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ABSTRACT

Global Learning and Observations to Benefit the Environment (GLOBE) is a K-

12 international science and education program. Since 1995, over 600 GLOBE schools

throughout the U.S. have gathered and reported surface water quality data for parameters

including alkalinity, electrical conductivity, dissolved oxygen, pH, and temperature.

These data are potentially useful for monitoring local, regional, and national surface

water quality trends. Before these data are used, however, it is important to gauge the

reliability of the data. Toward that end, a qualitative comparison of GLOBE and USGS

sample testing protocols is made so that discrepancies in GLOBE protocols can be

identified and remedied. In addition to the protocol comparison, GLOBE data are

compared statistically to data gathered by the U.S. Geological Survey (USGS); the USGS

is chosen because it is the major agency taking water quality data nationwide, and its data

and sample testing protocols are considered to be reliable.
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I.	 INTRODUCTION

Collection of reliable water quality data is vital to understanding surface water

quality in the United States and globally. Taking water quality data at a unique surface

water site at consistent intervals over time makes it possible to detect changes and

monitor trends in the quality of the water body. When data are collected at numerous

sites nationwide, changes and trends on regional and national scales may be monitored.

Data taken over sufficient spans of time and space allow for accurate assessment of water

quality in the U.S. Two organizations gathering such data are GLOBE (Global Learning

and Observations to Benefit the Environment) and the U.S. Geological Survey (USGS),

which operates the Hydrologic Benchmark Network (HBN) and the National Stream

Quality Accounting Network (NASQAN).

Under the aegis of Vice President Al Gore, GLOBE was begun in 1995 with three

goals, which are listed in the Introduction to the GLOBE Teacher's Manual: "to enhance

the environmental awareness of individuals throughout the world; to contribute to

scientific understanding of the Earth; and to help all students reach higher levels of

achievement in science and mathematics." GLOBE students, in grades K-12, collect

environmental data in four categories: atmosphere, hydrology, soil, and land

cover/biology. In the hydrology investigation, GLOBE students collect data from

variety of surface water sites, including ponds, lakes, wetlands, streams, rivers,

reservoirs, and oceans. All data collected are reported over the Internet to a central

database, which is available to the public on the World Wide Web.
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In operation from 1962 to 1995, the HBN was intended to monitor water quality

over time in small, relatively undisturbed basins. HBN basins drained areas of 2 to 2,000

square miles (5.18 to 5,180 km 2), with a median drainage of 57 square miles (147.63

km2). From its inception in 1973 until 1995, NASQAN was used to monitor larger

drainage basins that are more susceptible to anthropogenic effects. NASQAN basins

monitored from 1973 to 1995 drain areas between one square mile (2.59 km2) and 1.2

million square miles (3,108,000 km2), with a median drainage of about 4,000 square

miles (10,360 km 2). The HBN and NASQAN programs were intended to provide water

quality information over relatively long periods of time, and in that respect differ from

water quality testing programs designed to monitor compliance with specific standards.

In 1995 NASQAN was restructured and the number of stations drastically

reduced. The new goal of the program is to monitor various aspects of water quality in

four major river basins: the Mississippi, the Rio Grande, the Colorado, and the Columbia.

Forty sites are currently used to collect these data, up from 36 in 1996 (Figure 1). While

the specific objectives for each basin differ, all stations take measurements of basic water

quality parameters including temperature, pH, alkalinity, dissolved oxygen, and electrical

conductivity. These are the data analyzed here.

HBN and NASQAN data for the years 1973-1995 have been assembled by the

USGS on a publicly available CD-ROM and are collectively referred to as water quality

network (WQN) data. (From here on, "WQN" will be used to refer to the 1973-1995

HBN and NASQAN data, and "NASQAN" will be used to refer to NASQAN data

collected since the 1995 restructuring.)



Figure 1. NASQAN sites

The spatial coverage of GLOBE, NASQAN, and WQN stations allows for

regional and national patterns to be detected, if they exist. GLOBE students have

collected hydrologic data at 880 surface water sites in the coterminous U.S. (Figure 2).

Although there is some clustering of sites, particularly in the Northeastern U.S.,

California, Colorado, and Washington, all states are represented. The 679 WQN sites

(Figure 3) are distributed more evenly with less clustering around population centers than

is seen in the GLOBE sites. Spatial distribution of the 40 NASQAN sites is necessarily

more limited because of the scope of the program.

13



Figure 2. GLOBE sites

For this paper, five water quality parameters are considered: alkalinity, electrical

conductivity ("conductivity"), dissolved oxygen, pH, and water temperature. In addition

to being widely accepted indicators of water quality, these are also the parameters most

commonly measured by GLOBE participants and therefore best represented in GLOBE

data. The USGS also measures these parameters when taking water quality data, and

reports values in units comparable to those used by GLOBE. These five parameters can

provide an indication of the overall health of a water body.

14
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Figure 3. WQN sites

Figure 4. Water quality sampling sites
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The data comparison is similar to and inspired by the work of Anne Kramer Huth

for her Master's thesis "GLOBE Water Quality Data in Context: A Comparative Study

of Volunteer and Government Agency Databases", completed in 1998 for the University

of Arizona Department of Hydrology and Water Resources.

For a meaningful comparison to be made of GLOBE and USGS water quality

data, it is helpful to examine the methods used by each program to collect this data.

Consideration must be given to differences in measurement protocols when comparing

accuracy and precision of data. A qualitative comparison of the GLOBE and USGS

protocols for measurement of the five parameters listed above is therefore given below.

Discrepancies between the protocols are noted so that, if necessary, adjustments to the

protocols can be made.

This analysis of GLOBE and USGS water quality data, and the measurement

protocols used to collect this data, can provide answers to the following questions: How

do GLOBE and USGS measurement protocols compare qualitatively? How do the

variabilities of GLOBE and USGS data compare? Do the data show spatial and/or

temporal patterns? If the data show patterns, are patterns exhibited by GLOBE data

consistent with those exhibited by USGS data over space and time?
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H. METHODS

A. Comparison of GLOBE and USGS measurement protocols

Water quality measurement protocols compared in this paper are taken from the

GLOBE Program Teacher's Guide ("Teacher's Guide") published by the GLOBE

Program in 1997, and the USGS National Field Manual for the Collection of Water-

Quality Data ("Field Manual") published in April 1998 by the USGS, 412 National

Center, Reston, VA 20192. The Field Manual is used by USGS personnel who collect

water-quality data; Chapter A.1 of the Field Manual states that it is "targeted specifically

toward field personnel in order to (1) establish and communicate scientifically sound

methods and procedures, (2) provide methods that minimize data bias, and, when

properly applied, result in data that are reproducible within acceptable limits of

variability, (3) encourage consistent use of field methods for the purpose of producing

nationally comparable data, and (4) provide citable documentation for USGS water-

quality data-collection protocols." Protocols were reviewed carefully and differences

between GLOBE and USGS protocols noted.

B. Comparison of GLOBE and USGS data

Sources of data used for analysis

GLOBE data used in this analysis were downloaded in July 1999 from the

GLOBE data server at www.globe.gov.

WQN data used in this analysis were taken from the CD-ROM Data from

Selected U.S. Geological Survey National Stream Water-Quality Monitoring Networks

(WQN), USGS Digital Data Series DDS-37, 1996.
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NASQAN data used in this analysis were downloaded in June 1999 from the

NASQAN Public Homepage at water.usgs.gov/public/nasqan. NASQAN data from

1998-1999 are provisional until completion of USGS review.

Selection of data for analysis

For all analyses, all sites with a minimum of ten measurements of the parameter

being analyzed are considered. Eliminating sites with fewer than ten measurements

reduces error from sites where one or two aberrant values overly bias the mean value.

Tools used for data analysis

Raw data from the sources listed above were manipulated using UNIX computer

scripts written in the Bourne shell and AWK programming languages. Graphs were

created using the xvgr graphing program for UNIX. Maps were created using ArcView

GIS Version 3.1, a product of Environmental Systems Research Institute, Inc. Some

statistics computed by AWK scripts were compared for accuracy to statistics on the same

data computed by the "Data Analysis" tool in Microsoft Excel 97. Statistics computed by

the two methods were identical.

Data analysis: descriptive statistics

For each water quality parameter, three statistics were computed for each station:

arithmetic mean, standard deviation, and coefficient of variation.

Arithmetic mean OM represents the expected value of a randomly-chosen

measurement and is the sum of all values (individual values represented by the variable

x 1) divided by the number (n) of values: (1/n)Eixi. The standard deviation (a) indicates

variability of the data, and is computed by the formula [E i(x 1 - 1.02/(n-1)] 1/2 . The



19

coefficient of variation is a dimensionless number representing the variability of a set of

data and is calculated by 0/ii.

These statistics were used to generate cumulative percentage plots for each

parameter for each data set. Two types of cumulative percentage graphs have been made.

The first type shows the cumulative percentage distribution of the mean values for a

single parameter for a single data set, with additional plots of the mean plus one standard

deviation and the mean minus one standard deviation. The second type shows the

cumulative percentage distribution of the mean values for a single parameter for all data

sets, without the plots of mean plus and minus one standard deviation.

Data analysis: spatial

For each of the data sets, maps are given showing relative concentrations of each

of the five water-quality parameters being considered. For each parameter, the mean

value of that parameter for each station was computed. The sets of mean values for all

stations were broken down into quartiles based on the mean values. A unique color was

assigned to each quartile, and site locations were plotted on a U.S. map in colors

corresponding to the appropriate quartile ranking for each site. From these maps,

geographic patterns in relative parameter concentrations can be seen, if they exist.

Patterns in relative concentrations can be compared between different data sets, even

though quartile values are different for all data sets.

Data analysis: temporal

Time series graphs show changes in values over time for each parameter and data

set. Each data set was broken down by calendar year, and the mean value for the



parameter in question was calculated for each station. Points on the time series graphs

represent the mean of these mean values for each year.

20
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III. RESULTS

A.	 Comparison of GLOBE and USGS protocols

1.	 Site selection

In its Field Manual the USGS emphasizes that field measurements taken at a

surface water testing site must reflect, as accurately as possible, the actual conditions of

the surface water body or portion thereof being monitored. The GLOBE program shares

this goal. Site selection must be made with care to meet this objective.

Both GLOBE and USGS allow that a single sample may adequately represent a

surface water body if taken at an appropriate site. The USGS site selection protocol

suggests that a cross-sectional profile be made of the water body to determine the

optimum site for sampling.

GLOBE and USGS have different site selection procedures for flowing water and

still water.

Still water

For still water, GLOBE recommends selecting a site near the outlet area or along

the middle of the water body, possibly a bridge or pier if available. GLOBE advises that

inlet areas be avoided for sampling. If the water body of interest is affected by tides,

knowledge of tidal cycles is encouraged so that sampling times can be scheduled to

correspond to consistent water levels.

The USGS protocol recommends that samples be taken throughout the water

column of a still water body. Measurement values for the samples are not averaged
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together to represent the entire water body; rather, each depth at which a sample is taken

is considered a unique station.

Flowing water

For site selection at a body of flowing water, GLOBE suggests a riffle area, where

water movement is present but not intense. Still areas and rapids are to be avoided.

As for still water, the USGS recommends sampling a cross section of the flowing

water body. The USGS uses two techniques to determine measurement points. For

streams with uniform depth and velocities across the cross section, the equal width

increment (EWI) method is used. The EWI method requires that the stream cross-section

be divided into increments of equal width. Measurements or samples are taken at the

midpoint of the vertical line between the streambed and the middle of the equal width

increment at the stream surface. Values of the measurements are weighted in proportion

to the cross-sectional area represented by each equal width increment.

For streams in which depth and flow velocities are more varied, the equal

discharge increment (EDI) method is used. The EDI method entails dividing the stream

cross-section into increments of equal discharge. Measurements are taken at the centroid

of each increment and integrated across the cross section, with weighting of the

measurements at each increment proportional to the percent of total discharge across that

increment.

If the stream is small and well mixed, the USGS considers the centroid of flow

sufficient to represent the cross section. The USGS also notes that water depth greater
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than twice the length of the field thermometer may give inaccurate water temperature

readings.

2.	 Sampling techniques

Although in situ measurements are preferred for , ․)me protocols by both GLOBE

and the USGS, sampling is a necessary part of data collecting for both.

GLOBE allows that conductivity, dissolved oxygen, pH, and water temperature

measurements may be taken in situ, but requires sampling for the alkalinity protocol.

Any or all of the five measurements may be taken from samples rather than in situ.

Water temperature must be measured immediately in either case.

The USGS requires that dissolved oxygen and water temperature measurements

be taken in situ, but allows conductivity and pH measurements to be taken from samples.

The USGS requires that a discrete sample be used for measuring alkalinity.

GLOBE sampling procedure involves using a bucket to collect a bulk sample,

which may then be split into subsamples to be stored in 500-mL polyethylene bottles. A

rope is attached to the sample bucket, and samples are taken from shore or from a bridge

or pier; safety is emphasized. In still water, samples are taken from the top surface water.

If measurements are to be made in the classroom rather than in the field, subsamples for

each protocol are bottled. If dissolved oxygen is to be measured in the classroom, it must

be stabilized in the field. The Teacher's Guide recommends that all measurements be

made in the field if possible.

The USGS allows samples to be taken with several types of sampling devices

including "thief, bailer, or grab samplers." Samples are collected at the measurement
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points located by the methods described above, with observance of proper technique for

the sampler being used. Samples are taken throughout the water column.

3.	 Quality assurance/quality control (QA/QC)

GLOBE QA/QC procedures consist of the following:

• Water samples should be collected as directed.

• All tests should be performed immediately after collecting sample (within 30

minutes).

• Participants should calibrate, maintain, and use testing equipment with care.

