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Multiply By To obtaln
Length
meter (m) 0.3048 foot
centimeter (cm) 2.54 inch
micrometer (Jm) 25400 inch
Volume
ilite L 0.03382 ounce, fluid
liter (L) 0.2642 gallon
Flow
cubic meter per second (m>/s) 0.02832 cubic foot per second
Mass

Temperature
Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F=9/5(°C) + 32.
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CONCENTRATION AND TRANSPORT DATA FOR DISSOLVED
INORGANIC CONSTITUENTS IN WATER COLLECTED DURING
SEVEN CRUISES ON THE MISSISSIPPI RIVER AND SOME OF ITS
TRIBUTARIES, JULY 1987-JUNE 1990

By T.I. Brinton, J.R. Garbarino, D.B. Peart, H.E. Taylor and R.C. Antweiler

ABSTRACT

Concentration and corresponding transport values for selected dissolved constituents were determined for
samples collected on the Mississippi River and some of its tributaries at three low-water discharges from July 18,
1987, to June 7, 1988 and four high-water discharges from March 9, 1989, to June 27, 1990. Data were obtained
for major elements--calcium, magnesium, potassium, silicon (as SiO,), and sodium; trace elements--aluminum,
arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, iron, lead, lithium, manganese,
molybdenum, nickel, strontium, thallium, uranium, vanadium, and zinc; alkalinity, and major anions--chloride,
sulfate, and nitrate as nitrogen--for selected cruises. Analytical techniques used were inductively coupled plasma-
atomic emission spectrometry, inductively coupled plasma-mass spectrometry and ion chromatography. Protocols
were designed and implemented to separate suspended sediment from whole water, ensure sample preservation,
and estimate sample collection and sample processing errors.

INTRODUCTION

The Mississippi River and its tributaries comprise the largest river system in the United States (fig. 1). It
drains both the heavily industrialized urban areas to the east and agricultural rural areas to the west. In addition to
being one of the major sources of chemicals and sediment discharged into the Gulf of Mexico, the system also
provides the primary drinking-water supply for many communities.

This report presents data on the occurrence and distribution of dissolved constituents in the river system. The
distribution, movement, and storage of contaminants in the river system have a substantial effect on the ecology,
environmental chemistry, and utilization of the resource. A multidisciplinary research investigation has been
undertaken by the U.S. Geological Survey to study the water quality of the river system. This investigation
includes the study of the water chemistry as related to inorganic contaminants and their interaction with river
sediments. Both naturally occurring and anthropogenic trace elements are found in the river system. These trace
elements principally originate from mineral deposits, drainage from mining activities, industrial manufacturing
and processing, and municipal wastes. Trace elements are in equilibrium among soluble species, suspended-
particulate matter, and bed sediments, including insoluble precipitates. The soluble species range from aqueous to
organic complexes that are often pH dependent. This partitioning and interaction plays a significant role in the
transport and storage of trace elements in the river system.

Numerous references report concentrations of selected trace elements and chloride, sulfate, nitrate and
bicarbonate ions in the Mississippi River (Taylor and others, 1990; T.I. Brinton, R.C. Antweiler and H.E. Taylor,
unpub. data, 1992). Other reports describe data on a number of elements collected during long-term monitoring
programs (Briggs and Ficke, 1978; Smith and others, 1987) or during a specific study on a limited reach of the
river (Everett, 1971; Wells, 1980; Shiller and Boyle, 1983; 1987; Trefry and others, 1986; Taylor and Shiller,
1995; Taylor and others, 1995).



This report provides concentration data on several dissolved constituents in the Mississippi River and some of its
tributaries on a geographic and seasonal basis, as a foundation to the detailed study of the chemical and physical
partitioning of trace elements with sediments. This design not only provides information on the geographical
variations due to tributary inflow and point sources, but also provides some insight on the effects due to variations
in season and river stage. Data in this report are from samples collected during three low-water cruises from July
18, 1987, to June 7, 1988, and four high-water cruises from March 8, 1989, to June 27, 1990.

Special thanks are given to the research vessel ACADIANA crew, Lee Black, Wilton Delaune, Chuck Guidry,
Craig LeBoeuf, Ken Oliver, Wayne Simoneaux, and Steve Rabalais. Gratitude is expressed to the many
colleagues who assisted in collecting and processing samples and providing logistical support including Daphne
Frilot, Lois Koehnken, Tom Kraemer,Dick Martin, Brent McKee, Alan Shiller, Dick Tagg, Tim Willoughby,
Ellen Axtmann, Pat Brown, Wes Campbell, Jerry Leenheer, Tom Leiker, Debby Martin, Robert Meade, John
Moody, Ted Noyes, Wilfred Pereira, James Ranville, Terry Rees, Colleen Rostad, James Seeley, Robert Stallard,
and Herbert Stevens. Appreciation is expressed to Heidi Hayes, and David Roth for their assistance in completing
the laboratory analyses and compiling data for this report.

SAMPLE COLLECTION

Sampling was conducted from the research vessel ACADIANA at predetermined sites on the Mississippi
River and some of its tributaries--the Illinois, Missouri, Ohio, White, Arkansas, and Yazoo Rivers. During one
cruise, additional sites were sampled on the Ohio River and its major tributaries, the Wabash, Cumberland, and
Tennessee Rivers. Sites were chosen at selected locations along the Mississippi River and at locations below the
confluence with tributaries. The sampling strategy used the Lagrangian principle (Meade and others, 1985), in
which an attempt was made to follow a fixed parcel of water downstream and sample it at each of the sites in a
sequential fashion. The use of this sampling technique is described in more detail by Meade and others (1985);
Meade and Stevens (1990); Moody and Meade (1992, 1993); Moody, (1992), and Leenheer and others, (1989).
Sampling sites are listed in table 1 and relative locations of the sampling sites in the river system are shown in
figure 1.

A previously described collapsible-bag sampler (Stevens and others, 1980; Nordin and others, 1983; and
Meade, 1985) was used to collect depth-integrated samples from 10 to 40 verticals at each sampling site (see
Moody and Meade, 1992, for more details.) Samples from alternate verticals were combined into two composite
samples (composite A and composite B) which were analyzed independently to evaluate sampling precision.
Approximately 100 L of total composited sample was collected at each site. Teflon bags were used in the bag
sampler to minimize sample contamination and to facilitate quantitative transfer of sample and suspended
material. Extreme care was used to minimize any possible metal contamination by using Teflon, high-density
polyethylene, or Teflon-coated stainless-steel sample-processing equipment. Talc-free polyethylene, polyvinyl
chloride, or Teflon gloves were used during the entire sample handling and processing procedure.

In addition to the depth-integrated composite samples, a grab sample was collected about 30 cm below the
surface at the centroid-of-flow using a 1-L polyethylene bottle mounted on the end of a 4-m fiberglass pole. This
sample provided an indication of how well mixed the water at the sampling site was and the degree of importance
for depth-integrated sample collection at each site.

SAMPLE PROCESSING

Composited samples were passed through a 63-pm nickel screen to remove sand-size suspended material and
miscellaneous debris. Field blanks using deionized water (Nanopure) indicate that the nickel screen contributes
negligible contamination to trace-element concentrations. Both composite A and composite B samples, made up of
water, and particulate matter smaller than 63 um, were representatively split into subsamples using a Teflon coated
stainless-steel churn splitter. Individual aliquots were taken from the splitter for trace elements, major anions, and
alkalinity determinations.



A Teflon or plastic vacuum filter apparatus, similar to the one shown in figure 2, was used to remove
particulate matter greater than 0.40 pm from the trace-element subsample. A precise protocol was used for the
filtration: (1) The filter funnel was thoroughly cleaned and rinsed with deionized water (Nanopure); (2) a new
0.40-pum pore size 47-mm-diameter Nuclepore polycarbonate-membrane filter was placed on the filter support and
precleaned by drawing 50 mL of 0.1 percent (volume/volume) ultrapure nitric acid-rinse solution through the filter
into a waste bottle; (3) the filter was then rinsed by drawing 100 mL of deionized water (Nanopure) through it into
a waste bottle; (4) about 25 mL of the shaken composited subsample was then filtered to prerinse the sample
bottle and also effectively preload the filter with particulate; (5) the balance of the subsample (about 225 mL) was
filtered into the sample bottle; and (6) the filtered sample was preserved with the addition of 1 mL of concentrated
ultrapure nitric acid (or to a pH less than 2) using a Teflon dispensing bottle (shown in fig. 3). Only one filter
membrane was used for the entire aliquot. The grab sample was processed identically.

