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The determination of nitrate-nitrogen in water is 
difficult at best. The relatively complex procedures, the 
presence o~ interfering substances, and the limited 
concentration ranges of the various techniques all 
contribute to the di~~iculty. Screening methods can be 
used, but they only determine approximate concentrations. 
Once a sample has been screened, a method suitable for its 
concentration range must then be selected. If an easier 
method were available, or if an improvement on an existing 
method could be made, the nitrate-nitrogen analysis would 
be greatly facilitated. 

The main purpose of this research is to refine and 
test the use of activated charcoal for the removal of the 
organic interference in various water samples. This 
removal would eliminate the unreliable organic corrections 
and would permit accurate analysis of nitrate-nitrogen by 
ultraviolet spectroscopy. A method of analysis using 
activated charcoal is proposed. The chromotropic acid 
method will be used as the reference/comparison method. 
The chromotropic acid method and the ultraviolet 
spectrophotometric screening method can both be found in 
the Standard Methods ~or the Examination of Water and 
Wastewater, 15th ed., 1980. 
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INTRODUCTION
 

In lak•• and riv.r., ni~rog.n as ~he ni~ra~e ion 

usua~~y occur. in ~r.c••moun~., 1 ~o 2 milligrams 

ni~r.~.-ni~rog.n p.r ~i~.r, bu~ in .el~ ••~er and o~her 

ground .a~.r i~ m.y r ••ch much high.r leve~s. A~ high 

conc.ntr.tion., nitr.~. c.n c.u•• the illness known as 

me~h.mog~obin.mi. in in~.n~.. In Kinneso~a .lone, from 

1947-48, ~h.r. w.r. 139 c•••••i~h 14 dea~hs ~raced to a 

high ni~r.~e con~en~ in ••~l .a~.r [1,2]. As a result, a 

limi~ o~ 10 milligr.m. nitr.~.-ni~rogen per liter has been 

impo.ed on dom••~ic ••~.r supplies [3]. In domes~ic waste 

water, ni~r.t. i. ~ound only in sm.ll amoun~., bu~ some 

efflu.n~. from ~r.a~m.n~ pl.n~s m.y con~.in ni~r.~e in 

conc.n~r.~ion. o~ up ~o 30 milligr.ms ni~ra~e-nitrogen per 

li~er. .i~r.te re.ch•••igni~ic.n~ly high concen~ra~ions 

because i~ r.pre.en~. the ~in.l s~.g. of the biological 

oxid.~ion o~ organic ni~rogen compounds. Ni~rate is ~he 

highes~ oxidized form in ~he ni~rogen cycle. Ni~ra~e may 

also serve •• .n oxygen source, .nd is .n e••ential 

nu~rien~ ~or m.ny pho~o.yn~he~ic .u~otrophs. As can be 

seen, ~he .~udy of the ni~r.~e con~en~ of wa~er is of 

intere.~ •• an indic.tion of b.c~.rial .c~ivi~y and 

pollu~ion. 

There .re a v.rie~y of me~hods available for the 

determin.~ion of ni~r.~e-ni~rogen in w.~er [4]. These 

include the reduc~ion of ni~r.~e ~o ammonia, reduction to 
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nitrite, .~ci~ic-ion electrode .ethod., direct 

spectrophoto.etry, and .pectrophoto.etric methods utilizing 

color developing reagents. Un~ortunately, the relatively 

complex procedure., the pre.ence o~ interfering substances, 

and the li.ited concentration range. o~ the various 

technique••ake the deter.ination of nitrate-nitrogen 

difficult. 

Of the technique. available, a simple, rapid, and 

relatively reliable ..thod i. direct .pectrophotometry in 

the ultraviolet (UV) region. It. advantage over chemical 

method. i ••een in the work by Hoather and Rackham [5]. 

The nitrate concentration. deter.ined from the ultraviolet 

absorption are .uch higher than the nitrate concentrations 

deter.ined che.ically. It appear. that the total 

concentration of oxidized nitrogen i. not completely 

mea.ured by the u.ual che.ical determinations of nitrite 

and nitrate. For .uch .a.ple., ultraviolet absorption is 

bene~icial because it indicate. the pre.ence of the 

oxidized nitrogen in a ~orm that only appears gradually as 

nitrate when the .a.ple is kept for a few weeks. 

The direct UV .ethod i. especially suited for 

screening .ample. that have low dissolved organic matter 

content., .uch a. uncontaminated natural waters and potable 

water .upplies. Rea.onable re.ult. can be attained by 

applying a relatively ••all correction for dissolved 

organic .atter in solution [1,4,5,6], on the empirical 

basi. that the absorption at the nitrate wavelength due to 
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dissolved organic .a~~er i. anywhere ~rom two to ~our times 

a. grea~ a. ~ha~ a~ ~he waveleng~h u.ed ~o determine 

dis.olved organic .atter. It .hould be pointed out that 

dissolved organic .at~er re~ers to the absorbing materials 

measur.d at 275 nano••~.r. (n.). Th. ab.orbance at 275 nm 

is u••d to d.t.rain. ~he pr•••nc., or ab.ence, of this 

dissolved organic .atter tha~ could al.o show absorbance at 

the wavelength .el.ct.d ~or the ni~rat.-nitrogen 

d.ter.ination. Th. .o.t co••on wav.length. selected for 

nitrate-nitrogen deteraination., in conjunction with the 

275 n. waveleng~h, includ••ith.r 210 na [5,6] or 220 nm 

[1,4]. Th••• t.chnique••r. not r.liable when the 

di• .alved organic .a~t.r conc.ntration••r. high and the 

nitrate-ni~rog.n concentr.tion i. low. Th. reason for the 

unreliability o~ ~h. corr.ction ~actor t.chniques comes 

~ro. the di~~erent organic co.pound. pr.sent in different 

type. o~ wat.r. 

In addition to ~h. corr.ction ~actor techniques 

brie~ly ..ntion.d, oth.r nitrat.-nitrogen methods have been 

propo••d to d••l with the int.r~.r.nc. due to dissolved 

organic ••~t.r using wav.l.ngth••t 210 nm [7,8,9] and 230 

nm C101. Ar••trong'. [101 addition o~ an equ.l volume of 

conc.ntrat.d .ul~uric acid to a .olution containing 

nitrat., wh.n chlorid. i. al.o pr•••nt, caus•• a change in 

the nitra~. ab.orption .p.ctru., the maximum being shifted 

to 230 n.. Th. • •••ur•••nt .t 230 nm is ea.ier because the 

.d.orp~ion o~ oth.r .ub.t.nc.. i. 1... than at 210 nm, and 
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may ev.n b. di.ini.h.d in the pr•••nc. of the sulfuric 

acid. Th. high acid conc.ntr.tion incre.ses the reactivity 

of nitr.t••0 th.t it ••y b. destroy.d by • suitable 

reducing .g.nt, • hydr.zine .ult.t. solution, allowing an 

accur.t•••••ur•••nt ot the non-nitr.t. ab.orbance of the 

sample. Th. differ.nc. in the two r.adings is proportional 

to the nitr.t. conc.ntration. Th. .ample should not 

contain mar. than 2.5 part. p.r million nitrate-nitrogen, 
'l!h 
.~but should contain .or. th.n 2 gra•• ot chloride per liter. 

Samples ot higher nitrate conc.ntr.tion m.y be diluted, 

and, it the chlorid. conc.ntration i. too low, hydrochloric 

acid may be added. 

