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Vanadium, calorimetric, catalyjic oxidation 

Parameter and Code: ~ 
;: _ Vanadium, dissolved, I-1880-85 GglL as V): 01085 

1. Application 
This method may be used to analyze most 

waters containing from 0.5 to 5.0 pg/L of 
vanadium, provided that the interferences iden- 
tified below are not exceeded. By reducing the 
reaction time, concentrations up to 100 rg/L 
may be determined. 

2. Summary of method 
2.1 The oxidation of gahic acid by acid- 

persuifate is catalyzed by the presence of smail 
amounts of vanadium (Jarabin and Szarvas, 
1961). Depending on the amount of vanadium 
present, the reaction produces a ye&w-to-red col- 
or, the absorbance of which is measured spec- 
trometricaliy at 415 nm. Under given conditions 
of reactant concentration, temperatum and mat- 
tion time, the extent of oxidation of gallic acid 
is proportional to the concentration of vanadium 
present (Fishman and Skougstad, 1964). 

2.2 This method is essentially the same as 
that reported by the American Society for 
Testing and Materials (1984). 

3. Interferences 
3.1 Several substances interfere, including 

chloride above 100 mg/L and bromide and iodide 
at lower concentrations. Their interference is 
eliminated or minimized by the addition of mer- 
curic nitrate solution. In the presence of mer- 
curic nitrate, concentrations of 100 mg/L Cl-l, 
0.25 mg/L Br-‘, and 0.25 mg/L 1-l can be 
tolerated. The following ions interfere when the 
indicated concentrations are exceeded: silver, 
2,000 pg/L; cobait, 1,000 CrglL; nickel, 3,000 
pg/L; copper, 50 rg/L; chromium, 1,000 pg/L; 
and ferrous iron, 300 pg/L. 

3.2 Nitric acid causes erratic and uncertain 
results. 

4. ,Apparatus 
4.1 W&r bath, regulated to 25 t, 0.5%. 
4.2 Spectrometer, for use at 415 nm. Refer 

to manufacturer’s manual for optimizing in- 
strumental ~parameters. 

5. Reagents 
5.1 Amlttonium persulfate-phosphloric acid 

reagent: Dissolve 2.5 g (NH&S,Os in 25 mL 
demineralized water. Heat solution to just 
below boiling, remove from heat, and add an 
equal volume of concentrated H,PC, (sp gr 
1.69): Let stand for approx 24 h before using. 
Discard after 2 days. 

5.2 Gallfc acid solution, 1 g/100 mL: 
Dissolve 0.5 g gailic acid in 50 mL hot deminer- 
alized water and filter through Whatman No. 
42 filter paper. Prepare fresh daily. 

5.3 Mercuric nitrate solution, 332 mg/L: 
Dissolve 0.350 g Hg(NO&H,O in demineral- 
ized water and dilute to 1 L. 

5.4 Vanadium. standard solution I, 1.00 
mL = 100 eg V: Dissolve 0.2309 g ammonium 
metavanadate (NH,VO,) in demineralized 
water and dilute to 1,000 mL. 

5.5 Varuidium standard solution II, 1.00 
mL = 1.0 ig V: Dilute 10.0 mL v,anadium 
standard solution I to 1,000 mL with Ideminer- 
alized water. 

5.6 Varuklium standard solution III, 1.00 
mL = 0.01 dg V: Immediately before use, dilute 
10.0 mL vanadium standard solution II to 1,000 
mL with demineralized water. This standard is 
used to prepare working standards at time of 
analysis. 

6. Procedyre 
6.1 Pipet a volume of sample containing less 

than 0.05 pg V (10.0 mL max) into a 23-mm 
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absorbance cell or a 25-n& test tube, and ad- 
just the volume to 10.0 mL. 
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1,000 
0 

v b.+m = 
mL sample 

X pg V in sample 
6.2 Prepare a blank and sufficient standards 

containing from 0.01 to 0.05 pg V in 23-mm ab- 
sorbance cells or 25-mL test tubes, and adjust 
the volume of each to 10.0 mL with demineral- 
ized water. (Standards must be included with 
each set of samples.) 

8. Report 

6.3 Add 1.0 mL mercuric nitrate solution to 
samples, standards, and blank, and place all 
cells or test tubes in a water bath (25 “C). Allow 
30 to 45 min for samples to reach temperature 
equilibrium. 

6.4 Add 1.0 mL ammonium persulfate 
phosphoric acid reagent (temperature equi- 
librated). Mix and return to water bath. 

Report vanadium, dissolved (01085). concen- 
trations as follows: less than 10 pg/L, 1 pg/L; 
10 pg/L and above, two significant figures. 

9. Precision 
9.1 Precision for dissolved vanadium within 

its designated range may lbe expressed as 
follows (American Society .for Testing and 
Materials, 1984): 

6.5 Add 1.0 mL gallic acid (temperature 
equilibrated). Mix and return to water bath 
(NOTE 1). 
NOTE 1. Because time and temperature are 
critical factors, the absorbance of each sample 
must be measured exactly 60 min after the 
gallic acid is added. Time the analyses of several 
samples most easily by starting a stopwatch 
with the addition of gallic acid to the first sam- 
ple and by adding the gallic acid to subsequent 
samples at appropriate intervals. 

6.6 After about 58 min, remove all cells or 
test tubes from the water bath; and at exactly 
60 min, measure the absorbance at 415 mn, 
using demineralized water as a reference 
(NOTE 2). 
NOTE 2. All samples may be removed from the 
water bath 1 or 2 min before the end of the 
60-min period. The samples are then prepared 
for measurement, and the absorbance of each 
sample is measured exactly 60 min after the ad- 
dition of the gallic acid. 

ST = 0.069X + 0.422 

where 
ST = overall precision, micrograms per liter, 

and 
X = concentration of vanadium, micrograms 

per liter. 
9.2 Precision for dissolved vanadium for 

four samples expressed in terms of percent 
relative standard deviation is as follows: 

Number of Mean Relative standard deviation 
laboratories (rell) (percent) 

3 3 ::: iz 
6.7 31 

12.6 57 

References 

American Society for Testing and Materials, 1984, Annual 
book of ASTM standards, section 31, water: Philade& 
pbia, v. 1101, p. 676-81. 

7. Calculations 
7.1 Determine micrograms of vanadium in 

each sample from a plot of absorbances of 
standards. 

7.2 Determine the concentration of 
vanadium in micrograms per liter as follows: 

Fishman. M. J., and Skougstad. M. W., 1964, Catalytic 
determination of vanadium in water: Analytical 
Chemistry, v. 36, p. 1643-6. 

Jarabin. Z., and Szarvas, P., 1961, Detection of small 
amounts of vanadium by catalytic reaction with the ad- 
dition of gallic acid: Acta Univlwsity Debrecen, v. 7, 
p. 131; Chemical Abstracts, 196’2, v. 57, 9192c. 



Vanadium, calorimetric, catalytic oxidation; automated-segmented 

Parameter and Code: 
Vanadium, dissolved, I-2580-55 bg/L as V): 01085 

1. Application 
This method may be used to analyze most 

waters containing from 1 to 10 pg/L vanadium, 
provided that the interferences identified below 
are not exceeded. 

