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REPORT OF THE U.S. GEOLOGICAL SURVEY'S ANALYTICAL EVALUATION
PROGRAM-STANDARD REFERENCE WATER SAMPLES M-82 (MAJOR

CONSTITUENTS), T-83 (TRACE CONSTITUENTS), N-8
(NUTRIENTS), AND P-2 (PRECIPITATION SNOWMELT)

By Victor 3. Janzer

ABSTRACT

The U.S. Geological Survey began an interlaboratory testing program of reference 
water samples in 1962. Principal purposes of the program are to provide a means for 
participating water laboratories to: (1) Identify analytical problem areas, (2) ascertain 
the accuracy and precision of common water analyses and analytical methods and (3) 
provide reference samples for continuing quality-assurance testing. Participation in this 
continuing quality-assurance program is mandatory for all domestic laboratories providing 
water-analysis data for Survey use.

This report presents analytical data submitted by the participating laboratories that 
analyzed the respective reference samples distributed in October 1982. Relative 
performance ratings achieved by the laboratories for each determination and statistical 
evaluation of the data are given in 14 tables.

INTRODUCTION

The U.S. Geological Survey began an interlaboratory testing program of reference 
water samples in 1962. Principal purposes of the program are to provide a means for 
participating water laboratories to: (1) Identify analytical problem areas, (2) ascertain 
the accuracy and precision of the analytical methods for determining the various 
constituents and physical properties of water and (3) provide reference samples for 
continuing quality assurance testing. Only 23 laboratories participated in the 1962 effort 
to determine 6 constituents in a single major-constituent type of Standard Reference 
Water Sample (SRWS). Now, more than 120 laboratories participate in the program, which 
currently uses seven SRWS types; major constituents, trace constituents, nutrients, 
herbicides and insecticides, water and suspended-sediment mixture for trace metals, and 
precipitation snowmelt.

Participation in this continuing quality-assurance program is mandatory for all 
laboratories providing water-analysis data for Geological Survey use. Major constituent, 
trace-constituent, and nutrient SRWS are prepared and distributed to participating 
laboratories twice each year. One or more of the other SRWS types also may be included.

This report presents analytical data submitted by the participating laboratories that 
analyzed the respective reference samples distributed in October 1982. Relative 
performance ratings achieved by the laboratories for each determination and statistical 
evaluation of the data are given in 14 tables.



PURPOSE AND PLAN

As a means of providing an independent and objective evaluation of the water- 
quality data published by the U.S. Geological Survey and other cooperating laboratories, 
SRWS are prepared and distributed for analysis at regular intervals. This report 
summarizes the analytical results submitted by 85 laboratories for SRWS M-82 (major 
constituents), SRWS T-83 (trace constituents), SRWS N-8 (nutrients), and SRWS P-2 
(precipitation snowmelt), distributed during October 1982. All samples are not necessarily 
analyzed by all laboratories nor do all laboratories participate in each round of analyses.

"Instructions for Analysis and Reporting Results" accompanied SRWS at the time of 
their distribution. Each laboratory was requested to indicate references for the analytical 
methods used. Furthermore, each participating laboratory was asked to perform at least 
those determinations that it makes routinely and no restrictions were placed on the choice 
of methods to be used. This program serves as a quality-control tool to alert participating 
laboratories to deficiencies in their analytical operations and to provide reference 
solutions for a continuing program of quality-assurance testing. Non-Geological Survey 
laboratories participating in this study are identified in this report only by a confidential 
code number. U.S. Geological Survey laboratories participating in this study are 
identified by location and their respective code numbers.

PREPARATION OF SAMPLES

SRWS M-82 (major constituents), SRWS T-83 (trace constituents), and SRWS N-8 
(nutrients), were each prepared from untreated natural surface water collected from the 
same source. Samples were filtered through a 5-ym (micrometer) nominal size prefilter 
and a 0.45 vim membrane filter into a large polyethylene drum. Thymol, about 1.25 mg/L 
(milligrams per liter), was added to each batch of approximately 1,200 L (liters) of 
filtered water used to prepare samples SRWS M-82 and T-83.