A r.pid and .ccur.te ••thod for det.rmining nitrate 

has been propos.d by S••tian, et al. [7] for determining 

nitrate in .lk.lin••arth carbonate mixture•• The method 

utiliz•• ultr.viol.t ab.orption ot nitrate ion in dilute 

perchlor1c acid. Th•••thod con.i.t. of dissolving the 

sample in dilute p.rchloric acid and r.ading the absorbance 

at 210 nm. Interfer.nc.s due to metal ions are removed by 

passing • we.kly acid p.rchloric acid solution of the 

materi.l through a cation .xch.ng. resin. 

The proposed m.thod tor potable .aters by Havone [B) 

is also ba••d on the ab.orption of nitrate at 210 nm. The 

absorb.nce of a w.t.r .ample containing nitrate ion is 

measur.d at 210 n. .g.in.t a duplic.t. portion of the 

sample, • bl.nk, in which the nitrate ion has been reduced 

to ammonia by the .ction at • zinc-copp.r couple in an 
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acidi~i.d ••dium. Th. u•• o~ th. blank p.rmits the 

canc.111ng out o~ all int.r~.ring .ub.tances except 

nitrit.. It i. a••u••d that nitrit. ion concentrations in 

potabl••at.r. ar. low, and i. th.r.~ore not a significant 

factor. Wat.rs having a nitrat. ion conc.ntration above 

8.8 mg/L .u.t be dilut.d in ord.r to use this proposed 

method. 

Th. variability o~ th. di••olved organic matter 

correction t.chniqu.. and th. po••ibl. lowering of 

precision by diluting a .a.pl. to bring the absorbance with 

the lin.ar rang. o~ UV .p.ctrophoto••tric analysis 

emphasiz•• the n••d for a non-arbitrary .ethod with 

improved accuracy. Such a ••thod ha. b.en proposed by 

Rennie, .t al. [9], which r ••ov•• not only the dissolved 

organic .att.r prior to analy.i., but al.o some of the 

cationic int.rferenc.. that aff.ct the determination of 

nitrat•• 

a.cau•• of th. di~~iculti•••ncount.red in dealing 

with di••olved organic matter plus the potential 

effectiv.n••• of activated charcoal, R.nnie and his 

associat•• investigate the organic matter content, nitrate 

content a. r.ceived and th. extent of nitrate retention on 

approxi.ately 20 typ•• of activat.d charcoals. 

Unfortunat.ly, mo.t o~ th. charcoals t ••ted contain nitrate 

and organic matter that ia ea.ily l.ached out. Also, the 

charcoal. r.tained 19 to 84 p.r c.nt of the nitrate under 

acidic conditions. N.v.r th. 1•••, methods using activated 

-5



charcoal have been inve.tigated ~urther. 

The .ethods inve.tigated include batchwise addition of 

powdered or granular charcoal. ~ollowed by ~iltration to 

remove the charcoal, the u.e o~ a charcoal column, and the 

construction o~ a ~ilter stack u.ing .aterials impregnated 

with charcoal. Becau.e o~ the drawbacks o~ the batchwise 

addition, and the insu~~icient removal of the organic 

matter in the column, the development of a method using a 

particular analytical-grade ~ilter paper impregnated with 

activated charcoal under alkaline conditions was pursued. 

Test. with 4, 6, and 16 layer. o~ the charcoal paper have 

shown that at least 16 layers are required in order to 

allow a su~~icient contact time to remove the organic 

matter ~ro. the .ample.. Test. with .tandard nitrate 

solution. also show that nitrate ion is not absorbed under 

alkaline conditions by the increa.ed number o~ layers. 

The .ain purpose o~ this inve.tigation has been to 

refine and t.st the batchwise addition of activated 

charcoal for the removal of dissolved organic matter in 

natural water samples. This removal process would 

eliminate the need for a correction wavelength, making the 

analysis of nitrate-nitrogen by UV .pectroscopy a simpler 

and more accurate method. The drawback. encountered by 

Rennie and his associate. have al.o been investigated. 
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EXPERIMENTAL 

I. Chromctropic Acid "ethod 

A. Apparatus 

Absorbance vas measured at 410 nm with a HACH 

DR/3000 Spectrophotometer using a 1-inch path-length glass 

cell. Analysis of the yellov reaction product followed the 

procedure outlined in Standard "ethods [4J using five times 

(5X) the volumes listed (final volume of 50 ml). 

B. Reagents 

1. Distilled, deionized vater, stored in a 

plastic container, vas used ~or all solutions and 

dilutions. 

2. A stock nitrate solution vas prepared by 

taking 0.7218 g of potassium nitrate, dried in an oven at 

105 C for 24 hours, dissolving it in vater and diluting to 

1000 mI. This vas then preserved vith 2 ml of chloroform 

per liter giving a final concentration of 100 mg of 

nitrate-nitrogen per liter. 

3. A standard nitrate solution vas prepared 

by diluting 50.0 ml of stock nitrate solution to 500 ml 

with vater, giving a final concentration of 10.0 mg of 

nitrate-nitrogen per liter. 

4. Nitrate standards of 0.1 to 5.0 mg of 

nitrate-nitrogen per liter vere prepared prior to analyses. 
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5. The sul~it.-ur•• r ••gent vas prepared by 

dissolving 5 g o~ urea .nd 4 g o~ sodium sul~ite in water 

and diluting to 100 ml. 

6. The .ntimony r ••g.nt was prepared by 

heating 500 mg of antimony metal powder in 80 ml of 

concentrated sulfuric acid until all the metal had 

dissolved. This was don. in • hood to prevent the sulfuric 

acid fumes from entering the room. The solution was 

allowed to cool and th.n it w•• c.utiously added to 20 ml 

iced water. Since cryst.la ~or••d overnight, and 

redissolving ~y heating prov.d di~~icult, this reagent was 

prepared just prior to .n.ly•••• 

7. The puri~ic.tion of the chromotropic acid 

sodium salt (4,5-dihydroxy-2,7-n.phthalene disulfonic acid 

disodium salt) vas performed .ccording to the procedure 

outlined in Standard ".thod. (4). R.crystallization proved 

to be more of a problem then exp.cted. When the crystals 

did finally form, they were not whit., needle crystals, but 

a blue granular mass that didn't dry in a desiccator, and 

melted when placed in .n ov.n. Therefore, the certified 

A.C.S. chromotropic acid sodium ••It received from the 

Fischer Scientific Comp.ny, Che.ic.l "anufacturing Division 

was used .s received. Visu.l .nd .bsorbance comparisons 

were made between the y.llow re.ction products formed when 

using the purified chro.otropic .cid and the chromotropic 

acid sodium salt as r ••gent. on v.rious nitrate standards. 

The results showed little, i~ .ny, difference in absorbance 
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readings and color develop••nt. So, the chromotropic acid 

reagent vas prepared by dissolving 0.1 9 of the 

chroMotropic acid sodiu. salt in 100 ml concentrated 

sulfuric acid. This vas stored in a brovn glass bottle, 

and prepared fresh every tvo veeks. 

C.	 Procedure 

Standard curves vere prepared by using a 

linear least squares curve fitting program [111. Standard 

nitrate-nitrogen concentration levels of 0, 0.1, 0.5, 1.0, 

2.5, 4.0, and 5.0 mglL vere used to prepare the standard 

curves. After it vas confiraed that the standard curve was 

linear, tvo standards, 1 and 5 mglL, vere analyzed with 

each group of samples. Sample. ver. filtered through 4.25 

cm GF/C Whatman Glas. Kicrofibre filters to remove any 

suspended matter that might be present. Color development 

£ollowed the outlined procedure. The absorbance at 410 nm 

was set at zero absorbance vith a distilled, deionized 

water blank. Readings vere made directly for all samples, 

alternating vith the vater blank. Concentrations were 

calculated from the l.ast square., best-fit slope o£ the 

standard curves. 