The major anion and alkalinity subsamples were immediately chilled to approximately 4°C, and no
preservatives were added. These raw-water samples were transported on ice in coolers to the laboratory.
Subsamples for major anions were filtered through a 0.45-um pore size, 25-mm-diameter polysulfone-membrane
syringe filter and analyzed. Subsamples for alkalinity were decanted from the chilled, settled samples and
analyzed.

Ordinarily, a separate nutrient sample is split, processed, preserved, and analyzed for nitrate. The
conventional procedure of adding mercuric chloride as an antibacterial preservative was considered inappropriate
because of possible cross-contamination of other samples. Consequently, nitrate ion results were measured on the
major anion subsample as part of the ion chromatographic procedure. Although the reported nitrate data are
considered accurate, results are tabulated primarily for informational purposes and should not be considered
definitive.

The remaining portions of composite A and B were combined and bulk processed, as described by Leenheer
and others (1989) and Rees and others (1991), to separate suspended particulate matter into specific particle size
fractions. The greater than 4-um particulate was first removed using a continuous-flow Teflon-coated centrifuge
(Sharples, model AS-12). The effluent from the centrifuge was then processed through a tangential-flow ultrafilter
to remove particulates larger than 0.005 pm. The separated particulate fractions from the centrifuge and ultrafilter
were retained for characterization by sequential extractions and chemical analysis. The membranes used in the
ultrafilter were made of deacetylated cellulose. Trace-element adsorption studies were done and it was determined
that no significant adsorption occurred on this membrane material (Leenheer and others, 1989). The ultrafilter
system, without membrane filter plates in place, was cleaned by pumping 10 L of deionized water (Nanopure)
through the system between each sample. To ensure that no contamination from the filter membranes occurred, a
dilute ultrapure nitric acid solution (pH 3.0-3.5) was passed through the filters and apparatus before processing the
sample. A stack of five new filter plates was typically used at each site to provide suitable processing times and to
eliminate carryover contamination between sites. Effluent from the ultrafilter, termed “ultrafilter permeate,” was
subsampled for trace elements and acidified as described above for the composites. Analytical results for the
permeate sample provided an indication of the fraction of trace elements, particularly iron, manganese, and
aluminum, that are associated with colloidal-sized material (Kennedy and others, 1974).

QUALITY CONTROL

The quality of the analytical results was controlled by collecting numerous field blanks and analyzing
certified reference standards extensively along with the analysis of the samples. Field blanks were used to identify
possible sources of contamination to samples during their collection and processing. Reference standards were
used to monitor the accuracy of the analyses and the performance of laboratory instrumentation.

Two or three times during each sampling cruise, a series of field blanks were collected by processing about
30 to 60 L of shipboard deionized water (Nanopure) through the entire sample collection, subsampling, and
sample-processing procedures in an effort to identify possible sources of sample contamination. Prior to



processing the field blank, a sample of the shipboard deionized water was collected. When processing the
deionized water through the entire procedure, aliquots were taken at various steps. Samples were collected for
trace-element analysis that represented water processed through the bag sampler using a Teflon bag, the nickel
sieve and the glass 2,000 mL graduated cylinder used for collection efficiency measurements, and the 8 and 20-L
Teflon-coated churn splitters. The remainder of the deionized water in the splitters was processed through the
centrifuge followed by the tangential-flow ultrafilter with new filter plates. Samples of centrifuge effluent and
ultrafilter permeate also were taken. Finally, deionized water was filtered through a Nuclepore filter to obtain a
filter blank. All the field blank samples were preserved following the same protocols as their corresponding
sample types. Major- and trace-clement results for the field blanks from the subject cruises are tabulated in tables
2-10. Field blanks for major anions consisted of collecting shipboard deionized water, results of which indicated
negligible contamination.

The accuracy of the sample data was ensured by analyzing 1 to 3 standard reference materials, periodically,
within a set of unknown samples. Reference standards routinely comprised about 15 percent of an analytical run,
or 1 in every 7. Twenty-four unknown samples were analyzed after every instrument calibration to minimize
effects of instrumental drift. Unknown samples were reanalyzed whenever the experimental reference standard
mean was greater than two standard deviations of the certified reference standard most probable value. Data for
one of the reference standards used for quality assurance for individual cruises are listed in tables 11-17. The
average and standard deviations are based on the sample population given and represent the accuracy and
precision throughout the analysis of the entire set of samples from a given cruise.

Sampling precision can be estimated by comparing results obtained for composite A and composite B from
data listed in tables 18 to 45. Calculations show good correlation (correlation coefficient of .984) between results
for composite A and B for calcium, which is a typical element ranging in concentration from 20 to 70 mg/L, from
the May-June 1988 cruise. Calculations for lead, a typical element ranging in concentration from 0.1 to 0.5 pg/L,
from the May-June 1988 cruise show similar results. The sampling precision for other elements and sampling
periods show equivalent relations.

ANALYTICAL METHODS

Trace elements were determined by a combination of analytical techniques including inductively coupled
plasma-mass spectrometry (ICP-MS), inductively coupled plasma-atomic emission spectrometry (ICP-AES), and
flame atomic absorption spectrometry (F-AAS). A Perkin Elmer-Sciex ICP-MS was configured and optimized for
trace-element analyses as previously described (Taylor and Garbarino, 1991, and Garbarino and Taylor, 1992).
Two basic types of analyses were performed using this technique: (1) A semiquantitative survey analysis detecting
essentially all stable isotopes at detection limits of less than 0.1 pg/L and (2) individual element quantitative
analysis with appropriate interference corrections. The analytes determined quantitatively were aluminum,
arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, lead, lithium, manganese, molybdenum,
nickel, thallium, uranium, vanadium, and zinc. A complete description of the analytical method, a listing of
detection limits, and accuracy and precision data are provided by Garbarino and Taylor (1992).

Other elements were determined using a Jarrell-Ash Atomcomp 975 inductively coupled argon plasma-
atomic emission spectrometer. The analytical system, methodology, detection limits, and accuracy and precision
data for this method are described by Garbarino and Taylor (1979, 1980) and Skougstad and others (1979). The
analytes determined were calcium, magnesium, sodium, strontium, silicon (as Si0,), and iron. Potassium was
determined by flame-atomic absorption spectrometry (F-AAS) using an Instrumentation Laboratory, Model 751
instrument and the method described by Skougstad and others (1979).

Major anion concentrations (chloride, sulfate, and nitrate), which are used to describe general water
chemistry, were determined by ion chromatographic techniques (Hedley and Fishman, 1982; T.I. Brinton, R. C.
Antweiler and H.E. Taylor, unpub. data, 1992). Alkalinity, as bicarbonate, was determined using an automated
Radiometer titrator and calculated from the pH data (Skougstad and others, 1979).



ANALYTE CONCENTRATION AND TRANSPORT DATA

The data obtained from the analyses of water samples collected from the Mississippi River and some of its
tributaries are listed in tables 18-80. All the samples were analyzed in a random fashion, the reagent was blank
subtracted, and spectral background corrected. Results that were less than the detection limit are identified by the
less-than symbol (<), preceding the detection limit value. Results for major- and trace-elements represent a mean
based on two to five replicate analyses. Results for major anions represent a single analysis. Analytes that were
not determined for a particular sample are identified by --, and transport data for which the corresponding
concentration was less than the detection limit are identified by *.

Dissolved trace-element concentrations (aluminum, arsenic, barium, beryllium, boron, cadmium, cobalt,
chromium, copper, iron, lead, lithium, manganese, molybdenum, nickel, strontium, thallium, uranium, vanadium,
and zinc) are in tables 18-24. Dissolved major-element concentrations (calcium, magnesium, potassium, sodium,
silicon as SiO, are in tables 25-31. Dissolved major anion [chloride, sulfate, and nitrate as nitrogen] concentrations
are in tables 32-38. Dissolved carbonate, and bicarbonate concentrations are in tables 39-45.

Transport values were calculated by multiplying the analyte concentration by the measured water discharge
and a unit conversion factor (0.0864 if concentration is reported in pg/L. and 86.4 if concentration is reported in
mg/L). All transport values are in units of kilograms per day (kg/d). Water discharges were measured during the
cruises and are reported by Moody and Meade (1992, and 1993), and the corresponding calculated trace-element
transport data for sampling sites of the Mississippi River and some of its tributaries for every cruise are listed in
tables 46-52. Major-element transport data are listed in tables 53-59. Major-anion transport data are in tables 60-
66.