No further additions were made to SRWS M-82, but SRWS T-83 was acidified to a pH 
of about 1.5 with nitric acid and selected trace-element salts were then added. Each 
sample was mixed overnight with a motor-driven stirrer after which it was again filtered 
through a 0.45-]am membrane filter and then passed through a flow-through ultraviolet 
[254 nm (nanometer)] sterilizer and packaged in dry-heat sterilized 1-L Teflon- bottles, 
under ultraviolet radiation.

Approximately 400-L of untreated surface water were collected and filtered through 
a 0.45-ym membrane filter to prepare SRWS N-8 (nutrients). Mercuric chloride (50 mg/L) 
as a preservative and sodium chloride (450 mg/L) were then added. The sample was mixed 
overnight with a motor-driven stirrer, packaged without sterilization and stored at 4°C 
(Celsius). The samples were packed in ice prior to distribution.

- The use of the trade name in this report is for identification purposes only and does 
not constitute endorsement by the U.S. Geological Survey.
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SRWS P-2 (precipitation snowmelt) was prepared by melting snow collected in 
several 200-L polyethylene drums. After melting, the sample was filtered through a 0.45- 
Vim membrane filter. Specific conductance of the sample was adjusted to the desired 
range by addition of tap water. After mixing overnight with a motor-driven stirrer, the 
sample was again filtered through a 0.45-ym filter, sterilized by passage through a flow- 
through ultraviolet sterilizer (254 nm) and packaged in sterile 1-L Teflon bottles under 
ultraviolet radiation.



DETERMINATIONS

Determinations made for each of the SRWS are listed below. An 
explanation of the abbreviations and symbols for the properties and 
constituents determined in the SRWS is presented in table 1; the abbreviations 
and symbols are used in tables 3-14. Additional abbreviations and symbols 
used in tables 7-14 are explained in table 2.

Standard Reference Water Sample M-82, (major, constituents) 
(results in milligrams per liter-')

Alkalinity (as CaCCL) Iodide Potassium
Boron Magnesium Silica
Bromide Nitrate as nitrogen Sodium
Calcium Nitrite as nitrogen Specific
conductance Chloride pH Strontium
Dissolved solids Phosphorus, total Sulfate
Fluoride as phosphorus Vanadium

Determinations
Standard Reference Water Sample T-83 (trace constituents)

2/ (results in micrograms per liter- )

Acidity (as CaC03 ) Cobalt Nickel
Aluminum Copper Selenium
Antimony Iron Silver
Arsenic Lead Strontium
Barium Lithium Thallium
Beryllium Manganese Zinc
Cadmium Mercury
Chromium, total Molybdenum

- Exceot specific conductance (microsiemens or micromhos per centimeter at 
25 C), pH (units), boron, bromide, iodide, strontium, and vanadium 
(micrograms per liter).

2/  Except acidity (milligrams per liter).



ptandard Reference Water Sample N-9 (nutrients) 
(results in milligrams per liter)

Ammonia as nitrogen Organic nitrogen as nitrogen
Nitrate as nitrogen Orthophosphate as phosphorus
Nitrite as nitrogen Phosphorous, total as phosphorus

Standard Reference Water Sample P-2 (precipitation snowmelt)
o /

(results in milligrams per liter  ')

Calcium Nitrate as nitrogen Sodium
Chloride pH Specific conductance
Fluoride Potassium Sulfate
Magnesium

3/  Except pH (units) and specific conductance (microsiemens or micromhos per
centimeter at 25 C).



LABORATORY PERFORMANCE AND REPORTED VALUES

To facilitate inter-laboratory performance comparisons, ratings based on the analyses 
reported for each SRWSs are included as tables 3-6 in this report. Laboratory 
performance for each constituent is rated on an arbitrary scale of 0 to 4 based on the 
number of "standard deviations" from the mean as indicated below:

4 (Excellent) 0.00 to 0.50 standard deviation
3 (Good) 0.51 to 1.00 standard deviation
2 (Satisfactory) 1.01 to 1.50 standard deviations
1 (Questionable) 1.51 to 2.00 standard deviations
0 (Poor) Greater than 2.00 standard deviations

Averages of the constituent ratings for each Standard Reference Water Samples are 
calculated for each laboratory and are given in the tables of overall laboratory 
performance (tables 3-6).