II. Ultraviolet Spectrophotometric Screening Method 

A.	 Apparatus 

Absorbance vas measured vith an EU-700 Series 
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GCA/HcPherson Sp~ctrophoto••tric Instrument using matched 

i-cm path-length silica cells. The det~rmination of 

nitrate-nitrogen followed th~ procedure outlined in 

Standard "ethods [4]. 

B. Reagents 

1. Distilled, d~ionized vater, stored in a 

plastic container, was used to prepare the stock nitrate 

solution. Distilled water, stored in a glass container, 

was used to prepare the standard nitrate solutions. 

2. Stock nitrate solutions Prepared as 

described in the Chromotropic Acid "ethod reagent section 

(reagent '2). 

3. Standard nitr.t~ solution: Prepared as 

described in the Chromotropic Acid "ethod reagent section 

(reagent #3). 

4. Nitr.t~ standards of 0.5 to 10.0 mg 

nitrate-nitrogen per liter were prepared prior to analyses 

by diluting the standard nitrate solution to the 

appropriate nitrate concentrations using the distilled 

water that was stor~d in the glass container. 

c. Procedure 

Standard curves were prepared using a 

least-squares curve fitting routine[lll. Standard 

nitrate-nitrogen concentration levels were 0, 0.5, 1.0, 

4.0, 5.0, and 10.0 mg/L. After it was confirmed that the 
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standard curve vas linear, tvo standards, 1 and 5 mg/L, 

were analyzed vith .ach group of samples. To obtain a 

clear sample, 4.25 em GF/C What.an Glass Microfibre filters 

were used. To 50 ml of clear sample, 1 ml of 1 N 

hydrochloric acid was added and mixed in thoroughly. 

Absorbance was read against distilled vater, stored in a 

glass container, set at zero absorbance. A wavelength of 

220 nm vas used to obtain a nitrate-nitrogen reading, and B 

wavelength of 275 nm vas used to determine the interference 

due to dissolved organic matter. Readings were made 

directly for all samples at both vavelengths. As described 

in Standard Methods [4], tvo times the absorbance at 275 nm 

was subtracted from the absorbance reading at 220 nm. This 

corrected absorbance value vas converted to a 

nitrate-nitrogen concentration from the standard curves. 

III.	 Ultraviolet Spectrophotometric Screening Method 

With Charcoal Treatment 

A. Apparatus 

1. Absorbance vas read using the EU-700 

Series GCA/McPherson Spectrophotometric Instrument with 

matched 1-cm path-length silica cells. 

2. Polycarbonate centrifuge tubes, 50 m1 

capacity. 

3. lEe International Centrifuge, Model HT. 

4.	 Burrell Wrist-action Shaker. 
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5. Whatman Gla•• Kicrofibre filters, 4.25 em, 

GF/C. 

B. Reag&nts 

1. Ground, charcoal, Norit-A, alkaline, 

decolorizing carbon. 

2. All other reag&nt. are the same as 

described in the Ultraviolet Spectrophotometric Screening 

Method reagent section. 

C. Procedure 

The charcoal va. dried in an oven at 105 C for 

24 hours, and then kept in the oven betveen analyses. A 

sample vas prepared for analysis by placing 0.1 g of 

charcoal into the centri£uge tube.. For each sample, a 

pair of c~ntrifuge tube. vere used. To each of the tubes, 

30 ml of the vater sample vas added. The centrifuge tubes 

were placed in the shaker £or 10 minutes at the highest 

rotation setting. They were then placed in the centrifuge 

for 20 minutes at approximately 7500 rpm. Being careful to 

avoid shaking, the sample. vere filtered, using a suction 

filtration apparatus with glass £iber filter paper, to 

remove the charcoal from the solution. To 50 ml of the 

clear sample, 1 ml o£ 1 N HCl was added and mixed 

thoroughly. Absorbance va. measured against distilled 

water, stored in a glass container, set at zero absorbance. 

A wavelength of 220 nm va. used to obtain a 
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nitrate-nitrogen absorbanc. valu., and a waverength of 275 

nm was used to deter.in. th. .~f.ctiv.ne.s of the charcoal 

in the r.moval of th. int.r~er.nc. due to the dissolved 

organic matter. Readings v.r••ad. directly for all 

samples at both vav.l.ngths. 

IV. A Proposed ".thod For Det.rmining Nitrate 

A. Apparatus 

1. Absorbance vas read from the EU-700 Series 

GCA/McPherson Spectrophoto••tric Instrument using matched 

1-cm path-length silica cell•• 

2. 50.1 capacity Polycarbonate Centrifuge 

tubes. 

3. IEC Int.rnational Centrifuge, Model HT. 

4. Burr.ll Wrist-action Shaker. 

S. What man GF/C Gla•• "icrofibre filters, 

4.25 cm. 

B. Reagents 

1. Fre.h di.till.d vat.r, stored in glass, 

was used ~or all solution. and dilutions. 

2. Stock Nitrat. Solution: 0.7218 grams of 

dried potassium nitrat. vas dissolved in vater and diluted 

to volume in a 1000-ml volu.etric ~la.k. The solution was 

preserved by adding 2 .1 of chloroform per liter of 

solution for a final conc.ntration of 100 milligrams 
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nitrate-nitrogen absorbance va~ue, and a vaveLength of 275 

nm vas used to deter.ine the .~~ectiven.ss of the charcoal 

in the removal o~ the inter~erence due to the dissolved 

organic matter. Readings .ere .ad. directly for all 

samples at both vavelengths. 

IV. A Proposed Method For Determining Nitrate 

A. Apparatus 

1. Absorbance was read from the EU-700 Series 

GCA/McPherson Spectrophotometric Instrument using matched 

i-em path-length silica cells. 

2. 50 ml capacity Polycarbonate Centrifuge 

tubes. 

3. lEe International Centrifuge, Hodel HT. 

4. Burrell Wrist-action Shaker. 

5. What.an GF/C Glass Microfibre filters, 

4.25 em. 

B. Reagents 

1. Fresh distill.d water, stored in glass, 

was used for all solutions and dilutions. 

2. Stock Nitrate Solution: 0.7218 grams of 

dried potassium nitrate was dissolved in water and diluted 

to volume in a 1000-ml volumetric flask. The solution vas 

preserved by adding 2 .1 of chloro~orm per liter of 

solution for a ~inal concentration o~ 100 milligrams 
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nitrate-nitrogen per liter. 

3. Standard Nitrate Solution: 50.0 ml of 

stock nitrate solution va. diluted to volume in a 500-ml 

volumetric £lask with vater £or a £inal concentration of 

10.0 milligrams nitrate-nitrogen per liter. 

4. Sodium Hydroxide solution, 3.5 Y. m/v, 

stored in a plastic <polyethylene) bottle. 

5. Mixed Acid Reagent: 5.0 g o£ sulphamic 

acid was dissolved in 500 ml o£ 5 X v/v sulphuric acid 

solution. The solution vas stored in a glass bottle. 

6. Ground charcoal, Norit-A, alkaline, 

decolorizing carbon. 