Instruments should be calibrated before each use, and calibration data must be

recorded on calibration data worksheets.

• Testers must follow specific directions of protocol exactly as described.

• Repeat measurements should be taken to check accuracy and understand any sources

of error.

• Procedures should minimize contamination of stock chemicals and testing equipment.

• Participants should check to be sure that numbers submitted to GLOBE database are

the same as those recorded on the data worksheet.

• At least two groups should take measurements using the same bucket of water.

Acceptable ranges of differences in measurement values are given.

• Data are recorded on data sheets.

The USGS QA/QC procedures consist of the following:

• Field measurement data, methods and equipment, and calibration data are reported on

field forms and instrument logbooks.
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• Records are maintained for each sampling location.

• It is stressed that field measurements should represent natural conditions at the time

of sampling as closely as possible.

• Measurements may be made only with calibrated instruments. Most instruments must

be calibrated in the field.

• Each instrument has a permanent logbook for calibrations and repairs. This logbook

is reviewed before each field trip.

• Each instrument must be tested before each field trip.

• Backup instruments, in good working condition, are required.

• For measurements made on subsamples in the field, precision is checked on every

tenth sample by repeating measurement three times using separate sample aliquots

from the same sample volume.

• Use of reference samples is required. Field teams are encouraged to verify accuracy

of measurements quarterly against reference samples from the USGS Quality of

Water Service Unit (QWSU).

• Field personnel are required to participate in the USGS National Field Quality

Assurance (NFQA) program.

4.	 Alkalinity protocol

GLOBE and the USGS differ in their definitions of "alkalinity." The parameter

GLOBE refers to as "alkalinity" is referred to as "acid-neutralizing capacity" (ANC) by

the USGS. The USGS filters its surface water samples to measure "alkalinity";

otherwise, there is no difference between the GLOBE alkalinity parameter and the USGS
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alkalinity parameter. Filtering is necessary for many USGS sites because they are located

on large streams and rivers that carry heavy loads of suspended sediment. The USGS

Field Manual states that factors other than carbonate concentration may affect a water

sample's ANC, but not its carbonate alkalinity. These factors include ionic strength,

dissolved organic species, and non-carbonate inorganic species. Filtering water samples

minimizes the effect of these factors on the alkalinity measurement.

GLOBE alkalinity test kits, most commonly manufactured by Hach or LaMotte,

use fixed endpoint titration to determine alkalinity. The USGS uses one of two

procedures: inflection point titration (IPT) or, for alkalinity below 20 mg/L as CaCO 3 ,

the Gran method. Whereas the fixed endpoint method assumes equivalence points at pH

8.3 and 4.5, the lPT method uses inflection points of plotted values of titrant volume vs.

(change in pH)/(change in volume) to determine equivalence points. The USGS rejects

the fixed endpoint titration because of inaccuracy, especially under certain conditions.

The USGS provides the following quality control instructions:

• Collect samples carefully to represent conditions at the time of collection. Minimize

wind, rain, cold, dust, and sun effects.

• Collect and process samples in a chamber to protect samples from airborne

particulates.

• Field-rinse sample bottles three times with sample water.

• Do not field-rinse measurement vessels. These should be clean and dry.

• Prevent agitation of samples or prolonged exposure to air, since carbonate and

bicarbonate concentrations can change quickly.
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• If there is a tendency for mineral precipitation, collect the sample in an inert gas

atmosphere (not defined).

• If water is anoxic, collect according o groundwater procedures (given elsewhere in

the Field Manual).

• Follow detailed instructions (given) for cleaning glassware, and store glassware in

plastic until use.

a. Standards and reagents

GLOBE participants use either a commercially-mixed alkalinity standard or one

mixed by the students from distilled water and baking soda. 1.9 gm of baking soda is

added to 500 mL of distilled water to create a bulk solution. This bulk solution is diluted

to create a standard solution with alkalinity of 68 mg/L as CaCO3.

The USGS uses a standard solution of C07-free deionized water and NaCO 3 .

This solution is made in the testing lab. Deionized water is rendered CO/-free by boiling

for 15 minutes.

Reagents used by GLOBE for alkalinity titrations are provided with the test kits.

Replacement reagents may be purchased from the kit manufacturers. USGS reagents are

supplied by the QWSU. The QWSU monitors the normality of the H2SO4 titrant for one

year, but recommends that it be used within three months.

b. Calibration

GLOBE calibrates test kits against the commercial or baking soda standard. If

measured values are consistently off by more than the mg/L equivalent of one drop from

or gradation of the titrator, new reagents may be needed. For the Hach Model AL-AP kit,
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one drop is approximately equal to either 6.8 or 17 mg/L as CaCO3alkalinity, depending

on whether high or low range is selected. For the LaMotte Model WAT-MP-DR kit, one

gradation of the titrator is approximately equal to 4 mg/L as CaCO 3 alkalinity.

The USGS calibrates the titrant supplied by the QWSU against the NaCO3

standard prepared in the lab. If there is a discrepancy, either the titrant is diluted until it

is the correct normality or a correction factor is calculated.

c. Measurement

GLOBE instructs that participants follow the instructions of the kit manufacturer.

The procedures for the Hach and LaMotte kits are similar. A small sample, 5 mL for the

LaMotte kit or 15 mL for the Hach kit, is titrated with dilute H2SO4 solution until an

indicator (phenolphthalein and/or bromcresol green-methyl red) changes color. Low

range protocols are recommended for waters with alkalinity below 125 mg/L as CaCO 3 .

Replicate samples are to be tested.

The USGS gives the protocols for the ITP and Gran methods, which are not

directly analogous to the fixed-endpoint titration method used by GLOBE. For either

method, a sample of at least 50 mL is recommended.

The USGS also requires either duplicate or triplicate samples, depending on the

study requirements. Reproducibility should be + 5 percent, unless much particulate

matter is present, in which case + 10 percent is acceptable.

d. Reporting values

Both GLOBE and the USGS report alkalinity in mg/L as CaCO3 , although the

USGS sometimes uses meq/L or ueq/L, depending on the study requirements.
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The GLOBE protocol requires that all alkalinity values taken be within either one

drop from or one gradation of the titrator of the average of all the values in order for the

average to be reported to the GLOBE database. If there is one outlier, it may be

discarded. If there is wide variation in the values, no value is reported, and it is suggested

that another attempt be made to obtain a reportable value.

The USGS reports the average of duplicates, or the median if more than two

replicates are used, if the reproducibility criteria noted above are met.

5.	 Conductivity protocol

The USGS measures "specific electrical conductance," which in its Field Manual

is said to be the same thing as conductivity; it will hereafter be referred to as such.

Both GLOBE and the USGS use portable meters, which automatically

compensate temperature to 25 °C, to measure conductivity. The USGS uses meters with

different interelectrode distances depending on the expected conductivity of the sample.

For samples with conductivity below 100 microSiemens per centimeter (jtS/cm) the

meter must be accurate within 5 percent of the meter's full scale; for samples with higher

conductivity, accuracy is required to be within 3 percent of full scale. Full scale varies

depending on the factor chosen for the expected conductivity; it may be as low as 0.005 —

20 uS/cm or as high as 1,000 — 200,000 RS/cm. The USGS Field Manual gives explicit

instructions for maintenance, cleaning, and storage of the meters.

a.	 Calibration

GLOBE recommends calibrating the conductivity meter before each measurement

set, and calibrating the temperature compensation every six months. The meter is
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calibrated with conductivity standards, which are replaced annually. Standards may be

purchased or mixed in the lab. The Teacher's Guide advises that conductivity standards

are to be kept capped and refrigerated, and labeled with the date of purchase or creation

of the solution. It is emphasized that standards not be reused. The meter is calibrated by

testing for agreement of measurement values between two beakers of the same standard.

The USGS requires calibration of conductivity meters before each field trip and

on site before measurements are taken. The temperature compensation must be

calibrated and USGS District-certified within the four months preceding the field trip.

Conductivity standards, prepared with KC1 and ranging from 50 to 50,000 p,S/cm, are

provided by the Quality of Water Service Unit (QWSU). These standards are labeled

with an expiration date. Standards are discarded that have expired, been frozen, begun to

evaporate, or been decanted from the original storage container. Two standards of

different conductivities that bracket the expected conductivity of the sample are used for

calibration. These standards are equilibrated to the temperature of the sample before

calibration, and the electrodes of the meter are rinsed with standard before immersion in

standard. Differences between measured and standard values must be less than 5 percent.

b.	 Sampling

The GLOBE protocol allows conductivity testing to be performed on a subsample

taken from the bulk sample with a beaker.

The USGS strongly recommends in situ conductivity testing, but allows

measurements to be taken using a discrete subsample. If a subsample is used, the USGS

notes the following:
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• If large concentrations of suspended sediments are present, the sample may have to be

filtered.

• Conductivity can change over time (even a short time) due to precipitation,

adsorption, ion exchange, oxidation, and reduction.

• Field conditions can affect measurements.

• A glass Berzelius flask is preferable to a plastic sampling bottle if the water being

sampled is susceptible to gain or loss of dissolved gases.

c. Measurement

The GLOBE protocol requires that manufacturer's instructions be followed for

the conductivity meter being used.

The USGS protocol requires that the sensor and the sample container (if

applicable) be rinsed with sample water. Measurements are taken from at least two fresh

subsamples. If the measurement values are not within 3-5 percent of each other, a fresh

sample is filtered and the median value obtained from three or more subsamples is

recorded.

d. Reporting values

Both GLOBE and the USGS report conductivity in aS/cm.

GLOBE calls for the average of all groups' measurements to be taken and

compared to each value. If all values are within 40 .t.S/cm of the average, the average is

reported to the GLOBE database. If there are more than three groups and one outlier, the

outlying value is discarded. If all remaining values are within 40 [tS/cm of the average,

the average is reported to the GLOBE database. If there is wide scatter among the values,
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no report is made. In that case, GLOBE advises that students try again for a reportable

value.

The USGS reports the median of the measurement values to three significant

figures. The accuracy range of the measuring instrument used is also reported.

6.	 Dissolved oxygen protocol

GLOBE uses the Winkler method for measuring dissolved oxygen, while the

USGS advises against use of that method "because the accuracy and reproducibility

achieved depend largely on the experience and technique of the data collector." The

USGS does, however, utilize the Winkler method (Alsterberg-Azide modification) for

instrument calibration in the laboratory, with reported accuracy within + 0.05 mg/L. That

method involves use of several reagents: alkaline iodide-azide, manganous sulfate,

sulfamic acid, and penylarsine oxide.

In the field, the USGS uses the amperometric method, unless dissolved oxygen

concentrations are below 1.0 mg/L, in which case the spectrophotometric method is used.

The amperometric method determines dissolved oxygen concentration using a

temperature-compensating instrument or meter with a polarographic membrane-type

sensor. The spectrophotometric method entails use of a RhodazineDTM dye solution that

changes color with intensity proportional to dissolved oxygen concentration, and a

portable spectrophotometer to quantify the color change. Use of the amperometric

method requires taking into account conductivity, which can affect the measurement by

giving low readings for dissolved oxygen in water with high conductivity.
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The USGS also requires that dissolved oxygen be measured in situ, while GLOBE

allows bottled samples to be tested in the laboratory if oxygen is fixed in the field.

GLOBE gives procedures designed to minimize contamination of bottled samples, and

strongly urges that samples be tested within 30 minutes of collection.

The USGS requires testing of a cross-section of the water body, noting that

measurement at one spot adequately represents the water body only if cross-sectional

variation is no more than 0.5 mg/L. It is also advised that dissolved oxygen

measurements not be taken "in or directly below sections with turbulent flow, in still

water, or from the bank, unless these conditions represent most of the reach."

Both GLOBE and the USGS provide tables to correct dissolved oxygen values for

atmospheric pressure differences at different elevations.

a.	 Calibration

The GLOBE protocol recommends calibration of the test kit every six months.

Participants are instructed to follow the manufacturer's instructions for their dissolved

oxygen kit to calibrate. For the LaMotte test kit, measured dissolved oxygen must be

within 0.4 mg/L. For the Hach test kit, accuracy to within 1.0 mg/L is required. If the

appropriate accuracy is not achieved, the test kit chemicals must be replaced.

The USGS requires calibration of dissolved oxygen sensors every four or twelve

months, depending on the sensor used. Two subsamples are tested; their values must

agree to within 0.1 mg/L.
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b. Sampling

The GLOBE protocol allows for dissolved oxygen to be measured from a

subsample, which may be taken from the bulk sample in the sample bucket. The sample

bottle is rinsed with sample water before filling. The bottle is tapped to remove air

bubbles after filling and before capping.

The USGS does not allow dissolved oxygen to be measured in samples; because a

meter is used, the measurement must be made in situ. However, samples are used to

check precision and variability of the testing process.

c. Measurement

The GLOBE Teacher's Guide instructs data collectors to follow the procedures

given with their test kits.

Because the USGS uses sensors to measure dissolved oxygen, their specific

measurement techniques are not analogous to GLOBE's techniques. The USGS repeats

the analysis twice on the same sample to check precision, and on three different,

sequential samples to check variability.

d.	 Reporting values

Both GLOBE and the USGS report dissolved oxygen values in mg/L.

GLOBE groups take the average of all measurement values. If all values are

within 1 mg/L of the average, the average is submitted to the GLOBE database.

The USGS reports values to the nearest 0.1 mg/L. Values greater than 20 mg/L

are reported as ">20 mg/L." The accuracy range of the testing instrument is recorded

with the measurement values.
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7.	 pH protocol

GLOBE students use one of three tools to measure pH: pH paper, which is only

for beginning students; a pH pen; or an automatic temperature compensation (ATC)-

equipped pH meter. The Teacher's Guide notes that pH paper is not reliable in waters

with conductivity below 300 0/cm, and that pens and meters may not function correctly

when conductivity is below 100 p.S/cm.

