] <1 | <01] o016 ] 91 | 020 | <o0.05
IN06 | 110 | 34 | <1 6 | <01] <1 | <01]024] 75 | 049 | <0.05
INo7 [100 | 27 | <1 6 | <01| <1 | <01]o016] 51 ] 015 <o0.05
IN08 | 140 | 42 1 6 | <01| <1 | <0.1] o040 ] 48 | 0.16 | <0.05
IN09 | 120 | 37 | <1 5 | <01 <1 ] <0.1]<0.05] 65 ] 0.12 | <0.05
IN-10 | 100 | 40 1 12 | <01] <1 | <01]005] 97 | 033 ] <0.05
IN-11 | 110 | 42 1 9 | <01| <1 | <01] o044 ] 3.7 ] 010 <0.05
IN-12 [ 93 | 30 1 7 | <01] <1 | <0.1] 009 ] 7.9 | 0.14 [ <0.05
IN-13 | 92 [ 68 | <1 | 12 | <01 <1 | <0006 | 10 [ 120] <0.05
N-14 | 92 | 33 | <1 6 | <01| <1 | <01]o011] 48 ] 059 | <o0.05
“ IN-15 | 89 | 32 | <1 5 | <01| <1 ] <0.1]<0.05] 92 | 0.14 | <0.05
I N6 | 85 | 37 | <1 9 |<01] <1 | <01]o010] 73 ] 250 [ <o0.05
[ N-17 | o5 | 37 | <1 6 | <01 <1 |[<01]o010] 85| 029 <0.05
N8 | 110 | 42 1 5 01 | <1 | <01o014] 48 | 019 ] <0.05
IN-19 [ 86 | 33 | <1 8 01 | <1 | <01fo020 ] 10 | 200 <0.05
IN20 | 78 | 36 | <1 9 01 | <1 | <01fo023] 86 | 790 | <0.05
IN21 | 93 | 37 1 8 |<01| <1 | <01 160 85 ] 1.90 | <0.05
N2 |93 | 35 | <1 5 | <o01| <1 ] <01]0.09 ] 62 ] 020 [ <0.05
IN23 | 84 | 26 1 4 |<01] <1 | <o01]<0.05] 3.8 | 0.10 | <o0.05
IN24 100 | 37 | <1 ] 10 | o1 ] <1 ] 02 |o032] 64| 011] <0.05
w25 | 70 | 18 | <1 | 21 | <01 <1 | <01]o036] 13 [ o016] <0.05
Mean | 98 | 35 | <1 8 |<01| <1 |<01f023]| 70 ] 078 ] <0.05

Sd. Dev. | 16 | 9 4 031 | 2.6 | 1.63

Maximum | 140 | 68 3 21 o030 ]| <1 | 04 | 1.60 | 12.8] 7.90 | <0.05
Minimum | 70 | 18 | <1 3 | <01] <1 | <0.1]<0.05] 2.7 | 0.07 | <0.05

Table 6. Mean analytical value (mg/L) and standard value for high concentration multiclement ICP

standard prepared from commercial stock solutions.

Ca Mg K Na Al Ba Fe Mn Si Sr Zn
101 50 51 100 10.0 5.02 10.1 5.04 10.1 5.02 5.03
(100) (50) (50) (100) (10.0) (5.00) (10.0) (5.00) (10.0) (5.00) (5.00)




Table 7. Priority pollutant metals.

Well Ag “As Ba Cd Cr Hg | Pb Se
ID png/L pg/L mg/L pg/L pug/L png/L png/L pne/L

IN-01 <0.2 <1 0.21 1 <1 <0.3 2 <2
IN-02 <02 <1 0.10 <1 <1 <0.3 1 <2
IN-03 <0.2 <1 0.07 <1 <1 <03 1 <2
IN-04 <0.2 <1 <0.05 1 <1 <03 3 <2
IN-05 <0.2 3 0.30 <1 <1 <0.3 2 <2
IN-06 <0.2 <1 0.15 <1 <1 <0.3 1 <2
IN-07 <0.2 <1 0.10 <1 <1 <03 3 <2
IN-08 <02 <1 0.10 <1 <1 <0.3 1 2
IN-09 <0.2 <1 0.07 1 1 <0.3 2 4
IN-10 <0.2 <1 0.16 <1 <1 <03 2 4
IN-11 <0.2 <1 0.07 1 <1 <03 1 3
IN-12 <0.2 <1 0.16 <1 <1 <0.3 1 4
IN-13 <0.2 <1 0.12 <1 <1 <0.3 1 2
IN-14 <0.2 <1 0.14 <1 <1 <03 <1 7
IN-15 <0.2 <1 0.38 <1 <1 <0.3 2 2
IN-16 <0.2 8 1.00 <1 <1 <0.3 5 1
IN-17 <0.2 3 0.47 <1 <1 <0.3 1 <2
IN-18 <0.2 <1 0.13 1 <1 <0.3 5 <2
IN-19 <0.2 <1 0.20 1 <1 <0.3 <1 <2
IN-20 <0.2 <1 0.62 <1 <1 <0.3 1 <2
IN-21 <0.2 <1 0.10 <1 <1 <0.3 1 <2
IN-22 <0.2 <1 0.25 <1 <1 <03 <1 <2
IN-23 <0.2 <1 <0.05 1 <1 <0.3 <1 <2
IN-24 <0.2 <1 0.05 <1 <1 <0.3 <1 <2
IN-25 <0.2 2 <0.05 <1 <1 <0.3 1 <2
Mean <0.2 <1 0.20 <1 <1 <0.3 1.5 <2

Std. Dev. 0.22 1.4

Maximum | <0.2 8 1.00 1 1 <03 5 7

Minimum | <02 | <1 <0.05 <1 <1 <0.3 <1 <2

sample to check the linearity of the calibration
and if the concentration shifted more than 5
percent, the entire suite of seven standards was
re-run. The detection limit of 0.3 ug/L was
determined by running the blank ten times and
was computed as three times the standard
deviation of the blank. The volume of all
samples, standards, and blanks used for this

analysis was routinely maintained at 100.0 ml
during this study. All reagents and standards
used in the analysis of mercury are ICP/AA
grade from Fisher.