Dissolved trace-element concentrations for ultrafilter permeate aliquots for every cruise are in tables 67-73.
Dissolved major-element concentrations for ultrafilter permeate aliquots are in tables 74-80. Permeate results for
iron, manganese, and aluminum reflect the truly dissolved concentration because of the removal of the colloidal
fractions greater than 0.005 um.
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Figure 1. Map showing the Mississippi River and some of its tributaries.









Table 1.--Sampling sites on the Mississippi River and some of its tributaries

[UM, Upper Mississippi River miles measured upriver from confluence with Ohio River; IL, Illinois River miles measured upriver from the confluence
with Mississippi River (UM 218.0); MO, Missouri River miles measured upriver from the confluence with Mississippi River (UM 195.3); OH, Ohio
River miles measured downriver from Pittsburgh, Pa. Ohio-Mississippi confluence is OH 981.5 and LM 953.8; WA, Wabash River miles measured
upriver from confluence with Ohio River (OH 848.0); CU, Cumberland River miles measured upriver from confluence with Ohio River (OH 923.2);
TE, Tennessee River miles measured upriver from confluence with Ohio River (OH 935.5); LM, Lower Mississippi River miles measured upriver
from Head of Passes, La.; WH, White River miles measured upriver from confluence with Mississippi River (LM 598.8); AR, Arkansas River miles
measured upriver from confluence with Mississippi River (LM 581.5); YZ, Yazoo River miles measured upriver from confluence with Mississippi
River (LM 437.2); OR, Old River Outflow Channel miles measured downriver from the Old River Control structure (LM 314.5)]

July- November- May- March- February- May-
River  August December June April June March June
Sampling site mile 1987 1987 1988 1989 1989 1990 1990
Mississippi River near Winfield, Mo. UM 239.2 X X X X X
Illinois River below Meredosia, Ill. IL67.2 X X X
Hllinois River at Valley City, Ill. IL61.0 X
Illinois River at Hardin, Ill. IL21.8 X X
Mississippi River below Grafton, Ill. UM 214.6 X
Mississippi River at Hartford, IIl. UM 197.7 X
Missouri River at Hermann, Mo. MO 97.9 X X X X
Missouri River at St. Charles, Mo. MO 28.1 X X
Mississippi River at St. Louis, Mo. UM 179.3 X X X
Mississippi River at Chester, Ill. UM 108.9 X
Mississippi River at Thebes, Il UM 43.9 X X X X X
Mississippi River near Cache, Ill. UM 14.8 X
Ohio River at Uniontown, Ky. OH 842.4 X
Wabash River near New Haven, Il1. WA 13.8 X
Cumberland River near Smithland, Ky. CU6.8 X
Tennessee River near Calvert City, Ky. TE11.1 X
Ohio River below Smithland Locks and OH 919.2 X
Dam, Ill. & Ky.
Ohio River at Olmsted, IIl. OH 965.0 X X X X X X X
Mississippi River below Hickman, Ky. LM916.8 X X X X X X
Mississippi River at Fulton, Tenn. LM 777.3 X X
Mississippi River below Fulton, Tenn. LM 773.5 X X
Mississippi River above Hatchie River, LM 773 X
Tenn.
Hatchie River at Mile 1.0, Miss. - X
Mississippi River below Memphis, Tenn. LM 731.2 X
Mississippi River at Helena, Ark. LM 663.9 X X X X X X
White River at Mile 11.5, Ark. WH1LS X X X X X
White River at Mile 1.0, Ark. WH 1.0 X X
Arkansas River at Mile 55.9, Ark. AR 559 X
Arkansas River at Pendleton, Ark. AR 224 X X
Arkansas River at Mile 1.0, Ark. AR 1.0 X X X
Mississippi River above Arkansas City, Ark. LM 566.0 X X X X X
Mississippi River below Arkansas City, Ark. LM 551.7 X
Yazoo River at Mile 10, Miss. YZ 10.0 X X
Yazoo River below Steele Bayou, Miss. YZ9.0 X X X
Yazoo River at Mile 1.0, Miss. YZ 1.0 X
Mississippi River below Vicksburg, Miss. LM 433.4 X X X X X
Old River Outflow Channel near Knox ORS5.5 X X X
Landing, La.
Mississippi River near St. Francisville, La. LM 266.4 X X X X X X X
Mississippi River at Plaquemine, La. LM 208 X
Mississippi River at Union, La. LM 167 X
Mississippi River at Luling Bridge, La. LM 122 X
Mississippi River below Belle Chasse, La. LM 73.1 X X X X X X X
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Table 2.—~Trace-element concentrations for field blanks taken during the July-August 1987 cruise
on August 9, 1987

[ <, less than the detection limit; pg/L, micrograms per liter]

Teflon-lined tank Unlined tank Teflon-lined tank Unlined tank

Trace element (wglL) (ug/L) Trace element (vglL) (wglL)

Aluminum 24 1.0 Lead 0.17 79

Arsenic <0.6 <0.6 Lithium <0.03 <0.03
Barium 7.6 0.12 Manganese 0.12 0.28
Beryllium <0.02 <0.02 Molybdenum <0.09 <0.09
Boron <0.4 <0.4 Nickel 0.17 0.47
Cadmium <0.1 0.15 Strontium 0.15 0.03
Chromium 0.36 1.2 Thallium <0.05 <0.05
Cobalt 0.25 0.02 Uranium <0.06 <0.06
Copper 0.44 38 Vanadium <0.07 <0.07
Iron <5 13 Zinc 3.9 5.9

Table 3.--Trace-element concentrations for field blanks taken during the November-December
1987 cruise

[ <, less than the detection limit; --, not determined; pg/L, micrograms per liter]

Deionized  Teflon bag Centrifuge Ultrafilter
Date Water sampler Sieve Splitter effluent permeate
Trace element 1987 (nght) (noi) (ng) ((ngL)) (Hght) (nght)
Aluminum 12-6 72 - - - - -
12-13 17 - - - - -
12-19 <0.2 2.9 3.8 18 21 43
Arsenic 12-6 <0.6 - - - - -
12-13 2.7 - - - - -
12-19 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Barium 12-6 9.3 - - - - -
12-13 5.6 - - - - -
12-19 <0.1 0.64 0.65 1.3 33 29
Beryllium 12-6 <0.02 - - - - -
12-13 <0.02 - - - - -
12-19 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Boron 12-6 29 - - - - -
12-13 15 - - - - -
12-19 9.4 84 89 8.9 9.2 9.8
Cadmium 12-6 <0.1 - - - - -
12-13 <0.1 - - - - -
12-19 <0.1 <0.1 <0.1 <0.1 0.29 0.21
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Table 3.--Trace-element concentrations for field blanks taken during the November-December

1987 cruise -- Continued

Deionized  Teflon bag Centrifuge Ultrafilter
Date Water sampler Sieve Splitter effluent permeate
Trace element 1987 (o) (val) (ngl) (Hgh) (o) (o)
Chromium 12-6 0.05 - - - - -
12-13 13 - - - - -
12-19 <0.2 <0.2 <0.2 <0.2 0.23 0.24
Cobalt 12-6 0.11 - - - - -
12-13 0.1 - - - - -
12-19 <0.008 <0.008 <0.008 0.018 0.042 0.041
Copper 12-6 0.17 - - - - -
12-13 0.35 - - - - -
12-19 0.21 0.13 0.15 0.24 3.5 1.8
Iron 12-6 <5 - - - - -
12-13 <5 - - - - -
12-19 <5 <5 <5 <5 16 <5
Lead 12-6 <0.06 - - - - -
12-13 <0.06 - - - - -
12-19 <0.06 <0.06 <0.06 <0.06 0.12 <0.06
Lithium 12-6 0.87 - - - - -
12-13 0.47 - - - - -
12-19 <0.03 0.26 0.28 0.55 0.66 0.66
Manganese 12-6 0.71 - - - - -
12-13 22 - - - - -
12-19 0.14 0.14 0.17 0.42 0.89 0.69
Molybdenum 12-6 0.11 - - - - -
12-13 <0.09 - - - - -
12-19 <0.09 <0.09 <0.09 <0.09 0.14 0.13
Nickel 12-6 2.5 - - - - -
12-13 15 - - - - -
12-19 <0.03 0.17 0.23 0.46 2.1 2.1
Strontium 12-6 18 - - - - -
12-13 9 - - - - -
12-19 0.03 1.3 13 2.6 5.9 6
Thallium 12-6 <05 - - - - -
12-13 <.05 - - - - -
12-19 <.05 <.05 <.05 <.05 <.05 <.05
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Table 3.--Trace-element concentrations for field blanks taken during the November-December
1987 cruise -- Continued

