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Introduction 
The National Atmospheric Deposition Program (NADP) Network Operations Subcommittee (NOS) 

has debated the continuance of field measurements of pH and conductivity at National Trends Network 
(NTN) sites for more than 20 years. The topic was raised again in May 2002, and an ad-hoc committee 
was tasked with evaluating these measurements.  

In September 2002, the ad-hoc committee summarized the reasons for and against continuing field 
chemistry measurements. In March 2004, NADP subcommittees met in a joint session and recommended 
that support for field chemistry measurements be discontinued at NTN sites effective January 1, 2005. 
The NADP Budget Advisory and Executive Committees concurred with this recommendation in June 
2004. This report addresses the reasons for discontinuing support for field chemistry measurements and 
answers the following questions:  

 
• What is the current field site chemistry measurement program? 
• Why should the NADP discontinue support for field chemistry measurements? 
• Why are field chemistry measurements performed? 
• What are the differences between pH and conductivity measurements in the field and in the laboratory?  
• Who uses field chemistry data? 
• Were other options considered? 
• What are the scientific benefits of discontinuing field chemistry measurements? 
• Will field chemistry measurements be discontinued completely? 
• What are the implications for NADP/NTN site operators? 
• How will this change affect NADP/NTN data products? 

 
 

What is the current field chemistry 
measurement program? 

Field measurements of pH and conductivity 
have been performed at NTN sites since 1978, 
and at NADP Atmospheric Integrated Research 
Monitoring Network (AIRMoN) sites since 
1992. A map of current NTN monitoring sites is 
shown inside the back cover. All eight AIRMoN 
sites and all but eight of the approximately 260 
NTN sites currently conduct weekly field 
chemistry measurements following standard 
NADP/NTN protocols (Dossett and Bowersox, 
1999). Sites are encouraged, but not explicitly 
required, to conduct field chemistry 
measurements; non-participation does not 
invalidate samples or preclude NADP/NTN 
participation. 

The NADP’s Central Analytical Laboratory 
(CAL) measures pH and conductivity upon 
receipt of samples. To support field chemistry 
measurements, the CAL supplies NTN sites with 
replacement pH electrodes, calibration solutions, 
pH buffers, and quality control (QC) check 
solutions (Rothert et al., 2002).  

The CAL also provides training, manuals, 
and technical support for site personnel. Each 

site must supply a pH meter, conductivity meter, 
a conductivity cell, deionized water, and 
personnel to perform measurements. 

The U.S. Geological Survey (USGS) 
supports and administers a site intercomparison 
program to ensure the quality of NTN field 
chemistry measurements (http:// 
nadp.sws.uiuc.edu/QA/). In this program, the 
USGS sends a solution of specific pH and 
conductivity unknown to each site operator to 
measure and report pH and conductivity values 
to them. The USGS contacts sites not meeting 
pH and conductivity targets for follow-up 
support. Data from the most recent USGS 
intercomparison study indicate that greater than 
90 percent of NTN sites met pH and 
conductivity targets. 

The U.S. Environmental Protection Agency 
(U.S. EPA) also supports a site survey program 
to ensure the quality of field chemistry 
measurements. A survey team under U.S. EPA 
contract visits each NTN and AIRMoN site to 
verify that site operators are following standard 
sample collection and measurement protocols. 
The survey team provides on-site training to 
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operators not performing field chemistry 
measurements correctly.  

 
Why should the NADP discontinue 
support for field chemistry 
measurements? 

The NADP/NTN has accumulated 25 years 
of field chemistry data for use in interpreting the 
relationship between field and laboratory 
measurements. Discussions at recent NADP 
meetings have centered on both the program’s 
scientific merits and the financial resources 
required for field chemistry measurements.  

The consensus is that the financial resources 
allocated to field chemistry measurements could 
be spent more effectively on field equipment 
improvements. For example, the NADP wants to 
replace the existing collector and mechanical 
raingage at each site with instruments that 
feature electronic data transfer.  

Although such improvements will increase 
data quality, reporting completeness, and 
reliability, they will require additional resources. 
Ending support for field chemistry 
measurements would free up resources that 
could be allocated to these improvements. 

 
Why are field chemistry measurements 
performed?  

Sample pH and conductivity measurements 
are made both at NTN and AIRMoN field sites, 
typically within 4 hours of sample removal from 
the precipitation collector, and again at the CAL, 
typically within 24 hours of sample receipt. 
Some NADP scientists feel that field site 
measurements are more representative of 
conditions when the precipitation occurred than 
CAL measurements.  

As discussed in the next section, laboratory 
pH values are generally higher than field pH 
values, indicating a “loss” of acidity. Changes in 
sample chemistry can occur due to loss and 
consumption of organic acids, sample 
contamination, and other factors.  