2. Summary of method 
Low concentrations of vanadium catalyze the 

acid-per&fate oxidation of gallic acid. This 
reaction proceeds rapidly in the presence of 
vanadium but only very slowly in its absence. 
The amount of colored oxidation product 
formed by this reaction is directly propor- 
tional to the concentration of vanadium when 
temperature, reaction time, and concentration 
of reactants are carefully controlled (Fishman 
and Skougstad, 1964; Jarabin and Szarvas, 
1961). 

3. Interferences 
3.1 Chloride, bromide, and iodide interfere 

when their concentrations exceed 100 mg/L, 10 
&L, and 1 pg/L, respectively. Iron(D), iron(III), 
and copper(I1) interfere when their concentra- 
tions exceed 300 pg/L, 500 pg/L, and 50 pg/L, 
respectively. The concentrations of other ions 
are rarely high enough to interfere. 

3.2 Nitric acid causes erratic and uncertain 
results. 

4. Apparatus 
4.1 Technicon AutoAnalyzer II, consisting 

of sampler, proportioning pump, cartridge man- 
ifold, water bath, calorimeter, voltage stabilizer, 
recorder, and printer. 

4.2 With this equipment the following oper- 
ating conditions have been found satisfactory 
for the range from 1 to 10 pg/L vanadium. 

l 

Absorption cell ---------- 15 mm 
Wavelength ------------- 410 nm 
CEUYI -- ____ --__- --_____- ‘&j/h (l/l) 
Water-bath temperature -- 60°C 

5. Reagents 
5.1 Ammbnium persulfate-phosphoric acid 

reagent: Dissolve 2.5 g (NH,)zS,Os in 25 mL 
demineralized water. Heat solution to just 
below boiling, remove from heat, and add an 
equal volume of concentrated HaPO, (sp gr 
1.69). Let stand for approx 24 h before use. 
Before use, dilute with 50 mL demineralized 
water. Discard after 2 days. 

5.2 Gallic acid solution, 20 g/L: Dissolve 5 
g gaiiic acid in 250 mL hot, demineralized water 
and filter through paper (Whatman No. 42 or 
equivalent). Prepare fresh daily. Keep the solu- 
tion warm during analysis to prevent the gal&c 
acid from precipitating. 

5.3 Mercuric nitrate solution, 332 mg/L: 
Dissolve 350 mg Hg(NO&*HzO in deminerai- 
ized water and dilute to 1 L. 

5.4 Vanadium standard solution I, 1.00 
mL = 100 pg V: Dissolve 0.2309 g ammonium 
metavanadate (NH,VO,) in demineralized 
water and dilute to 1,000 mL. 

5.5 Vanadium standard solution II, 1.00 
mL = 1.0 ,g V: Dilute 10.0 mL vanadium 
standard solution I to 1,000 mL with deminer- 
alized water.’ 

5.6 Vanadium standard solution III, 1.00 
mL = 0.05 rg V: Dilute 50.0 mL vanadium 
standard solution II to 1,000 mL with demin- 
eralized water. 

5.7 Vanadium working standards: Prepare 
a blank and 250 mL each of a series of vanadium 
working standards by appropriate quantitative 
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502 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

tray, beginning with the most concentrated 0 dilution of vanadium standard solution III as 
follows: standard. Place individual standards of dif- 

fering concentrations in approx every eighth 
position of the remainder of this and subsequent 
sample trays. Fill remainder of each tray with 
unknown samples. 

6.5 Begin analysis. When the peak from the 
most concentrated standard appears on the 
recorder, adjust the STD CAL control until the 
flat portion of the peak reads full scale. 

Vanadium standard eolutlon III 
OnL) 

20” 
10.0 

iti 
4o:o 
60.0 

Vanadium concentration 
WL) 

0.0 
1.0 
2.0 
4.0 
6.0 
6.0 

10.0 

6. Procedure 
6.1 Set up manifold (fig. 50). 
6.2 Allow calorimeter, recorder, and water 

bath to warm for at least 30 min or until the 
temperature of the water bath reaches 60°C. 

6.3 Adjust the baseline to read zero scale 
divisions on the recorder with all reagents, but 
with demineralized water in the sample line. 

6.4 Place a complete set of standards and a 
blank in the first positions of the first sample 

7. Calculations 
7.1 Prepare an analytical curve by plotting 

the height of each standard peak versus its 
respective vanadium concentration. 

7.2 Compute the concentration of vanadium 
in each sample by comparing .its peak height to 
the analytical curve. Any baseline drift that 
may occur must be taken into account when 
computing the height of a sample or standard 

lO- 
turn 

I c3 Proportioning pump 

r 1 
To 

sampler 4 + 
wrsb 

receptacle 

Wash 
2.00 ml/min 

. 

0.030 in Air 
. 

1.20 ml/min Callie 
---la 

0 

0.025in acid 
0.23 mL/min Acid- - 

Sampler 4 
20/h 

0.025in persulfate - 
0.23 ml/min 

l/learn 

20. 
turn 

100 
turn 

0.030in Air 

0.80 mllmin Colorimeter 
410 nm 

1 
I ** 

:-- ------ “---‘~-~- -.‘--‘- rJ F- 

I Recorder 

Figure XL-Vanadium, catalytic oxidation manifold 
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METHODS FOR DETERMINATION OF INORGqNIC SUBSTANCES 503 

8. Report Number of Mean Relative stanliard deviation 

Report vanadium, dissolved (01085), concen- replicates ~ (ren) (pemnt) 

trations as follows: less than 10 pg/L, nearest 
1 pg/L; 10 pg/L and above, two significant 

t ii:: 
:3 
‘1 

8 53.9 ‘I 
figures. 

Reference8 

9. Precision 
Fishman. M. J., and Skougstad, M. W., 1964, Catalytic 

detarmin~tion of vanadium in water: Analytical 
Single-operator precision for dissolved Chemistr$, v. 36, p. 1643-6. 

vanadium for three samples expressed in terms Jarabin, 2.. qnd Szarvas. P., 1961. Detectioln of small 

of percent relative standard deviation is as 
amounta of vanadium by catalytic reaction with the ad- 

follows: I 
dition of gallic acid: Acta University Debrecen, v. 7. 
p. 131: CIiemical Abstracts, 1962. v. 67, 9192c. 



Vanadium, atomic emission spe$trometric, ICP 

Parameter and Code: ~ 
Vanadium, dissolved, l-147285 (pg/L as v): 01055 

2. Summary of method method utilizing an induction-coupled argon 
Vanadium is determined simultaneously with plasma as ‘an excitation source. See method 

several other constituents on a single sample I-1472, metals, atomic emission spectrometric, 
by a direct-reading emission spectrometric ICP. 
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Zinc, atomic absorption spectrometric, direct 

Parameters and Codes: i 
Zinc, dissolved, I-lgOO-85 bg/L as Zn): 01090 

Zinc, total recoverable, I-3900-85 GglL as Zn): 01092 
Zinc, suspended recoverable, I-7900-85 bg/L as Zn): 01091 

Zinc, recoverable-from-bottom-material, dry wt, I-5900-85 bg/g as Zn): 01093 

1. Application 
1.1 This method may be used to analyze water 

and water-suspended sediment containing from 
10 to 500 j&L of zinc. Sample solutions contain- 
ing more than 500 pg/L need to be diluted or to 
be read on a less expanded scale. 