Delonized  Teflon bag Centrifuge Ultrafilter
Date Water sampler Sieve Spiitter effluent permeate
Trace element 1987 (HgL) (HgiL) (pgh) (pgiL) (ngh) (WgiL)
Uranium 12-6 0.07 - - - - -
12-13 <0.06 - - - - -
12-19 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Vanadium 12-6 0.28 - - - - -
12-13 23 - - - - -
12-19 14 0.48 0.29 0.29 0.35 0.3
Zinc 12-6 48 - - - - -
12-13 4.8 - - - - -
12-19 23 2 1.9 4.2 4.8 3.8

Table 4.--Trace-element concentrations for field blanks taken during the May-June 1988 cruise

[ <, less than the detection limit; -, not determined; pg/L, micrograms per liter}

Deionlzed Process Process Centrifuge Centrifuge Ultrafilter Ultrafilter
Trace Date  Water Blank' Blank'  Splitter’  Splitter’ effluent' effluent’ permeate’ permeate’
element 1988  (ugl) (ngl) (ughL) (hgn) (ngL) (ugnL) (nghl) (hgh) (hgn)
Aluminum 5-15 <0.2 - - - - - - - -
5-20 <0.2 - - - - - - - -
5-31 <0.2 1.4 1.5 0.68 0.31 49 1.8 1.2 <0.2
6-8 <0.2 - - 24 - 9.8 - 1.3 -
Arsenic 5-15 <0.6 - - - - - - - -
5-20 <0.6 - - - - - - - -
5-31 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
6-8 <0.6 - - <0.6 - <0.6 - <0.6 -
Barium 5-15 <0.1 - - - - - - - -
5-20 <0.1 - - - - - - - -
5-31 <0.1 0.13 0.14 0.11 0.11 0.88 0.66 0.52 0.32
6-8 <0.1 - - <0.1 - 1.6 - 0.52 -
Beryllium 5-15 <0.02 - - - - - - - -
5-20 <0.02 - - - - - - - -
5-31 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
6-8 <0.02 - - <0.02 - <0.02 - <0.02 -
Boron 5-15 <0.4 - - - - - - - -
5-20 <0.4 - - - - - - - -
5-31 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 0.61 <04
6-8 <0.4 - - <0.4 - 0.73 - 0.51 -
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Table 4.--Trace-element concentrations for field blanks taken during the May-June 1988 cruise —

Continued
Deionized Process Process Centrifuge Centrifuge Ultrafilter Ultrafilter
Trace Date  Water Blank' Blank®  Splitter'  Splitter’ effluent’ effluent’ permeate’ permeate’
element 1988  (pgl) (wglL) (olL) (HolL) (HghL) (wolL) (o) (Hgh) (Bolt)
Cadmium 5-15 <0.1 - - - - - - - -
5-20 <0.1 - - - - - - - -
531 <0.1 0.11 <0.1 <0.1 <0.1 2 1.8 1.5 0.92
6-8 <0.1 - - <0.1 - 5.6 - 091 -
Chromium 5-15 <0.2 - - - - - - - -
5-20 <0.2 - - - - - - - -
5-31 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
6-8 <0.2 - - <0.2 - 0.26 - <0.2 -
Cobalt 5-15 <0.008 - - - - - - - -
5-20 <0.008 - - - - - - - -
5-31 <0.008 <0.008 0.009 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
6-8 <0.008 - - <0.008 - 0.033 - 0.016 -
Copper 5-15 <0.02 - - - - - - - -
5-20 0.029 - - - - - - - -
5-31 <0.02 0.091 0.17 0.24 0.048 0.36 0.28 1 1.2
6-8 0.14 - - 0.1 - 2 - 0.47 -
Iron 5-15 <5 - - - - - - - -
5-20 <5 - - - - - - - -
5-31 <5 <5 <5 <5 <5 <5 <5 <5 <5
6-8 <5 - - <5 - 23 - <5 -
Lead 5-15 <0.06 - - - - - -- - -
5-20 <0.06 - - - - - - - -
5-31 <0.06 <0.06 <0.06 <0.06 <0.06 0.069 <0.06 0.089 <0.06
6-8 <0.06 - - <0.06 - 0.25 - 0.07 -
Lithium 5-15 <0.03 - - - - - - - -
5-20 <0.03 - - - - - - - -
5-31 <0.03 <0.03 <0.03 <0.03 <0.03 0.049 <0.03 0.12 0.032
6-8 <0.03 - - 0.22 - 0.36 - 0.28 -
Manganese 5-15 <0.06 - - - - - - - -
5-20 <0.06 - - - - - - - -
5-31 <0.06 0.43 0.46 0.4 0.43 1.5 1.3 1.6 0.97
6-8 <0.06 - - 0.21 - 1.2 - 0.78 -
Molybdenum  5-15 <0.09 - - - - - - - -
5-20 <0.09 - - - - - - - -
5-31 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09
6-8 <0.09 - - <0.09 - <0.09 - <0.09 -

15



Table 4.--Trace-element concentrations for field blanks taken during the May-June 1988 cruise --
Continued

Delonlzed Process Process Centrifuge Centrifuge Ultrafilter Ultrafilter
Trace Date  Water Blank' Blank’  Splitter’  Splitter’ effluent’ effluent’ permeate' permeate’

element 1988 (ugl) (ngll) (ngl) (nglL) (ngll) (ngll) (ngll) (hg) (ngl)
Nickel 5-15 <0.03 - - - - - - - -

5-20 <0.03 - - - - - - - -
5-31 <0.03 0.11 0.11 0.1 0.092 0.46 0.32 0.74 0.29
6-8 <0.03 - - 0.09 - 0.75 - 0.37 -
Strontium 5-15 <0.01 - - - - - - - -
5-20 <0.01 - - - - - - - -
5-31 <0.01 0.15 0.11 0.12 0.12 0.65 0.32 0.85 0.32
6-8 <0.01 - - 0.064 - 2.7 - 1.2 -
Thallium 5-15 <0.05 - - - - - - - -
5-20 <0.05 - - - - - - - -
5-31 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
6-8 <0.05 - - <0.05 - <0.05 - <0.05 -
Uranium 5-15 <0.06 - - - - - - - -
5-20 <0.06 - - - - - - - -
5-31 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
6-8 <0.06 - - <0.06 - <0.06 - <0.06 -

Vanadium 5-15 <0.07 - - - - - - - -

520 <007 - - - - - - - -
531 <007 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
6-8 <0.07 - - <0.07 - 021 - <0.07 -

Zinc 515 <0.08 - - - - - - - -
5-20 0.5 - - - - - - - -
531 <0.08 0.53 2 0.51 0.59 2.5 26 44 23
6-8 0.46 - - 0.89 - 1.8 - 2.7 -

'Processed using unstained Teflon-coated chum splitters.
?Processed using rust stained Teflon-coated churn splitters.
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Table 5.— Trace-element concentrations for field blanks taken during the May-June 1988 cruise
on May 18, 1988

[ <, less than the detection limit; pg/L, micrograms per liter]

Teflon bag Teflon bag Splitter Splitter Sieve Sleve Splitter Centrifuge Ultrafilter Ultrafilter
Trace A B A B A B composite effluent retentate permeate
element (vglL) (rglL) (nglL) (ngll) (nott) (Hgh) (Hght) (voht) (ngh) (ngi)
Aluminum <0.2 <0.2 1.7 <0.2 <0.2 <0.2 34 6.3 1.8 <0.2
Arsenic <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Barium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 1 0.75 0.74
Beryllium <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Boron <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 5.5 <0.4 <0.4
Cadmium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 2 3.1 1.2
Chromium <0.2 0.22 <0.2 <0.2 <0.2 <0.2 <0.2 0.75 0.35 <0.2
Cobalt <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 0.018 0.024 <0.008
Copper <0.02 <0.02 0.026 0.027 <0.02 <0.02 0.062 21 0.6 0.26
Iron <5 <5 <5 <5 <5 <5 <5 27 16 <5
Lead <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 0.13 0.13 <0.06
Lithium <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.29 0.1 0.09
Manganese <0.06 <0.06 0.39 0.12 <0.06 <0.06 0.61 12 49 4.7
Molybdenum <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09
Nickel 0.046 0.033 0.064 0.085 <0.03 0.057 0.086 0.9 1.4 0.66
Strontium <0.01 <0.01 0.049 0.032 <0.01 0.019 0.09 13 1.1 1.1
Thallium <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Uranium <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Vanadium <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 0.08 <0.07 <0.07
Zinc <0.08 0.24 0.36 0.15 <0.08 0.25 0.29 4.7 1.6 1.3