Laboratories were requested to identify the method used for each analysis. The 
references for these methods are included with the analytical data and are identified in 
the following listing:

1. American Public Health Association and others, 1980, Standard methods for the
examination of water and wastewater [15th ed.]: Washington, D.C., 1134 p.

2. American Society for Testing and Materials, 1982, Annual book of ASTM standards, 
Part 31: Philadelphia, PA, U.S.A., 1554 p.

3. Kopp, 3. F., and McKee, G. F., 1978, Methods for chemical analysis of water and 
wastes: Cincinatti, Ohio, U.S. Environmental Protection Agency, 460 p.

4. Skougstad, M. W., Fishman, M. 3., Friedman, L. C., Erdmann, D. E., and Duncan, 
S. S., eds., 1979, Methods for determination of inorganic substances in water 
and fluvial sediments: U.S. Geological Survey Techniques of Water-Resources 
Investigations, Book 5, Chapter Al, 626 p.

5. Fishman, M. 3., and Bradford, W. L., eds., 1982, A supplement to methods for the 
determinations of inorganic substances in water and fluvial sediments: 
(Supplement to U.S. Geological Survey Techniques of Water-Resources 
Investigations, Book 5, Chapter Al), U.S. Geological Survey Open-File Report 
82-272, 136 p.

6. Fishman, M. 3., and Pyen, Grace, 1979, Determination of selected anions in water by 
ion chromatography: U.S. Geological Survey Water-Resources Investigations 
79-101, 30 p.

In many instances, virtually the same method is given in several references. In those 
cases, all references describing that method are listed. If the analytical method used was 
not included in any of the listed references, analysts were requested to indicate "Other". 
Method and reference columns are left blank if no method was indicated.

Values reported for all constituents analyzed in each SRWS are listed in tables 7, 9, 11 
and 13. Each value has been rounded off, when necessary, to conform to U.S. Geological 
Survey policy on reporting analytical data as given by Bishop and others (1978).



STATISTICAL EVALUATION

A statistical evaluation of the data was made to estimate the most probable value 
(MPV) for each of the constituents determined. Reported values of "less than" were 
considered as "not determined" and were not used (ignored) in the computation of the 
means, standard deviations, and so forth.

Outlying values for the remaining SRWS were rejected on the basis of statistical 
tests as outlined in American Society for Testing and Materials (1982). After rejection of 
the outliers, the data remaining for each constituent were used to calculate the means, 
standard deviations, and percent deviation from the mean for each value. Outliers are not 
recalculated when determining the means and standard deviations for each determination 
listed by "method." The total range for each constituent included those values rejected as 
outliers. Confidence limits about the mean also were calculated and define the range 
within which the true value may be expected to occur with a confidence level of 95 
percent.

The mean, standard deviation, and confidence limits about the mean are usually 
reported to one more significant figure than the reported value. Statistical information is 
tabulated for each method used by three or more laboratories to determine a specific 
constituent. Tables 8, 10, 12, and 14 listing the mean and standard deviation for the 
constituent determined by each method, and the number of laboratories which used it, 
follow the analytical-data tables for each SRWS.



PARTICIPATING LABORATORIES

U.S. Geological Survey

ARIZONA, Yuma: 046 
COLORADO, Denver: 059 
FLORIDA, Ocala: 035

GEORGIA, Doraville: 055 
GEORGIA, Doraville: 071 
LOUISIANA, Baton Rouge: 065

Cooperator

ALABAMA, Montgomery: Alabama Environmental Health 
ALABAMA, University: Geological Survey of Alabama

ALASKA, College: Division of Geological & Geophysical Surveys

CALIFORNIA, Bryte: California Department of Water Resources 
CALIFORNIA, Castaic: Department of Water Resources Chemical Laboratory 
CALIFORNIA, Davis: Radiobiology Institute 
CALIFORNIA, La Mesa: San Diego Water Utilities Laboratory 
CALIFORNIA, La Verne: Metropolitan Water District of Southern California 
CALIFORNIA, Los Gatos: Santa Clara Valley Water District 
CALIFORNIA, Oakland: East Bay Municipal Utility District 
CALIFORNIA, Sacramento: U.S. Bureau of Reclamation, Planning Division