1.2 Suspended-recoverable zinc is calculated 
by subtracting dissolved zinc from total 
recoverable zinc. 

1.3 This method may be used to analyze bot- 
tom material containing at least 1.0 pg/g of zinc. 
Sample solutions containing more than 500 
pg/L of zinc need to be diluted or less scale ex- 
pansion used. 

1.4 Total recoverable zinc in water-sus- 
pended sediment needs to undergo preliminary 
digestion-solubiiization by method I-3485, and 
recoverable zinc in bottom material needs to 
undergo preliminary digestion-solubilization by 
method I-5485 before being determined. 

2. Summary of method 
2.1 Zinc is determined by atomic absorption 

spectrometry by direct aspiration of the sam- 
ple into an air-acetylene flame. 

2.2 The procedure may be automated by the 
addition of a sampler and either a strip-chart 
recorder or a printer or both. 

3. Interferences 
3.1 Magnesium at concentrations greater 

than 100 mg/L interferes unless other cations, 
such as sodium, are present in the sample. 

3.2 Individual concentrations of sodium, 
potassium, sulfate, chloride (9,000 mg/L of 
each), calcium (4,500 mg/L), nitrate (2,000 
mgL), iron (4 X lo6 clgn), and cadmium, nickel, 

copper, lead, cobalt, and chromium (10,000 pg/L 
each) do not interfere. Greater concentrations 
of each constituent were not investigated. 

3.3 Samples containing 100 n&L of silica 
cause no interference; however, zinc recovery is 
approx 10 percent low in samples containing 
200 mg/L ot silica. 

4. Apparatus 
4.1 Atomic absorption spectrometer 

equipped tith electronic digital readout and 
automatic zero and concentration controls. 

4.2 Refer to the manufacturer’s mlanual to 
optimize instrument for the following: 

Grating i----------- Ultraviolet 
Wavelen&h - _______ 213.3 - 
Source (hollow-cathode 

lamp) ------------ zinc 

Oxidant L- _______-- fi 

Fuel ,,,A __------- -- Acetylene 

Type of fiame ------- Oxidizing 
4.3 The SO-mm (2-in.) and loo-mm (4-in.) 

flathead, single-slot burners allow a working 
range from 10 to 500 pg/L of zinc. Different 
burners m&y be used according to manufac- 
turer’s instkuctions. 

5. Reagents 
5.1 Zinc’standwd solution I, 1.00 mL = 100 

pg Zn: Dis$olve 0.100 g reagent grade zinc 
(30-mesh) in a slight excess of concentrated HCl 
(sp gr l.l9),~and dilute to 1,000 mL wit#h demin- 
eralized water. 

5.2 Zindstundud solution II, 1.00 mL = 1.0 
pg Zn: Dilute 10.0 mL zinc standard solution I 
to 1,000 nil.+ with demineralized water contain- 
ing 1 mL concentrated HNO, (sp gr 1.41). 
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5.3 Zinc working standu~s: Prepare a series 
of at least six working standards containing 
from 10 to 500 pg/L of zinc by appropriate dilu- 
tions of zinc standard solution II with acidified 
water. 

5.4 Water, acidified. Add 1.5 mL concen- 
trated HNO, (sp gr 1.41) to 1 L of demineral- 
ized water. 

6. Procedure 
Aspirate the blank (acidified water) to set the 

automatic zero control. Use the automatic con- 
centration control to set the concentrations of 
standards. Use at least six standards. Calibrate 
the instrument each time a set of samples is 
analyzed and check calibration at reasonable 
iIltervdS. 

7. Calculations 
7.1 Determine the micrograms per liter of 

dissolved or total recoverable zinc in each sam- 
ple from the digital display or printer output 
while aspirating each sample. Dilute those 
samples whose zinc concentrations exceed the 
working range of the method and multiply by 
the proper dilution factors. 

7.2 To determine micrograms per liter of 
suspended recoverable zinc, subtract dissolved- 
zinc concentration from total-recoverablezinc 
concentration. 

7.3 To determine micrograms per gram of 
zinc in bottom-material samples, first determine 
the micrograms per liter of zinc as in paragraph 
7.1, then 

pg/L of Zn X 
mL of original digest 

Zn hdg) = 1,000 
wt of sample (g) 

8. Report 
8.1 Report zinc, dissolved (01090), total- 

recoverable (01092). and suspended- recoverable 
(01091), concentrations as follows: less than 100 
lg/L, nearest 10 pg/L; 100 pg/L and above, two 
significant figures. 

8.2 Report zinc, recoverable-from-bottom- 
material (01093), concentrations as follows: less 

nearest microgram per 10 
jig/g and ibove, two sign&ant &ures. 

9. Precision 
9.1 Precision for dissolved zinc for 30 

samples within the range of 14 to 1110 pg/L 
may be expressed as follows: 

ST = 0.070X + 6.51 

where 
s,= overall precision, micrograms per liter, 

and 
X = concentration of zinc, micrograms per 

liter. 
The correlation coefficient is 0.7967. 

9.2 Precision for dissolved zinc for six of the 
30 samples expressed in terms of the percent 
relative standard deviation is as follows: 

Number of 
laboratories 

33 
47 
19 

i: 
17 

Mean 
Jig& 

14 
104 
116 
236 
520 

1110 

IRelative standard deviation 
(percent) 

43 
10 
22 

: 
9 

9.3 It is estimated that the percent relative 
standard deviation for total recoverable and 
suspended recoverable zinc and recoverable zinc 
in bottom material will be greater than that 
reported for dissolved zinc. 

9.4 Precision for total recoverable zinc ex- 
pressed in terms of the percent relative stand- 
ard deviation for two water-suspended sediment 
mixtures is as follows: 

Number of 
laboratorles 

Mean Relative standard devlatlon 
WL) (percent) 

78.4 27 
172 31 

Reference 

Fishmau. M. J., and Downs, S. C.. 1966, Methods for 
analysis of selected metals in water by atomic absorp- 
tion: United States Geological !Survey Water-Supply 
Paper 1540-C.. p. 43-6. 
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Zinc, atomic absorption spectrometrib, graphite furnace 

Parameter and Code: ~ 
Zinc, dissolved, I-190185 bg/L as Zn):,OlOgO 

1. Application 
1.1 This method may be used to determine 

zinc in low ionic-strength water and precipita- 
tion. With Zeeman background correction and 
a 20-CCL sample, the method is applicable in the 
range from 0.5 to 40 H/L. Sample solutions that 
contain zinc concentrations exceeding the up 
per limits must be diluted or preferably be 
analyzed by the atomic absorption spectro- 
metric method, or by the atomic emission spec- 
trometry ICP method. 