The USGS accepts only measurements made with pH meters for its database.

a.	 Calibration

GLOBE requires calibration before each measurement set. Calibration may be

done in the classroom, although the instrument must be checked and, if necessary,

recalibrated in the field. If the pH pen is being used, it is calibrated to one standard

buffer solution. If the meter is used, it is calibrated to two buffer solutions. The

instrument must read to within + 0.2 pH unit to be acceptable.

GLOBE uses either pre-mixed buffer solutions or buffer solutions made from

commercially available buffer powder, with pHs of 4, 7 and 10. Buffer solutions made

from buffer powder are mixed in 50-mL batches. Pre-mixed buffer solution may be

stored for one year. Solution mixed from powdered buffer may be stored for one month.

Buffer solution containers are labeled with pH and the date of creation (if mixed from

powder) or expiration (if pre-mixed). Re-use of buffer solution is allowed.

The USGS requires pH meters to be calibrated on site, using buffer solutions that

bracket the anticipated pH of the sample. Meters must also be calibrated and certified by

the USGS District at least three times per year, and date of certification must be tagged to
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the meter. Automatic temperature correction (ATC), if present on the meter, must be

calibrated and District-certified within the four months preceding use of the meter. The

meter must be accurate to within + 0.1 pH unit. Buffer solution testing is repeated, using

fresh solution for each repetition, until this accuracy is achieved.

The USGS uses NIST-certified buffer solutions of pH 4, 7 and 10, which are

obtained from the QWSU. The Field Manual notes that most buffer solutions are of high

ionic strength, but that low ionic strength buffers should be used for dilute waters. If

ATC is not present on the meter, buffer solutions are to be brought to the same

temperature as the water being tested.

The USGS strongly emphasizes the importance of maintaining the integrity of the

buffer solutions. Containers must be kept capped as much as possible to prevent

evaporation and contamination from dissolution of CO2 . Meters must not be inserted into

solution bottles. Buffer solution may not be reused.

b.	 Measurement

Both GLOBE and the USGS recommend measuring pH in situ, but allow for

samples to be used. Both instruct testers to take pH measurements in accordance with the

instructions of the instrument manufacturer. The USGS additionally advises avoiding

aeration of sample (to prevent COlcontamination), and rinsing the sample container with

sample water before taking measurements.

For quality control, GLOBE requires at least one additional sample value to agree

within + 0.2 pH unit with the value obtained from the first sample. The USGS requires
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that at least two additional sample values agree to within + 0.1 pH unit with the value

obtained from the first sample.

c.	 Reporting values

Both GLOBE and the USGS report pH in standard pH units.

The GLOBE protocol requires that all pH values taken be within + 0.2 pH unit of

the average of all the values in order for the average to be reported to the GLOBE

database. If there is one outlier, it may be discarded. If there is wide variation in the

values, no value is reported, and it is suggested that another attempt be made to obtain a

reportable value.

The USGS reports the median of all values taken, if the values agree to within +

0.1 pH unit. Instrument accuracy is also reported.

8.	 Water temperature protocol

Both GLOBE and the USGS use alcohol-filled thermometers for field

measurements. The USGS requires, and GLOBE recommends, that the thermometer be

armored.

a.	 Calibration frequency

GLOBE recommends that thermometer calibration be performed every three

months, at minimum, as well as before first use of a new thermometer. The USGS

requires calibration every three to six months using the two point calibration method, and

annually using the three point calibration method. These methods are described below.

USGS field thermometers must be tagged with the date of calibration.
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b.	 Calibration

Calibration entails taking water temperature measurements at a minimum of two

different temperatures, and calibrating the thermometer to a specified accuracy. GLOBE

and the USGS both use single tube calibration thermometers, with minimum temperature

ranges of —5 to 45°C. USGS calibration thermometers must be certified by the National

Institute of Standards and Technology (NIST) to be accurate to within 0.1 °C.

The first temperature calibration point for both GLOBE and the USGS is 0°C, for

which an ice water bath is used. The GLOBE protocol calls for the thermometer to be

moved gently around the ice water bath until thoroughly cooled. The thermometer

should read between 0 and 0.5 °C or the thermometer is rejected.

The USGS protocol requires measurements to be taken at various spots in the ice

water bath to help ensure an accurate calibration. Three readings are taken over a five-

minute span, and the mean is calculated. Accuracy must be to within either one percent

of the thermometer's full scale or 0.5 ° of 0°C, whichever is lower.

The second temperature point for calibration is room temperature, approximately

25°C. The GLOBE protocol instructs students to hang the field thermometer alongside

the calibration thermometer for 24 hours, and after that time to adjust the field

thermometer as necessary to agree with the calibration thermometer. The USGS uses a

room temperature water bath, into which the field and calibration thermometers are

immersed. The thermometers are checked every few hours for several hours, and may be

left overnight and checked again the next day.
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Once a year, the USGS performs a three-point calibration that entails calibrating

to 0, 25, and 40°C.

c.	 Measurement

Immersion and reading

GLOBE protocol requires the thermometer to be immersed to a depth of 10 cm

for three to five minutes. When possible, the sensor should remain immersed while

readings are taken. Readings are taken twice by each group; if the value does not change

between readings, that value is accepted.

The USGS protocol requires the thermometer to be immersed to proper depth for

60 seconds or until it equilibrates. The Field Manual states that for accurate

measurements, water depth should not be more than twice the length of the thermometer.

Three readings are to be taken, while the sensor is immersed. Because the USGS

protocol requires measurement of a cross-sectional profile, this procedure may be

repeated several times.

Reporting values

Both GLOBE and the USGS report water temperature values in degrees

centigrade.

GLOBE students compute the mean of all values taken. If all values are within 1 °

of the mean, the mean is reported to the GLOBE database.

For still water, the USGS reports the median of three or more sequential

measurement values. For moving water, values of each subsection (defined by the EDI

or EWI method) are reported.
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B.	 Comparison of GLOBE and USGS data

1. Site metadata

USGS data are taken from streams only. WQN sampling sites include 63

locations in small, minimally disturbed watersheds and 618 sites in more culturally

influenced watersheds. As is the case with NASQAN, all WQN sites are on major U.S.

rivers and streams..

GLOBE samples a more diverse group of water bodies. Reporting schools have

the option of providing site metadata, including type of water body sampled. As of

February 2000, 1,005 GLOBE hydrology sites have been established. Most of these

feature no accompanying site metadata. The site metadata are summarized in Table 1.

Table 1. GLOBE site metadata

Reported water
body type

Number of sites
reporting this type

Percentage of all
sites

Percentage of sites
reporting
metadata

None 706 70.2 ---
Stream 160 15.9 53.5
Lake or pond 64 6.4 21.4
River 54 5.4 18.1
Other 21 2.1 7.0
TOTAL 1,005 100 100

2. Descriptive statistics

a.	 Alkalinity

The mean alkalinity of GLOBE sites is the lowest of the four data sets (Table 2).

The GLOBE mean value, 93 mg/L as CaCO 3 , is 15 mg/L lower than the next lowest

value, that of WQN. The NASQAN values are the highest. The NASQAN (1998-99)

mean value of 117 mg/L is 24 mg/L higher than the GLOBE mean.
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Table 2. Alkalinity m	 as CaCO 3 mean of all site mean values
GLOBE

(1995-1999)
WQN

(1973-1995)
NASQAN

(1996-1997)
NASQAN

(1998-1999)
Minimum 12 1 22 24
25 th percentile 34 34 60 76
50th percentile 82 100 121 127
75 th percentile 147 158 138 150
Maximum 245 635 219 198
Mean 93 108 112 117
Range 233 634 197 174
Avg. CV of all
sites 0.38 0.30 0.20 0.16

The WQN data set displays the biggest range of mean alkalinity values among

sites: 1 to 635 mg/L, a range of 634 mg/L. This range is approximately three times the

ranges of the other data sets.

CVs for the four data sets show that GLOBE data have the highest variability,

with a CV of 0.38. This CV is more than twice the lowest, 0.16, for the NASQAN

(1998-99) data set. Figures 5-8 show mean values + one standard deviation for each data

set.
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Figure 9 shows that the slopes of the distribution curves for the NASQAN data sets are

shallow, but those of GLOBE and WQN are slightly steeper. Above the 95 th percentile,

the WQN curve slopes sharply upward due to very high mean values at three sites.
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Figure 9. GLOBE, NASQAN, and WQN mean alkalinity

b.	 Conductivity

The mean conductivity of GLOBE sites is the lowest of the four data sets, at 387

tiS/cm (Table 3). The two next higher mean values, those of the NASQAN data sets, are

almost twice the GLOBE mean value. The WQN mean value is more than twice the

GLOBE mean value.
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Table 3. Conductivity ( S/cm); mean of all site mean values
GLOBE

(1995-1999)
WQN

(1973-1995)
NASQAN

(1996-1997)
NASQAN

(1998-1999)
Minimum 34 15 66 70
25 t1  percentile 97 124 281 368
50th percentile 284 336 541 588
75th percentile 495 674 794 807
Maximum 1,651 56,986 4,428 3,823
Mean 387 847 769 763
Range 1,617 56,971 4,362 3,753
Avg. CV of all
sites 0.38 0.32 0.22 0.19

The WQN data set has the widest range of mean conductivity values: 15 to 56,986

p,S/cm, a range of 56,971 p,S/cm. This range is thirteen times the next highest, NASQAN

(1996-97), and fifteen times higher than NASQAN (1998-99). The range of GLOBE

mean conductivities, 1,61711S/cm, is less than 1/35 the WQN range.

Figure 10, which includes the mean values for all sites, shows the exaggerating

effect that the small percentage of WQN sites with extremely high mean conductivities

has on the range of WQN mean values. Figure 11 is scaled to show the relative mean

values among the data sets below the 97th percentile. From this figure it can be seen that

NASQAN mean conductivities below the 80 th percentile are generally higher than those

of GLOBE and WQN by approximately 100-300 pS/cm. Below the 50 th percentile, the

GLOBE and WQN distributions are almost identical.
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Variability of GLOBE data is the highest, with a CV of 0.38. This value is

exactly twice the NASQAN (1998-99) CV, which is the lowest. Figures 12-15 show

mean values + one standard deviation for each data set.

c.	 Dissolved oxygen

Mean values for dissolved oxygen are tightly clustered for the four data sets, with

a range of 1.0 mg/L separating the highest value, 9.6 mg/L for NASQAN (1998-99), from

the lowest, 8.6 mg/L for GLOBE (Table 4).

Table 4. Dissolved oxygen (m ); mean of all site mean values
GLOBE

(1995-1999)
WQN

(1973-1995)
NASQAN

(1996-1997)
NASQAN

(1998-1999)
Minimum 3.0 2.6 6.1 6.8
25th percentile 7.3 8.7 8.1 8.8
50 th percentile 8.9 9.6 9.0 9.4
75 th percentile 10.0 10.4 10.0 10.3
Maximum 12.2 17.9 12.8 12.4
Mean 8.6 9.5 9.3 9.6
Range 9.2 15.3 6.7 5.6
Avg. CV of all
sites 0.26 0.25 0.20 0.20

The value ranges of the four data sets show a greater spread. Figure 16 shows

that the relatively large ranges of the GLOBE and WQN sets are due to a small number

of extreme values at both ends of the distribution curve. Between the 30 th and 99 th

percentiles, the distribution curves of the four data sets are not separated by more than 2

mg/L.

Variability is similar for all four data sets, with only 0.06 separating the CV of the

most variable set, GLOBE, from the least, NASQAN (both). Figures 17-20 show the

distribution of mean values + one standard deviation for each data set.
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d.	 pH

Mean pH values for the four data sets are closely spaced. Only 0.8 pH unit

separates the lowest average, 7.2 for GLOBE, from the highest, 8.0 for NASQAN (1998-

99) (Table 5).

Table 5. pH (standard units); mean of all site mean values
GLOBE

(1995-1999)
WQN

(1973-1995)
NASQAN

(1996-1997)
NASQAN

(1998-1999)
Minimum 3.7 4.2 7.2 7.2
25'h percentile 6.7 7.3 7.7 7.9
50th percentile 7.3 7.8 7.9 8.0
75 th percentile 7.8 8.1 8.1 8.2
Maximum 8.9 9.5 8.4 8.4
Mean 7.2 7.6 7.9 8.0
Range 5.2 5.3 1.2 1.2
Avg. CV of all
sites 0.077 0.052 0.027 0.025



GLOBE, 1995-99
WQN, 1973-95
NASQAN, 1996-97
NASQAN, 1998-99

GLOBE mean: 7.2242 (345 sites)

WQN mead: 7.6285 (669 stations)
NASQAN 46-97 mean: 7.9028 (34stations)

NASQAN 98-99 mean: 7.9851 (38 stations)
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Ranges of mean pH values are much higher for GLOBE and WQN (5.2 and 5.3

pH units, respectively) than for NASQAN (1.2 pH units for both 96-97 and 98-99).

Figure 21 shows that the slope of the mean value cumulative percentage plot is very

shallow for NASQAN, steeper for WQN, and steeper yet for GLOBE. The plots

converge as cumulative percentage increases until approximately the 97' h percentile, after

which high values for GLOBE and WQN cause them to diverge again.