Accounting for these changes is important in 
certain applications, especially for evaluation of 
total acidic input to sensitive ecosystems. 
Measurement of conductivity in the field can 
also give an indication of sample contamination 
en route to the laboratory. 

 

What are the differences between pH and 
conductivity measurements in the field 
and in the laboratory?  

Annual isopleth maps for 2003 of 
precipitation-weighted mean field pH and 
laboratory pH values are shown on the back 
cover. With improved commercial transport and 
package handling, sample shipping time from 
field sites to the CAL has decreased. The median 
time period between field and laboratory pH and 
conductivity measurements is currently seven 
days. Because the NTN collects weekly samples, 
precipitation samples already may be a week old 
when collected. Thus, on a temporal basis, field 
site measurements are not necessarily more 
representative of field conditions than CAL 
measurements. As the next section highlights, 
chemistry differences between field and CAL 
measurements have decreased over time, 
partially due to faster shipping times. 

Latysh and Gordon (2004) summarized the 
differences between field versus laboratory pH 
and conductivity measurements for 135 NTN 
sites operational between 1987 and 1999. 
Median differences between laboratory and field 
pH measurements are shown (Figure 1). Their 
study highlights how these differences have 
changed due to a sample handling protocol 
change initiated in 1994. Previously, all 
precipitation collected in the field was shipped 
to the CAL in the field bucket without the 
portion used to perform field chemistry 
measurements. After discovery that the bucket 
seal contaminated the sample during transit, the 
protocol was changed. The site operator now 
decants the field sample into a one-liter bottle 
for shipment to the CAL. 

Median differences between field and 
laboratory pH measurements decreased 
significantly since this protocol change, and are 
generally < 0.1 pH unit in the 4.5 – 5.4 range, 
representing typical NTN pH values (Rothert, 
2003). Figure 1 also indicates that differences 
between field and laboratory measurements vary 
with pH.  

Field and laboratory pH differences exhibit a 
trend. Figures 2 – 4 are box plots of the 
differences between field and laboratory 
hydrogen ion concentrations, aggregated 
annually across U.S. EPA regions from 1987 to 
2003. The box plots used paired field and 
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laboratory pH measurements for all valid (i.e., 
uncontaminated) samples from all sites in the 
U.S. EPA regions. 

Median field minus laboratory hydrogen ion 
differences in the northeastern United States 
tend to cluster around +2 microequivalents per 
liter (µeq/L) after the 1994 protocol change. 
Median differences cluster between +1 and +3 in 
the central United States (Figure 3), and around 
+1 µeq/L in western states (Figure 4).  

The 1994 protocol change is evidenced by 
an abrupt decrease in hydrogen ion differences 
from 1993 to 1994, particularly in Regions 4 and 
8. These analyses allow one to infer the value of 
a field pH measurement based on the laboratory 
measurement and location of the site. Although 
not shown, conductivity differences follow this 
same general trend over time.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Median differences between laboratory and field pH measurements for specific field 
pH ranges measured in NADP/NTN precipitation samples, 12/30/1986 – 12/28/1999 (Latysh 
and Gordon, 2004). 
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Notes: 
Dots represent median annual difference between field and laboratory hydrogen ion concentrations as µeq/L, 
box represents 25th – 75th percentile differences, whiskers represent 10th – 90th percentile differences. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Median hydrogen ion differences for U.S. EPA Regions 1 – 3, 1987 – 2003. 
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Notes: 
Dots represent median annual difference between field and laboratory hydrogen ion concentrations as µeq/L, 
box represents 25th – 75th percentile differences, whiskers represent 10th – 90th percentile differences. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Median hydrogen ion differences for U.S. EPA Regions 4 – 6, 1987 – 2003. 

NM

MN

WI

IL IN

MI

TX

OK
AK

KY

TN

MS AL GA

FL

SC

NC

OH

4

5

6

LA

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

-4

-2

0

2

4

6

8

10

H
yd

ro
ge

n 
Io

n 
D

iff
er

en
ce

 (F
ie

ld
 - 

La
bo

ra
to

ry
), 

µe
q/

L

20
01

-4

-2

0

2

4

6

8

10

H
yd

ro
ge

n 
Io

n 
D

iff
er

en
ce

 (F
ie

ld
 - 

La
bo

ra
to

ry
), 

µe
q/

L

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
02

20
03

20
01

-4

-2

0

2

4

6

8

10

H
yd

ro
ge

n 
Io

n 
D

iff
er

en
ce

 (F
ie

ld
 - 

La
bo

ra
to

ry
), 

µe
q/

L

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
02

20
03

20
01



 6 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 4. Median hydrogen ion differences for U.S. EPA Regions 7 – 10, 1987 – 2003. 