Table 6.-- Trace-element concentrations for field blanks taken during the March-April 1989 cruise

[<, less than the detection limit; -, not determined; ug/L, micrograms per liter]

Delonized Teflon bag Centrifuge Ultrafilter
Trace Date Water sampler Sleve Splitter effluent permeate
eiement 1989 (Hg/L) (HgL) (HgL) (ng/L) (HgL) (gL)
Aluminum 3-11 0.47 <0.2 <0.2 1.1 <0.2 <0.2
3-25 <0.2 - 9.9 10 8.1 3.5
3-31 <0.2 - <0.2 3.1 <0.2 <0.2
Arsenic 3-11 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
3-25 <0.6 - <0.6 <0.6 <0.6 <0.6
3-31 <0.6 - <0.6 <0.6 <0.6 <0.6
Barium 3-11 0.23 0.84 0.94 0.97 1.7 1.2
3-25 <0.1 - <0.1 <0.1 <0.1 <0.1
331 <0.1 - <0.1 <0.1 <0.1 0.18
Beryllium 3-11 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
3-25 <0.02 - <0.02 <0.02 <0.02 <0.02
331 <0.02 - <0.02 <0.02 <0.02 <0.02
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Table 6.-- Trace-element concentrations for field blanks taken during the March-April 1989 cruise

18

-- Continued
Delonlzed Teflon bag Centrifuge Ultrafilter
Trace Date Water sampler Sleve Splitter effluent permeate
element 1989 (Hgh) (Hgh) (HgL) (pgl) (ugh) (Hgh)
Boron 3-11 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4
3-25 <0.4 - 29 28 28 30
331 <0.4 - <0.4 0.88 0.62 0.65
Cadmium 3-11 <0.1 <0.1 <0.1 <0.1 0.6 <0.1
3-25 <0.1 - <0.1 <0.1 <0.1 <0.1
3.31 <0.1 - <0.1 <0.1 <0.1 <0.1
Chromium 3-11 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
3-25 <0.2 - <0.2 <0.2 0.26 <0.2
3-31 <0.2 - <0.2 <0.2 <0.2 <0.2
Cobalt 3-11 <0.008 0.014 0.013 0.019 0.016 0.013
3-25 <0.008 - <0.008 0.009 0.016 0.012
3-31 0.011 - 0.014 0.016 <0.008 <0.008
Copper 3-11 <0.02 <0.02 <0.02 <0.02 0.077 <0.02
325 <0.02 - 0.92 0.82 0.7 0.27
3-31 <0.02 - 0.097 032 0.041 0.031
Iron 3-11 <5 <5 <5 <5 <5 <5
325 <5 <5 <5 <5 <5 <5
3-31 <5 <5 <5 <5 <5 <5
Lead 3-11 <0.06 <0.06 <0.06 <0.06 0.86 <0.06
325 <0.06 - 0.14 0.14 0.13 <0.06
3-31 <0.06 - <0.06 <0.06 <0.06 <0.06
Lithium 3-11 0.16 0.37 0.34 0.33 03 0.36
3-25 <0.03 - 0.46 0.48 0.53 0.53
331 <0.03 - 0.46 0.62 0.6 0.58
Manganese 3-11 0.24 0.38 0.28 0.5 0.6 0.72
325 <0.06 - 0.11 0.18 0.28 0.37
3-31 <0.06 - 0.1 0.28 0.23 0.22
Molybdenum 3-11 0.27 <0.09 <0.09 <0.09 <0.09 <0.09
3-25 <0.09 - <0.09 <0.09 <0.09 <0.09
331 <0.09 - <0.09 <0.09 <0.09 <0.09
Nickel 3-11 <0.03 <0.03 <0.03 0.12 0.2 1.3
325 <0.03 - 0.016 <0.03 0.28 0.31
3-31 <0.03 - <0.03 0.12 0.061 0.24
Strontium 3-11 0.068 33 3.1 3 3 33
325 <0.01 - <0.01 0.053 0.14 0.69
331 <0.01 - 1.6 2 2 2.1



Table 6.~ Trace-element concentrations for field blanks taken during the March-April 1989 cruise

-- Continued
Deionlzed Teflon bag Centrifuge Ultrafilter
Trace Date Water sampler Sleve Splitter effluent permeate
element 1989 (pgh) (ngh) L) (Hol) (pol) (pgh)
Thallium 3-11 <.05 <05 <.08 <.08 <.08 <.05
3-25 <0.05 - <0.05 <0.05 <0.05 <0.05
3.31 <0.05 - <0.05 <0.05 <0.05 <0.05
Uranium 3-11 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
325 <0.06 - <0.06 <0.06 <0.06 <0.06
3-31 <0.06 - <0.06 <0.06 <0.06 <0.06
Vanadium 3-11 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
3-25 <0.07 - <0.07 <0.07 0.072 <0.07
3-31 <0.07 - <0.07 <0.07 <0.07 <0.07
Zinc 3-11 0.9 1.5 1.7 2.1 3.1 7
3-25 0.82 - 1.4 0.76 32 2.5
3-31 0.94 - 1.1 1.2 4.2 13

Table 7.-- Trace-element concentrations for field blanks taken during the June 1989 cruise

[ <, less than the detection limit; pg/L, micrograms per liter ]

Deionized Centrifuge Ultrafiiter
Trace Date Water Sleve Splitter effluent permeate
element 1989 (hol) (o) (o) (o) (o)
Aluminum 6-06 <0.2 3.6 3.6 32 20
6-21 14 14 23 24 85
Arsenic 6-06 <0.6 <0.6 0.66 <0.6 <0.6
6-21 <0.6 <0.6 <0.6 0.68 <0.6
Barium 6-06 <0.1 2.8 2 24 28
6-21 1.7 12 1.8 1.8 1.6
Beryllium 6-06 0.031 0.023 <0.02 <0.02 0.04
6-21 <0.02 <0.02 <0.02 0.032 0.02
Boron 6-06 <0.4 25 1.8 29 22
6-21 11 72 9.1 8.7 8.8
Cadmium 6-06 <0.1 <0.1 <0.1 0.2 0.18
6-21 <0.1 <0.1 <0.1 3.8 0.12
Chromium 6-06 <0.2 <0.2 <0.2 <0.2 <0.2
6-21 <0.2 <0.2 <0.2 <0.2 <0.2
Cobalt 6-06 <0.008 0.041 0.036 0.044 0.046
6-21 0.014 <0.008 <0.008 0.014 <0.008
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Table 7.-- Trace-element concentrations for field blanks taken during the June 1989 cruise —

Continued
Delonlzed Centrifuge Ultrafilter
Trace Date Water Sleve Splitter effluent permeate
element 1989 (hgiL) (rgh) (hglL) (hgL) (rgL)
Copper 6-06 <0.02 <0.02 0.052 0.17 0.15
6-21 0.57 0.28 03 0.47 0.037
Iron 6-06 <5 <5 <5 <5 <5
6-21 <5 <5 6 15 <5
Lead 6-06 <0.06 0.079 <0.06 <0.06 <0.06
6-21 0.14 0.084 0.31 0.28 0.068
Lithium 6-06 <0.03 0.3 0.28 0.29 0.31
6-21 0.48 0.27 0.4 0.39 0.38
Manganese 6-06 <0.06 1.5 1.4 2.1 22
6-21 0.57 0.49 0.7 0.88 0.49
Molybdenum 6-06 <0.09 <0.09 <0.09 <0.09 <0.09
6-21 <0.09 <0.09 <0.09 <0.09 <0.09
Nickel 6-06 <0.03 0.56 0.6 0.8 0.69
6-21 0.17 0.096 0.25 0.52 0.32
Strontium 6-06 0.086 17 13 15 15
6-21 52 32 42 4.5 4.2
Thallium 6-06 <0.05 <0.05 <0.05 <0.05 <0.05
6-21 0.12 0.19 0.074 0.22 0.13
Uranium 6-06 <0.06 <0.06 <0.06 <0.06 <0.06
6-21 0.2 0.52 0.12 0.46 0.17
Vanadium 6-06 0.074 0.09 0.071 <0.07 0.075
6-21 <0.07 <0.07 <0.07 0.12 0.093
Zinc 6-06 2 12 12 29 22