Average variability of pH values is higher for GLOBE and WQN sites than for

NASQAN sites. The average CV of 0.052 for WQN sites is approximately twice that of

the NASQAN sites, and the average CV of 0.077 for GLOBE sites is approximately three

times that of the NASQAN sites. Figures 22-25 show cumulative percentage plots of

mean pH values + one standard deviation for each data set.
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Figure 21. GLOBE, NASQAN, and WQN mean pH
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54

10

7

Q-

6

20	 40	 60
	

80
	

100
Cumulative percentage

Figure 22. Distribution of GLOBE mean pH, 1995-1999

669 sites; 10+ measurements/site
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Figure 23. Distribution of WQN mean pH, 1973-1995
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Figure 24. Distribution of NASQAN mean pH, 1996-1997

38 sites; 10+ measurements/site; provisional data

Figure 25. Distribution of NASQAN mean pH, 1998-1999
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e.	 Temperature

GLOBE sites have the lowest average temperature of the four data sets, 12.0 °C

(Table 6). This value is almost 3° lower than the next lowest average, 14.9 °C for WQN.

The WQN and NASQAN averages, 14.9 °C, 15.9 °C, and 15.2°C, are much closer with

only 1.00 separating highest from lowest.

Table 6. Temperature (degrees  C); mean of all site mean values
GLOBE

(1995-1999)
WQN

(1973-1995)
NASQAN

(1996-1997)
NASQAN

(1998-1999)
Minimum 1.8 3.2 8.9 7.0
25 th percentile 8.8 11.6 12.0 12.6
50 th percentile 11.2 14.6 14.4 13.9
75 th percentile 14.6 18.2 18.2 16.5
Maximum 26.9 43.0 26.4 27.3
Mean 12.0 14.9 15.9 15.2
Range 25.1 39.8 17.5 20.3
Avg. CV of all
sites 0.53 0.57 0.43 0.47

The range of mean temperatures in the WQN data set, 39.8 ° , is more than twice

the 17.5 ° range of the NASQAN (1996-97) data set. GLOBE and NASQAN (1998-99)

ranges lie between the two, with ranges of 25.1 ° and 20.3 ° , respectively. However,

Figure 26 shows that for most of the percentile range, GLOBE mean temperatures are

approximately 3-5 0 lower than WQN and NASQAN means, which are typically separated

by no more than 2 ° .

Variability of data for all four sets is high, as might be expected given the

seasonal variability of water temperature. Figures 27-30 show cumulative percentage

distribution of mean temperatures + one standard deviation for the four data sets.
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NASQAN, 1996-97
- NASQAN, 1998-99

GLOBE moan: 11.968 (366 sites) 
WON mean: 14.931 (674 stations)
NASQAN 96-97 mean: 15.872 (34
NASQAN 98-99 mean: 15.236 (38
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Figure 26. GLOBE, NASQAN, and WQN mean water temperature

366 sites; 10+ measurements/site
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Figure 27. Distribution of GLOBE mean water temperature, 1995-1999
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Figure 28. Distribution of WQN mean water temperature, 1973-1995

34 sites; 10+ measurements/site

Figure 29. Distribution of NASQAN mean water temperature, 1996-1997
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Figure 30. Distribution of NASQAN mean water temperature, 1998-1999
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3.	 Spatial analysis

GLOBE data have been reported from 880 sites in the conterminous U.S. (Figure

2). Although data have been reported from every state, sites are clustered in a few areas:

the Northeast, the Great Lakes region, Colorado, California, and generally in more

heavily populated areas. WQN sites are more evenly distributed across the U.S.,

although they are likely to be located on rivers or in near-coastal areas (Figure 3).

NASQAN sites, in keeping with the program's mission, are located only along the

Columbia, Colorado, and Mississippi Rivers and the Rio Grande, and their tributaries

(Figure 1).

a.	 Alkalinity

Although GLOBE alkalinity data are sparse, geographic patterns appear (Figure

31). Sites reporting the lowest alkalinity values are generally located in the extreme

eastern and western parts of the country. Almost all of the cluster of sites in the

Northeast have mean alkalinity values below the 50 th percentile. Similarly, five of the six

California sites are below the 50 th percentile. Sites reporting in the top quartile of mean

alkalinity values are far inland with the exception of the Ft. Lauderdale, Florida site.

WQN data also show a tendency for near-coastal waters to be less alkaline than

those located farther inland, with exceptions in three regions: central and southern

California, the Texas coast, and the Atlantic coast of Florida (Figure 32). These three

regions show definite clusters of sites in the top quartile, with very high alkalinity

compared to other coastal areas.



o 7501-100th percentile: 158- 835 mg/L
o 501h-75th percentile: 100 - 158 mg/I..
o 2501-50th percentile: 34- 100 mg/I.
o 0-25th percentile: 1 - 34 mg/I.

654 sites

o 75th-100th percentile: 147- 245 mg/L
o 50th-75th percentile: 82- 147a/L
O 25th-50th percentile: 34 - 82 n
• 0-25th percentile: 12 - 34 mg/L

Figure 31. GLOBE mean alkalinity, 1995-1999: quartiles
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54 sites; 10+ measurements/site

Figure 32. WQN mean alkalinity, 1973-1995: quartiles



o 75th-100th percentile: 138 - 219 m
o 50th-75th percentile: 121 - 138 m
o 25th-50th percentile: 60- 121 m
o 0-25th percentile: 22 - BO mp/L

33 sites
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The NASQAN data reveal that, of the four river systems monitored, the Columbia

is the least alkaline, along with parts of the Ohio (Figures 33, 34). The Colorado and Rio

Grande are moderately alkaline, and the alkalinity of the Mississippi decreases as it flows

to the sea.

Figure 33. NASQAN mean alkalinity, 1996-1997: quartiles



c 75th-100th percentile: 150- 198 mg/L
o 50th-75th percentile: 127- 150 mg/L
o 25th-50th percentile: 76 - 127 mg&
o 0-25th percentile: 24 - 76 mg/L

37 sites

Figure 34. NASQAN mean alkalinity, 1998-1999: quartiles

b.	 Conductivity

In regions where there are adequate GLOBE data for both alkalinity and

conductivity, patterns seen in the conductivity data are similar to those seen in the

alkalinity data (Figure 35). Areas of very low alkalinity, such as central California and

the New England states, also report low conductivity. Conversely. Texas and Colorado

exhibit both high alkalinity and high conductivity.

The WQN data show the same characteristics, with alkalinity and conductivity

quartiles corresponding nearly perfectly (Figure 36). Coastal regions, with the exceptions

noted for the alkalinity above, show low conductivities while the central U.S. has the

highest. The two extremely high mean conductivity values that skewed the WQN
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e 75th-100th percentile: 874 - 58,988 mIcroS/cm
O 50th-75th percentile: 338 - 674 mkro5/cm
O 25th-50th percentile: 124- 338 mic rotit m
o 0-25th percentile: 15 - 124 microSeem 673 sites

conductivity statistics were reported from the sites near the mouth of the Rio Grande in

Texas.

o 75th-100th percentile: 496 - 1661 micrs5fcm
o 50th-751h percentile: 284 - 495 microS/cm
o 25th-50th percentile: 97-284 microSicm
e 0-25th percentile: 34 -97 mIcraSicm 	 57 sites; 10+ measurements/site

Figure 35. GLOBE mean conductivity, 1995-1999: quartiles
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Figure 36. WQN mean conductivity, 1973-1995: quartiles



The similarity between alkalinity and conductivity is not as pronounced in the

NASQAN data (Figures 37, 38). Rather, the NASQAN mean conductivity quartiles

correspond almost perfectly to the four river systems monitored. In order of descending

conductivity, the rivers are: Rio Grande, Colorado, Mississippi, and Columbia.

o 25th-100th percentile: 294 - 4,4211 microllical
o 50th-73th percentiko: 541 -794 microalcm
o 25th-50th percentile: 241 - 541 microSicm
o 0-25th percentile: 65 - 261 mkro&cm

34 sites

Figure 37. NASQAN mean conductivity, 1996-1997: quartiles
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o 75111-100th percentile: 807 - 3,823 rnicro8/cm
o 601h-75th percentile: 638 - 807 microS/crn
o 251h-50th percentile: 368 - 588 micreS/cm
e 04610 percentile: 70 - 368 microSicm

38 sites

Figure 38. NASQAN mean conductivity, 1998-1999: quartiles

c.	 Dissolved oxygen

The general trend of GLOBE data shows a correlation of dissolved oxygen with

temperature, particularly of the top quartile of mean dissolved oxygen values with the

coldest regions (Figure 39). Almost all of the top mean dissolved oxygen quartile sites

are located in the Northeast, upper Midwest, and Colorado. Sites reporting in the middle

quartiles are distributed more widely, although only two sites from the 50 75th

percentilepercentile range lie below the 35 th parallel. Sites in the bottom quartile are clustered in

the Mississippi River drainage, along the Mississippi, Ohio, and Arkansas Rivers.

Notable exceptions are sites near Spokane, WA, and Long Island, NY.
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o 751h-100th percentile: 10.0 - 12.2 mg/L
o 50th-75th percentile: 8.9 -10.0 mg/L
o 251h-50th percentile: 7.3 - 8.9 mg/I..
o 0-251h percentile: 3.0 - 7.3 mg/L

89 sites; 10+ measurements/site

Figure 39. GLOBE mean dissolved oxygen, 1995-1999: quartiles

Data from the WQN show strong spatial patterns (Figure 40). The lowest mean

dissolved oxygen values are clustered in three areas: the Southeast, along the Atlantic and

Gulf of Mexico coasts; the Southwest; and the Mississippi River below the 47 th parallel.

A small group of low dissolved oxygen values is also clustered along the Bear River in

Utah and Idaho. The highest mean dissolved oxygen values are seen in the Northeast,

Northwest, Great Lakes region, the Sierra Nevadas, and along the upper Mississippi and

Arkansas Rivers.

NASQAN dissolved oxygen data (Figures 41, 42) mirror the WQN data. As is

seen in the WQN data, the Columbia River region reports high dissolved oxygen values

and the lower Rio Grande reports low values. Sites in the middle quartiles are mostly

distributed between the Colorado and Mississippi Rivers, with the Missouri and upper
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o 75th-100th percentile: 10.4- 17.9
o 51>Th-75th percentile: 9.8 - 10,4 m
o 25111-50th percentile: 8.7 - 9.8
o 0-25th percentile: 2.8-6.78.7 mg&

o 75111-100Ih percentile: 10.0 - 12.8 mg/I.
c) 50th-7511 percentile: 9.0 - 10.0 mg/L.
e. 25th-50th percentile: 8.1 -9.0 rng
c, 0-25th percentile: 8.1 -8.1 mg/I_ 33 sites

Mississippi reporting generally higher dissolved oxygen values than the Colorado and

lower Mississippi Rivers.

Figure 40. WQN mean dissolved oxygen, 1973-1995: quartiles
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Figure 41. NASQAN mean dissolved oxygen, 1996-1997: quartiles



o 75th-100th percentile: 10.3 - 12.4 mg/I.
o 50th-75th percentile: 9.4- 10.3 mg/L
o 25th-50th percentile: 8.8 - 9.4 mg/i.
o 0-25th percentile: 6.9 - 9.9 mg/L

Figure 42. NASQAN mean dissolved oxygen, 1998-1999: quartiles

d.	 pH

Most regions with multiple GLOBE sites show a wide range of pH values, so that

no strong geographic patterns are seen (Figure 43). However, the majority of GLOBE

sites reporting pH in the bottom quartile of mean values are located east of the

Mississippi, while many of the least acidic sites are in the West.

The WQN pH data show stronger regional patterns (Figure 44). Almost without

exception, sites along the coasts of the Atlantic Ocean and Gulf of Mexico are below the

50 th percentile of mean pH values. The least acidic waters are located in the West, along

the upper Mississippi and Missouri Rivers, and in the central Great Lakes region. In the

West, the most acidic waters are found near the mouth of the Columbia, on Puget Sound,

and on California's Sacramento and San Joaquin Rivers.
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38 sites



o 75th-100th percentile: 7.8 -0.9
o 50th-75th percentile: 7.3- 7.8
o 25th-50th percentile: 6.7 - 7.3
o 0-25th percentile: 3.7 - 6.7 345 sites; 10+ measurements/site

Figure 43. GLOBE mean pH, 1995-1999: quartiles

O 75th-100th percentile: 8.1 -9.5
O 50th-75th percentile: 7.8-8.18.1
O 25th-50th percentile: 7.3 -7.8
O 0-25th percentile: 4.2 - 7.3
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Figure 44. WQN mean pH, 1973-1995: quartiles



o 75th-100th percentile: 8.1 -8.4
o 50th-75th percentile: 7.9- 8.1
o 25th-50th percentile: 7.7- 7.9
• 0-25th percentile: 7.2 - 7.7

34 sites
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NASQAN pH data show patterns similar to those seen in the WQN data (Figures

45, 46). On the Columbia, Colorado, and Mississippi Rivers, mean pH values decrease

from upstream to downstream, although sites on the Ohio River are more acidic that

those farther down the Mississippi. The 1996-97 data for the Rio Grande show that

acidity was higher near the confluence of the Pecos River than it was at downstream sites

on the Rio Grande; this situation is not seen in the 1998-99 data.

Figure 45. NASQAN mean pH, 1996-1997: quartiles



• 75th-100th percentile: 8.2- 6.4
o 50th-75th percentile: 8.0 -8.2
o 25th-50th percentile: 7.9- 8.0
o 0-25th percentile: 7.2- 7.9

38 sites

Figure 46. NASQAN mean pH, 1998-1999: quartiles

e.	 Temperature

GLOBE sites reporting the lowest mean water temperatures are generally located

in the coldest regions of the country (Figure 47). The southernmost GLOBE site with a

mean water temperature below the 50th percentile is in northern Alabama. Sites in the

two highest quartiles are more widely scattered. Areas containing closely spaced sites

from all quartiles can be seen in South Carolina, the Chicago-Milwaukee area, Illinois,

Indiana, Ohio, and throughout the Northeast.

