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ABSTRACT

This study was undertaken to compare results obtained with "standard" and
"alternative, new" techiques for total nitrogen and chlorophyll determination
in estuarine water samples.

The standard technique for total nitrogen (TN) determination recommended
by the U.S.E.P.A. involves the total Kjeldahl nitrogen (TKN) procedure in
which TKN + nitrate + nitrite gives TN. The EPA TKN procedure using the
Technicon Block Digestor proved difficult to implement with estuarine water
samples: the block digestor heated samples unevenly and continous flow
analyzer baselines were unstable. However, standard "spikes" with a variety
of analytes yielded quantitative recovery and exhibited no salinity effect.
The alternative, the total persulfate nitrogen (TPN) technique, gives TN
directly and is easier to perform. More samples can be run per day using the
TPN procedure. TPN determination on standard spikes, like TKN, yielded
quantitative recovery and no salinity effect. A comparison of values obtained
using both techniques on natural, estuarine water samples collected from a
variety of locations in the Chesapeake Bay over an annual cycle yielded
equivocal results. The regression equation TPN (less nitrate & nitrite) =
21.79 (+ 1.04) + TKN * 0.153 (+ 0.021), best fitted the data. At low TKN and
TPN values the two techniques gave comparable results, but as TKN values
increased, TKN gave consistently higher values. Whether this discrepancy
results from an over-recovery by TKN or under-recovery by TPN cannot be
determined at present. Additional comparative work is continuing using a
modified TKN procedure to improve continous flow analyzer baseline stability.

The standard technique for chlorophyll a determination recommended by the
U.S.E.P.A. involves grinding a glass-fiber filter, extraction with 90% acetone
and spectrophotometric determination of pigment concentration. The
alternative technique we tested involved extracting the filter with
dimethylsulfoxide(DMSO):acetone:water (9:9:2) and reading pigment
concentrations using a fluorometer calibrated with chlorophyll a from a
commerical supplier. The results indicated that the fluorometric and
spectrophotometric methods for chlorophyll a estimations in general use have a
low accuracy (approximately + 30%) due to storage and interference problems.
The DMSO-based technique allows for the immediate extraction of pigments from
plankton samples and prevents the loss of chlorophyll a due to storage and
subsequent grinding and extraction with 90% acetone. In one comparison,
reduction in recovery after storage was nearly one-third. Chlorophyll b,
which has been shown in the literature to interfere with the determination of
chlorophyll a, was shown to occur in Chesapeake Bay phytoplankton. For
convenience, cost, rapid extraction, and prevention of storage loss of
pigments, we recommend the DMSO-extraction technique followed by fluorometric
determination within several days. An acceptable alternative is to extract
and read the samples spectrophotometrically, within a few days of sampling in
cuvettes of appropriate path length (1-10cm), with and without acidification
for phaeophytin correction. If truly high accuracy, high precision results
are required, an HPLC method is desirable.
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OVERVIEW

The following report is submitted jointly to the Maryland Department of
Natural Resources’ Power Plant Siting Program (PPSP) and the Environmental
Protection Agency’s Chesapeake Bay Liaison Office. The work reported on was
performed at the request of these agencies to compare (1) total Kjeldahl
nitrogen (TKN) determination using a semi-automated block digestor procedure
with a semi-automated alkaline persulfate nitrogen (TPN) digestion
determination and (2) several alternative methods of chlorophyll a
determination., These determinations are of considerable interest with
regard to water quality monitoring programs on the Chesapeake Bay. The TKN
vs. TPN comparisons were done in the Analytical Services laboratory of
Chesapeake Biological Laboratory (CBL) which typically uses the TPN
procedure, and the chlorophyll a determinations were performed primarily by
the Virginia Institute of Marine Science (VIMS) with assistance by CBL.

The funding agencies solicited this work to ensure that the adoption of
alternative, non-standard methods would provide data comparable to those
obtained using standard, EPA-approved methods.

SECTION 1
COMPARISON OF TPN AND TKN METHODS
General Description of N Fractions in Natural Waters

Figure 1-1 shows the nitrogenous fractions typically determined in water
quality studies. Also shown are the abbreviations typically used for these
fractions.

The distinction between "particulate" and 'dissolved" nitrogen is
necessarily arbitrary. Particulate N (PN) is assumed to be that retained
on a filter having a nominal pore size between 0.45 and 1.2 um. Total
dissolved N (TDN) is that passing through such filters, and undoubtedly
contains some small particulates and colloidal compounds, regardless of the
filter used. In most cases, the difference between that retained on
different filters in that range of nominal pore sizes is negligible,
although the filter matrix used may have an effect--organic "membrane"
filters are more prone to contamination than glass fiber filters.

rigure 1-2 and Table 1-I present all abbreviations used in this report
and give a comparison of how the different N fractions are determined using
standard EPA methods and the commonly used oceanographic measurements
employed by CBL. In Table 1-I all determinations of a given fraction done
directly, i.e. not by difference or sum of other fractions, is indicated in
boldface.