6-21 4.1 1.9 12 15 0.85




Table 8. Trace-element concentrations for field blanks taken during the February-March 1990
cruise on March 13, 1990

[ <, less than the detection limit; pg/L, micrograms per liter ]

Deionized Centrifuge Ultrafilter
Trace Water Nuclepore Sieve Splitter effluent permeate
element (nglL) (hghL) (hgl) (ngiL) (nght) (ngh)
Aluminum 2.6 4.6 31 16 6.1 0.75
Arsenic 0.7 0.7 0.68 0.69 0.66 <0.6
Barium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Beryllium <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Boron 8.7 13 7 1.8 1.5 23
Cadmium <0.1 <0.1 <0.1 <0.1 0.66 <0.1
Chromium <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cobalt <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
Copper 0.56 0.94 0.49 0.31 6.2 0.31
Iron 5 s <5 13 12 <5
Lead <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Lithium 1.1 1.5 1.1 0.66 0.65 0.65
Manganese <0.06 0.061 <0.06 0.23 0.28 0.14
Molybdenum <0.09 <0.09 <0.09 <0.09 <0.09 <0.09
Nickel <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Strontium 0.63 <0.01 <0.01 0.49 0.29 1.2
Thallium <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Uranium <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Vanadium <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
Zinc 0.58 2.6 0.3 0.35 0.13 0.27

Table 9. Trace-element concentrations for field blanks taken during the May-June 1990 cruise

[ <, less than the detection limit; pg/L, micrograms per liter ]

on June 26, 1990

Deionized Centrifuge Ultrafilter
Trace Water Nuclepore Sieve Splitter effluent permeate
element (hght) (pgL) (hglL) (pglL) (hgll) (ngL)
Aluminum 12 1.8 17 24 15 49
Arsenic <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Barium 0.1 <0.1 0.19 0.39 0.74 0.69
Beryllium <0.02 <0.02 <0.02 0.021 0.028 0.024
Boron 7.1 0.93 10 9.4 89 10
Cadmium <0.1 <0.1 <0.1 <0.1 1.4 0.2
Chromium <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cobalt 0.0085 <0.008 <0.008 0.015 0.033 0.04
Copper 6.1 0.58 12 09 5.8 0.9
Iron <5 <5 <5 13 8 <5
Lead 1.5 0.07 0.28 0.23 0.46 <0.06
Lithium 2.1 0.39 3 3 2.7 2.8
Manganese 0.14 <0.06 0.28 0.67 0.82 0.7
Molybdenum <0.09 <0.09 <0.09 <0.09 <0.09 <0.09
Nickel 0.12 <0.03 0.043 0.14 22 1.1
Strontium 0.025 0.015 0.12 0.24 0.93 1.4
Thallium <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Uranium <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Vanadium <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
Zinc 7.8 0.61 23 0.88 1.5 1.2
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Table 10.--Major-element concentrations for field blanks collected during the July-August 1987,
November-December 1987, May-June 1988, March-April 1989, June 1989, February-March 1990,
and May-June 1990 cruises

[ < less than detection limit; mg/L, milligrams per liter ]

Calcium Magnesium Sodium Silica
Biank type (mgh) (mgiL) (mght) (mgh)
August 9, 1987
Teflon-lined tank 0.0052 <0.001 <0.01 <0.04
Unlined tank 0.0044 0.0012 <0.01 <0.04
December 6, 1987
Deionized Water 3.6 1.2 2.5 0.76

December 13, 1987

Deionized Water 1.9 0.53 4.6 1.6
December 19, 1987
Deionized Water 0.0029 <0.001 <0.01 0.7
Teflon sampler bag 0.24 0.18 1.7 1.5
Sieve 0.23 0.18 1.7 1.5
Splitter 0.44 0.34 3.1 1.9
Centrifuge effluent 1 0.52 34 2
Ultrafilter permeate 1 0.52 34 19
May 15, 1988
Deionized Water 0.028 0.16 0.05 <0.04
May 18, 1988
Teflon bag A 0.0021 <0.001 <0.01 <0.04
Teflon bag B <0.001 <0.001 <0.01 0.048
Splitter A 0.018 0.0039 <0.01 <0.04
Splitter B 0.035 0.17 0.053 <0.04
Sieve A 0.0078 <0.001 <0.01 <0.04
Sieve B 0.0044 <0.001 <0.01 <0.04
Splitter composite 0.03 0.0091 <0.01 0.049
Centrifuge effluent 0.43 0.19 0.075 0.056
Ultrafilter retentate 0.38 0.18 0.11 <0.04
Ultrafilter permeate 0.38 0.17 0.11 <0.04
May 20, 1988
Deionized Water <0.001 <0.001 <0.01 <0.04
May 31,1988
Deionized Water 0.029 0.01 0.021 0.094
Process Blank’ 0.024 0.0052 0.012 0.069
Process Blank® <0.001 <0.001 <0.01 <0.04
Splitter! 0.024 0.0057 0.016 0.096
Splitter® 0.024 0.0052 0.017 0.1
Centrifuge effluent' 0.13 0.034 0.038 0.078
Centrifuge effluent? 0.07 0.015 0.022 0.12
Ultrafilter permeate’ 0.16 0.07 0.1 0.19
Ultrafilter permeate® 0.06 0.016 0.021 0.11
June 8, 1988
Deionized Water <0.001 <0.001 0.01 0.054
Splitter' 0.014 0.0032 0.55 0.4
Centrifuge effluent 0.58 0.2 0.84 0.46
Ultrafilter permeate’ 0.24 0.079 0.71 0.42
March 11.1989
Deionized Water 0.4 0.3 0.19 0.25
Teflon sampler bag 0.83 0.64 0.43 0.56
Sieve 0.79 0.62 0.4 0.54
Splitter 0.76 0.59 039 0.54
Centrifuge effluent 0.8 0.59 038 0.53
Ultrafilter permeate 0.87 0.62 0.42 0.54
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Table 10.-Major-element concentrations for field blanks collected during the July-August 1987,
November-December 1987, May-June 1988, March-April 1988, June 1989, February-March 1990,

and May June 1990 cruises - Continued

Calclum Magnesium Sodlum Sllica
Blank type (mgL) (mg/L) (mg/L) (mg/L)
March 25, 1989
Deionized Water <0.001 <0.001 0.022 0.38
Teflon sampler bag 0.009 0.007 2.5 0.84
Sieve 0.001 0.001 25 0.84
Splitter 0.005 0.002 2.8 0.81
Centrifuge effluent 0.031 0.009 2.8 0.81
Ultrafilter permeate 0.12 0.039 2.7 0.83
March 31, 1989
Deionized Water <0.001 <0.001 0.11 0.048
Teflon sampler bag 0.23 0.16 43 0.82
Sieve 0.23 0.16 43 0.81
Splitter 0.3 0.21 53 1
Centrifuge effluent 0.3 0.2 53 1
Ultrafilter permeate 032 0.21 53 1
June 6, 1989
Deionized Water 0.006 0.001 0.041 0.073
Teflon sampler bag 4.1 1.1 1.7 0.37
Sieve 39 1.1 1.9 09
Splitter 3 0.85 1.7 0.6
Centrifuge effluent 33 0.94 1.9 0.7
Ultrafilter permeate 33 0.95 2 0.79
June 21, 1989
Deionized Water 1.1 0.41 6.5 1.2
Teflon sampler bag 0.7 0.26 4.2 0.77
Sieve 0.71 0.27 4.3 0.81
Splitter 0.86 032 5 1
Centrifuge effluent 0.96 0.3s 53 L1
Ultrafilter permeate 0.92 034 52 1
June 27, 1989
Deionized Water 0.46 0.28 9.1 1.8
Teflon sampler bag 0.42 0.25 8 1.6
Sieve 0.41 0.25 8 L5
Splitter 0.59 0.36 9.2 1.9
Centrifuge effluent 0.6 0.36 9.4 1.8
Ultrafilter permeate 0.62 0.36 9.4 1.9
March 13, 1990
Deionized Water 0.004 0.002 12 4
Nuclepore filter 0.011 0.002 14 44
Sieve 0.005 0.002 12 3.8
Splitter 0.084 0.024 7.1 23
Centrifuge effluent 0.077 0.022 7 22
Ultrafilter permeate 0.26 0.071 7.1 23
June 26, 1990
Deionized Water 0.002 <0.001 7.6 2.7
Nuclepore filter <0.001 <0.001 1.8 0.54
Sieve 0.006 0.001 12 36
Splitter 0.03 0.011 12 3.5
Centrifuge effluent 0.24 0.061 12 34
Ultrafilter permeate 0.28 0.084 12 3.5