The WQN data show a strong trend of decreasing water temperature with

increasing latitude, with exceptions in the southern parts of the Sierra Nevada, Rocky,

and Appalachian Mountain ranges (Figure 48). East of the 100 th meridian, relatively

warm waters in the 50th 75th percentile range extend quite far north, to Lake Ontario.
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o 7681-100th 1oreen1Se: 182 - 430 deg. C
o 50th-75th perorm1118: 148- 182 deg. C
o 25th-50th percentle: 118.146 dog C
o 13-25th pareerilikc 3.2 - 11.6 dog. C

Conversely, west of the 100 th meridian, relatively cool waters below the 50 th percentile

extend as far south as southern New Mexico.

o 76th-10Otti percentile: 14.6 - 28.9 deg. C
o 50th-76th percentile: 11.2 - 14.6 deg. C
o 25th-6091 percentile: 8.8 - 11.2 deg. C
o 0-26th percentile: 1.8 - 8.8 deg. C

366 sites; 10+ measurements/site

Figure 47. GLOBE mean water temperature, 1995-1999: quartiles
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Figure 48. WQN mean water temperature, 1973-1995: quartiles



o 75th-100th percentile: 11.2- 28.4 deg. C
o 5001-75th percentile: 14A - 18.2 deg. C
o 25111-50th percentile: 12.0 - 14.4 deg. C
o 0-25th percentile: 8.9 - 12.0 deg. C
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NASQAN water temperature data (Figures 49, 50) also show a strong correlation

with latitude. The upper Missouri and Columbia Rivers are the coldest, while the lower

Mississippi and Rio Grande are the warmest. The middle quartiles appear less strongly

related to latitude, with relatively warm waters as far north as northern Illinois on the

Mississippi and relatively cool waters on the Colorado as far south as the Hoover Dam.

Figure 49. NASQAN mean water temperature, 1996-1997: quartiles



rall11111.141116	 vs."11
o 75th-106th percentile: 16.5- 27.3 699. C
o 50th-75th percentile: 13.9 - 16.5 deg. C
O 25th-50th percentile: 12.6 - 13.9 dog. C 	38 sitesO 0-25th percentile: 7A - 12.6 dog. C

lk1114"1"4404,1...0"..,0,_

Figure 50. NASQAN mean water temperature, 1998-1999: quartiles
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4.	 Temporal analysis

GLOBE schools have been reporting water quality data since 1995. WQN data

cover the span 1973-1995, and NASQAN data have been reported since 1996 (Figure

51). Most NASQAN sites were also WQN sites; because data were taken continuously at

NASQAN sites through 1995, there is no time gap between WQN and NASQAN data.

GLOBE and NASQAN are ongoing programs.

Figure 51. Temporal extent of data collection

Figures 52-54 show the changes in number of sites reporting data over the spans

of data collection. Table 7 shows the number of GLOBE schools reporting data for each

parameter for the years 1995-1999 (through June 1999).
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Table 7. Number of GLOBE sites reporting values for water quality parameters, by
year

Alkalinity Conductivity
Dissolved

oxygen pH Temperature
1995 0 0 0 218 221
1996 9 7 13 349 355
1997 62 68 100 292 308
1998 72 97 142 244 243
1999 55 70 85 133 133
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Figure 52. Number of U.S. GLOBE sites reporting surface water quality data, per
year, 1995-1999
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Figure 53. Number of WQN sites reporting surface water quality data, per year,
1973-1995
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Figure 54. Number of NASQAN stations reporting surface water quality data, per
year, 1996-1999
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a.	 Alkalinity

GLOBE mean alkalinity values vary widely over the years 1996-1999 (Figure

55). It should be noted from Table 6 that only nine schools reported alkalinity data in

1996, which renders the usefulness of the 1996 mean alkalinity values dubious. Even if

the 1996 value is ignored, the 15 percent drop in reported alkalinity from 1998 (112

mg/L) to 1999 (95 mg/L) is noteworthy.

Figure 55. GLOBE, NASQAN, and WQN alkalinity, all reporting sites, 1973-1999

The WQN mean alkalinity values show a downward trend in surface water

alkalinity nationwide over the period 1973-1995. This trend may be seen more clearly

when a five-year moving average is plotted along with the mean values (Figure 56).

Values from the years 1987-1989 are an exception to this trend, as mean value rises from

107 mg/L in 1986 to a peak of 119 mg/L in 198 .8, then drops to 103 mg/L in 1990.
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Between 1973 and 1995, WQN mean alkalinity values dropped from 117 m/L to 96

mg/L, a change of-18 percent.

Figure 56. WQN alkalinity, all reporting sites, 1973-1995

NASQAN mean alkalinity values vary little over the four years of data from the

program. Only 4 mg/L separates the lowest value, 115 mg/L in 1996, from the highest,

119 mg/L in 1999, a difference of only 3 percent.

b.	 Conductivity

GLOBE mean conductivity values fall steadily from 1996 to 1999 (Figure 57).

Because only seven schools reported conductivity data in 1996, that value may be

disregarded. The remaining three values show a 21 percent decline in mean conductivity

values at GLOBE sites, from 429 [IS/cm in 1997 to 340 [IS/cm in 1999.
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Figure 57. GLOBE, NASQAN, and WQN conductivity, all reporting sites, 1973-
1999

WQN mean conductivity values indicate a gradual decrease in surface water

conductivity over the span of data collection, although there is a sharp increase over the

final two years. With a five-year moving average plotted (Figure 58), the WQN data

exhibit a decline of approximately 200 )1S/cm from 1973 to 1995. This decline,

approximately 20 percent, is similar in magnitude to that seen in GLOBE data over only

three years.

NASQAN mean conductivity values fall sharply from 1996 to 1997, and then rise

again moderately through 1999. While these values do not show a pattern, it can be seen

that NASQAN values are about twice as high as GLOBE values reported over the same

period.
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Figure 58. WQN conductivity, all reporting sites, 1973-1995

c.	 Dissolved oxygen

GLOBE mean dissolved oxygen values fluctuate somewhat over the years 1996-

1999 (Figure 59). As is the case for alkalinity and conductivity, too few schools

(thirteen) reported data in 1996 to make that year's mean value significant. From 1997 to

1999 mean dissolved oxygen values rise from 8.4 mg/L to 9.1 mg/L, an 8.3 percent

increase. GLOBE dissolved oxygen values are approximately 1 mg/L lower than typical

WQN values for the years 1997 and 1998.
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Figure 59. GLOBE, NASQAN, and WQN dissolved oxygen, all reporting sites, 1973-
1999

WQN dissolved oxygen data reveal remarkably little variation in nationwide

dissolved oxygen values over the years 1973-1995. Between 1974 and 1993, the range of

mean dissolved oxygen values is only 0.5 mg/L about a mean of 9.5 mg/L. The relatively

low 1973 and high 1994 values, 9.0 and 10.1 mg/L respectively, account for the slight

upward trend seen when the five-year moving average is plotted (Figure 60).

NASQAN dissolved oxygen values vary little from 1996-1998, then show an

amazing jump of over 2 mg/L in 1999. Except for the 1999 value, the NASQAN data are

consistent with the overall WQN data although they show a decrease of between 0.5 and

0.8 mg/L from the unusually high 1994 WQN value.
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Figure 60. WQN dissolved oxygen, all reporting sites, 1973-1995

d.	 pH

For all four data sets, pH values show great consistency within each set over time

(Figure 61). GLOBE mean pH values increase slightly from 7.2 standard units in 1995 to

7.3 standard units in 1997, then decrease to 7.1 standard units in 1999. The range in

GLOBE mean pH values from 1995-1999 is only 0.2 standard unit.

WQN pH data show virtually no change over time. There is a mild increase in

mean values between 1984 and 1992, but plotting a five-year moving average (Figure 62)

reveals that this increase is compensated by a decrease over the next three years.
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Figure 61. GLOBE, NASQAN, and WQN pH, all reporting sites, 1973-1999
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Figure 62. WQN pH, all reporting sites, 1973-1995
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NASQAN mean pH values reflect a range of only 0.1 standard unit, from a low of

7.9 standard units in 1996 to a high of 8.0 standard units in 1998. Note that NASQAN

pH values are about 0.3 to 0.4 standard unit higher that WQN values, and approximately

0.8 standard unit higher than GLOBE values.

e.	 Temperature

GLOBE mean water temperature values rise from 11.2 °C in 1995 to 12.2 °C in

1998, and then drop again to 11.9 °C in 1999 (Figure 63). The range between lowest and

highest values is 1.0°C within the five-year span of data collection. GLOBE values are

approximately 2-3 °C below WQN values and 4-6 °C below NASQAN values.

Figure 63. GLOBE, NASQAN, and WQN water temperature, all reporting sites,
1973-1999

WQN mean water temperature values have a large range of 3.0 °C, from a low of

13.8 °C in 1974 to a high of 16.8 °C in 1995. The trend in WQN data is generally upward,
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evidenced by the five-year moving average plotted in Figure 64. The moving average

plot indicates that WQN mean water temperature values rose over 2 °C between 1973 and

1995.

NASQAN mean water temperature values rise over 1 °C between 1996 and 1998,

and then fall over 7 °C in 1999. The peak NASQAN value, 17.0 °C, is the highest of all

values from all data sets; similarly, the lowest NASQAN value, 10.0 °C, is lower than any

of these values.

Year

Figure 64. WQN water temperature, all reporting sites, 1973-1995
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IV. DISCUSSION

A.	 Comparison of GLOBE and USGS protocols

1.	 Site selection

Still water

The USGS protocol is more thorough than the GLOBE protocol because samples

are to be taken throughout the water column rather than at only one location. Sampling at

different depths enables a cross-sectional profile to be made of the water body, which

enables a more accurate record to be made of conditions of the entire water body at the

time of sampling.

Ideally, GLOBE participants would sample a cross-sectional profile, but doing so

would require considerably more time and could involve sampling points in the water

body that are not safely accessible to students. The GLOBE recommendations for site

selection should help ensure that sites are as representative of the water body being

sampled as is possible, although only one site is being used to represent the entire body.

Where possible, schools should be encouraged to collect samples from multiple locations,

which could be combined to form a composite sample.

Flowing water

The USGS method of site selection in flowing water is considerably more

complex than GLOBE's. The USGS uses the equal discharge increment (EDI) and equal

width increment (EWI) methods described above. These methods may be useful in

accounting for differences in parameter values based on flow velocity and depth,

particularly in larger streams. For logistical and safety reasons, these techniques are not
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practical for GLOBE students. In fact, the USGS points out that for small, well mixed

streams the centroid of flow is adequate to represent the cross section; thus, by USGS

standards, GLOBE site selection may be adequate for small streams.

The simple GLOBE method of site selection in flowing water represents a

compromise between optimum sampling methods and safety. Measurements taken from

a riffle area will reflect some mixing, and should more closely approximate the true

parameter values than would measurements taken from either a still water area or an area

of rapid, turbulent flow. At the same time, sampling from such an area does not involve

the physical danger of sampling a cross section of a moving water body. However, if

large, swiftly flowing streams are being sampled, GLOBE site selection methods may not

adequately represent the stream.

2.	 Sampling techniques

The GLOBE Teacher's Manual states that samples are to be taken from the top

surface water, while the USGS takes samples from the entire water column. Sampling

from only the top surface water provides samples that represent only that part of the

water column. Top surface water is likely to be warmer than deeper water, which would

affect all measurements because temperature is a "master variable".

Surface water also has more direct interaction with the atmosphere, which may

particularly affect dissolved oxygen concentration and pH due to dissolution and

exsolution of 02 and CO2, respectively. Dissolved oxygen values increase or decrease

with dissolution or exsolution of 02. Dissolution of CO2 will lower pH because CO,

mixes with water to form carbonic acid; likewise, exsolution of CO2 will raise pH.
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GLOBE sampling would improve if samples were taken throughout the water

column, but time and safety considerations may prevent that. It may be worth

investigating the variance in parameter values at different depths, to ascertain whether top

surface water is the best choice for sampling when only one sample is being taken. It is

possible that water taken from just below the surface, or perhaps deeper, provides a more

accurate representation of the entire water body.

3.	 QA/QC

While the USGS may appear to have more thorough QA/QC, the substance of the

GLOBE and USGS procedures is very similar. Both groups call for careful use and

maintenance of instruments, maintenance of integrity of standards, repetition of

measurements, recording of instrument calibration values, and double-checking of

reported measurement values.

The USGS has a few procedures not shared by GLOBE: checking instruments

before each field trip, carrying backup instruments, checking precision at a specified

frequency, and using reference samples. It may not be feasible for GLOBE schools to

purchase backup instruments or acquire reference samples. However, checking precision

at specified time intervals and checking instruments before field trips are activities that

could be easily implemented and that could improve accuracy and precision of data.

While GLOBE does not have a central training program like the USGS' National

Field Quality Assurance (NFQA) program, the frequent teacher workshops serve a

similar purpose by enhancing sampling and measurement skills.
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4.	 Alkalinity protocol

GLOBE and the USGS differ most markedly on the alkalinity protocol. The

USGS rejects the fixed endpoint titration method used by GLOBE as being inaccurate.

The titrators used with the GLOBE kits would not be acceptable to the USGS; the Field

Manual notes that a buret is the most precise instrument for titration, and that a digital

titrator is the next most precise. Neither is feasible for the GLOBE program because of

their high costs and potential for breakage.

The USGS quality control procedures for this protocol, listed in the comparison

above, do not have specific counterparts in the Teacher's Guide.

Preparation of an alkalinity standard using baking soda and distilled water, as

instructed in the Teacher's Guide, provides opportunity for error. It is a six-step

procedure entailing four transfers of solution from one container to another. However,

preparation of standard in the classroom not only provides students with an extra level of

participation, but also is economically advantageous because commercial standards are

expensive. A one-liter bottle of 130 ppm as CaCO 3 standard alkalinity solution from a

commercial supplier may cost over $40, whereas the cost of baking soda and distilled

water is negligible. Even so, it is likely that commercially prepared solution is preferable

for accurate calibration.