1.2 The analytical range and detection limits 
can be increased or possibly decreased by vary- 
ing the volume of sample injected or the in- 
strumental settings. Purification of reagents 
and use of ASTM Type 1 water (Method 
D-1193, American Society for Testing and 
Materials, 1984) may result in lower detection 
limits. 

2. Summary of method 
Zinc is determined by atomic absorption spec- 

trometry in conjunction with a graphite furnace 
containing a graphite platform (Hinderberger 
and others, 1981). A sample is placed on the 
graphite platform and a matrix modifier is 
added. The sample is then evaporated to dry- 
ness, charred, and atomized using high- 
temperature ramping. The absorption signal 
generated during atomization is recorded and 
compared with standards. 

3. Interferences 
3.1 Interferences in low ionic-strength 

samples, such as precipitation, normally are 
quite low. In addition, the use of the graphite 
platform reduces the effects of many inter- 
ferences. Calcium (25 mg/L), magnesium (8 
mg/L), sodium (20 mg/L), sulfate (34 mg/L), and 

chloride (25 ~mg/L) do not interfere. Greater con- 
centrations’ of these constituents were not in- 
vestigated. 

3.2 Precipitation samples usually contain 
very low concentrations of zinc. Special precau- 
tionary measures must be employed during 
both sample collection and laboratory deter- 
mination to prevent contamination. 

4. Apparatus 
4.1 Atomic absorption spectrometer, for use 

at 213.8 nm and equipped with background cor- 
rection, digital integrator to quantitate peak 
areas, graphite furnace with tempera.ture pro- 
grammer, and automatic sample injector. The 
programmer must have high-temperature ramp 
ing and stopped-flow capabilities. 

4.1.1 Refer to the manufacturer’s manual to 
optimize instrumental performance. The 
analytical ranges reported in paragraph 1.1 are 
for a 20-PL sample with 5 PL of matrix modifier 
(NOTE 1). 
NOTE 1. A 20-rL sample generally requires 30 
s to dry. Samples that have a complex matrix 
may require a longer drying and charring time. 

4.1.2 Gkphite furnace, capable of reaching 
temperatures sufficient to atomize the element 
of interest; Warning: dial settings frequently 
are inaccurate and newly conditioned furnaces 
require temperature calibration. 

4.1.3 Ghphite tubes and platforms. Pyro- 
lytically coated graphite tubes and solid pyro- 
lytic graphite platforms are recommended. 

4.2 Labiuare. Many trace metals al; very low 
concentrations have been found to sorb very 
rapidly to glassware. To preclude this, fluori- 
nated ethylene propylene (FEP) or Teflon lab- 
ware mayi be used. Alternately, glassware, 
particularly flasks and pipets, may be treated 

I 
509 



510 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

with silicone anti-wetting agent such as Surfacil 
(Pierce Chemical Co., Rockford, IL, 61105) ac- 
cording to the manufacturer’s instructions. 
Autosampler cups must be checked for con- 
tamination. Lancer (1831 Olive St., St. Louis, 
MO, 63103) polystyrene disposable cups have 
been found to be satisfactory after acid rinsing. 
Alternately, reuseable Teflon or FEP cups may 
be used. 

4.3 Argon, standard, welder’s grade, com- 
mercially available. Nitrogen may also be used 
if recommended by the instrument 
manufacturer. 

5. Reagents 
5.1 Matrix modifier solution, 40g 

NH,HzPO& Add 40.0 g NH,H,PO4 to 950 
mL Type 1 water, mix, and dilute to 1,000 mL. 
Analyze 20 PL of matrix modifier for zinc con- 
tamination. If the zinc reading is more than 
0.005 absorbance-seconds, purify the solution 
by chelation with ammonium pyrroIidine dithio- 
carbamate (APDC) and extraction with methyl 
isobutyl ketone (MIBK, NOTE 2). Analyze 20 
PL of the purified solution. Repeat extractions 
until the zinc level is reduced to the acceptable 
level. DO NOT ADD ACID TO THE PURI- 
FIED MATRIX MODIFIER SOLUTION. 
NOTE 2. To purify matrix modifier solution, 
pour the solution into a Teflon or FEP con- 
tainer. Add 0.25 g APDC for each liter of solu- 
tion. while stirring, adjust the solution to pH 
2.9 by dropwise addition of concentrated HNO, 
(sp gr 1.41). Transfer portions of the solution 
to a separatory funnel, add 100 mL MIBK/Iiter 
of solution, and shake vigorously for at least 5 
min. Frequently, vent the funnel in a hood. Col- 
lect the extracted solution in the FEP container. 
Repeat the extraction with 50 mL MIBK/liter 
of solution. Because MIBK can dissolve some 
plastic autosampler cups, boil the solution for 
at least 10 min in a silicone-treated or acid- 
rinsed container covered with a watchglass to 
remove MIBK. 

5.2 Nitric acid, concentrated, high-purity, 
(sp gr 1.41): J. T. Baker “Ultrex” brand HN, 
has been found to be adequately pure; however, 
each lot must be checked for contamination. 
Analyze acidified Type 1 water for zinc. Add an 
additional 1.5 mL of concentrated HNO,/Iiter 
of water, and repeat analysis. The integrated 

signal should not increase by more than 0.001 
absorbance-seconds. 

5.3 Water, acidified, Type 1: Add 1.5 mL 
high-purity, concentrated HNO, (sp gr 1.41) to 
each liter of water. 

5.4 Water, Type 1. 
5.5 Zinh standurd solution I, 1.00 mL = 

1,000 pg Zn: Dissolve 1.0000 g Zn powder in a 
minimum of dilute HNO,. Heat to increase rate 
of dissolution. Add 10 mL high-purity, concen- 
trated HNO, (sp gr 1.41) Ultrex or equivalent 
and dilute to 1,000 mL with Type 1 water. Alter- 
natively, a certified standard solution at this 
concentration may be purchased. 

5.6 Zinc standard solution II, 1.00 mL = 
10.0 pg Zn: Dilute 10.0 mL zinc standard solu- 
tion I to 1,000 mL (NOTE 3) 
NOTE 3. Use acidified, Type 1 water (paragraph 
5.3) to make dilutions. AR standards must be 
stored in sealed Teflon or FEP containers. Each 
container must be rinsed twice with a small 
volume of standard before being filled. Stand- 
ards stored for 6 months in FEP containers 
yielded values equal to those of freshly prepared 
standards. 

5.7 Zinc standard sohtion III, 1.00 
mL = 1.00 pg Zn: Dilute 100.0 mL zinc stand- 
ard solution II to 1,000 mL. This standard is 
used to prepare working standards serially at 
time of analysis. 

5.8 Zinc standard solution IV, 1.00 mL = 
0.010 pg Zn: Dilute 10.0 mL zinc standard solu- 
tion III to 1,000 mL. This standard also is used 
to prepare working standards serially at time 
of analysis. 

6. Procedure 
6.1 Systematically clean and rinse work 

areas with deionized water on a regular 
schedule. Use a laminar flow hood or a “clean 
room” environment during sample transfers. 
Ideally, the autosampler and the graphite fur- 
nace should be in a clean environment. 