COLORADO, Aurora: Core Laboratories Incorporated 
COLORADO, Denver: Denver Water Department 
COLORADO, Denver: Colorado University, Denver 
COLORADO, Golden: Rockwell International

FLORIDA, Live Oak: Suwannee River Water Management District 
FLORIDA, Orlando: Orlando Utilities Commission 
FLORIDA, Palatka: St. John's River Water Management District 
FLORIDA, Tallahassee: Tallahassee Water Quality Laboratory 
FLORIDA, West Palm Beach: South Florida Water Management District

GEORGIA, Athens: Soil Testing & Plant Tissue Analysis Laboratory 
GEORGIA, Atlanta: Environmental Protection Division

ILLINOIS, Champaign: Illinois Environmental Protection Agency 
ILLINOIS, Chicago: Illinois Environmental Protection Agency

INDIANA, Indianapolis: Marion County Public Health Laboratory 

IOWA, Des Moines: University Hygienic Laboratory

KANSAS, Lawrence: Kansas Geological Survey
KANSAS, Topeka: Kansas Department of Health and Environment

LOUISIANA, Lake Charles: Core Labs, Inc.

MAINE, Augusta: Maine Department of Environmental Protection

MASSACHUSETTS, Barnstable: Barnstable County Health Department 
MASSACHUSETTS, Wellesley Hills: Research and Materials Division



Cooperator continued

MINNESOTA, Minneapolis: Analytical Services, Minnesota Department of Health 
MINNESOTA, St. Paul: Metropolitan Waste Control Commission

MISSOURI, Columbia: Environmental Trace Substances Research Center 
MISSOURI, Jefferson City: Division of Environmental Quality

MONTANA, Butte: Montana Bureau of Mines & Geology

NEVADA, Reno: Desert Research Institute 
NEVADA, Reno: Nevada State Health Laboratory

NEW JERSEY, Tom's River: Ocean County Health Department 
NEW JERSEY, Trenton: New Jersey Department of Health

NEW MEXICO, Albuquerque: New Mexico State Scientific Laboratory 
NEW MEXICO, Albuquerque: New Mexico Water Resources Laboratory 
NEW MEXICO, Gallup: Soil, Water, and Materials Testing Laboratory

NEW YORK, Buffalo: Erie County Laboratory
NEW YORK, Central Islip: Suffolk County Health Services Department
NEW YORK, Farmingdale: ECO Test Laboratory
NEW YORK, Hempstead: Nassau County Department of Health
NEW YORK, New York: New York City Department of Health Laboratories
NEW YORK, Oakdale: Suffolk County Water Authority
NEW YORK, Rochester: Monroe County Health Laboratory
NEW YORK, Rochester: Rochester Pure Waters District
NEW YORK, Wantagh: Cedar Creek Wastewater Reclamation Plant
NEW YORK, Westbury: New York Testing Laboratory

NORTH CAROLINA, Charlotte: Mecklenburg County Environmental Health Department

NORTH DAKOTA, Bismarck: North Dakota State Water Commission 
NORTH DAKOTA, Bismarck: Public Health Laboratory

OHIO, Dayton: The Miami Conservancy District
OHIO, Medina: Medina County Sanitary Engineering Department

OKLAHOMA, Norman: Oklahoma Geological Survey
OKLAHOMA, Oklahoma City: Oklahoma State Department of Agriculture

OREGON, Corvallis: Forestry Sciences Laboratory 
OREGON, Sandy; Bureau of Water Works

PENNSYLVANIA, Harrisburg: Department of Environmental Resources, Bureau of Labs 
PENNSYLVANIA, Pittsburgh: Pennsylvania Department of Environmental Resources

PUERTO RICO, Mayaguez: Quality Control Research Institute 
PUERTO RICO, San Juan: Department of Natural Resources

SOUTH CAROLINA, Columbia: South Carolina Water Resources Commission

SOUTH DAKOTA, Brookings: Water Quality Laboratory 
SOUTH DAKOTA, Vermillion: South Dakota Geological Survey
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Cooperator continued 

TENNESSEE, Chattanooga: Tennessee Valley Authority, Laboratory Branch

VIRGINIA, Culpepper: Environmental Systems Service 
VIRGINIA, Richmond: Division of Consolidated Laboratories