The small sample volumes (5 and 15 mL) used by GLOBE test kits to test for

alkalinity may also be problematic. Small differences in titrant volume will result in

large differences in indicated alkalinity if titrant volume is relatively close to sample

volume, as is the case when small sample volumes are used. The USGS, although not
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using fixed endpoint titration, does require a considerably larger sample volume (50 mL)

than GLOBE. The primary advantages to using a small sample volume are the

proportionally small size of the test kit and the smaller volume of titrant required.

Accuracy of the GLOBE kits may be improved by increasing the volume of

sample tested. There are two ways to do this. The simpler way is to decrease the factor

by which the quantity of titrant consumed is multiplied to compute the alkalinity of the

sample. Some alkalinity testing kits direct that the number of drops, or the volume, of

titrant used be multiplied by a given factor to compute alkalinity. The Hach model

24443-33 kit, for example, requires the number of drops of titrant consumed to be

multiplied by a factor of 20 for a sample volume of 5.83 mL. If the sample volume is

increased to 50 mL, which represents an increase by a factor of 8.576, the titrant factor

can be decreased proportionally. The resulting factor for this example would be

20/8.756, or 2.332. The Hanna Instruments model H13811 alkalinity test kit is even

simpler to adjust. This kit requires the volume of titrant in milliliters to be multiplied by

a factor of 300 for a 5-mL sample volume. If sample volume is increased to 50 mL, the

titrant factor is simply decreased by a factor of 10 to 30.

Test kits that provide titrators from which alkalinity is read directly, like the

LaMotte model WAT-DR alkalinity test kit, would require slightly different

modification. The amount of alkalinity represented by each gradation of the titrator must

be determined and decreased in proportion to the increase in sample size. This amount

would then be multiplied by the number of gradations of titrant consumed to compute

alkalinity. The numbers on the titrator would no longer be used.
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The alternative to decreasing the titrant factor is increasing the concentration of

the titrant used. A sample that is larger in proportion to the increased concentration of

the titrant could then be tested, and the ratio of titrant to sample would be reduced.

Disadvantages of this method may outweigh advantages, however. GLOBE participants

would have to obtain a more concentrated titrant, and it may not be safe for students to

use a more concentrated titrant acid.

Both of these methods would allow existing kits to remain in use, although the

second method would require financial outlay from GLOBE schools for new titrant. The

first method is the more practical, since it requires only that a new titrant factor be

computed and, perhaps, a larger sample container be acquired.

5.	 Conductivity protocol

There are minor differences in the GLOBE and USGS conductivity protocols.

The USGS provides instructions for sensor cleaning, maintenance, and storage that are

more detailed than those provided by GLOBE, but this may only reflect the more delicate

nature of the instruments used by the USGS. The Teacher's Guide does provide basic

instructions for rinsing and storing the conductivity meter.

The USGS Field Manual points out that conductivity can change over short

periods of time and must therefore be measured as quickly as possible, if not in situ. The

USGS also notes that suspended sediments, field conditions, and dissolved gases may

affect conductivity measurements. Although GLOBE advises that all measurements be

taken as quickly as possible, the Teacher's Guide does not mention these other factors.

While it may be educational to inform GLOBE students of these factors, it may not be
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feasible to have them attempt to correct for these factors. Except under extreme

circumstances, the effect of these factors on conductivity readings should be negligible.

However, it may be better for GLOBE participants to take conductivity measurements on

the bulk sample rather than on a subsample, since each transfer of sample between

containers can subtly alter the composition of the sample.

The USGS calibration procedure is more involved than GLOBE's procedure. The

main difference is in the standards: the USGS requires two standards, which bracket the

expected conductivity of the sample if possible, while GLOBE requires only one

standard. Use of two standards should provide greater calibration accuracy than use of

only one. While it may not be acceptable to require GLOBE schools to purchase more

than one standard, it may be reasonable to have them prepare an additional standard in

the lab. The second standard could be made by diluting the first.

The Teacher's Guide neglects to provide an acceptable value for variance when

calibrating the conductivity meter. The USGS requires that the meter be calibrated to

within 5 percent of the standard values. Providing an acceptable variance for meter

calibration might help improve GLOBE data accuracy.

The USGS requires District certification of the ATC on its conductivity meters.

GLOBE has no provisions for independent certification of conductivity instruments.

6.	 Dissolved oxygen protocol

As with the alkalinity protocol, the USGS rejects the method used by GLOBE test

kits for measuring dissolved oxygen, the Winkler method, for inaccuracy. The USGS

uses sensors to measure dissolved oxygen. These sensors are too expensive to be used by
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most GLOBE schools. Although the USGS does not use the Winkler method for field

measurements, it does allow for it to be used in the lab for instrument calibration and

reports a quite high accuracy of + 0.05 mg/L in this usage. Thus, while the Winkler

method may not be the best available, it appears that it can provide a reasonably high

level of accuracy.

Acceptable variance for calibration of equipment is much higher for GLOBE than

for the USGS; ±0.4 or 1.0 mg/L (depending on the kit used) vs. ±0.1 mg/L. Again, this

difference reflects the comparative precision of the equipment used. If the mean of

GLOBE dissolved oxygen measurements is taken to be 8.62 mg/L, as shown in Table 3, a

variance of + 0.4 mg/L represents a difference of approximately 5 percent and a variance

of 1.0 mg/L represents a difference of approximately 12 percent. For comparison,

variance of + 0.1 mg/L, as required by the USGS, represents a difference of 1 percent.

The 5 percent variance provided by the GLOBE LaMotte kit is superior to the 12 percent

variance provided by the Hach kit, and is a good reason to favor use of the LaMotte kit

over use of the Hach kit. It is doubtful that the accuracy of the USGS protocol could be

matched by GLOBE without requiring purchase of costly equipment by GLOBE schools

and more extensive training for GLOBE teachers.

The method used by the USGS for calibration is much more complicated than that

given for the GLOBE kits, and involves the use of four reagents that are not required by

the GLOBE kits. Use of more reagents entails not only more cost but also exposure of

students to more chemicals, and may therefore not be desirable for the GLOBE program.
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7.	 pH protocol

The pH protocol is perhaps the most thorough of the GLOBE protocols. There

are, however, some notable differences between the GLOBE and USGS protocols.

GLOBE allows pH indicator paper to be used by lower level students. Indicator

paper is somewhat subjective because it requires the color on the indicator paper to be

matched to a scale on the indicator paper container. Most of these scales are in

gradations of 0.5 pH unit, prohibiting precision greater than 0.5 pH unit. The Teacher's

Guide notes that indicator paper is not reliable . when conductivity is below 300 m.S/cm;

according to Figure 10, approximately 50 percent of GLOBE sites reporting conductivity

data have mean conductivity below 300 p.S/cm. The Teacher's Guide also notes that pH

pens and meters may not be reliable when conductivity is below 100 .tS/cm. From

Figure 10, approximately 20 percent of GLOBE sites reporting conductivity data have

mean conductivity below 100 pS/cm. The possibility therefore exists that approximately

50 percent of schools using pH indicator paper and approximately 20 percent of schools

using pH pens or meters are providing unreliable pH data. GLOBE pH data taken with

pH indicator paper may therefore be of little scientific use; some data taken with pens and

meters may also be questionable.

The USGS Field Manual makes no mention of the effect, if any, of conductivity

on USGS pH meters.

For instrument calibration, the USGS uses NIST-certified buffer solutions

obtained from the Quality of Water Service Unit (QWSU). GLOBE uses either ready-

made buffer solutions or buffer solutions mixed by participants from distilled water and
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buffer powder pillows. Preparation of buffer solutions from the powder pillows creates

two opportunities for error: error in measuring the correct volume of distilled water in the

graduated cylinder, and error resulting from incomplete emptying of the buffer powder

pillow. Unlike preparation of the alkalinity standard solutions, preparation of pH

standard solutions provides little additional scientific education. Preparation of the

baking soda standards for the alkalinity protocol creates an opportunity for students to

learn more of the science involved by observing the effect of an everyday household

product on alkalinity. Preparation of the pH standard solution merely involves carefully

mixing a packet of powder with water. It may therefore be preferable for schools to use

commercially prepared pH standards, unless prohibited by budget constraints.

A striking difference between the GLOBE and USGS protocols involves re-use of

standard buffer solution. The USGS sternly warns against re-use of buffer solution, even

to the point of requiring fresh buffer solution for each repetition of calibration

measurements. The Teacher's Guide, on the other hand, explicitly allows re-use of

buffer solution. The effect of re-use of buffer solution on accuracy of measurements

should be examined to determine whether or not re-use of buffer solution is a good

practice. The commonly used reference book Standard Methods for the Examination of

Water and Wastewater does not prohibit the re-use of buffer solution in its pH protocol,

but does require thorough rinsing of pH electrodes with distilled water between

immersions in calibration solutions of different pH, followed by blot drying with a soft

tissue. It is also recommended that buffer solutions be replaced every four weeks.
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The USGS requires that pH meters be calibrated on site, using buffer solutions

that bracket the anticipated pH value. GLOBE requires calibration before each

measurement set, but makes no recommendation regarding which buffer solutions to use.

If GLOBE participants calibrate meters using all three buffer solutions (4, 7, and 10),

then they have effectively bracketed almost 100 percent of the pH values they are likely

to encounter according to Figure 21. Approximately 65 percent of GLOBE mean pH

values are between pH 7 and 10, and almost all of the remaining values are between pH 4

and 7. GLOBE schools could be instructed to calibrate pH meters using the appropriate

buffers based on past measurement values.

The GLOBE pH pens can be calibrated to only one buffer solution, which implies

that values obtained from pens may be less accurate than values obtained from meters,

which have been calibrated to two buffer solutions. Because the pH pens are not

temperature compensating, it is necessary to allow buffers to come to the temperature of

the sample.

The USGS requires calibration and certification of their meters and the meters'

ATC by the District. GLOBE has no outside entity to calibrate and certify pH

instruments.

8.	 Water temperature protocol

The most pronounced difference between the GLOBE and USGS water

temperature protocol is measurement site location. GLOBE participants are not given

site selection criteria beyond the general criteria listed above in the site selection

comparison. The USGS requires that water temperature be measured throughout a cross-
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sectional profile of the water body, so that a single water body may require measurements

to be taken at several points. No mention is made in the Teacher's Guide of measuring at

different points in the water body. Measurement of water temperature throughout a

cross-sectional profile provides a more accurate representation of the entire water body,

but may not be practical for GLOBE participants. Generating and measuring the cross-

sectional profile would add considerably to the time required for the protocol, and

measuring at points where water is deep or swiftly moving could compromise students'

safety.

The USGS calibration technique is slightly more rigorous than the GLOBE

technique. Both use an ice-water bath to calibrate to 0 °C. The USGS protocol specifies

that three readings are to be taken over a 5-minute span, and their mean calculated. The

mean must be within either 1 percent of the full scale of the thermometer or 0.5 ° of 0°C,

whichever is less. The USGS also recommends taking readings in different areas of the

ice-water bath. The GLOBE protocol requires accuracy to within 0.5 ° of 0°C but does

not specify that multiple readings should be taken, nor is it advised that readings be taken

in different parts of the bath. These differences should not create significant opportunity

for error.

The GLOBE and USGS techniques for thermometer calibration to room

temperature, approximately 25 °C, are slightly different. GLOBE instructs to hang

calibration and field thermometers together overnight and adjust the field thermometer to

agree with the calibration thermometer. The USGS uses a room temperature water bath,

in which the field and calibration thermometers are kept overnight. The USGS also
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recommends that the two thermometers be checked for agreement every few hours and

adjusted if necessary. Other than this recommendation, the substance of this calibration

procedure is similar for both GLOBE and the USGS, differing only in the medium in

which the thermometers are calibrated.

The instructions for thermometer immersion also vary between GLOBE and the

USGS, with those of the USGS being less specific than GLOBE's. GLOBE advises that

the thermometer be submerged to a depth of 10 cm for a period of 3 to 5 minutes. The

USGS does not specify a depth to which the thermometer must be submerged, but notes

that water depth should be no greater than twice the length of the thermometer or

measurements may not be accurate. The USGS specifies that the thermometer should be

kept submerged for at least 1 minute, or until equilibrium is achieved. The exact

immersion depth and the time of immersion are left to the discretion of the USGS tester.

The USGS requires that three readings be taken, while the Teacher's Guide

requires only two. However, if the two readings do not agree, a third may be taken. The

USGS reports the median of three readings, while GLOBE reports the average of all

groups' readings. It is unlikely that these differences result in significantly higher error

for GLOBE measurements compared to USGS measurements.



101

B.	 Comparison of GLOBE and USGS data

1.	 Descriptive statistics

The use of mean, standard deviation, and CV assumes that mean parameter values

are normally distributed, which is likely not the case. However, for general comparison

among data sets these statistics are valid.

a.	 Alkalinity

The data indicate a wider range of alkalinity in the surface waters tested by

GLOBE and WQN than in those tested by NASQAN. The low range of alkalinity values

for NASQAN sites relative to GLOBE and WQN sites may reflect the more

homogeneous nature of the NASQAN sites.

GLOBE sites in general report low alkalinity. Almost 60 percent of GLOBE sites

have mean alkalinity values below 100 mg/L, a level that is considered sensitive to acid

inputs for small lakes and streams.

Variability of GLOBE data, represented by the CV, is greater than for the other

data sets. It might be expected that USGS scientists, having in most cases more training

that GLOBE teachers and students, provide more consistent data. The USGS also uses

more rigorous and sophisticated sampling, measurement, and QA/QC techniques than

GLOBE, as described in "Comparison of GLOBE and USGS Protocols" above.

