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Quality-Assessment Procedures

Quality assessment procedures were followed to ensure the consistency and accuracy of the data
collection. Quality-control procedures for both the water-chemistry and bryophyte samples
included analysis of one field-duplicate sample (25.0 percent of sample size). A field-duplicate
is a sample that is used to determine the variability associated sample processing, handling,
shipment, and analysis. A field-duplicate sample of water was obtained by collecting two
samples, one immediately after the other. Water field-duplicate samples were collected for all
water analyses except for dissolved metals. The Cs-137 in water field-duplicate was collected by
setting up two pump and filter arrays which pumped water in parallel from the same 10 liter
container into separate containers for volume measurement. Duplicate bryophytes samples were
collected and processed as one sample and split into two samples of equal mass prior to shipment
to the lab for drying and analysis. A matrix-spike sample was also prepared to evaluate the
effectiveness of the 3M Cesium Rad Disk at capturing the Cs-137 in water using the same
sampling equipment used in the field.

Precision is estimated by means of duplicate/replicate analyses. Duplicate/replicate samples
should have analyte concentrations above the method detection limit (MDL) and may involve the
use of matrix spikes (USEPA 1998). Precision is expressed as the relative percent difference
(RPD) between field duplicate measurements, which is calculated as follows (USEPA 1998):

rPD =| —X1=%2 15100
(X, +X,)/2

where,

RPD = Relative Percent Difference (%)
X1 and X2 = Duplicate measurements of the same sample

The smaller the RPD, the more precise are the measurements. The usability of duplicate
measurements is assessed during data validation by comparing RPDs for field replicate
measurements to established control limits (CLs). Because measurements near the MDL
(defined as less than two times the MDL) are extremely imprecise, + 200 % is considered to be
the best possible level of precision in practice (U.S. Fish and Wildlife Service 2003). Therefore,
for near-detection limit analyses (defined as less than two times the MDL), CLs for precision
range from zero (no difference between duplicate control samples) to + 200 %. When analyte
concentrations are greater than two to 10 times the MDL, the CLs for precision range from zero
to +20%, and when the analyte concentrations are greater than 10 times the MDL, the CLs for
precision are zero to +10%. Data for these QC procedures are obtained by analyses of replicate,
split and spiked samples, and blanks.

The field-duplicate results indicate that when total metal water concentrations were high (in the
milligram per liter range) the differences between field-duplicate concentrations were generally
within one percent. In metal analyses of ashed bryophyte samples, average difference between












The highest levels of dissolved metals, including Ba, Cr, Fe, Li, Mo, Ni, Pb, Sr, U, and V were
found in Big Spring. This may be due to the previously discussed differences in the chemical
nature of Big Spring.

Table 4 - Trace Metals (Dissolved, Filtered) results for Spring 4A, 4C, Hemingway Spring, and Big Spring:.

Date Ag Al As B Ba Be Cd Co Cr Cs Cu Fe Hg Li Mn Mo
Collected (ug/l) (ugll) (ug/t) (gt) (/) (uol) (uo/b) (wolt) (ko) (pg/l) (ug/l) (ug/l) (gll) (wgll) (ugll) (pglL)
Spring 4A 4/15/2004 <1 3 12 27 40 <1 <1 <1 3.8 <1 <1 70 0.07 30 <1 17
Spring 4C 4/22/2004 <1 <2 17 20 40 <1 <1 <1 3.5 <1 3.6 70 0.05 24 <1 13
Big Spring 5/29/2004 <1 <2 3.1 40 128 <1 <1 <1 4.4 <1 1.4 90 0.08 53 <1 2.6
Hemingway Spring 5/5/2004 <1 <2 3.2 26 18 <1 <1 <1 17 <1 2.3 60 <0.05 10 <1 14
Nationat Primary Drinking Water Standards 10 2000 4 5 100 1300 2
National Secondary Drinking
Water Standards 100.0 50-200 1000 300 50
NM WQCC Regulation 50.00 5000 100 750 1000 10 50 50 1000 2 200 1000
Sio2
Date Ni Pb Rb Sb Se (Cai) Si Sn Sr Th Ti Tl u v Zn
Collected (ugll) (ugl) (oL) (o) (gL) (o) (gl) (o/h) (pg/L) (Mg/) (o) (Mg/) (ugll) (uglt) (ug/lL)

Spring 4A 4/15/2004 <1 1.6 3 <1 <1 71400 33400 <1 99 <1 <1 <1 1 7 13
Spring 4C 4/22/2004 <1 1.1 3 <1 1.1 53500 25000 <1 120 <1 <1 <1 1.3 8 9
Big Spring 5/29/2004 1.9 3.3 <1 <1 <1 33,000 15400 <1 690 <1 <1 <1 1.8 14 9
Hemingway Spring 5/5/2004 <1 14 5 <1 <1 45,800 21,400 <1 150 <1 <1 <1 1.6 12 <1
National Primary Drinking Water Standards 15 6 50 2 30
National Secondary Drinking Water Standards 5
NM WQCC Regulation 200 50 50 5000 10000

Iacid toapH<28S.U.