WASHINGTON, Redmond: Department of Ecology 
WASHINGTON, Richland: Battelle Pacific NW Laboratories 
WASHINGTON, Richland: Rockwell Hanford Operation

WEST VIRGINIA, Morgantown: West Virginia Geologic and Economic Survey 

WISCONSIN, Milwaukee: Milwaukee Metropolitan Sewerage District

WYOMING, Cheyenne: Department of Environment Quality 
WYOMING, Laramie: Wyoming Department of Agriculture
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Table 1.   Explanation of abbreviations and symbols for properties and 
constituents determined in Standard Reference Water Samples

ACID (CAC03) = Acidity, as calcium carbonate
AG = Silver
AL = Aluminum
ALK(CACOS) = Alkalinity, as calcium carbonate
AS = Arsenic
B = Boron
BA = Barium
BE = Beryllium
BR = Bromide
CA = Calcium
CD = Cadmium
CL = Chloride
CO = Cobalt
CR TOT = Chromium, total (all species)
CU = Copper
DSR D 180 = Dissolved solids, residue at 180°C
F = Fluoride
F E = Iron
HG = Mercury
I = Iodide
K = Potassium
LI = Lithium
MG = Magnesium
M N = Manganese
MO = Molybdenum
N A = Sodiu m
NH3-N = Am monia, as nitrogen
NI = Nickel
N 03-N = Nitrate, as nitrogen
N02-N = Nitrite, as nitrogen
ORG-N = Organic nitrogen
PB = Lead
PH =pH, units
P04-P = Orthophosphate, as phosphorus
P, TOTAL = Phosphorus, total, (all species), as phosphorus
SB = Antimony
SE = Selenium
SI02 = Silica
S04 = Sulfate ,,
SP. C 0 N D. = Specific conductance  
SR = Strontium
TL = Thallium
V = Vanadium
ZN = Zinc

  Microsiemens or micro mhos per centimeter at 25° C
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Table 2.   Explanation of Abbreviations and Symbols Used in Computer 
Printout Sections

ABS - absorption
ACD - acid
ALK - alkalinity
APDC - ammonium pyrrolidine dithiocarbamate
AUTO - automated
AVG - average
BLK - block
CO'METRIC - colorimetric
COND. - conductivity
DC - direct current
DEV - deviation
DIG - digestion
DSRD - dissolved residues
EDTA - ethylene diamine tetraacetic acid
1C - inductively coupled
IGNORED - values reported as less than detection level and not used in

statistical analyses 
INTRVL - interval
K & HG S04 - potassium & mercuric sulfate 
LAB - laboratory 
MIBK - methyl isobutyl ketone
N - number of samples or constituents involved in average or mean 
ND - not determined 
NO - number 
PCT - percent
PDCA - pyrrolidine dithiocarbamic acid 
PERSULF - persulfate 
PHOSPHOMOLYBD - phosphomolybdate
REJECT - values identified as an outlier and not used in statistical analyses 
SP. - specific
SPADNS - sodium 2-(parasulfophenylazo)-l,8-dihydroxy-3,6-naphthalene disulfonate 
SRWS - standard reference water sample 
STD - standard 
TOT - total 
< - less than

13
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0
9
6

0
9
7

H
E
P
U
K
T
E
O
 

V
A
L
U
E

120
120
1
1
3

110
140
1
1
2

2
4
0

134
110
1206
5

1
1
9

1
3
3

130
120

P
C
T
.
 
O
E
V
.
 

F
R
O
M
 
M
E
A
N

0
.
6
 

0
.
6
 

6
.
5
 

9
.
0
 

1
5
.
6

7
.
4

9
6
.
5

1
0
.
6

9
.
0

0
.
6

4
6
.
2

1
.
6

1
0
.
0

7
.
5

o.a

M
E
T
H
O
D
S

A
T
O
M
I
C
 
A
B
S
O
N
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

E
M
I
S
S
I
O
N
,
 
1C 

P
L
A
S
M
A
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

R
E
J
E
C
T
 

A
T
O
M
I
C
 
A
B
S
O
N
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
N
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
AIR 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