6.2 Soak autosampler cup:s at least over- 
night in a 1 + 1 solution of Type 1 water and 
high-purity nitric acid. 

6.3 Rinse the sample cups twice with sam- 
ple before filling. Place cups in ,sample tray and 
cover. Adjust sampler so that only the injection 
tip contacts the sample. 

6.4 In sequence, inject 20-PL ahquots of 
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blank and working standards plus 5 CCL of 
modifier each and analyze. Analyze the blank 
and working standards twice. Construct the 
analytical curve from the integrated peak areas 
(absorbance-seconds). Generally, the curve 
should be linear up to a peak-absorbance (peak- 
height) value of 0.40 absorbance units. 

6.6 Similarly, inject and analyze the samples 
twice. Every tenth sample cup should contain 
either a standard or a reference material. 

6.6 Restandardize as required. Minor 
changes of values for known samples usually in- 
dicate deterioration of the furnace tube, contact 
rings, and/or platform. A major variation usual- 
ly indicates either autosampler malfunction or 
residue buildup from a complex matrix in a 
previous sample. 

7. Calculations 
Determine the micrograms per liter of zinc in 

each sample from the digital display or printer 
output. Dilute those samples containing concen- 
trations of zinc that exceed the working range 
of the method, repeat the analysis, and multi- 
ply by the proper dilution factors. 

8. Report 
R8port zinc, dissolved (01090), concentrations 

as follows: less than 10.0 &L, nearest 0.1 Ccgn; 
10 pg/L and above, two significant figures. 

9. Precision 
9.1 Analysis of four samples by a single 

operator using Zeeman background correction 
is as follows: 

Number of Mean 
repllcgtea WL) 

Standard deviation 
bwl 

Relative 
standard 
deviation 
(percent) 

: 16.02 5.92 0.24 26 4.1 1.6 

1: 40.21 19.70 i:: 6.5 7.9 

9.2 The precision and bias for the Zeeman 
background correction were tested on deionized 
water and tap water (specific conductance 280 

~Slcm). A known amount of zinc was added to 
each sample, and single-operator precision and 
bias for six replicates are as follows: 

Amount Amount 
added found 
(roll) ,IrolL) 

Deionized water 

Standard 
deviation 

WL) 

Relative 
standard 
deviation 
(percent) 

Recovery 
(percent) 

3.05 ~ 4.20 

f :T 
5.53 
6.13 

ii 
11.30 
39.95 

Tap water (NOTE 4) 

1.16 27.6 136 
A6 15.6 101 

:Z 
10.3 100 
5.5 103 

4.51 11.3 111 

i-r 
2.17 

~ 4.27 
.73 71 

6:1 
.65 t: 

‘tz 
1.44 10:1 

76 
105 

iii 42193 
.92 5.5 60 

4.67 10.0 119 

NOTE 4. The tap water contained 8 &IL of zinc, 
and the standard deviation and percent relative 
standard deviation were calculated prior to sub- 
traction of zinc originally present. 
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Zinc, atomic emission spectrbmetric, ICP 

Parameter and Code: ~ 
Zinc, dissolved, l-1472-85 (pg/L as Zn): 01090 

2. Summary of method method utilizing an induction-coupled argon 
Zinc is determined simultaneously with plasma as an excitation source. See method 

several other constituents on a single sample 1-1472, metals, atomic emission spectrometric, 
by a direct-reading emission spectrometric ICP. 
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Zinc, total-in-sediment, atomic absorptioq spectrometric, direct 

Parameter and Code: ~ 
Zinc, total, l-5474-85 (mglkg as Zn): none gssigned 

2. Summary of method hotplate at ~ 200°C. Zinc is determined on the 
A sediment sample is dried, ground, and resulting solution by atomic absorption spec- 

homogenized. The sample is digested with a 
combination of nitric, hydrofluoric, and per- 

trometry. Sqe method I-5474, metals, major and 

chloric acids in a Teflon beaker heated on a 
minor, total-in-sediment, atomic absorption 
spectrometric, direct. 
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Metals, atomic emission spectrometric, ICP 

Parameters and Codes: Metals, dissolved, I-1472-85 (see below) 

Parameter 
Barium bg/L as Ba) 01005 
Beryllium Gg/L as Be) 01010 
Cadmium bg/L as Cd) 01025 
Calcium (mg/L as Ca) 00915 
Cobalt bg/L as Co) 01035 
Copper kg/L as Cu) 01040 
Iron &g/L as Fe) 01046 
Lead kg/L as Pb) 01049 
Lithium bg/L as Li) 01130 

1. Application 
1.1 This method may be used only for the 

determination of dissolved constituents in 
water that have a measured specific conduc- 
tance of less than 2,000 clS/cm at 25°C. Table 
8 specifies the upper and lower concentration 
limits. Samples containing analyte concentra- 
tions greater than the upper concentration limit 
may be analyzed for calcium, magnesium, silica, 
and sodium if the sample is diluted and if, after 
dilution, the specific conductance is below 2,000 
@/cm. Trace metals can also be determined in 
samples that have a measured specific conduc- 
tance greater than 2,000 pS/cm by dilution; 
however, detection levels and sensitivity will 
change proportionally. 

1.2 Analyses must be performed on filtered 
and acidified samples. Water-suspended sedi- 
ment and bottom material cannot be analyzed. 

1.3 The induction-coupled argon plasma (ICP) 
technology is so new that instruments and 
associated data-processing equipment and soft- 
ware available on the commercial market are 
not standardized and operating conditions vary. 
Until operating conditions of various manufac- 
turers’ instruments become more comparable 
and the equivalency of methods using those in- 
struments are established by extensive testing, 
the ICP methods approved for U.S. Geological 
Survey use will specify instrument and associ- 
ated software brands. This does not imply en- 

Parameter ~ Code 
Magnesium (mg/L as Mg) 00925 
Manganese kg/L as Mn) 01056 
Molybdenum kg/L as MO) 01060 
Silica (mg/L ‘as SiO,) 00955 
Sodium (mg/L as Na) 00930 
Strontium kg/L as Sr) 01080 
Vanadium kg/L as V) 01085 
Zinc Gg/L as Zn) 01090 

dorsement of one product over anotlner, but 
rather, acknowledges that ICP technology is 
rapidly changing and developing. 

2. Summary of method 
All parameters are determined simultaneous- 

ly on a single sample by a direct-readiug emis- 
sion spectrometric method utilizing an 
inductioncoupled argon plasma as an excitation 
source. Samples are pumped into a pneumatic 
nebulixer, atomized, and introduced mto the 
plasma via a spray chamber and torch assem- 
bly. Each analysis is determined on tlhe basis 
of the average of two replicate exposures, each 
of which is background-corrected by a spec- 
trum-shifting technique. Calibration is per- 
formed by standardizing with a series of four 
mixed-element standards and a blank. 

3. Interferences 
3.1 Several interelement-interference effects 

have been evaluated. Interelement-correction 
factors have been programmed into the 
proprietary-data-system software and. correc- 
tions are automatically applied, internally, to 
the data before they are printed as output. 