Laboratory testing of GLOBE alkalinity test kits indicates that these kits do not

enable consistently accurate measurements to be made. Realized error values for

fourteen test kits from three manufacturers range from 1.0 percent to 53.1 percent (see
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Appendix). Deficiencies in the test kits will lead to reporting of inaccurate values, and

may also contribute to the relatively high variability of GLOBE alkalinity data.

b.	 Conductivity

GLOBE mean conductivity values are lower than those of the USGS data sets,

particularly NASQAN, throughout the entire cumulative percentage distribution. This

difference has at least three likely sources: the lower temperatures at GLOBE sites; the

type of water body being sampled; and the time of year samples are taken. Because

conductivity decreases with temperature, it is not surprising that GLOBE sites tend to

report lower conductivity values. It has also been found that conductivity meters, even

when equipped with ATC, give artificially low readings at temperatures below 25 °C.

Second, GLOBE sites are located on a wider variety of water body types than are

NASQAN sites, which are located only on major rivers. Large rivers with strong current

carry a larger sediment load than do small streams and lakes, and thus tend to have higher

conductivities. Third, USGS sites are monitored throughout the year, while many

GLOBE schools do not take data during summer recess. Increased rainfall during the

summer months typically causes an increase in surface water conductivity as sediments

are agitated and dissolved.

The small range of GLOBE mean conductivity values relative to WQN and

NASQAN may be brought about in part by the commonly used GLOBE conductivity

meter, the Oakton "TDS Testr3", which has a range of only 0-1990 liS/cm. The average

CV for GLOBE sites is only slightly higher than for WQN, however, indicating that this

meter is fairly reliable.
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c. Dissolved oxygen

When the small number of very low and very high values are disregarded, the

distribution curves of dissolved oxygen values look quite similar for all four data sets.

Because of the direct correlation between dissolved oxygen concentration and water

temperature, it is fitting that GLOBE values are consistently lower than those of WQN

and NASQAN.

Variability of GLOBE data is only marginally higher than for WQN data. While

this result does not verify the reliability of GLOBE dissolved oxygen test materials and

protocol, neither does it signal a gross inadequacy.

Dissolved oxygen values are encouragingly high as represented by these data.

Even for the data set with the lowest mean value, GLOBE, 80 percent of tested waters

have dissolved oxygen concentrations above 7 mg/L.

d. pH

Ranges of pH values for GLOBE and WQN are much higher than for NASQAN,

perhaps reflecting the wider variety of water bodies tested by the former. Below the 90 th

percentile, GLOBE surface water sites are more acidic than WQN sites, which are in turn

more acidic than NASQAN sites. The spread among data sets is increasingly pronounced

moving down the cumulative percentage distribution curves.

The concentration of GLOBE sites in the industrial and highly populated

Northeast may bias pH values towards the acid end of the scale. It is likely that surface

waters in that region receive more acidic rainfall than other regions, as well as some

acidic outfall from manufacturing and industrial processes.
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e.	 Temperature

Low mean water temperature values for GLOBE sites relative to those for WQN

and NASQAN sites reflect the concentration of GLOBE schools in colder parts of the

country, as well as the lack of GLOBE data for the summer months. GLOBE

temperature data are presumed to be reasonably accurate, as temperature measurement is

the least demanding protocol and the thermometer requires minimal skill to use and

maintain. Indeed, the CV of GLOBE water temperature data is lower than that of WQN

data, and only slightly higher than that of NASQAN data.
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2.	 Spatial analysis

Of the four data sets, WQN provides the most comprehensive coverage of the

conterminous U.S. for all five parameters. A disproportionate number of GLOBE sites

are located in a few areas, particularly the Northeast. NASQAN sites, of course, are

located only on the rivers of interest to that program.

The voluntary aspect of participation in the GLOBE program may make the

somewhat random distribution of GLOBE schools inevitable. However, it may still be

instructive to compare GLOBE data with those of the USGS to see if similar patterns

emerge.

a.	 Alkalinity

The GLOBE sites reporting sufficient alkalinity data for analysis are unevenly

distributed, with a large group in the Northeast and only one in the South. Twenty states

have no sites with enough alkalinity data to study.

GLOBE schools reporting alkalinity data in coastal areas are rare compared to

WQN sites in those areas, except in the Northeast. WQN data show that coastal regions

generally have the lowest alkalinity. The near-coastal GLOBE sites in the Northeast are

mostly below the 50 th percentile, which fits the pattern in WQN data for that area.

Elsewhere in the U.S., GLOBE alkalinity data quartiles generally correspond to

those of WQN as well. GLOBE and WQN mean alkalinity values in the bottom quartile

are mainly located in the extreme western and eastern regions. The two GLOBE sites in

Arkansas report relatively low alkalinity, as do WQN sites there. Texas, Oklahoma, the

Midwest, and the Great Lakes region have high alkalinity in both GLOBE and WQN data
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sets. The GLOBE site in northern Utah, however, reports much lower alkalinity than

nearby WQN sites.

NASQAN alkalinity data, inasmuch as they can be compared to GLOBE and

WQN data, correspond well to those data. All three groups show low alkalinity near the

Columbia River, moderate to high alkalinity in the Colorado and Rio Grande, decreasing

alkalinity down the Mississippi, and low alkalinity on the Ohio.

b.	 Conductivity

As with the alkalinity data, GLOBE conductivity data are somewhat sparse and

unevenly distributed across the U.S. While clusters are seen in California, Texas,

Colorado, and the Northeast, the West in general is poorly represented while the South is

better represented than with the alkalinity data.

GLOBE conductivity data quartile locations generally correspond to those of

WQN. Both data sets show low conductivities in the vicinity of the Sacramento and San

Joaquin rivers, and high conductivities in the Southwest and Great Plains regions.

GLOBE values in the East show more variety than WQN, though, with high conductivity

values in Virginia and New Hampshire where WQN values are relatively low.

Very few GLOBE sites with adequate conductivity data for comparison are

located in the areas sampled by NASQAN. NASQAN conductivity data from the

Columbia and Rio Grande match WQN data from those rivers well: both data sets

indicate that the Columbia has very low conductivity and the Rio Grande has very high

conductivity. The Colorado River data are similar as well. There is less agreement
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between NASQAN and WQN quartiles for the Mississippi, although this may represent

differences in quartile boundaries more than large differences in actual mean values.

c.	 Dissolved oxygen

Spatial distribution of GLOBE sites reporting dissolved oxygen data is similar to

that of GLOBE sites reporting alkalinity data, although more sites are present in the

South. Sites are clustered in the Northeast, Florida, Colorado, California, and the Texas-

Oklahoma-Arkansas region. The Midwest is lacking in dissolved oxygen data, with no

GLOBE sites from Wisconsin, Minnesota, Nebraska, the Dakotas, or Wyoming reporting

sufficient data for analysis.

Although there are areas of difference, GLOBE dissolved oxygen quartile values

are distributed much like those of WQN. Exceptions include sites in Colorado, Virginia,

New Hampshire, and Connecticut where there are differences of one to two quartiles

between GLOBE and WQN sites that are relatively proximate. Overall the correlation is

strong between the two data sets, however.

While dissolved oxygen concentrations can be expected to follow temperature

patterns, comparison of GLOBE and WQN dissolved oxygen data quartiles with WQN

mean water temperature data quartiles shows that the correlation is discernable but not

overwhelming. Specifically, the Eastern Seaboard and Rocky Mountain states show

much more variability among dissolved oxygen values than would be expected if

dissolved oxygen values were dependent on temperature alone.

NASQAN dissolved oxygen data mirror the WQN data on the Columbia and Rio

Grande, but differ somewhat on the Colorado and Mississippi. Some of this apparent
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difference may be attributable to quartile boundaries, but may also arise from the

heterogeneity of WQN water bodies compared to those of NASQAN.

d.	 pH

GLOBE sites reporting sufficient pH data for analysis are found in most regions

of the U.S., although sites in the eastern U.S. outnumber those in the West. This

preponderance of sites in a few areas may partially account for poor correlation in

quartile locations between GLOBE and WQN. The strong regional patterns seen in

WQN pH data are reflected only weakly in GLOBE data. Whereas most WQN sites in

the South and along the Eastern Seaboard fall below the 50`h percentile, there is much

mixing of GLOBE quartiles in these areas. Other areas in which all GLOBE quartile

values may be found within a fairly small area are seen in the Great Lakes region, near

the Arkansas-Oklahoma border, in Colorado, and in California. Elsewhere there is more

correspondence, although the many small areas with apparent drastic differences in

surface water pH among GLOBE sites may cast doubt on the reliability of GLOBE pH

measurement instruments and/or techniques.

NASQAN data quartiles correspond well to WQN, but differ from GLOBE on the

Mississippi River. GLOBE sites from each quartile are located on or near the Ohio,

while all NASQAN sites on the Ohio are in the bottom two quartiles. It should be

remembered, however, that NASQAN quartile ranges are much narrower than those of

GLOBE; the 50 th percentile for NASQAN, 7.89, is higher than the 75 th percentile for

GLOBE, 7.78. Thus, values from the top three NASQAN quartiles might be lumped in

the top GLOBE quartile.
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e.	 Temperature

Because water temperature is the most commonly tested GLOBE hydrology

parameter, there are more GLOBE sites reporting sufficient temperature data than for any

other parameter. GLOBE sites are disproportionately located in the eastern U.S.,

particularly in the Northeast. California and Colorado also contain numerous sites.

North Dakota, west Texas, and Louisiana have no GLOBE sites meeting the criteria for

analysis.

The scatter in GLOBE mean temperature quartile locations is troubling. The

WQN data, with few exceptions, show the expected strong correlation of temperature to

latitude and elevation. This correlation is also seen in GLOBE data, but to a much lesser

extent. The proximity of GLOBE sites from all quartiles in some areas may indicate a

problem with measurement and reporting of data. The difference between the 25 th and

75 th percentiles, 5.80°C, is very large to be seen in so many cases over relatively small

distances.

WQN data are more consistent than GLOBE data, with each quartile generally

blending smoothly into the next. There are some areas showing apparently sudden

changes in temperature, however: the upper Gila River from western New Mexico to

eastern Arizona; the upper Pecos River in New Mexico; and the Missouri River near the

southwest corner of Iowa.

The NASQAN data are mostly consistent with WQN, with temperatures inversely

proportional to latitude and elevation. An apparent aberration exists in the 1998-99 data



at the confluence of the Snake and Columbia Rivers, where the mean value is in the

second highest quartile.
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3.	 Temporal analysis

a.	 Alkalinity

GLOBE mean alkalinity values vary considerably over the four years represented

in this data set. Particularly pronounced is the plunge in mean value from 1998 to 1999.

It must be remembered, however, that 1999 data through only the month of June have

been examined. The 1999 mean alkalinity value may increase as data are taken in the

autumn and winter months, when alkalinity generally increases as temperatures decrease.

Low alkalinity values from the summer months will likely have less effect on the mean

because many schools suspend data collection during the summer recess.

If the years 1996 and 1999 are discounted for lack of sites and lack of data from

cold months, respectively, the remaining GLOBE values are close to each other and to

NASQAN values taken over the same period. However, neither GLOBE nor NASQAN

alkalinity data continue the downward trend seen in the WQN data. The NASQAN data

in particular conflict with the WQN data, showing a small but consistent increase as well

as much higher values. This apparent discrepancy may result from differences in WQN

and NASQAN sites rather than from actual changes in nationwide surface water

alkalinity.

GLOBE data reliability probably suffers from inaccuracy of the test kits, as

mentioned above.

The sharp decrease in WQN mean alkalinity values over the last two years of the

program may be related to the drastic decline in the number of sampling locations during
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that time (Figure 53). Mean water temperature at WQN stations appears to increase

during this time, possibly also because of the loss of stations.

Taking into account potential errors from the sources described above, it would be

imprudent to draw conclusions from comparisons between data sets or, in fact, to draw

any conclusions from the GLOBE time series. Still, two inferences can be made:

nationwide surface water alkalinity decreased slightly over the years 1973-1995; and

alkalinity of the four NASQAN rivers has stayed consistently high from 1996 to 1999

compared to earlier WQN data and contemporaneous GLOBE data.

b.	 Conductivity

When the 1996 GLOBE mean conductivity value is disregarded for lack of sites,

the remaining three years of GLOBE conductivity data show relatively good consistency

when compared to the consistency of the other data sets. The GLOBE mean values vary

about 40 iiS/cm per year, while variations of over 50 p.S/cm from year to year are

common in the WQN data.

The gradual but definite decrease in WQN conductivity values from 1973 to 1993

conflicts with the slight increase in temperature over that time. This downward trend

may therefore result from a factor or factors other than temperature. The sharp increase

over the years 1994-1995 does correspond to the rise in temperature at WQN sites during

that time.

NASQAN conductivity values are reasonably close together for the four years of

data represented, although the drop from 1996 to 1997 is large. It is surprising that the
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yearly variations of NASQAN conductivity values are the opposite of what one would

expect from the variations in temperature values, except between 1996-1997.

GLOBE conductivity data for 1996-1999 continue the general downward trend

seen in WQN data for 1973-1995. The good consistency among GLOBE values

(excepting 1996) implies reliable data that may be constructively compared to other data

sets to identify and monitor trends. More comprehensive information about the physical

characteristics of GLOBE sites, particularly water body type, may further improve these

comparisons.

c.	 Dissolved oxygen

As with alkalinity and conductivity, too few GLOBE schools reported dissolved

oxygen data in 1996 to make those data significant. The 1997 and 1998 GLOBE mean

dissolved oxygen values are consistent with each other and with water temperature data

for those years. The strong rise in the mean dissolved oxygen value from 1998 to 1999 is

not fully explained by change in mean water temperature, which falls only slightly over

that time. This 0.63 mg/L dissolved oxygen increase over one year is greater than the

variation of WQN data over twenty years (1974-1993).