The remaining six priority pollutant metals
(As, Cd, Cr, Pb, Se, Ag) were analyzed by
graphite furnace atomic absorption (GFAA)
spectrophotometry using a Perkin Elmer 5100
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instrument. Types of graphite tubes, sample
volumes, time, and temperatures were modified
to produce optimal results for the particular
sample concentration range. Because the samples
were "clean," minimal matrix modification was
necessary. Standard additions were performed
randomly. The calibration curve for each
element was created using five standards. These
standards were prepared with acidified, deionized
(DI) water so that the concentrations bracketed
both the concentration range of the samples and
the linear dynamic range of the method.
Standards were made in duplicate and were only
accepted if the correlation coefficient for the five
standards was 0.999 or greater. A blank
prepared from DI water, filtered through the field
filter system, and acidified with the same acid
used in the field, was subtracted from the results
of each sample. In addition, two EPA standards
and one standard purchased from Spex Industries
were analyzed as QC performance checks.
Because the standards contained concentrations of
some elements that exceeded the calibration
range, they were diluted or new standards were
freshly prepared to calibrate up to 100 pg/L.
The analytical results for the check standards
with the certified 95 percent confidence interval
in parenthesis are shown in table 8.

CALCULATED DATA

Calculated data include the anion sum, cation
sum, net charge (EPM balance), total dissolved
solids (TDS), and total hardness (table 9). The
anion and cation sums are the algebraic sum of
the negatively- and positively-charged ions,
respectively, in terms of milliequivalents per liter
(meq/L). The EPM (equivalents per million)
balance was computed as the percent difference
between the anion and cation sums. The TDS
value was calculated by adding the mass in
milligrams (mg) contributed by each constituent
analyzed. Total hardness was calculated by
adding the concentrations of the calcium and
magnesium ions (American Public Health
Association; American Water Works Association;
Water Pollution Control Federation, 1985c) and
is expressed in terms of equivalent CaCO; in
mg/L. Hardness is defined as a measure of the
capacity of water to precipitate soap. The EPM
balance is an indication of the accuracy of the
chemical analysis, and values within the range of
+5 percent are optimal. An EPM balance of 0.0
percent represents the perfect equality between
anions and cations and is the theoretical value for
all natural water samples.

Table 8. Mean analytical value (ug/L) and certified 95 percent confidence range for trace metal standards
from the U.S. Environmental Protection Agency (WP287, TMA989) and Spex Industries (QCSPEX-
TMAA) for priority pollutant metals analyzed by GFAA at IGS.

Standard Ag As Cd Cr Pb Se

WP287 NA 105 NA 105 97 27
(80 - 118) (84 - 115) (85 - 115) (17 - 28)

TMA989 8.3 49 4.9 52 57 57
8.2-11.7) (39 - 60) (3.3-6.9 (41 -59) (40 - 61) (36 - 56)

QCSPEX 8.7 53 5.1 53 56 43
TMAA _(8.4-11.8) (42 - 56) (4.1-5.8) (44 - 56) (43 - 56) (39 -57)

NA - Not applicable
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Table 9. Calculated data.

Well Anion Cation EPM TDS Hardness
ID Sum Sum Balance mg/L mg/L
meq/L meq/L % CaCoO,
IN-01 7.8 7.8 0.5 390 350
IN-02 11.4 9.6 -17.5 650 470
IN-03 8.2 7.3 -11.2 440 360
IN-04 7.4 7.3 -1.3 450 350
IN-05 8.4 8.7 2.5 440 410
IN-06 8.2 8.6 4.3 440 420
IN-07 7.6 7.5 -1.6 380 360
IN-08 11.4 10.7 -5.8 590 520
IN-09 9.2 9.2 -0.4 530 450
IN-10 9.1 8.8 -3.4 460 410
IN-11 10.1 9.4 -7.3 530 450
IN-12 7.9 7.5 -5.0 410 360
IN-13 10.8 10.7 -0.3 520 510
IN-14 8.0 7.6 -6.3 410 360
IN-15 7.2 7.2 0.0 370 350
IN-16 7.5 7.7 2.2 380 360
IN-17 8.1 8.0 -0.4 400 390
IN-18 9.0 9.2 1.7 460 450
IN-19 6.9 7.4 7.6 350 350
IN-20 7.4 7.2 -2.5 360 340
IN-21 8.7 8.2 -6.7 420 390
IN-22 7.6 7.7 1.1 390 380
IN-23 7.4 6.6 -11.9 380 320
IN-24 9.7 8.5 -12.8 510 400
IN-25 6.6 5.9 -11.2 320 250
Mean 8.5 8.2 -3.4 439 390
S.D. 1.3 1.2 6.1 79 61
Max. 11.4 10.7 7.6 650 520
Min. 6.6 5.9 -17.5 320 250
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