3.2 Samples containing high dissolved solids 
exhibit a vqety of unidentified interference ef- 
fects. Therefore, analyses must be limited to 
samples with a specific conductance Iof 2,000 
@/cm or less. 
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Table &-Working ranges of constituents for ICP 

Constituent 

Barium 
Beryllium 
Cadmium 
Calcium (1) 
Calcium (2) 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium (1) 
Magnesium (2) 
Manganese 
Molybdenum 
Silica (SiO2) 
Sodium (1) 
Sodium (2) 
Strontium 
Vanadium 
Zinc 

‘Second order. 

Lower limit bg/L 
except where noted) 

2 
.5 

1 
.02 mg/L 

100 mg/L 
3 

10 
3 

10 
4 

.OOl mg/L 
5 mg/L 
1 

10 
.009 mg/L 
.2 mglL 

100 mg/L 
.5 

x 

Upper limit be/L 
except where noted) 

10,000 
10,000 
10,000 

100 mg/L 
1,000 mg/L 

10,000 
10,000 
10,000 
10,000 

100,000 
5 mglL 

100 mg/L 
10,000 
10,000 

100 mg/L 
100 mg/L 

1,000 mg/L 
10,000 
10,000 
10,000 

Wavelength (nm) 

455.5 
313.0 
214.4 
396.8 
315.8 
238.8 
324.7 
:259.9 
220.3 
1370.7 
:279.5 
:3a2.9 
r257.6 
203.8 
:288.1 
1589.0 
,330.2 
421.5 
292.4 
206.0' 

27 MHz Orifice 1.5-mm ID 

Figure 51.-Block diagram of spectrometer System 

4. Apparatus (do not substitute) 
4.1 Emission Spectrometry System (fig. 51) 

consisting of 
4.1.1 Spectrometer, Jarrel-Ash Plasma 

Atom Comp, 0.75meter focal curve with 
spectrum-shifter background correction and 
crossflow pneumatic nebuiizer or Babington- 
type nebuiizer as described by Garbarino and 
Taylor (1980). (See table 8 for element 
wavelengths.) 

4.1.2 Computer, Digital Equipment Co., 
PDP8e. 

4.1.3 Quartz Torch (fig. 52). 
4.1.4 Radio Frequency Generator, Plasma- 

Therm Inc., Model HFS-2000D, 27.1-MHz. 
4.1.5 Peristaltic Pump, Gilson, Model HP4 

(fig. 53). 

- 
20 mm 

1 E 

20 mm 
_t 
A 

60 mm 

‘I - 

0 
0 18-mm ID 

I I 
d0 20-mm OD 

1 k-- 14-mm ID 

Iii 16-mm OD 

0 
0 18-mm ID 
d0 20-mm OD 

1 

- 14-mm ID 
16-mm OD 

I - g-mm ID 
1 l-mm OD 

‘czz :I:“, b”D 
J-7 

Tangential 
argon inlet 

i 

argon inlet 

e-19138 Vycor e-19138 Vycor 
socket socket 

b-1819 Vycor 
ball joint 

Aerosol inlei 
Figure 52.-Quartz torch 

4.2 Refer to the Jane&Ash Instruction Man- 
ual, Atom Comp 750, for operating techniques. 

e 
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Sample cup 

1 Technicon tubing SMA,, flow rate 0.42 mL/min 
part 116-0549PO6, collar color-orange 

(lA-4 inches, lB-6 inches) 
2 Teflon tubing 26TW NAT: 4 inches 
3 Tube connector part 116-0003-O 
4 Technicon tubing StvlATnn~ flow rate 0.60 mL/min 

part 116-0549PlO collar color -red-standard 

Figure !i3.-Pump system 

4.2.1 
Operating conditions: 
Incident RF power ----- 
Reflected RF power --- 
Vertical observation posi- 

tion -------------- 

Horizontal observation 
position ----------^ 

Argon head pressure -- 
Sample argon pressure for 

crossflow nebulizer -- 
Sample argon pressure for 

Babington nebulizer - 
Sample argon flow rate for 

crossflow nebulizer -- 
Sample argon flow rate for 

Babington nebulizer 
(appmx) --- _------- 

Plasma argon flow rate 
(for both nebulizers) - 

Coolant argon flow rate 
Sample pumping rate for 

crossflow nebulizer -- 

Sample pumping rate for 
Babington nebulizer - 

Refractor plate position 

Spectrum shifter ------ 

1.25 kW 
sow 

16 mm (above 
load coil) 

Center 
40 lb/in2 

17 lb/in2 

30 lb/in2 

0.9 L/mm 

0.6 L/min 

0 L/mm 
18 L/mill 

10 percent 
above 
aspiration 

3to5mLlmin 
Optimized for 

Hg profile 
Full shift 

4.2.2 The software matrix containing all the 
required parameters for data acquisition is 
shown in table 9. Only three of these parameters 
ever requi$ an update The background con- 
stants should be updated wherever the plasma 
torch position has been changed. Background 
constants are obtained by setting them equal 
to 1.000, elrcept for Li-channel 24 and Na- 
channel 23, by aspirating the blank solution, and 
then by making several measurements in inten- 
sities. From~ these intensity measurements new 
background’ constants are calculated using the 
formula: ~ 

IN+IB 
B= 

IS I 

where 
B = new background constant, IN = net inten- 
sity and IBM= background intensity. The new 
backgmund~constants are then entered into the 
matrix. 

When background constants are updated the 
interelement-correction factors must be up 
dated. Inter-element-correction factors are 
obtained by: setting them equal to zero, stand- 
ardizing the instrument, analyzing each 
interfering-element standard stock solution, and 
printing the results in concentration units. 
These results are used to calculate the 
interelemen$cormction factors for each element 
using the formula: 

I, = A$Ci 

where 
4 - - interelement correction factor for element 
CAi = the apparent concentration of element 
e,andCi= concentration of the interfering ele- 
ment i. The units of 1, are milligrams per liter 
of element e per milligrams per liter of interfer 
ing element i. New interelement correction fac- 
tors are then entered into the matrix. 

Finally, in some cases it is impractical to make 
standard stock solutions at concentrations of 
exactly 100.0 rug/L. Therefore, the concentration 
for each element should be entered iiito the 
matrix. 
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5. Reagents 
5.1 Acids used in the preparation of stand- 

ards must be Ultmx grade or equivalent. 
5.1.1 Aqua regia: Cautiously mix 3 parts con- 

centrated HCl (sp gr 1.19) and 1 part concen- 
trated HNO, (sp gr 1.41) just before use 

5.1.2 Hydrochloric acid, 6Mz Add 500 mL 
concentrated HCl (sp gr 1.19) to 400 mL demin- 
erslized water and dilute to 1 L. 

5.2 Prepare standard stock solutions from 
Spex HiPumgmde chemicals or equivalent. Dry 
all salts for 1 h at 105PC unless otherwise 
specified. Do not dry hydrated salts. Clean all 
metals thoroughly with the appropriate acid and 
dry prior to weighing. 