R
E
J
E
C
T
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
K
E
L
E
S
S

A
1
0
M
1
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

A
T
O
M
I
C
 
A
B
S
O
N
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R
 

E
M
I
S
S
I
O
N
,
 

1C 
P
L
A
S
M
A
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

REFERENCES

2
,
3
,
4

b2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

2
,
3
,
4

32
,
3
,
4

2
,
3
,
4

52
,
3
,
4

T
O
T
A
L
 
R
A
N
G
E
 

0 
S
T
A
N
D
A
R
D
 
D
E
V
I
A
T
I
O
N

TO 9
.
9

2
4
0

MEAN: 
120.9 

95 X CONFIDENCE 
INTRVL OF MEAN

1
2
0
.
9
 

«  
OR 

-
2
.
6

9
3



94
T
A
B
L
E
 
10, 

S
T
A
T
I
S
T
I
C
S
 
B
Y
 
M
b
 I H

O
D
 
F
U
N
 
S
A
M
P
L
E
:
 
T
8
3

D
ETER

M
IN

ATIO
N

: 
ACio<uCAC03

M
E
T
H
O
D

T
I
T
R
A
T
I
O
N
,
 
C
O
L
O
R
I
M
E
T
R
1
C
,
 
M
A
N
U
A
L
 

T
I
T
R
A
T
I
O
N
,
 
E
L
E
C
T
R
U
M
E
T
R
I
C
,
 
M
A
N
U
A
L
 

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
5
0
3
.
5
0
 

1
1
6
8
.
7
9
 

1
1
7
9
.
0
5

S
T
D
 
D
E
V
 

7
6
.
0
4
 

6
0
.
3
8
 

7
3
.
9
6

N 4
14 
21

DETERMINATION: 
AG

METHOD
ATOMIC 

ABSORPTION, 
I) I KELT, 

AIR
ATOMIC 

ABSORPTION, 
FLAMELESS

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

2
.
3
 

2
.
3
 

2
.
3

S
T
D
 
D
E
V
 

1
.
6
 

0
.
7
 

1
.
0

N79
3
6

DETERMINATION: 
AL

M
E
T
H
O
D

ATUMIC 
ABSORPTION,DIRECT,FLAMELESS

ATOMIC 
ABSORPTION,DIRECT,NITROUS 

OXIDE,MANOAL
****** 

OVER 
ALL 

******

M
E
A
N
 

1
1
6
 

1
2
8
 

1
1
3

S
T
D
 
D
E
V
 

4
6
 

5
6
 

55

N 
139 
31

DETERMINATION: 
AS

METHOD
ATOMIC 

ABSORPTION, 
FLAMELESS

ATOMIC 
ABSORPTION, 

HYDRIDE,(NABH4),MANUAL
*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

4
.
1

3
.
6

3
.
7

S
T
D
 
D
E
V
 

2
.
8
 

2
.
1
 

2
.
3

N
1
5
 

14 
3
4

DETERMINATION: 
BA

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

NITROUS 
OXIDE 

ATOMIC 
ABSORPTION, 

FLAMELESS 
EMISSION, 

1C 
PLASMA

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
7
3
 

2
0
2
 

1
7
7
 

1
8
3

S
T
D
 
D
E
V
 

3
53
56

33

N
14 
1
3
 

11 
4
3

DETERMINATION: 
BE 

METHOD
A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
N
I
T
R
O
U
S
 
O
X
I
D
E
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S
 

E
M
I
S
S
I
O
N
,
 
1C 

P
L
A
S
M
A
 

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

3
.
2

6
.
3
 

5
.
0

4
.
9

S
T
D
 
D
E
V
 

3
.
0

2
.
0

2
.
1
 

2
.
6

N 6 6 8 
2
0



T
A
B
L
E
 
10, 

S
T
A
T
I
S
T
I
C
S
 
B
Y
 
M
E
T
H
O
D
 
F
U
R
 
S
A
M
P
L
E
:
 
T
8
3

OETERMINATIUN: 
CD

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
M

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
E
X
T
R
A
C
T
I
U
N
,
(
A
H
U
C
/
M
I
B
K
)

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S

E
M
I
S
S
I
O
N
,
 

1C 
P
L
A
S
M
A

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

5
.
9
 

5
.
7
 

5
.
5
 

6
.
3
 

5
.
8

S
T
D
 
D
E
V
 

1
.
9
 

0
.
5
 

1
.
3
 

1
.
0
 

1
.
4

N 
176 
196

D
E
1
E
R
M
I
N
A
T
1
U
N
:
 