;Processed using unstained Teflon-coated churn splitters.
Processed using rust stained Teflon-coated churn splitters.
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Table 11.-- Quality-control data for analyses of samples from the July-August 1987 cruise

Published Analytical
Published standard Analytical standard
Analyte mean deviation mean deviation
U.S. Geological Survey’s Standard Reference Water Sample T93'
Aluminum 172 44 164 9.2
Arsenic 5.6 1.6 5.8 0.27
Barium 68.6 12 67 2.9
Beryllium 72 1.5 6.3 0.23
Cadmium 4.8 0.6 5.5 0.29
Chromium 9.8 2.8 53 4.6
Cobalt 5 1.2 5.7 0.34
Copper 30.6 3.6 31 14
Lead 11.2 3.5 11 0.37
Lithium 21.6 24 22 0.57
Manganese 99 4 101 5.1
Molybdenum 19.4 2.7 19 1
Nickel 11.8 3 19 1.9
Strontium 64 3 67 2
Thallium 2.1 0.6 23 0.3
Zinc 27.8 44 28 1.6
U.S. Geological Survey’s Standard Reference Water Sample T99*
Calcium 202 15 200 1.6
Iron 0.137 0.029 0.13 0.006
Magnesium 113 7 110 1.7
Silica 10.9 0.7 i1 0.15
Sodium 323 17 320 32
Strontium 3.9 0.2 38 0.038
U.S. Environmental Protection Agency Survey Sample 1085°
Chloride 83 0.97 7.9 0.17
Nitrate (as nitrogen) 2.0 0.1 2.0 0.0
Sulfate 338 1.68 34.1 0.14
U.S. Geological Survey’s Standard Reference Water Sample M2*
Bicarbonate 170 12 171 04
Carbonate 1.7 0.01 1.7 0.0

'Inductively-coupled mass spectrometry data, sample population of 6; concentrations are in micrograms per liter
Inductively-coupled atomic emission spectroscopy data, sample population of 11; concentrations are in milligrams per
liter

*Ion chromatography data, sample population of 9; concentrations are in milligrams per liter

“Alkalinity data, sample population of 6; concentrations are in milligrams per liter



Table 12.-- Quality-control data for analyses of samples from the November-December 1987

cruise
Published Analytical
Published standard Analytical standard
Analyte mean deviation mean deviation
U.S. Geological Survey’s Standard Reference Water Sample T93'
Aluminum 172 44 160 9
Arsenic 5.6 1.6 52 0.3
Barium 68.6 12 67 2.7
Beryllium 7.2 1.5 6.1 0.6
Cadmium 4.8 0.6 5.2 0.28
Chromium 9.8 2.8 11 0.53
Cobalt 5 12 5.5 0.44
Copper 30.6 3.6 30 1.4
Lead 11.2 3.5 11 0.95
Lithium 21.6 24 22 0.91
Manganese 99 4 100 43
Molybdenum 194 2.7 18 0.5
Nickel 11.8 3 20 1
Strontium 64 3 64 23
Thallium 2.1 0.6 2 0.21
Zinc 27.8 44 27 1.1
U.S. Geological Survey’s Standard Reference Water Sample T99>
Calcium 202 15 200 1.3
Iron 0.137 0.029 0.14 0.002
Magnesium 113 7 110 0.74
Silica 10.9 0.7 11 0.05
Sodium 323 17 320 3.7
Strontium 3.9 0.2 38 0.023
U.S. Environmental Protection Agency Survey Sample 1085*
Chloride 8.3 0.97 7.92 0.17
Nitrate (as nitrogen) 2.0 0.1 2.1 0.0
Sulfate 33.8 1.68 34.0 0.13
U.S. Geological Survey’s Standard Reference Water Sample M2*
Bicarbonate 170 1.2 171 1.6
Carbonate 1.7 0.01 0.5 0.3

'Inductively-coupled mass spectrometry data, sample population of 18; concentrations are in micrograms per liter
?Inductively-coupled atomic emission spectroscopy data, sample population of 11; concentrations are in milligrams per liter
>lon chromatography data, sample population of 14; concentrations are in milligrams per liter

“Alkalinity data, sample population of 7; concentrations are in milligrams per liter



Table 13.—- Quality control data for analyses of samples from the May-June 1988 cruise

Published Analytical
Published standard Analytical standard
Analyte mean deviation mean deviation
U.S. Geological Survey’s Standard Reference Water Sample T93'
Aluminum 172 44 160 11
Arsenic 5.6 1.6 55 0.39
Barium 68.6 12 70 3.5
Beryllium 7.2 1.5 6.3 0.35
Cadmium 48 0.6 5.6 0.27
Chromium 9.8 2.8 10 0.69
Cobalt 5 1.2 5.7 0.36
Copper 30.6 3.6 31 1.8
Lead 11.2 3.5 12 0.37
Lithium 21.6 2.4 21 1.1
Manganese 99 4 99 6
Molybdenum 19.4 2.7 18 0.51
Nickel 11.8 3 19 1.3
Strontium 64 3 64 4.1
Thallium 2.1 0.6 2.3 0.12
Zinc 27.8 44 27 1.9
U.S. Geological Survey’s Standard Reference Water Sample T99°
Calcium 202 15 200 3
Iron 0.137 0.029 0.13 0.006
Magnesium 113 7 110 29
Silica 10.9 0.7 11 0.2
Sodium 323 17 320 20
Strontium 3.9 0.2 38 0.092
U.S. Environmental Protection Agency Survey Sample 1085
Chloride 8.3 0.97 8.0 0.15
Nitrate (as nitrogen) 2.0 0.1 2.1 0.0
Sulfate 33.8 1.68 34.0 0.12
U.S. Geological Survey’s Standard Reference Water Sample M2*
Bicarbonate 170 1.2 172 0.7
Carbonate 1.7 0.01 13 0.4

"Inductively-coupled mass spectrometry data, sample population of 19; concentrations are in micrograms per liter
?Inductively-coupled atomic emission spectroscopy data, sample population of 15; concentrations are in milligrams per liter
*lon chromatography data, sample population of 11; concentrations are in milligrams per liter

“Alkalinity data, sample population of 4; concentrations are in milligrams per liter



Table 14.— Quality-control data for analyses of samples from the March-April 1989 cruise

Published Analytical
Published standard Analytical standard
Analyte mean deviation mean deviation
U.S. Geological Survey’s Standard Reference Water Sample T103'
Aluminum 127 14 128 7.4
Arsenic 3.2 0.9 3.2 0.6
Boron 120 39 105 5.2
Lithium 325 3.1 28 1.2
National Research Council Canada Riverine Water Reference Material for Trace Metals SLRS-1?
Uranium 0.28 0.03 0.26 0.092
National Institute of Standards Trace Elements in Water Reference Material 1645b, 1-10 dilution’
Barium 45 2 4.3 0.14
Beryllium 19 2 1.8 0.14
Cadmium 20 1 2 0.084
Chromium 19 0.4 1.7 0.3
Cobalt 26 1 27 0.17
Copper 22 0.4 1.7 0.46
Lead 24 0.7 2 0.1
Manganese 28 4 3 0.19
Molybdenum 86 3 10 0.32
Nickel 50 3 5 0.33
Thallium 8.1 0.2 0.67 0.06
Vanadium 46 04 45 0.39
Zinc 67 2 6.5 0.5
U.S. Geological Survey’s Standard Reference Water Sample T101*
Calcium 72.5 24 72 1.2
Iron 0.191 0.018 0.195 0.005
Magnesium 52.6 22 53 0.87
Silica 7 0.47 7 0.095
Sodium 96.8 4.1 97 1.7
Strontium 1.2 0.088 1.2 0.014
U.S. Geological Survey’s Standard Reference Water Sample M106°
Chiloride 13 0.0 13.3 05
Sulfate 27.6 0.4 27.7 1.2
U.S. Geological Survey’s Standard Reference Water Sample M112°
Chloride 46 0.7 45.7 1.5
Sulfate 25 1.5 24.5 1.2
U.S. Geological Survey’s Standard Reference Water Sample M86°
Bicarbonate 180 14 182 1.0
Carbonate 1.8 0.01 1.1 0.4
U.S. Geological Survey’s Standard Reference Water Sample M96°
Bicarbonate 140 1.2 142 0.9
Carbonate 2.2 0.02 1.3 0.4