5.2.1 Barium standard solution I, 1.00 m.L = 
100 pg Ba: Dissolve 0.1516 g BaC& dried at 
180°C for 1 h in 10 mL demineralized water with 
1 mL 6iW HCL Add 10.0 mL 6M HCl and dilute 
to 1,000 mL with demineralized water. 

5.22 Beryllium standard solution I, 1.00 mL = 
100 pg Be: Dissolve 0.1000 g beryllium flakes- 
CAUTION deadly poison-in a minimum of aqua 
mgia. Heat to increase rate of dissolution. Add 10.0 
mL concentrated HN03 (sp gr 1.41) and dilute to 
1,000 mL with deminemlized water (NOTE 1). 
NOISE 1. Beryllium is extremely toxic and may 
be fatal if swallowed or inhaled. 

5.2.3 Calcium standard solution I, 1.00 
mL = 100 pg Ca: Suspend 0.2498 g CaCO, dried 
at 180°C for 1 h before weighing, in demineral- 
ized water and dissolve cautiously with a 
minimum amount of dilute HN03. Add 10.0 mL 
concentrated HNO, (sp gr 1.41) and dilute to 
1,000 mL with demineralized water. 

5.2.4 Cadmium standard solution I, 1.00 
mL = 100 fig Cd: Dissolve 0.1000 g cadmium 
splatters in a nrinimum of dilute HNO,. Heat to 
increase rate of dissolution. Add 10.0 mL concen- 
trated HNO, (sp gr 1.41) and dilute to 1,000 mL 
with demineralized water. 

5.2.5 Cobalt standard solution I, 1.00 mL = 
100 pg Co: Dissolve 0.4939 g cobalt nitrate, 
Co(NO&6H,O, in deminerahzed water. Add 10.0 
mL concentrated HNO, (sp gr 1.41) and dilute 
to 1,000 mL with demineralized water. 

5.2.6 Copper standard solution I, 1.00 mL = 
100 clg Cm Dissolve 0.1000 g copper shot in a 
minimum of dilute HNO,. Heat to increase rate 
of dissolution. Add 10.0 mL concentrated HNO, 
(sp gr 1.41) and dilute to 1,000 mL with demin- 
edized water. 

5.2.7 Iron standard solution I, 1.00 mL = 
100 c(g Fe: Dissolve 0.1000 g iron wire in a 
minimum of dilute HNO,, Heat to increase rate 
of dissolution. Add 10.0 mL concentrated HNO, 
(sp gr 1.41) and dilute to 1,000 mL with demin- 
eralized water. 

5.2.8 Lead standard solution I, 1.00 mL = 
100 pg Pb: Dissolve 0.1000 g lead shot in a 
minimum of dilute HNO,. Heat to increase rate 
of dissolution. Add 10.0 mL concentrated HNO, 
(sp gr 1.41) and dilute to 1,000 mL with demin- 
eralized water. 

5.2.9 Lithium standard solution I, 1.00 
mL = 100 pg I.& Dissolve 0.5323 g QCO~, slow- 
15 in a minimum amount of d!ihrte HNO,. Add 
10.0 mL concentrated HNO, (sp gr 1.41) and 
dilute to 1,000 mL with demineralized water. 

5.2.10 Magnesium standanE solution I, 1.00 
mL = 100 M Mg Dissolve 0.1000 g magnesium 
rodma minimum of dilute H:NO,. Heat to in- 
crease rate of dissolution. Add 10.0 mL concen- 
trated HNO, (sp gr 1.41) and clilute to 1,000 mL 
with demineralized water. 

5.2.11 Manganese standam! solution I, 1.00 
mL = 100 pg Mn: Dissolve 0.1000 g manganese 
flakesina minimum of dilute HNO,. Heat to in- 
crease rate of dissolution. Add 10.0 mL concen- 
trated HNOa (sp gr 1.41) and dilute to 1,000 mL 

with demineralized water. 
5.2.12 Molybdenum stand&d solution I, 1.00 

mL = 100 pg MO: Dissolve 0.2043 g (NH4)$k04 
in deminemlized water. Dilute to 1,000 mL with 
demineralized water. 

5.2.13 Silica standard solution I, 1.00 mL = 
100 c(g Si02: Dissolve 0.3531 g Na$iO,*5H,O 
in demineralized water. Add 10.0 mL concen- 
trated HNO, (sp gr 1.41) and dihrte to 1,000 mL 
with demineralized water. 

5.2.14 Sodium standard solution I, 1.00 
mL = 500 pg Na: Dissolve 1.:!71 g NaCl in de- 
mineralized water. Add 10.0 mL concentrated 
HNO, (sp gr 1.41) and dilute to 1,000 mL with 
demineralized water. 

5.2.15 Strontium standard solution I, 1.00 
mL = 100 pg Sr: Dissolve 0.2416 g Sr(NO& in 
deminerahzed water. Add 10.0 mL concentrated 
HNO, (sp gr 1.41) and dilute to 1,000 mL with 
demineralized water. 

5.2.16 Vanadium standard solution I, 1.00 
mL = 100 pg V: Dissolve 0.2297 g NH,VO, in 
a minimum amount of concentrated HNO,. 
Heat to increase rate of dissolution. Add 10.0 mL 
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concentrated (sp gr 1.41) and dilUtC? 
1,000 with deminerslized water. 

5.2.17 Zinc standard solution I, 1.00 mL = 
100 pg Zn: Dissolve 0.1000 g zinc powder in a 
minimum of dilute HNO,. Heat to increase rats 
of dissolution. Add 10.0 mL of concentrated 
HNO, (sp gr 1.41) and dilute to 1,000 mL with 
demineralized water. 

5.3 Mixed working-standard solutions. 
5.3.1 Prepare four mixed standard solutions as 

follows: Pipet 50.0 mL of each appropriate. stand- 
ard stock solution into a 500~mL volumetric 
flask. Dilute with demineralized water. ‘Ikansfer 
to acid-rinsed PTFE bottle for storage Freshly 
mixed standards should be prepared weekly. 
Final concentration will be 1.00 mL = 10.0 pg for 
all parameters exception sodium, which will be 
1.00 mL = 50.0 pg. Composition for mixed stand- 
ards should be as follows: 

5.3.2 Mixed stun&ml solution I: Iron, cad- 
mium, lead, and zinc 

5.3.3 Mixed standard solution II: Beryllium, 
copper, strontium, vanadium, and cobalt. 

5.3.4 Mixed stundam? solution III: Molyb- 
denum, silica, lithium, and barium 

5.3.5 Mixed standard solution IV: Calcium, 
magnesium, manganese, and sodium 

5.3.6 Reagent blank: Dilute 1 mL concentra- 
tion HNO, (sp gr 1.41) to 1,000 mL with demin- 
eralized water. 

5.4 Check standard solution: Pipet 5.00 mL 
of each standard stock solution into a lOO-mL 
vohunetric flask Dilute with demineralized 
water. Transfer to PTFE bottle for storage Fresh 
check standard solution should be prepared 
weekly. Final concentration will be 1.00 mL = 
5.00 pg for all parameters except Na, which will 
be 1.00 mL = 28.83 pg (due to the Na in the 
SiO, standard). 