C
O

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
K
P
T
I
U
N
,
 
E
X
T
R
A
C
T
I
O
N
 
(
P
D
C
A
/
M
I
B
K
)

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S

E
M
I
S
S
I
O
N
,
 
1C 

P
L
A
S
M
A

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E

A
N

4
.7

6
.4

4
.6

5
.6

S
T

D
 

O
E

V
1
.5

2
.3

2
.3

2
.2

N3
106
2

1

DETERMINATION: 
CR 

TOT

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S

E
M
I
S
S
I
O
N
,
 

1C 
P
L
A
S
M
A

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E

A
N

1
0
.1

6
.3

6
.6

9
.1

S
T

D
 

D
E

V
4
.4

2
.6

4
.4

3
.6

N
2
1

.225
5

3

DETERMINATION: 
cu

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

A
T
O
M
I
C
 
A
B
S
O
K
P
U
O
N
,
 
F
L
A
M
E
L
E
S
S

E
M
I
S
S
I
O
N
,
 
1C 

P
L
A
S
M
A

O
T
H
E
R

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

4
2
.
2
 

4
0
.
6
 

4
5
.
6
 

1
3
.
2
 

4
2
.
0

S
T
O
 
D
E
V
 

6
.
2
 

5
.
0
 

6
.
5
 

5
.
2
 

7
.
8

N
311265
5
9

DETERMINATION: 
FE

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

AIR 
ATOMIC 

ABSORPTION, 
FLAMELESS 

EMISSION, 
1C PLASMA

O
T
H
E
R

****** 
OVER 

ALL 
******

M
E
A
N2931264331

STD 
D
E
V

11a7
1011

N
28966
53
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T

A
B

L
E

 
iO

, 
S

T
A

T
IS

T
IC

S
 

B
Y 

M
fcTH

O
D

 
FO

R
 

S
A

M
P

L
E

: 
T

8
3

DETERMINATION: 
HG

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S
,
 
C
O
L
D
 
V
A
P
O
R
,
 
A
U
T
O
M
A
T
E
D
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S
,
 
C
O
L
D
 
V
A
P
O
R
,
 
M
A
N
U
A
L
 

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

0
.
1
3
 

0
.
1
9
 

0
.
1
7

S
T
O
 
U
E
V
 

U
.
1
5
 

0
.
1
6
 

0
.
1
7

N 6
d\ 
£7

DETERMINATION: 
LI

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

AIR
EMISSION, 

FLAME
EMISSION, 

1C PLASMA
O
T
H
E
R

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

4
0
 

S
3
 

4
2
 

4
0
 

47

S
T
D
 
D
E
V
 

8 6 6

N 9 356
2
4

DETERMINATION: 
MN

METHOD
ATOMIC ABSORPTION, 

DIRECT, 
AIR 

ATOMIC 
ABSORPTION, 

FLAMELESS 
EMISSION, 

1C PLASMA
*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

2
7
8
 

2
6
2
 

2
7
3
 

2
7
7

S
T
O
 
D
E
V

2
5
2
47
2
3

N
4
390

6
2

DETERMINATION: 
MO

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S

E
M
I
S
S
I
O
N
,
 
1C 

P
L
A
S
M
A

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
2
.
8
 

1
0
.
5
 

1
1
.
3

S
T
D
 
D
E
V
 

3
.
2

1
.
0
 

2
.
9

N04
1
6

DETERMINATION: 
NI

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

AIR
ATOMIC 

ABSORPTION, 
EXTRACTION 

(APDC/M1BK)
ATOMIC 

ABSORPTION, 
FLAMELESS

O
T
H
E
R

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E

A
N

1
1

.1
1

3
.0

9
.5

1
0

.0
1

0
.6

S
T

O
 

D
E

V
6
.3

6
.9

3
.0

0
.0

4
.0

N
1
33114

3
2
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A
B
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E
 
10, 

S
T
A
T
I
S
T
I
C
S
 
B
Y
 
M
E
T
H
O
D
 
F
O
R
 
S
A
M
P
L
E
:
 