Notes: 
Dots represent median annual difference between field and laboratory hydrogen ion concentrations as µeq/L, 
box represents 25th – 75th percentile differences, whiskers represent 10th – 90th percentile differences. 
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Who uses field chemistry data?  
The CAL uses field chemistry 

measurements to check if solution changes have 
occurred during transit to the laboratory. 
Conductance and pH measurements performed 
at the CAL use QC standards and protocols 
more stringent than those at field sites (Rothert 
et al., 2002). Differences between field and 
laboratory measurements are considered in the 
CAL’s reanalysis protocols. To determine how 
field chemistry data are used by the NADP/NTN 
data user community, a survey was sent to more 
than 2000 registered data users in June 2002. 
Approximately 230 users replied. Responses to 
two survey questions are shown. 

Survey results indicate that field pH 
measurements are used by 65 percent of data 
users and field conductivity measurements by 38 
percent of researchers responding.  

 
Responses (percent) to NADP/NTN Data 
User Survey 

 
Which NADP/NTN-reported pH results do you 
use? 
 None 22 
 Field only  20 
 Laboratory only 11 
 Both values 45 
 No response 2 
 
Which NADP/NTN-reported conductivity results 
do you use? 
 None 50 
 Field only 10 
 Laboratory only 8 
 Both values 28 
 No response 4 

 
Were other options considered? 

A proposal limiting field chemistry 
measurements to a core group of approximately 
20 sites was presented to the NADP 
subcommittees. This proposal was rejected, as 
there was concern that the time and resources to 
manage a network of core sites would consume 
much of the savings from discontinuing field 
chemistry measurements at all sites.  

 

What are the scientific benefits of 
discontinuing field chemistry 
measurements? 

Discontinuing field chemistry measurements 
has several scientific benefits. It would reduce 
sample handling by site operators, potentially 
decreasing the chance of contamination during 
handling. Keeping the entire volume of weekly 
precipitation samples for field chemistry 
measurements will increase sample volume 
available for CAL analysis and archiving. 
Resources freed from discontinuation of field 
chemistry measurements can be invested in 
other programs to modernize the NADP field 
equipment and other initiatives to improve 
overall network quality and value to the 
scientific community.  

 
Will field chemistry measurements be 
discontinued completely?  

All NADP support for NTN field chemistry 
measurements will be discontinued effective 
January 1, 2005. Individual site sponsors may 
continue field chemistry measurements 
voluntarily, although the data will not be entered 
into the NADP database. The CAL will no 
longer provide NTN sites with replacement pH 
electrodes or field chemistry supplies.  

Existing and future AIRMoN sites will 
continue field chemistry measurements 
following current protocols with full CAL 
support. Performing field chemistry 
measurements of AIRMoN samples collected 
more frequently (event sampling vs. weekly 
sampling) has scientific merit that outweighs the 
additional CAL resources that would be required 
to support these sites. 

 
What are the implications for NADP/NTN 
site operators? 

All NADP/NTN site operators will continue 
to collect precipitation samples every week, 
maintaining sample quality in accordance with 
NADP/NTN sample collection protocols. Each 
sample will be sent directly to the CAL after 
weighing and decanting it from the field bucket 
to the sample bottle. Site operators will receive 
revisions to the site operation manual and 
revised field forms. Sites wishing to perform 
voluntary field chemistry measurements will 
receive instructions for aliquot removal based on 
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established NADP/NTN sub-sampling protocols 
that ensure sample integrity.   

 
How will this change affect NADP/NTN 
data products? 

There will be no effect on isopleth maps 
developed and published in NADP printed 
annual summaries. Field measurements of pH 
and conductivity are not used currently to 
develop these maps. The 2004 isopleth maps of 
field pH and hydrogen ion deposition will be the 
last ones prepared and added to the set available 
on the NADP Web site, however. The 1978–
2004 field chemistry measurements will 
continue to be available for download from the 
NADP Web site (http://nadp.sws.uiuc.edu). 
Voluntary field chemistry measurements after 
January 1, 2005 will not be reported to the 
NADP or be available on the NADP Web site. 
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Hydrogen ion concentrations as pH from measurements made at NADP/NTN  
field laboratories (top) and at the Central Analytical Laboratory (bottom), 2003. 
 
 
 
 
 
 
 
 
 
 

 
 
 
NADP Data Report 2004–02 

The NADP Program Office is located at the Illinois State Water Survey, an Affiliated Agency of the University 
of Illinois and a Division of the Illinois Department of Natural Resources. NADP data and information are 
available from the NADP Internet site: 
 

http://nadp.sws.uiuc.edu 
 
For further information, special data requests, or to obtain copies of this publication, contact the NADP Program 
Office, Illinois State Water Survey, 2204 Griffith Drive, Champaign, IL  61820. 
Telephone: (217) 333-2213                              Fax (217) 244-0220                                 e-mail: nadp@sws.uiuc.edu 
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