6. Procedure 
6.1 Set up instrument with proper operating 

parameters (paragraph 4.2) and ignite plasma In- 
strument must warm for 30 min prior to stand- 
ardization. 

6.2 Retrieve the appropriate proprietary soft 
warn matrix from memory. Set the Time and 
Date Set number of cycles for spectrum shifter 
to 5. Enter the following “coded string” for 
standardization: (QEGGAIN). 

6.3 Position the mercury pen lamp in front of 
the entrance slit. Initiate the “profile” computer 

command, and profile the instrument by averag- 
ing the micrometer settings obtained at identical 
intensity positions on each side of the mercury 
spectral line. Position the micrometer to the 
average setting. 

6.4 Standardize the data system by running 
a blank and the series of four mixed standard 
solutions using an “0” command to initiate each 
run. Identify the standard at the end of each nm 
when demanded by the computer. Pmmp blank 
solution for 30 s between standards. AJIow 30 s 
for equilibration each time a new solultion is in- 
troduced. 

6.5 Change the “coded string” to the follow- 
ing (QEGGAC). Analyze the check standard 
described in paragraph 5.4. Concentration values 
obtained should not deviate from the actual 
values by more than 2 percent. If values do 
deviate mom than 2 percent, inspect nebulizer for 
malfunction. 

6.6 Check standardization by running secon- 
dary reference samples or equivalent certified 
reference samples in natural matrix materials. 
The determined concentration must lbe within 
one stand& deviation of the elemental mean 
given for the reference material. 

6.7 Analyze samples allowing 30 s for 
equilibration. Pump blank solution for 30 s be- 
tween samples. Check calibration after analyzing 
10 samples by rerunning a reference sample and 
the check standard The results for the reference 
sample and check standard must be within 
one-standard-deviation of the elemental mean 
given for the reference material and less than 
f 2 percent for each element respectiv~y. If not, 
the data system must be restandatdized as 
described starting at paragraph 6.3. 

6.8 Reprofile instrument (paragraph 6.3) as 
necessary. If profile position changes! by more 
than 4 mickometer units, the instrument must 
be mstandardized (starting with paragraph 6.2). 

7. Calculations 
7.1 All calculations are performed internally 

by the computer data system SiO, WilU be label- 
ed Si if headings are used to identify the results. 

7.2 If dilutions were performed, multiply the 
results by the appropriate dilution factor. 

8. Repclrt 
8.1 All results am printed directly in milli- 

grams per liter (NOTE 2). 



522 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

Table O.-Single-operator precision data for ICP 

constituent Sk3pe Intercept Units 

Barium 0.0061 0.83 
Beryllium .0061 .06 

IgL 

Cadmium .0203 .30 
Cobalt .0650 A0 E 
Copper .0039 1.32 Do: 
Iron .0071 .059 
Lead .1210 5.0 E: 
Lithium .0240 .076 
Manganese .0042 .30 DD:: 
Molybdenum .1220 .18 Do. 
Strontium .0089 ,076 
Zinc .0059 1.24 E:: 
Calcium .0044 .30 
Magnesium 

mg/L 
.0060 .018 

Silica (SiO,) .0040 .019 E* 
Sodium .0077 .26 Do: 

Standard deviation, So, is calculated by So = mx + b, 
where m is slope of line, x is concentration of constituent 
in units specified, and b is intercept. 

NOTE 2. If either the mported caIcium or sodium 
concentration is greater than 100 mg/L or the 
magnesium concentration is greater than 5.0 
mg/L, report the second value given, otherwise 
report only the first value ‘Ikace-metal results 
must be converted to micrograms per liter. 

8.2 Report the dissolved constituent concen- 
trations as follows: 

8.2.1 Calcium (00915), magnesium (00925). 
silica (00955), and sodium (00930): less than 10 
mg/L, one decimal; 10 mg/L and above, two 
significant figures. 

8.2.2 Beryilium (01010). cadmium (01025), 
manganese (01056). and strontium (01080): less 
than 10 &L, nearest ClglL; 16 pg/L and above, 
two significant figures. 

8.2.3 Barium (01005), cobalt (01035), iron 
(01046), lithium (01130), and zinc (01090): less 
than 10 clgn, nearest @/I., to the lower limit of 
detection as specified in tablle 8; 10 pg/L and 
above, two significant figures. 

8.2.4 Copper (01040), lead (01049), molyb- 
denum (OlOSO), and vanadium (01085): less than 
100 pg/L, nearest 10 pg/L; 1010 clgn and above, 
two significant figures. 

9. Recision 
9.1 Within its designaki range, single- 

operator precision of the method for each metal 
may be expressed as described in table 9. A 
minimum of 10 replicate anaIyses were performed 
to obtain each regression equation shown. 

9.2 Interlaboratory precision data obtained 
on standard reference water samples am shown 
in table 10. The specific instrument described in 
this method may not have been used. Labora- 
tmie3 were not asked to provide this information. 

Reference 
Garbariw J. B, and ‘Ihylor, H. E., 1980, A Babiin~type 

nebulhr for we in the analysis of natural water samples 
by inductively coupled plasma qectrometryz Applied 
SpectroscoW, x 34, p. 684-90. 

Table lO.-Interlaboratory precision data for ICP 
IS, = overall precision, in units specified and X= concentration of constituent, In units speclfled; SD 

R 
= average standaN deviation, 

In units specified and CI = 95 percent confidence lntswals for the average standard devla on, In unlts spAfled.] 

Number of -we bslL Conelation 
Cmstltuent samples except where noted) Pm&Ion coafflclent 

Barium 6 18 to 240 S = 0.055 x+ 1.68 
Beryllium 6 

T 0.9448 
4.0 to 47 .8442 

Cadmium 
s, = 0.056 x+ 0.836 

6 4.0 to 15 
Calcium 

s, = 0.396 x -1.50 .8992 
7 .77 to 186 mglL 

Cobalt 6 3.5 to 14 
s, = 0.067 x -0.433 .9907 
sop = 3.3 -- 
CI = 2.6 to 4.6 

Wwer 6 22 to 470 S = 0.065 x+ 2.97 T .9915 
Iron 7 100 to 770 SDp = 24.1 

CI = 20.1 to 29.8 
Lithium 6 43to650 .8337 
Magnesium 7 .lO to 120 mg/L 

s, = 0.092 x+ 3.59 
.9B8!5 

Manganese 6 38 to 570 
S, = 0.044 X+ 0.072 
SDp = 23.1 -- 
Cl = 16.6 to 28.5 

Molybdenum 5 12 to 36 SDp = 5.7 -- 
Cl = 4.5 to 8.1 

Silica (SiO,) 5 5.2 to 11 mg/L SDp = 0.78 -- 
CI = 0.62 to 1.06 

Sodium 7 33 to 160 mglL 
Strontium 12 

S, = 0.027 X+ 0.763 .9215 
57 to 2700 .Q345 

Vanadium 5 6.0 to 10 
S, = 0.042 X+ 3.73 

.9!557 
Zinc 6 15 to 570 

S, = 0.879 X -4.72 
SD/J = 14.0 -- 

Cl = 11.6 to 17.8 
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