C. Procedure 

To 100 ml o£ sa.ple, add 5 ml o£ 3.5 Y. m/v 

sodium hydroxide solution. Using tvo centri£uge tubes for 

each sample, place 0.1 g o£ dried povdered charcoal in each 

tube, and then place 35 ml o£ the sample solution into each 

centri£uge tube. Save the remaining 30 ml o£ sample. 

Place the centrifuge tubes in the shaker £or 10 minutes at 

full rotation. Balance the pair o£ centri£uge tubes on a 

balance and place in the centri£uge £or 20 minutes at 7500 

rpm. Using a suction £iltration apparatus with GF/C filter 

paper, pass the remaining 30 ml o£ the sample solution 

through the £ilter and discard the £iltrate. Being careful 

to avoid shaking, £ilter the samples to remove the 

charcoal. Place 5 ml o£ the mixed acid reagent and 5 ml of 
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distilled water into a 50-ml volumetric flask and fill to 

volume with filtrate. "easur. the absorbance at 210 nm 

against distilled water in the r.ference cell. A blank 

determination is carried out by taking 100 ml of distilled 

water through the full procedure in place of the sample. 

Correct absorbances for the blank and convert to milligrams 

nitrate-nitrogen per liter from a calibration curve. 

To prepare the calibration curve, prepare 

nitrate calibration standards in the range of a to 5 

milligrams nitrate-nitrogen per liter by diluting to 100 ml 

the following volumes of standard nitrate solution: 0, 

1.00, 5.00, 10.0, 25.0, and 50.0 milliliters. Treat the 

nitrate standards in the sa•••anner as the samples. 

-15



PRELIMINARY STUDY OF THE ftETHODS 

A study o£ the methods involved in this work is 

necessary in order to see what effect dissolved organic 

matter has on nitrate-nitrogen determinations. In 

conjunction with a research project conducted by the 

American Chemical Society Student Affiliates Chapter at 

Emporia State University, the nitrate-nitrogen 

concentrations o£ samples taken from six dif£erent sampling 

sites were determined by the chromotropic acid method and 

the ultraviolet spectrophotometric screening method. This 

section deals with the problems encountered due to 

inter£erences from dissolved organic matter, and also with 

the problems in the .ethods themselves. 

In Table 1, the resulting nitrate-nitrogen 

concentrations £or each o£ the six sampling sites are 

listed. The table also lists the day the samples were 

taken, and the method used £or analysis. The chromotropic 

acid method, C.A.M., is taken as the re£erence method. The 

ultraviolet spectrophotometric screening method is 

represented in two different ways. The first, listed as 

the U.V. method, represents the nitrate-nitrogen 

concentrations determined £rom the absorbance measurements 

taken at a wavelength of 220 nm. This method shows the 

direct e££ect of the dissolved organic matter inter£erence. 

The second, listed as the UV(org. corr) method, represents 

the nitrate-nitrogen concentrations determined £rom the 
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j
,]: Tabl. 1 
~~ 

~ A COMPARISON OF THE NITRATE-NITROGEN CONCENTRATIONS FROM 
THE PRELIMINARY STUDY OF THE "ETHOOS
 

j
 
, ,-,1~ Sampling Method Sa.pling Site,~ 

Date Useg • 1 ~ • 

9-14-85 4.10 1.99 3.00C. A. ". 

9-27-85 C. A. M. 1. 57 0.35 2.09 
U. V. 2.51 1. 66 2.85 

.,1 
I~H ' 

Id! " 10-16-85 C. A. M. 0.92 0.41 0.49 
III l U. V. 1.56 1. 54 1. 02
I~~!i ~ 
iii 11K" I~
 
IUU~:~
 

IL~II'II 10-25-85 C. A. ". 1.27 0.29 1. 23 
"'~IIII U. V. 1. 77 1. 79 1. 73 
~!!,:'I 
RI~I UV (org corr) 1.21 0.33 1. 19 
."~,,,, 

,l ·It-"t"",t~ 
t*lt"''' I 

~ 
Wf~i~ 

"';j~ 

11-13-85 

UV 

C. A. M. 
U. V. 

(org corr) 

1.46 
1.72 
1.36 

0.82 
2.25 
0.76 

1. 45 
1. 71 
1. 34 

",ll'lI " i ",
i.; :~ 

, II 
1-20-86 

11-27-85 

UV 

UV 

C. A. M. 
U. V. 

(org corr) 

C.A.M. 
U. V. 

(org corr) 

1. 44 
1. 70 
1.47 

1.53 
1.88 
1.45 

2.37 
4.71 
2.74 

7.16 
8.93 
7.47 

1. 53 
1. 83 
1. 57 

1. 53 
1. 90 
1. 45 

1-25-86 

UV 

C. A. ". 
U. V. 

(org corr) 

1. 37 
1.91 
1.34 

7.69 
9.50 
7.81 

1. 60 
1. 98 
1. 56 

2-01-86 C. A. M. 
U. V. 

0.82 
1.34 

8.21 
9.85 

0.87 
1. 37 

" 

2-08-86 C. A. M. 1. 21 7.30 1. 30 

*4-14-86 

UV 

C. A. M. 
U.V. 

(org corr) 

0.33 
0.73 
0.31 

17.6 
19.9 
18.0 

0.31 
0.68 
0.35 

* data collect.d by Dr. David Schroeder 



Table 1 

A COlfPARISON OF THE NITRATE-NITROGEN CONCENTRATIONS FROM 
THE PRELI"INARY STUDY 

Sa.pling 
Dat.e 

Ifet.hod 
Used 

9-14-85 C. A. tI. 

9-27-85 C. A. If. 
U. v. 

10-16-85 C. A. If. 
U. V. 

10-25-85 

UV 

C. A. If. 
U. V. 

(org corr) 

11-13-85 

UV 

C. A. If. 
U. V. 

(org corr) 

11-27-85 

UV 

C. A. If. 
U. V. 

(org corr) 

1-20-86 

UV 

C. A. If. 
u. V. 

(org corr) 

1-25-86 

UV 

C. A. If. 
U. V. 

(org corr) 

2-01-86 C.A.If. 
U. V. 

2-08-86 C. A. If. 

*4-14-86 

UV 

C. A. If. 
U. V. 

(org corr) 

OF THE IfETHODS 

Sampling Site 
.i-i 

2.62 

1.97 
2.46 

0.85 
1.12 

1.15 
1. 61 
1.10 

1.41 
1.69 
1.29 

1. 55 
1.87 
1.46 

1. 56 
1.85 
1.60 

1. 57 
1. 91 
1.48 

0.89 
1.32 

1. 28 

0.31 
0.73 
0.37 

1# 5 1# 6 

4.92 2.86 

4.05 
5.90 

1. 63 
2.36 

2.80 
8.60 

0.97 
1. 38 

3.40 
5.28 
3.71 

1. 34 
1. 87 
1. 30 

4.20 
6.15 
4.52 

1. 46 
1. 74 
1. 33 

3.58 
5.83 
3.90 

1. 56 
1. 90 
1. 49 

3.90 
6.27 
4.56 

1. 58 
1. 92 
1. 64 

3.46 
6.68 
4.57 

1. 47 
1. 81 
1. 45 

3.54 
5.74 

0.93 
1. 42 

3.68 1. 29 

3.32 
5.17 
3.97 

0.43 
0.82 
0.43 

• data collect.ed by Dr. David Schroeder 
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first absorb.nce ••••ur...nt .t 220 nm £ollowed by a second 

measure.ent .t a w.v.l.ngth of 275 n.. This second 

wavelength i. used to e.piric.lly correct for the dissolved 

organic m.tter int.r£erence. 