The WQN data indicate very little change in nationwide surface water dissolved

oxygen values throughout most of the sampling period. At either end of the time span,

where WQN dissolved oxygen values vary the most, there were drastic changes in the

number of sampling sites, which may account for the variation. An anomaly exists in the

1993-1994 data where the mean dissolved oxygen value rises strongly with only a slight

corresponding decrease in mean water temperature.
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NASQAN data are consistent for 1996-1998. The apparent sudden rise in

dissolved oxygen values in 1999 corresponds to a sharp drop in mean water temperature

for those years. The 1999 data are only from January through May; data collecte(' luring

the summer months should bring the 1999 dissolved oxygen and water temperature mean

values closer to those of 1996-1998.

These GLOBE dissolved oxygen data are insufficient to make a meaningful

comparison with the USGS data because only two years have both an adequate quantity

of sites and a full year's data. However, the relatively low GLOBE dissolved oxygen

values for 1997 and 1998 compared to NASQAN values do correspond to the differences

in water temperature values for the two groups. It may be useful to follow GLOBE and

NASQAN dissolved oxygen data, along with water temperature data, over coming years

to see if this correspondence holds over time. If it does, GLOBE dissolved oxygen data

will gain credibility.

d.	 pH

The consistency among mean pH values within each data set over time precludes

conclusions about trends in these data. The time series graph of these data (Figure 61)

does reveal an interesting fact: there is no overlap of mean values between any of the data

sets. These data indicate that GLOBE sites are more acidic than WQN sites, which in

turn are more acidic than NASQAN sites.

Variability of GLOBE pH data over time is much less than that seen in the

GLOBE alkalinity, conductivity, and DO data. Table 6 shows that many more schools

have collected data for pH and water temperature than for the other parameters; the larger
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pH and temperature data sets should therefore be less strongly affected by anomalous

measurements. The reliability of GLOBE data might be inferred to improve as the

number of schools taking data increases, although it may also reflect the relative

simplicity of the pH and water temperature protocols.

e.	 Temperature

GLOBE mean water temperatures, like pH values, show good consistency over

time with no large changes between years. Again, the large number of GLOBE schools

reporting water temperature data might account for this consistency. There is a slight

upward trend in these data, perhaps indicating an increase in the number of schools in

warmer areas, a decrease in the number in colder areas, or both.

There are three large year-to-year changes in the WQN data: 1973-1974, 1985-

1986, and 1994-1995. In 1974, 81 stations were added to the program, apparently in

colder areas. Likewise, 190 fewer stations reported data in 1995 than in 1994; the

increase in mean water temperature over this time implies that the terminated stations

were also in colder areas. The 1985-1986 temperature increase is not accompanied by a

change in the number or location of WQN sites. There is no indication in the data of why

this increase occurred.

The 1 °C increase in NASQAN data from 1996 to 1998 may be accounted for by

stations coming on line in warmer regions. The precipitous drop seen on the graph

between 1998 and 1999 is probably a result of 1999 data having been collected only

through May. The 1999 value should rise when data from the summer months are

included, although this rise will be tempered by the autumn months.
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These data reveal a slow but steady rise in U.S. surface water temperature values

since 1974. This trend is seen in both GLOBE and USGS data (disregarding the

incomplete 1999 data).
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V. CONCLUSIONS

When compared to equivalent USGS protocols, it becomes apparent that some of

the GLOBE hydrology protocols considered above can be improved. These include the

site selection, sampling, alkalinity, conductivity, dissolved oxygen, and pH protocols.

GLOBE site selection methods for still water are satisfactory, but those for large,

fast streams may not be adequate because the entire water body may not be well

represented. The technique for slow moving, poorly mixed streams may also be

inadequate because a sample taken from the water surface may not reflect conditions

throughout the stream. An improved method should be developed.

Samples taken from the top surface water of still water bodies, as is done in

GLOBE, may not accurately represent the entire body. Investigation should be

undertaken to determine whether top surface water is adequately representative of the

types of water bodies sampled by GLOBE. If it is not, a more nearly ideal sampling

depth must be determined.

GLOBE alkalinity data can be improved by increasing the accuracy and precision

of the test kits. This improvement could be realized in several ways: by convincing the

kit manufacturers to improve the kits; by using more accurate kits from another

manufacturer, if such kits exist and are not prohibitively expensive; or by adjusting the

procedure of the current kits by, for example, increasing sample size and either titrant

multiplication factors or titrant concentrations.

The GLOBE conductivity protocol may be improved by a few minor changes.

Participants could be advised to measure the bulk sample rather than a subsample, in
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order to minimize alteration of the sample by transferring between containers. Two

standards rather than one could be used for calibration. An acceptable value for variance

between meter readings and standard values should be given for calibration. If possible,

independent verification of conductivity meter calibration might be beneficial.

It may not be possible to improve the GLOBE dissolved oxygen protocol given

the shortcomings of the test kits being used, which provide much lower accuracy and

precision than the sensors used by the USGS. However, reliability of GLOBE data could

be improved by encouraging use of the most accurate and precise kit available. Which

kit is the most reliable must be determined by testing of the various available kits.

Although the GLOBE pH protocol is very thorough, there is some room for

improvement. Use of indicator paper should be discontinued because of its poor

precision and questionable reliability in low conductivity waters. Commercial standard

buffer solutions should be used to eliminate the potential for error involved in mixing of

buffer solutions by participants, unless the financial outlay would be a hardship for

participating schools. The fact that the USGS prohibits re-use of buffer solution implies

that such re-use is undesirable, and it may benefit GLOBE to make the same prohibition.

Calibration of GLOBE pH instruments by an outside agency may increase the accuracy

of GLOBE pH data.

The only substantial discrepancy between the GLOBE and USGS water

temperature protocols is in site selection procedure. While the USGS procedure provides

a more accurate representation of the entire water body, for safety and time

considerations it is not practical for GLOBE to emulate the USGS methods.
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Considering the different goals and objectives of GLOBE and the USGS, as well

as the contrast in levels of scientific training of participants and sophistication of

instrumentation, variation in the protocols is to be expected. It is doubtful that the

reliability of GLOBE data could be raised to the very high standards set by the USGS.

Nevertheless, the GLOBE protocols are adequate to identify spatial and temporal trends

in water quality on local, regional, and national scales.

When GLOBE data are compared to USGS data, however, it becomes apparent

that care must be taken when drawing conclusions about national water quality from

GLOBE data. Although spatial and temporal patterns seen in USGS data are very

generally reflected in GLOBE data, the GLOBE data show more spatial and statistical

variability. Some of this variability undoubtedly arises from deficiencies in the quality of

GLOBE testing materials and instruments. Some variability, however, arises from the

program itself.

Because GLOBE is a voluntary program, consistent participation at a group of

sites located by design is impossible. It is almost inevitable that some regions will be

under-represented and others will be over-represented, as is in fact the case. In areas like

the Northeast where GLOBE data are plentiful, monitoring of regional trends is possible.

For national patterns to be examined a more even spatial distribution of GLOBE sites is

necessary. This distribution may develop as the program progresses.

Another urgently needed improvement in the GLOBE data collection process is a

system of categorizing water body types that can be readily incorporated into data

analysis. Although GLOBE data are entered by site number, and site characteristics may
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be found elsewhere, there is currently no field in the database for water body type. If, for

example, one wanted to examine only data collected from lake sites, it would not be

possible except by checking each site individually to see whether it is located on a lake or

some other water body.

At present, GLOBE data may be most useful for detecting and monitoring trends

on local and, to a lesser extent, regional levels. The relatively high spatial and statistical

variability of GLOBE data compared to USGS data makes it unsuited for use as a stand-

alone method for monitoring water quality at the national level in the U.S. However,

GLOBE data may be useful as a supplement to USGS data, particularly for areas

containing GLOBE sites but not USGS sites.



121

APPENDIX
SUMMARY OF GLOBE ALKALINITY TEST KIT FINDINGS

The three GLOBE alkalinity test kits, Hach No. 24443-33, Hanna HI 3811, and LaMotte
Model WAT-DR, have been found to give inaccurate alkalinity values when tested with
128 mg/L as CaCO 3 standard solution. The results are summarized in the following
tables.

Hach kits
Kit A Kit B Kit C All kits

Mean 196 176 186 186
Std. dey. 8.4 12.6 9.7 13.0
Range 20 40 20 40
Percent error 53.1% 37.5% 45.3% 45.3%

Hanna kits
Kit A Kit B Kit C Kit D Kit E All kits

Mean 151.2 151.5 156.3 157.2 163.5 155.9
Std. dey. 6.8 6.0 8.2 9.3 7.1 8.6
Range 21 21 24 27 21 36
% error 18.1% 18.4% 22.1% 22.8% 27.7% 21.8%

LaMotte kits
Kit A Kit B Kit C Kit D Kit E All kits

Mean 145.7 143.8 138.1 129.3 146.2 140.5
Std. dey. 5.7 3.0 7.5 4.7 4.9 8.2
Range 20 8 26 12 16 34
% error 13.8% 12.3% 7.9% 1.0% 14.2% 9.8%

To seek out the source(s) of error in these kits, each part of the kits was analyzed
separately: titrant concentration, volume delivered by dropper or titrating syringe, and
volume of sample tested. The results have been given on other pages, and are
summarized here:

Stated in kit Realized in lab Percent difference
HACH ("A")
Sample volume Not given 5.858 mL NA
Drop size Not given 0.0552 mL NA
Titrant conc. 0.035 N 0.030 N 14.3%

HANNA ("D")
Sample volume 5 mL 4.6949 mL 6.5%
Syringe volume Not given 1.0017 mL NA
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(May be 1.0 mL) (0.2%)
Titrant conc. 0.027 N 0.0245 N 9.3%

LAMOTTE ("C")
Sample volume 5 mL 4.7720 mL 4.6%
Syringe volume Not given

(May be 1.0 mL)
0.9783 mL NA

(2.2%)
Titrant conc. 0.020 N 0.018 N 10.0%

To check, the theoretical result of a test of the 128 mg/L as CaCO3 (0.00256 N) standard
can be computed for each kit using the values obtained empirically for sample volume,
titrant concentration, and titrant delivered volume:

Hach
(5.858 mL std.)(0.00256 N std.) = (x mL titrant)(0.03 N titrant);
x 0.00050 L 0.50 mL;
(0.50 mL)(drop/0.0552 mL) 9.058 drops; round up to 10 drops since 0.058 drops
cannot be delivered. Using the given multiplier of 20, 10 drops of titrant indicates 200
mg/L as CaCO3 sample.

Hanna
(4.6949 mL std.)(0.00256 N std.)/(0.0245 N titrant) = 0.49 mL titrant required.
The volume of titrant delivered, as indicated by dimensionless gradations on the titrator,
is multiplied by 300 to compute alkalinity; thus, one full syringe corresponds to 300
mg/L alkalinity.
(0.49 mL titrant)(1 syringe/1.0017 mL titrant)(300 mg/L per syringe) 146.8 mg/L as
CaCO3 indicated alkalinity.

LaMotte 
(4.7720 mL std.)(0.00256 N std.)/(0.018 N titrant) 0.68 mL titrant required.
Alkalinity is read directly from the titrator, which is gradated from in 2 mg/L intervals
from 0-200. Thus, one full syringe corresponds to 200 mg/L alkalinity.
(0.68 mL titrant)(1 syringe/0.9783 mL)(200 mg/L per syringe) 139.0 mg/L as CaCO3

indicated alkalinity.

These expected results may be compared with the actual results given above:

Kit Expected result
Mean of actual

results
Percent

difference
Hach 200 mg/L 196 mg/L 2.0%
Hanna 146.8 mg/L 157.2 mg/L 7.1%
LaMotte 139.0 mg/L 138.1 m /L 0.6%
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The Hach and LaMotte results compare favorably and indicate the veracity of the testing.
The Hanna difference may be explained by the relatively large difference in the outcome
of the two titrant tests. If the normality of 0.023 is accepted, then the expected result
becomes 156.5 mg/L and the percent difference drops to 0.4%.

It might be useful to see if the kits give a correct value for a 128 mg/L standard if all kit
parameters are as specified in the kit literature. The Hach kit must be excluded, because
it is not stated what volume the plastic tube is supposed to deliver or what volume of
titrant the dropper is supposed to deliver. For the Hanna and LaMotte kits it can be fairly
safely assumed that the syringes are supposed to deliver 1.0 mL of titrant. If it is
assumed that the sample beakers hold precisely 5 mL and the titrant concentrations are as
stated, the following values are expected for a test of 128 mg/L (0.00256 N) standard:

Hanna
5 mL of 0.00256 standard contains 0.0000128 equivalents.
(0.0000128 eq std.)(L titrant/0.027 eq)(1000 mL/L)(300 mg/L alkalinity per mL titrant) =
142.2 mg/L as CaCO3 indicated alkalinity.

LaMotte
(0.0000128 eq std.)(L titrant/0.020 eq)(1000 mL/L)(200 mg/L per mL of titrant) = 128.0
mg/L as CaCO3 indicated alkalinity.

Thus, it appears that there is a built-in error of (142.2 — 128)/128 = 11% with the Hanna
kit, and no built-in error for the LaMotte kit.

CONCLUSIONS

None of the three kits is acceptable in present form.

Even if all kit materials are made to meet specifications, the Hach kit is unacceptable
because it allows for no greater than + 20 mg/L precision.

The Hanna kit is unacceptable because of the high built-in error, even if all kit materials

are made to meet specifications.

The LaMotte kit will be acceptable if all kit materials are made to meet specifications.
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