Samples filtered through a 0.45 micron filter prior to analysis and represent the dissolved fraction within the water. After filtration, samples were acidified with nitric
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Results for dissolved cesium-137 in water are provided in Table 7. Cesium-137 was not detected
in the water or in particulate/colloidal material filtered out of 100 liters of water at any spring.

Table 7. Dissolved cesium-137 in water and particulate or colloid material for Spring 4A, 4C, Hemingway
Spring, and Big Spring

Dissolved Cs-137 and Coloidal Bound (less than 0.2 microns)

Sample ID Date Filter Type Cs-137  Unc. MDC Liters of water pumped through filters

pCi’lL pCi/L pCi/L

Spring 4A 15-Apr-04 M < -0.007 0010 0017 U 101.165
Spring 4C 22-Apr-04 3M < -0.010 0011 0019 U 100.3
Big Spring 29-May-04 M < 0006 0009 0015 U 100.6
Big Spring (Field Dup.) 29-May-04 M < 0001 0015 0026 U 100.4
Hemingway Spring 5-May-04 3M < -0.016 0046 0026 U 50 (3M filter only, no pre-filters)
Hemingway Spring 7-May-04 3M < 0.001 0.020 0012 U 101.6
Hemingway Spring (Lab Dup) 7-May-04 3M < 0.00472 0015 __0.009 U 101.6

Cs-137 in particulate or colloid material less than 0.45 microns & greater than 0.2 microns

Sample ID Date Filter Type Cs-137  Unc. MDC Liters of water pumped through filters

pC/L.  pCi/L pCi/L
0.2 micron

i i 9- - -0. . 3 .
Big Spring 29-May-04 celulose < -0005 0015 0027 U 100.6
Big Spring (Field Dup.) 20-May-04 02 micron < 0017 0015 0026 U 100.4
celulose
Spring4A 15-Apr-04 02 micron < <0012 0015 0027 U 101.165
celulose
Spring 4C 22-Apr-o4 02 micron < 0009 0015 0024 U 100.3
celulose
. 0.2 micron
Spring 4C (Lab Dup) 22-Apr-04 < -0.009 0015 0027 U 100.3
celulose
. . 0.2 micron
Hemingway Spring 7-May-04 celulose < -0.0197 0.028 0.016 U 101.6

Unc. = Uncertanty = 2 times the Total Propagated Uncertanty
U = Result is less than the sample specific minimum detectable concentration
iMDC = Mimimimum Detectable Concentration
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Concentrations of Cs-137, Pu-238, Pu-239, Sr-90, U-234, U-235, and U-238 in bryophytes are
shown in Table 8. Cesium-137 and strontium-90 were not detected in any of the bryophyte
samples from the four springs sampled. Plutonium-238 was detected at the minimum detectable
concentration at spring 4C only. Plutonium-239 was detected in bryophyte samples at all
springs. Concentrations ranged from 0.0003 pCi/g at spring 4A to 0.0023 pCi/g at Hemingway
Spring. A field duplicate was run on the Big Spring water sample and the calculated DER was
1.421. This just places this value in the 26 “warning” range (1.42 — 2.13). This indicates that the
two samples are not statistically similar and there is a 95% to 99% probability that the
differences are real and not due to random chance. This could be due to the inhomogeneity of
the sample or possible laboratory or processing error. A laboratory duplicate was also run on the
Hemingway Spring bryophyte sample and the calculated DER was 1.88. This places this sample
in the 26 “warning” range and indicates that these values are also not statistically similar.