The first comp.rison is between the U.V. results and 

the C.A.". re.ults. From the table, it can be seen that 

every U.V. nitrate-nitrogen concentration is higher than 

the C.A.". concentrations. On the average, the U.V. 

results are 30 to 40 per c.nt higher. There is an 

exception at Site #5, the sew.ge treatment plant. The 

average U.V. nitr.te-nitrogen concentration is 70 per cent 

higher. This is beleived to be due mainly to the excess 

detergents and surfact.nt. pre.ent. These higher U.V. 

nitrate-nitrogen concentr.tion. prove that there is 

dissolved organic matter present, and that it is causing an 

increase in the nitrate-nitrogen concentrations. The U.V. 

method, using the 220 n. w.velength .lone, is not an 

effective, accurate .ethod for nitr.te-nitrogen 

determinations. 

The use of the organic correction is definitely more 

effective in determining nitr.te-nitrogen concentrations. 

The UV(org. corr) concentr.tions li.ted in the table are 

provide better agreement with the C.A.". concentrations. 

The concentrations r.nge fro••n .verage concentration per 

site of 4 per cent below to 3 per cent above the C.A.M. 

concentrations. Once .g.in, the exception is Site #5 where 

the average UV(org. corr) concentr.tion is 15 per cent 

-18



higher. Even though the UVCorg. corr) M.thod has a 

de£inite advantage over the U.V...thod. there is still 

room £or iMprovement. especially when high levels o£ 

dissolved organic Matter are present. 

The selection o£ the chroMotropic acid method as the 

re£erenc·e method over the other ",ethod. described in 

Standard "ethods [4] is based on it. detection range being 

better suited £or our sa.ples. It also seems to be the 

least complicated. Un£ortunately. this method is more of a 

problem than £irst anticipated. First o£ all, concentrated 

sulfurio acid is used extensively throughout the procedure. 

Extreme caution must be used when preparing a sample. An 

example o£ the difficulties involved with the use o£ 

concentrated sul£uric acid i •••en in the preparation o£ 

the antimony reagent. The antimony metal is £irst 

dissolved in the sul£uric acid. To achieve this, the 

solution needs to be heated. causing acid £umes to be 

evolved. Even in a good £u",e hood. this is not a desirable 

occurrence. This reagent also tends to recrystallize upon 

standing. When trying to redissolve the crystals, the 

reagent bottle is heated in a water bath. The result in 

one case was the explosion o£ the bottle. Needless to say, 

the acid in the reagent caused so",e damage. Additional 

caution needs to be taken when analyzing a sample on the 

spectrophotometer. The sample cell should be filled 

care£ully to avoid trapping air bubbles. 

Another problem with the chro",otropic acid method is 

-19



the inconsistency in the blank absorbance readings. Table 

2 shows the variance of the blank abaorbance readings. The 

readings range fro. 0.015 absorbance units to 0.062 

absorbance units. The mean value of 0.031 absorbance units 

has a relative standard deviation that 1s 50 per cent of 

the mean value. This uncertainty in the blank readings is 

carried into the blank corrected absorbance readings, and 

then into the calculated nitrate-nitrogen concentrations of 

the samples. With this .uch uncertainty, there is a lack 

of confidence in the final results. 

The observed uncertainties suggest that the 

chromotropic acid method is in error. To try to determine 

where the error is co.ing ~ro., a closer look at the method 

is needed. The chro.otropic acid reagent is the color 

developing reagent. It reacts with nitrate to form a 

yellow reaction product. The hypothe.is is that there is a 

background interference in the chromotrop1c acid reagent. 

If this is true, then the absorbance of a sample prepared 

without the chromotropic acid reagent will be greater than 

the absorbance of a blank that is prepared without the 

reagent. 

A sample of rain water was used to test this 

hypothesis. Sample. are made ready for analysis by 

preparing duplicate rain water s ••ples that follow the 

normal chromotropic acid method preparation. Duplicate 

samples are also prepared without the addition of the 

chromotropic acid reagent. Along with these samples, a 

-20



Table 2
 

VARIANCE OF THE BLANK ABSORBANCE READINGS
 
IN THE CHROKOTROPIC ACID KETHOD 

Analysis Blank Ab80rbance 
Date Rea.Q!ng 

9-25-85 0.032 

10-05-85 0.039 

10-26-85 0.062 

11-12-85 0.030 

11-24-85 0.019 

12-08-85 0.028 

1-24-86 0.018 

2-05-86 0.021 

2-18-86 0.0~8 

2-18-86 0.061 

2-27-86 0.015 

6-10-86 0.021 

7-05-86 0.023 

9-20-86 0.034 

10-12-86 0.022 

10-30-86 0.020 

Range 

0.015 

to 

0.062 

Average 

0.031 

..
 
0.016 
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blank solution is prepared using distilled-deionized water. 

The blank solution ie used for comparison with a blank 

solution prepared without the chromotropic acid reagent. 

The results from this test can be seen in Tables 3 and 4. 

Obviously, without the chromotropic acid reagent in 

the solution, the yellow reaction product will not £orm. 

Therefore, the absorbance readings for the rain water 

samples without the reagent should be low, and indeed they 

are. Their absorbance readings are almost zero. This same 

result is obtained from the blank solution without the 

chromotropic acid reagent. When comparing these readings 
t~i 

to the normally prepared blank absorbance readings, the 

chromotropic acid reagent eeems to have some absorbing 

substance(s) present. A. a result, the blank correction is 

needed. There may also be subetances in the rain water 

that are not present in the distilled-deionized water which 

cause high results. Is the blank correction e££ective in 

correcting for the absorbing sub.tance.? Does it also 

correct for the inconsistent blank readings, and minimize 

the uncertainty? Answering these and other questions about 

the chromotropic acid method would definitely bene£it this 

method. This is also more of a reason to either improve an 

existing method, or propose a new and better method £or the 

analysis of nitrate-nitrogen. 
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Tabl. 3 

CHRO"OTROPIC ACID "ETHOD DATA FOR THE TEST OF THE 
HYPOTHESIS THAT THERE IS A BACKGROUND INTERFERENCE FROM 

THE CHRO"OTROPIC ACID REAGENT 

Absorbance Blank Correct.ed Concentration 
Solut.ion (410 nm) Absorbance (mg/L) 

Blank 0.034 0.000 0.0
 

std 0.893 0.859 5.0
 

# 1 0.154 0.120 0.698
 

# 2 0.155 0.121 0.704
 

# 3 0.002 

# 4 0.003 

# 5 0.119 0.085 0.495 

# 6 0.119 0.085	 0.495 

Blank Dist.illed-deionized wat.er.
 

st.d 5.0 milligrams nit.rat.e-nit.rogen per lit.er.
 

# 1 Rain wat.er sample, normal chromotropic acid
 
met.hod. 

# 2	 duplicat.e o~ • 1. 

# 3	 Rain water .ample, chromot.ropic acid met.hod 
omit.ting t.he chromot.ropic acid reagent.. 

#I 4	 duplicat.e o~ • 3. 