1
6
3

DETERMINATION; 
PB

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
D
I
R
E
C
T
,
 
A
I
R

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
E
X
T
R
A
C
T
I
O
N
 
(
A
P
D
C
/
M
I
b
K
)

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S

*
*
*
*
*
*
 
O
V
E
N
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

2
3
.
5
 

2
0
.
7
 

1
4
.
8
 

1
0
.
0

S
T
U
 
U
E
V
 

1
4
.
1

8.8
6
.
7
 

9
.
6

N 
116
2
5
 

4
8

DETERMINATION: 
SB

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
E
S
S
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
H
Y
U
R
I
O
E
 

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
.
8
 

1
.
5
 

1
.
7

S
T
U
 
0
£
V
 

0
.
4
 

0
.
6
 

0
.
5

DETERMINATION: 
SE

M
E
T
H
O
D

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
F
L
A
M
E
L
f
c
S
S
 

A
T
O
M
I
C
 
A
B
S
O
R
P
T
I
O
N
,
 
H
Y
D
R
I
D
E
 

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

4
.
7
 

5
.
0
 

4
.
8

S
T
U
 
D
E
V
 

2
.
3
 

0
.
8
 

1
.
8

N
2
0
 

1134

DETERMINATION: 
SR

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

AIR
E
M
I
S
S
I
O
N
,
 

1C 
P
L
A
S
M
A

O
T
H
E
R

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
1
0
 

1
2
6
 

1
1
0
 

1
1
6

S
T
D
 
D
E
V

342
08

27

N 
12104
2
6

DETERMINATION: 
TL

METHOD
ATOMIC 

ABSORPTION, 
FLAMELESS

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

3
.
1
 

3
.
1

S
T
O
 
D
E
V
 

1
.
2
 

1
.
2

DETERMINATION: 
ZN

METHOD
ATOMIC 

ABSORPTION, 
DIRECT, 

AIR
EMISSION, 

1C PLASMA
O
T
H
E
R

*
*
*
*
*
*
 
O
V
E
R
 
A
L
L
 
*
*
*
*
*
*

M
E
A
N
 

1
1
9
.
9
 

1
2
7
.
8
 

1
2
4
.
0
 

1
2
0
.
9

S
T
O
 
O
E
V

1
0
.
0

7
.
2

8
.
9

9
.
9

N
4185
57

97



98

T
A
B
L
E
 
11 

A
N
A
L
Y
T
I
C
A
L
 
D
A
T
A
.
 

C
O
D
E

S
T
A
N
D
A
R
D
 
R
E
F
E
R
E
N
C
E
 
S
A
M
P
L
E
 
N
b

R
E
P
O
R
T
 
F
U
R
 
N
H
3
-
N

R
E
P
O
R
T
E
D
 

V
A
L
U
E

0
0
2

0
0
3

004
0
0
9

010
0
1
1

012
0
1
4

0
1
7

0
1
9

020
021
0
2
4

0
2
5

027
028
0
2
9

030
0
3
4

035
0
3
6

0
4
0

0
4
3

0
4
4

0
4
7

046
051
052
0
5
3

0
5
4
 

O
b
b
 

056
058
0
5
9

0
6
0

061
0
6
6

0
6
9

0
7
0

0
7
4

0
7
5

0
7
7

0
7
6

079
060
062
065
0
6
6

0
9
1

0
.
0
4

0
.
1
2

0
.
2
3

0
.
1
6

0
.
2
5

0
.
0
3

0
.
2
6

0
.
1
6

3
0
.
0
0

0
.
1
6

0
.
3
1

0
.
1
7

0
.
1
9

0
.
1
7

0
.
1
9

0
.
2
0

0
.
0
0

0
.
3
2

0
.
1
4

0
.
1
5

0
.
1
7

0
.
2
6

0
.
1
3

0
.
1
7

0
.
1
6

0
.
3
0

0
.
6
6

0
.
1
5

0
.
1
7

0
.
1
6

0
.
1
3

0
.
2
3

0
.
0
1

0
.
2
2

0
.
1
5

0
.
3
6

0
.
3
0

0
.
3
6

0
.
1
7

0
.
1
4

0
.
2
0

0
.
1
1

0
.
3
0

0
.
1
6

0
.
1
5

0
.
1
7

0
.
6
6

0
.
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