Uranium-234, -235, and -238 was detected in all bryophyte samples. Concentrations U-234
ranged from 3.859 pCi/g at Big Spring to 8.993 pCi/g at Spring 4C. Concentrations of U-235
ranged from 0.1016 pCi/g at Big Spring to 0.256 pCi/g at Spring 4C. Concentrations of U-238
ranged from 1.38 pCi/g at Big Spring to 4.88 pCi/g at Spring 4C. Both the Big Spring field
duplicate and the Hemingway Spring laboratory duplicate DERs indicated that the sample results
for Uranium-234, -235, and -238 are statistically similar. There have not been any previous
studies of radionuclides in bryophytes in New Mexico to compare these results with but the
LANL ecology group has measured radionuclide concentrations in produce and vegetation in
northern New Mexico. They have generated regional statistical reference levels (RSRLs) for
selected radionuclides in produce. These are the upper-limit background concentrations (mean +
2 std dev) based on data from 1994 to 2004.
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Table 11. Detections of gamma emitters in native bryophytes from Spring 4A, 4C, Hemingway Spring, and
Big Spring (mg/kg dry weight)

SanpleID Dute A28 Ue MXC B7 Uc MX Bi212 U MXC K40 Uc MC  Pa2Z¥M U M
gDy gDy gDy gDy pighy
g Rishil gt gt it
Big Spring - Mss 25-hnd 15 08 13 49 10 13
Big Spring - Miss (ReldDup) 25-hard 07 04 07T 41 0 13
Hermingway Spring - Mbss 25hnt 03 a1 021 22 L1 17 30 12 17
Hningway Sping-Mes (LabDip) 257 13 Q7 L1 NC 32 10 14 NC
Spring 4A- Miss 2Jd-04 L 07 Ll 55 12 16 189 98 151
Spring 4C- Miss 2-Ju04 3.1 LI 15 42 15 22
Sample ID Date Sb-124 Unc. MDC Th-234 Unc. MDC T1-208 Unc. MDC U235 Unc. MDC
pCi/g Dry pCig Dry pCi/g Dry pCi/g Dry
W% Weight Weight Weight
Big Spring - Moss 25-lur4 02 01 01 TU 14 08 14
Big Spring - Moss (Field Dup.) 25-Jun-04 14 07 12
Hemingway Spring - Moss 25-Jun-4 27 12 20 008 004 006 TI
Hemingway Spring - Moss (Lab Dup) ~ 25-Jun-04 23 08 13 NC 005 003 005 TINC 02 01 02 NG
Spring 4A - Moss 2-Jul-04
Spring 4C - Moss 2-Jul-04 33 12 19 04 02 03 T
MDC = Minimum Detectable Concentration
Unc. = Uncertanty = 2 Sigma
T1 = Nuclide 1dentification is tentative
INC = RPD was not calculated

Bioaccumulation and Plant-Water Concentration Ratios

Bioaccumulation is largely governed by physical and chemical factors, by the concentration of

metal in water and by the bioaccumulation factor of the bryophyte species (Lopez and
Carballeria 1993).
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Table 12. Metal bioconcentration factors (BCFs) for native bryophytes from Spring 4A, Spring
4C, Big Spring, and Hemingway Spring

Trace Element BCFs'
Sample Locations Al As Ba Ca Cr Cu Fe K Na Ni Pb Se V Zn

Spring 4A 64151 358 5094 1245 3873 -- 2588 2264 25 - - - 1472 1306
Spring 4C - 409 2998 1000 4672 379 4283 1486 24 -- 409 3716 1874 1014
Big Spring - 210 1338 930 2102 1142 3425 1115 19 1382 152 -- 816 1167
Hemingway Spring - 123 4553 1451 6519 1807 1732 1310 22 - 247 - 1154 --

! = concentration of trace element in native bryophyte tissue divided by dissolved concentration of trace
element in water

-- = unable to determine because concentrations of trace elements in water or native bryophytes were below
reporting level

Table 13. Radionuclide bioconcentration factors (BCFs) for native bryophytes native bryophytes from Spring
4A, Spring 4C, Big Spring, and Hemingway Spring

Radionuclide BCFs '
Sample Location Pu-238 U-234 U-235 U-238
Spring 4A - 6538 - 6976.03
Spring 4C 3.9 11680 - 14782.4
Big Spring - 2284 - 1726.96
Big Spring (Field Dup) - 2197 2032 1878
Hemingway Spring - 4465 3492 4025
' = concentration of radionuclide in bryophyte tissue divided by (total) concentration of
{radiomuclide in water
-- = unable to determine because concentrations of trace elements in water or bryophytes
were below reporting level
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Table 12 Concentration of perchlorate in bryophyte samples from Spring 4A, 4C, Hemingway
Spring, and Big Spring (mg/kg dry weight)

NEED Table or add results to another table
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