# 5	 Rain wat.er .ample, chromot.ropic acid method 
aft.er charcoal t.reat.ment.. 

# 6	 duplicat.e o~ • 5. 
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Tabl. 4 

CHROKOTROPIC ACID "ETHOD DATA FOR THE TEST OF THE 
HYPOTHESIS THAT THE CHARCOAL TREAT"ENT IS REMOVING 

FROK THE SOLUTION 

Absorbanc. Blank Corrected Concentration 
Solution (410 nm) Ab8grbanc. (mg/L) 

Blank A 0.022 0.0 0.0 

Blank B 0.005 

It 1 0.106 0.084 0.491 

It 2 0.109 0.087 0.509 

It 3 0.088 0.066 0.386 

It 4 0.079 0.057 0.333 

Blank A Distill.d-d.ioniz.d .at.r, 
chro.otropic acid ••thod. 

normal 

Blank B Di.tilled-d.ioniz~ .at.r, chromotropic 
acid m.thod o.1tt1ng th. chro.otropic acid 
method. 

1# 1 0.5 milligra•• nitrat.-nitrog.n per liter, 
normal chro.otropic acid ••thod. 

It 2 duplicat. o~ II 1. 

It 3 0.5 milligrams nitrat.-nitrogen per liter, 
chromotropic acid m.thod after charcoal 
treatment. 

it 4 duplicat. o~ II 3. 
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RESULTS AND DISCUSSION 

I. Chromotropic Acid Method 

West and Ramachandran [21 show that Beer's law is 

obeyed up to 20 milligrams nitrate-nitrogen per liter 

(mg/L) when using 2.5 milliliters (.1) of standard and a 

final volume of 10 ml. They state that color development 

will also occur from 5 ml of standard or sample by adding a 

proportional amount of reagents and adjusting the final 

volume to 25 ml. Using 10 .1 of standard or sample and the 

proportional amounts of reagents, and adjusting the final 

volume to 50 ml also develops the color. Standards 

prepared in this manner, ranging from 0 to 10 mg/L, obey 

Beer's law up to 5 mglL (see Figure 1). Above 5 mg/L the 

curve shows a positive deviation ~ro. Seer's law. Table 5 

Part A gives the mean absorbance. and the standard 

deviations of the nitrate-nitrogen I chromotropic acid 

system at standard concentrations up to 5 mg/L. It can 

also be seen that this method is accurate to within a 6 per 

cent standard deviation at the 1 mgll level. 

Using a sample o~ the ef~luent from the city 

sewage treatment plant, which has a high level of dissolved 

organic matter, and a Cottonwood River sample, which has a 

low dissolved organic matter level, the precision of the 

chromotropic acid method can be seen. The results are 

shown in Table 6. For the ~iv. analyses of the sewage 
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Table 5
 

STANDARD CURVE DATA
 

Mean Values and Relative Standard Deviations
 

A.	 Chromotropic Acid Kethod 

Absorbance (410 nm) Concentration (mg/Ll 

0.0	 0.0
 

0.085 + 0.006	 0.5 + 0.02
 

0.169 + 0.015	 1.0 + 0.06
 

0.837 + 0.032	 5.0 + 0.03
 

B. Ultraviolet Spectrophotometric Screening Method
 

Absorbance (220 nm) Concentration (mg/L)
 

0.0 0.0
 

0.116 !.. 0.005	 0.5 !.. 0.02
 

0.242 !.. 0.016	 1.0 !.. 0.05
 

1. 187 !.. 0.035	 5.0 !.. 0.03
 

C.	 Proposed Method £or Determining Nitrate 

Absorbance (210 nm) Concentration (mg.L.b..L 

0.0	 0.0 

0.208 !.. 0.003	 0.5 !.. 0.01 

0.440 !.. 0.003	 1.0 !.. 0.01 

1. 062 !.. O. 004	 2.5 !.. 0.01 

2.046 !.. 0.004	 5.0 !.. 0.02 
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Table 6 

PRECISION OF THE CHROMOTROPIC ACID METHOD 

Sampling Site #5: Sewage Treatment Plant 

Absorbance Concentration 
Solution (410 nm) (mg/L)
 

# 1 0.676 3.78
 

# 2 0.639 3.57
 

#I 3 0.644 3.60
 

#I 4 0.667 3.73
 

# 5 0.681 3.81
 

Mean Value 0.661 3.70 

!:.. -+

0.019 o. 11 

Sampling Site #6 : Cottonwood River 

Absorbance Concentration 
Solution (410 nm) (mg/L)
 

#I 1 0.152 0.934
 

#I 2 0.151 0.928
 

#I 3 0.153 0.940
 

#I 4 0.151 0.928
 

#I 5 0.153 0.940
 

Mean Value 0.152 0.934 

... +-
0.001 0.006 
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treatment plant sample, the precision is within 3 per cent 

relative standard deviation of the mean value for both the 

absorbance and concentration. The five analyses of the 

river sample show the chromotropic acid method to be 

precise to within 1 per cent relative standard deviation of 

the mean absorbance and concentration values. 

II. Ultraviolet Spectrophotometric Screening Method 

Figure 2 shows a plot of the mean absorbances at 

220 nm against the standard nitrate-nitrogen 

concentrations, agreeing well with Beer's law. According 

to Standard Methods [4], the nitrate calibration curve 

follows Beer's law up to 11 mg NIL. Our labatory results 

show that Beer's law is obeyed up to at least 10 milligrams 

nitrate-nitrogen per liter (mg/L). Goldman and Jacobs [1] 

have shown that Beer's law is obeyed up to 30 mg/L. Figure 

2 and Table 5 Part B give results from 0 to 5 mg/L. This 

is because most of the nitrate-nitrogen concentrations for 

our samples fall between 0 and 5 mg/L. If a sample has a 

concentration above 5 mg/L, the concentration is assumed to 

be correct when read from the standard curve. In Table 5 

Part B we see that for a concentration of 1 mg/L there is a 

5 per cent standard deviation, and a corresponding 

absorbance value with a 7 per cent standard deviation. 

In Tables 7A and 7B we can also see the precision 

and accuracy of the ultraviolet spectrophotometric 
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Figure 2	 Calibration curve £or the ultraviolet 
spectrophotometric screening method. 
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Table 78 

ULTRAVIOLET SPECTROPHOTOftETRIC SCREECING ftETHOD DATA 
FOR THE TEST OF THE HYPOTHESIS THAT THE CHARCOAL 

TREATMENT IS REMOVING NITRATE FROM THE SOLUTION 

Average Absorbance Concentration 
Solution (220 nllt) (mg/L) 

Blank 0.000 0.000 

# 1 0.118 0.501 

# 2 0.118 0.498 

# 3 0.118 0.499 

# 4 0.118 0.499 

# 5 0.090 0.379 

# 6 0.089 0.375 

# 7 0.088 0.372 

Blank Distilled vater. 

# 1 0.5 milligrams nitrate-nitrogen per 
liter, normal U.V. analysis. 

# 2 duplicate of # 1. 

# 3 0.5 mg/L filtered through Whatman 
GF/C glass fiber filter, U.V. analysis. 

# 4 duplicate of # 3. 

# 5 0.5 mg/L charcoal treated, U.V. analysis. 

# 6: same ae # 5. 

# 7: same as # 5. 
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screening method. Using a standard solution of 0.5 mg/L, 

duplicate solutions are analyzed. For solutions #1 and 

#2, there is less than 1 per cent standard deviation in the 

absorbance values, and less than 1 per cent standard 

deviation in the concentrations. For solutions #3 and #4, 

similar results are obtained. Solutions #1 and #2 differ 

from solutions '3 and #4 in that #3 and #4 have been 

filtered through What man GF/C glass fiber filter paper. 