'Inductively-coupled mass spectrometry data, sample population of 11; concentrations are in micrograms per liter
?Inductively-coupled mass spectrometry data, sample population of 13; concentrations are in micrograms per liter
*Inductively-coupled mass spectrometry data, sample population of 10; concentrations are in micrograms per liter
*Inductively-coupled atomic emission spectroscopy data, sample population of 33; concentrations are in milligrams per liter
*[on chromatography data, sample population of 13; concentrations are in milligrams per liter

SAlkalinity data, sample population of 14; concentrations are in milligrams per liter

27



28

Table 15.— Quality-control data for analyses of samples from the June 1989 cruise

Published standard Analyticai standard
Analyte Published mean devlation Analytical mean devlation
U.S. Geological Survey’s Standard Reference Water Sample T103!
Aluminum 127 14 136 10
Arsenic 3.2 0.9 3.7 0.41
Boron 120 39 108 12
Lithium 325 3.1 29 2.3
National Research Council Canada Riverine Water Reference Material for Trace Metals SLRS-1°
Uranium 0.28 0.03 0.33 0.073
National Institute of Standards Trace Elements in Water Reference Material 1645b, 1-10 dilution®
Barium 45 2 43 0.23
Beryllium 19 2 1.8 0.16
Cadmium 20 1 2.1 0.15
Chromium 19 04 1.9 0.64
Cobalt 26 1 2.8 0.26
Copper 22 0.4 2 0.18
Lead 24 0.7 2.1 0.13
Manganese 28 4 3 0.29
Molybdenum 86 3 10 0.43
Nickel 50 3 52 0.39
Thallium 8.1 0.2 0.71 0.06
Vanadium 46 0.4 4.6 0.47
Zinc 67 2 7 0.63
U.S. Geological Survey’s Standard Reference Water Sample T101°
Calcium 72.5 24 72 2.9
Iron 0.191 0.018 0.192 0.01
Magnesium 526 2.2 55 23
Silica 7 0.47 7.5 0.36
Sodium 96.8 41 97 35
Strontium 1.2 0.088 1.2 0.046
U.S. Geological Survey’s Standard Reference Water Sample M106°
Chloride 13 0.0 13.1 0.3
Sulfate 27.6 0.4 27.7 0.5
U.S. Geological Survey’s Standard Reference Water Sample M112°
Chloride 46 0.7 472 1.2
Sulfate 25 1.5 24.6 0.4
U.S. Geological Survey’s Standard Reference Water Sample M86°
Bicarbonate 180 1.4 182 0.8
Carbonate 1.8 0.01 1.8 0.01
U.S. Geological Survey’s Standard Reference Water Sample M96°
Bicarbonate 140 1.2 141 1.0
Carbonate 2.2 0.02 1.7 0.6

"Inductively-coupled mass spectrometry data, sample population of 15; concentrations are in micrograms per liter
Ynductively-coupled mass spectrometry data, sample population of 13; concentrations are in micrograms per liter
3Inductively-coupled mass spectrometry data, sample population of 11; concentrations are in micrograms per liter
“Inductively-coupled atomic emission spectroscopy data, sample population of 24; concentrations are in milligrams per liter
5lon chromatography data, sample population of 14; concentrations are in milligrams per liter
€Alkalinity data, sample population of 6; concentrations are in milligrams per liter



Table 16.— Quality-control data for analyses of samples from the February-March 1990 cruise

Published standard Analytical standard
Analyte Published mean devlation Analyticai mean devlation
U.S. Geological Survey’s Standard Reference Water Sample T103'
Aluminum 127 14 139 13
Arsenic 3.2 0.9 3.5 0.54
Boron 120 39 105 15
Lithium 325 3.1 29 2.6
National Research Council Canada Riverine Water Reference Material for Trace Metals SLRS-12
Uranium 0.28 0.03 0.20 0.18

National Institute of Standards Trace Elements in Water Reference Material 1645b, 1-10 dilution®

Barium 45 2 42 0.18
Beryllium 19 2 1.9 0.19
Cadmium 20 1 2.1 0.2
Chromium 19 0.4 1.7 0.21
Cobalt 26 1 2.8 0.16
Copper 22 0.4 2 0.16
Lead 24 0.7 1.9 0.3
Manganese 28 4 3 0.15
Molybdenum 86 3 10 0.26
Nickel 50 3 53 0.43
Thallium 8.1 0.2 0.64 0.12
Vanadium 46 0.4 44 0.35
Zinc 67 2 7.2 0.51
U.S. Geological Survey’s Standard Reference Water Sample T101°
Calcium 72.5 24 69 4.2
Iron 0.191 0.018 0.193 0.012
Magnesium 52.6 22 54 2.8
Silica 7 0.47 7.3 0.34
Sodium 96.8 4.1 93 55
Strontium 1.2 0.088 1.1 0.072
U.S. Geological Survey’s Standard Reference Water Sample P12*
Chloride 0.66 0.04 0.74 0.04
Sulfate 0.65 0.13 0.67 0.01
U.S. Geological Survey’s Standard Reference Water Sample P1 1
Nitrate as Nitrogen 0.29 0.01 0.29 0.005
U.S. Geological Survey’s Standard Reference Water Sample M96°
Bicarbonate 140 1.2 142 1.0
Carbonate 2.2 0.02 1.2 ) 0.5

'Inductively-coupled mass spectrometry data, sample population of 11; concentrations are in micrograms per liter
Inductively-coupled mass spectrometry data, sample population of 8; concentrations are in micrograms per liter
*Inductively-coupled atomic emission spectroscopy data, sample population of 18; concentrations are in milligrams per liter

“lon chromatography data, sample population of 15; concentrations are in milligrams per liter; samples were diluted to range of the
standards in order to simultaneously analyze for nitrate as well as chloride and sulfate.

3Alkalinity data, sample population of 11; concentrations are in milligrams per liter
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Table 17.—- Quality-control data for analyses of samples from the May-June 1990 cruise

Published standard Analytical standard
Analyte Published mean devlation Analytical mean devlation
U.S. Geological Survey’s Standard Reference Water Sample T103'
Aluminum 127 14 137 5
Arsenic 3.2 0.9 3 0.52
Boron 120 39 109 8
Lithium 325 3.1 30 1.2
National Research Council Canada Riverine Water Reference Material for Trace Metals SLRS-1°
Uranium 0.28 0.03 0.26 0.073
National Institute of Standards Trace Elements in Water Reference Material 1645b, 1-10 dilution®
Barium 45 2 4.3 0.16
Beryllium 19 2 1.9 0.18
Cadmium 20 1 2.2 0.21
Chromium 19 0.4 1.8 0.067
Cobalt 26 1 2.9 0.09
Copper 22 0.4 2 0.059
Lead 24 0.7 2 0.097
Manganese 28 4 32 0.094
Molybdenum 86 3 10 0.37
Nickel 50 3 53 0.26
Thallium 8.1 0.2 0.72 0.061
Vanadium 46 0.4 47 0.17
Zinc 67 2 72 0.38
U.S. Geological Survey’s Standard Reference Water Sample T107°
Calcium 11.7 0.7 12 0.27
Iron 0.052 0.007 0.053 0.004
Magnesium 2.1 0.13 22 0.071
Silica 7.7 0.5 8.3 0.15
Sodium 20.7 1.1 23 0.52
Strontium 0.061 0.004 0.064 0.002
U.S. Geological Survey’s Standard Reference Water Sample P12*
Chloride 0.66 0.04 0.68 0.02
Sulfate 0.65 0.13 0.63 0.01
U.S. Geological Survey’s Standard Reference Water Sample P11*
Nitrate as Nitrogen 0.29 0.01 0.28 0.005
U.S. Geological Survey’s Standard Reference Water Sample M96°
Bicarbonate 140 1.2 141 1.3
Carbonate 2.2 0.02 1.0 0.4

'Inductively-coupled mass spectrometry data, sample population of 8; concentrations are in micrograms per liter
Inductively-coupled mass spectrometry data, sample population of 6; concentrations are in micrograms per liter
*Inductively-coupled atomic emission spectroscopy data, sample population of 29; concentrations are in milligrams per liter
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