The reason for doing this wa. to ••• if the filter paper 

caused an error in the final results by either adding or 

removing nitrate from the solution. As can be seen, the 

filter paper does neither. Therefore, one can be 

relatively sure that no error i. introduced into the 

analysis as a result of filtering a sample. 

III.	 Ultraviolet Spectrophotometric Screening Method 

with Charcoal Treatment 

The first step in investigating the batchwise 

addition of activated charcoal is to see if it actually 

does remove dissolved organic matter from the samples. 

Tables 8A and 88 show the results of the charcoal treated 

samples compared to the chromotropic acid method and the 

ultraviolet spectrophotometric screening method including 

the organic correction. It can be seen from a comparison 

of the absorbance readings at 275 nm, before and after 

charcoal treatment, that the charcoal is removing the 
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dissolved organic matter. This is evident from the near 

zero values obtained. It is relevant here to discuss how 

the results in Tables SA and SS may be used to support the 

assumption that the absorbance readings for nitrate at 220 

nm and for dissolved organic matter at 275 nm are 

inter-related. A range of saMple types is covered with the 

expectation that the samples contain different organic 

~.species. The results show that for the samples with a Ill:. 

significant absorbance at 275 nM before charcoal treatment, :,':'" : 

the absorbance falls to zero after charcoal treatment. ~r
I'

This indicates that the dissolved organic matter has been ,.
removed by the charcoal. If any species other than nitrate i'

"II

II 

were present, the absorbance at 220 nm would give a higher j, 
IInitrate concentration than the chromotropic acid method. ., 
:2:' 
'~i:

The results in the table show that, in every instance but i 

one, the nitrate concentrations after charcoal treatment 

are lower than the concentrations obtained from the 

chromotropic acid method. This suggests that the charcoal 

is remOVing more than just the dissolved organic matter 

from the samples. 

If the charcoal is removing nitrate from the 

samples, then the absorbance after the charcoal treatment 

will be less than the absorbance of the untreated sample. 

Using a standard nitrate solution of 0.5 mg/L, the 

chromotropic acid method and the ultraviolet 

spectrophotometric screening method are both used to test 

this hypothesis. Table 4 has the results of the 
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Table 8A 

COftPARISON OF THE RESULTS OBTAINED BY THE ftETHODS 
INVOLVED FOR FILTERED AND CHARCOAL TREATED SA"PLES 

Sampling Chro.otropic Acid UV Sp.ctrophoto.etric 
Site ".thad Screening ".thad 

Abs(410 n.)	 Abs(220 n.) Abs(275 n.) 
, 1 ....!...L. .LL ....!...L. 

Iowa Beef Processing 
- filtered 1.115 1.883 1.998 0.308 0.297 

- charcoal treated --- 1.350 1.971 0.016 0.002 

Sewage Treat.ent Plant 
- filtered 0.272 0.815 0.789 0.349 0.313 

- charcoal treated --- 0.236 0.282 0.014 -0.002 

Lake Wooster 
- filtered 0.083 0.245 0.258 0.124 0.120 ,oj, 

..,* 

I 

- charcoal treated --- 0.058 0.070 0.001 -0.010 
il.. 
~.

Melvern Lake 
- filtered 0.084 0.301 0.205 

- charcoal treated 0.048 0.072 0.010 

John Redmond Reservoir 
- filtered 0.013 0.178 0.160 

- charcoal treated -0.002 0.0 0.0 

Cottonwood River 
- filtered 0.270 0.432 0.063 

- charcoal treated 0.188 0.285 0.002 

Neosho River 
- filtered 0.263 0.397 0.055 

- charcoal treated 0.186 0.278 0.002 

Rain Water 
- filtered 0.121 0.277 0.087 

- charcoal , 1 0.084 0.113 0.003
 
treated
 

, 2
 0.083
 

, 3
 0.083 
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Table 8B 

CO"PARISON OF THE RESULTS OBTAINED BY THE "ETHODS
 
INVOLVED FOR FILTERED AND CHARCOAL TREATED SA"PLES
 

Sampling Chroaotropic Acid UV Spectrophoto.etric 
Site "_thod Screening "ethod 

Cone (a.QLbl Abs (Corr) Cone (lIg/L) 
i..L .LL J....L ...!..L 

Iowa Beef Processing 
- filtered 6.46 1.575 1. 701 7.02 7.35 

- charcoal treated 

Sewage Treat.ent Plant 
- filtered 

--

1. 58 

1.334 

0.466 

1.968 

0.476 

5.94 

2.07 

8.50 

2.06 

~ 
\~; 

:1 
t 

- charcoal treated -- 0.222 0.284 0.987 1.23 

Lake Wooster 
- filtered 0.48 0.121 0.138 0.539 0.597 

- charcoal treated -- 0.057 0.080 0.254 0.344 

"elvern Lake 
- filtered 0.486 0.096 0.395 

- charcoal treated 0.278 0.062 0.255 

John Red.ond Reservoir 
- filtered 0.075 0.018 0.075 

- charcoal treated 0.0 0.0 0.0 

Cottonwood River 
- filtered 1.56 0.369 1. 60 

- charcoal treated 1.09 0.283 1. 23 

Neosho River 
- filtered 1. 52 0.342 1. 48 

- charcoal treated 1.07 0.276 1. 19 

Rain Water 
- filtered 0.700 0.190 0.782 

- charcoal 
treated 

, 

, 

1 

2 

0.486 

0.480 

0.110 0.451 

, 3 0.480 
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chromotropic acid method, and Tables 7A and 78 have the 

For both methods, theresults for the ultraviolet method. 

charcoal is removing approximately 30 per cent of the 

This is also consistent withnitrate from the solution. 

the various samples listed in Table 8B. 

The removal of nitrate ions from aqueous solutions 

The effect ofby activated charcoal may be pH dependent. 

altering the pH is investigated by Rennie, et a1. [73. In 

a pH range from 1.5 to 10.4, they find that while organic 

removal is from 90 to 97 per cent, nitrate-ion retention is 

Increasing the pH to 12.6anywhere from 24 to 63 per cent. 
'II,. 

gives 100 per cent organic removal and 0 per cent j 
I' 

Their results confirm the pHnitrate-ion retention. i, 
dependence of nitrate retention and dissolved organic 

matter adsorption. 

While the removal of nitrate ions from aqueous 

solutions by activated charcoal is pH dependent, the 

adsorption for nitrate is independent of pH over a wide 

In the pHrange according to Hoather and Rackham (4]. 

range 1.5 to 1.9, Rennie and his associates find that the 

variation of adsorption of nitrate solutions with pH to be 

less than 7 per cent of the absorbance reading. 

IV. Proposed Method for Determining Nitrate 

Rennie, et ala (7] describes a batchwise addition 

method using a particular brand of activated charcoal. 
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This method consists of a membrane filtration of the sample 

and an addition of 0.5 grams of the powdered charcoal to 

100 ml of the filtrate. The pH is adjusted above 12 by the 

addition of a sodium hydroxide solution. This mixture is 

stirred for 5 minutes before removing the charcoal by 

.filtration. The pH of the filtrate is reduced to below 2 

by adding a mixed acid reagent, and the absorbance is 

measured at 210 nm against distilled water. There is no 

absorbance due to dissolved organic matter, i.e., at 275 

nm. A calibration curve is constructed using standards 

treated in the same manner. The drawbacks to this 

procedure, according to Rennie and his associates, are the 

need to weigh out the charcoal, contamination of the 

glassware, and the need for two filtrations. 

The drawbacks in the procedure by Rennie and his 

associates, particularly the need for two filtrations, can 

be improved upon by using a centrifuge. To 100 ml of 

sample, add the sodium hydroxide solution to adjust the pH 

to above 12. This addition eliminates the interference of 

.ferric and ferrous ions by forming insoluble hydroxides at 

the elevated pH. 35 ml portions of the sample are added to 

two individual centrifuge tubes, each containing O. 1 grams 

of charcoal. The remaining 30 ml of sample should be saved 

in order to rinse the filter paper. This mixture is shaken 

.for 10 minutes to ensure a sufficient contact time for 

total removal o.f the dissolved organic matter. After 20 

minutes of centrifuging, the sample is filtered through 
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Whatman GF/C Lilter paper to remove the charcoal. The pH 

of the Liltrate is reduced to below 2 by the addition of a 

mixed acid reagent. The mixed acid reagent contains 

sulfamic acid which eliminates interLerence from nitrite. 

The pH adjustment to below 2 eliminates interferences from 

hydroxyl and carbonate ions. The absorbance is measured at 

210 nm, and a calibration curve is constructed from 

standards treated in the same manner. Table 5 Part C and 

Figure 3 show the standard curve data and calibration curve 

Lor the proposed method, respectively. Beer's law is 

obeyed up to 5 mg/L. The mean absorbances are all within , ~ 

•
a 2 percent standard deviation. This same result can be ,f 

seen with the concentrations, they are within a 2 per cent I 
standard deviation. There is no noticeable contamination 

'Iii 

Ii
.' 
I:' 

of the glassware, and there is only the need for one 

filtration oL the sample. 

Table 9 shows a comparison of the proposed method 

with the chromotropic acid method, and also with a high 

pressure liquid chromotography (HPLC) method [12]. Three 

different samples, containing different species and amounts 

of dissolved organic matter, are used. The Cottonwood 

River results show the proposed method nitrate 

concentration to be higher than the other methods; 4 per 

cent higher than the chromotropic acid method, and 13 per 

cent higher than the HPLC method. For the sewage treatment 

plant, the proposed method concentration is 10 per cent 

higher than the chromotropic acid method, and 3 per cent 
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Table 9 

A COMPARISON OF THE PROPOSED METHOD NITRATE RESULTS WITH THE CHROMOTROPIC ACID METHOD 

RESULTS. AND ALSO A COMPARISON WITH A HIGH PRESSURE LIQUID CHROMOTOGRAPHY METHOD 

Proposed Method Chromo tropic Acid Method HPLC Method 
Solution Avg Abs(210 nm) Concentration Abs(410 nm) Concentration Concentration 

I 
J:-. Cottonwood River 0.435 1.06 mg/L 0.200 1.02 mg/L 0.922 mg/L..... 
I 

Sewage Treatment 1.202 2.93 0.486 2.65 3.02 
Plant 

Lake Wooster 0.094 0.23 0.067 0.27 



lower than the HPLC method. Finally, the Lake Wooster 

sample has a proposed method nitrate concentration that is 

15 per cent lower than the chromotropic acid method. The 

HPLC method was not used to determine nitrate £or this 

sample. The results £or the proposed method are not 

consistently higher or lower than the other methods, but 

the results are comparable. The proposed method gives 

promising results, especially with standard nitrate I': 

II1I 

solutions, but, more work needs to be done with natural 

water samples. 

" 

I,
'I, 
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CONCLUSION 

When determining nitrate by ultraviolet spectroscopy, 

the presence of dissolved organic matter in a water sample 

causes an increase in the nitrate-nitrogen concentration. 

Through the use of a second measurement, the dissolved 

organic metter interference may be empirically corrected. 
~IIII 

jll'Unfortunately, this technique is unreliable when the " 
1111 

dissolved organic matter content is high. 

The chromotropic acid method is not bothered by 

dissolved organic matter, but the method itself has 

problems. Concentrated sulfuric acid is used extensively 

throughout the procedure. In addition to the obvious 

precautions associated with the handling of sulfuric acid, 

~ .care must also be taken when preparing and heating reagents I. 

., 

containing the acid. Sample cells need to be filled 

carefully to avoid trapping air bubbles. The chromotropic 

acid method also has a problem with inconsistent blank 

absorbance readings from one analysis to another. 

As a result of the difficulties encountered in dealing 

with dissolved organic matter and the problems with the 

chromotropic acid method, a method investigating the 

potential effectiveness of activated charcoal is proposed. 

The resulting nitrate-nitrogen concentrations of the 

proposed method are comparable to those obtained by the 

chromotropic acid method and an HPLC method. The precision 

and accuracy of the method using standard nitrate solutions 

-43



gives satisfactory results. The method is potentially 

suitable for a variety of samples. 

From its use as a decolorizing agent in the organic 

laboratory to its regular use in some treatment plants, the 

adsorption of organic matter by activated charcoal is well 

known. Its use in the determination of nitrate-nitrogen by 

direct ultraviolet spectroscopy seems to be an effective 

III ..means of removing the interference encountered by dissolved 

organic matter. 

-44

III 



REFERENCES 

1.	 Goldman, E., and Jacobs, R., "Determination of
 
Nitrates by Ultraviolet Absorption", Journal
 
of the American Water Works Association , ~
 

187, 1961.
 

2.	 West, P. W., and Ramachandran, T. P.,
 
"Spectrophotometric Determination of Nitrate
 
Using Chromotropic Acid", Analytica Chimica
 
Acta, 35 : 317, 1966.
 

3.	 Qual~ty Criteria for Water , United States
 
Enviroonmental Protection Agency, July 1976,
 
pp. 107 - 110.
 

4.	 American Public Health Association, American Water 
Works Association, and Water Pollution Control 
Federation, "Standard Methods for the Examination 
of Water and Wastewater", 15th ed., American 
Public Health Association, New York, 1980, pp. 
350-1, 367-9, 373-4. 

5.	 Hoather, R. C., and Rackham, R. F., "Oxidised Nitrogen 
in Waters and Sewage Effluents Observed by 
Ultraviolet Spectrophotometry", Analyst , ~ 

548, 1959. 

6.	 Parker, B. C., Thompson, W. J., and Zeller, E. J., 
"Evaluation of Ultraviolet Spectrophotometric 
Determination of Nitrate-nitrogen in Glacial 
Snow, Firn, and Ice", Analyst, 106 : 898, 1981. 

7.	 Bastian, R., Weberling, R., and Palila, F., 
"Ultraviolet Spectrophotometric Determination of 
Nitrate", Analytical Chemistry, 29 : 1795, 1957. 

8.	 Navone, Remo, "Proposed Method for Nitrate in Potable 
Waters", Journal of the American Water Works 
Association , 56 : 781, 1964. 

9.	 Rennie, P. J., Sumner, A. M., and Basketter, F. B.,
 
"Determination of Nitrate in Raw, Potable, and
 
Waste Waters by Ultraviolet Spectrophotometry".
 
Analyst , 104 : 837, 1979.
 

10.	 Armstrong, F' A. J., "Determination of Nitrate in 
Water by Ultraviolet Spectrophotometry", 
Analytical Chemistry , 35 : 1292, 1963. 

-45



11. GRAPHPAC, a graph drawing program by David Kagan. 

12.	 HPLC Method for Determining Nitrate, Dr. David C. 
Schroeder. The article describing the method has 
been accepted, and is in press with The Journal 
of Chromatographic Science • 

-46