The major differences between the standard EPA and commonly used
oceanographic procedures are that the latter (1) measure PN directly by
elemental (CHN) analysis of particulate material filtered onto glass fiber
filters, and (2) determine TDN using alkaline persulfate oxidation (TPN
analysis). Oceanographers have adopted the alternate procedures for the
following reasons. Elemental analysis is extremely precise and offers the
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WHOLE WATER SAMPLE
TOTAL NITROGEN

(TN)
"Particulate™ Nifrogen Totel "Dissolved" Nitrogen
(PN) (TDN)
"Cissolved" lnorganic Nitrocen Dicsclved "Organic" Nifrogen
(DIN) (DON)
Nitrete Nitrite Amﬁonium
(NOz ™) (NO,7) (NH, ™)

Ficure 1-1. N fractions determined In typicel weter cuzlity stfucies.



A. Stendard EPA
TN

0.45-um Millipore nembrene filter

PN TDN
(TKN [whole weter] - TKN [filtretel) (TKN [filtrete] + NO3™ + NO,™)

|

_ DIN N DON
(NOg™ + NO,™ + KH,™) TKN [f114rate] - NH,™)

|
]

N0z~  NO,~  NH,
All by stendard asutomzied
colorimetric procedures

+

B. Typicel Oceaznogrzphic (CBL)
N

0.7-um GF/F cless-fiber filter

l ]
PN TDN
(Elementel Analysls (TPN [filtretel)
on fllter)
DIN ; OON
(NOz~ + NOS™ + NH, ™) (TPN [f1ltrete] = DIN)
3 Z 4
NO5~ NG~ NH,
All by stencerg autometec
colorimetric procedures
Ficure -2, Cocrpericon of svencerc EPA end typicel oceencerephic (CBL) nitrczen

ceserringticns.
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~zble i-i. Comparlison of sfandard EPA end typicel oceanogrephic (C3L)
procecdures. Fractlons mezsured directly are boldfaced.

Fractlon EPA Typicel Oceezncgraphic (CBL)
TN TKN (whole weter) PN + TDN
+ N0z + NO,
PN TKN (whole water) PN

minus TKN (flltrate)

TDN TKN (f1lfrete) + NOg~ + NO,™ TPN (filtrate)
DIN NOsT + NO,T + NH,T Seme zc EPA
NOS- H33— (Colorimetric) Seme as EPA
NOZ_ NOZ— (Colorimetric) Same as EPA
NH, NH,* (Colorimetric) . Same as EPA
DON TKN (f1ltrete) TON minus DIN

minus (NOB- + NOZ—)




advantage of being a direct, rather than indirect determination of that
fraction. TPN digestion is much simpler and easier to perform than TKN
analysis, costs less to analyze per sample, and provides a direct
measurement of total dissolved nitrogen (TDN).

Background and Literature Review

Oxidation procedures utilized in TKN and TPN methods are used
primarily to oxidize N-containing organic compounds, i.e. dissolved organic
nitrogen (DON). The following discussion pertains to these and similar
oxidation procedures for DON, and is provided here for general background
information. Much of this was exerpted from D’Elia (1983).

As was shown in Figure 1-2, DON is determined by difference between total
dissolved nitrogen (i.e. nitrate + nitrite + ammonia + organic nitrogen) and
dissolved inorganic nitrogen (i.e. nitrate + nitrite + ammonia) or by
airterence between Kjeldahl nitrogen (ammonia + dissolved organic nitrogen)
and ammonia. A variety of oxidation procedures have been used to oxidize and
quantify DON.

1. Wet Oxidation Procedures

a. Kjeldahl Oxidation. Most of the earlier procedures for DON
determination lacked adequate sensitivity, and involved the traditional but
tedious Kjeldahl wet oxidation procedure (Kjeldahl, 1883). This approach
consists of an initial evaporation step followed by an oxidation with
concentrated sulphuric acid. It is generally regarded as difficult to
perform, and lends itself neither to shipboard use or to automation. In
early work, ammonium produced by the digestion process was determined by
titration (Barnes, 1959), while more recently colorimetric procedures have
been used (Strickland and Parsons, 1972; Webb et al. 1975; Webb, 1978). A
number of semiautomated procedures are in use in which samples are oxidized
by a manual Kjeldahl procedure with subsequent ammonia determination on the
digests being performed by autoanalysis using photometric (Faithfull, 1971;
Scheiner, 1976; Jirka et al., 1976; Conetta et al., 1976; Adamski, 1976) or
electrometric procedures (Stevens, 1976).

b. Photo—oxidation. The photochemical oxidation procedure first
developed by Armstrong et al. (1966) has generally superceded the Kjeldahl
oxidation procedure in most marine applications. A small quantity of
hydrogen peroxide is added to a sample contained in a quartz reaction
vessel, and high wattage mercury lamps are used to produce ultraviolet light
to photo—oxidize organic nitrogen, nitrite and ammonia to nitrate; nitrate
is then determined as described previously. The procedure is considerably
less tedious than the Kjeldahl procedure, can be performed at sea, and
unlike other procedures for DON oxidation, is relatively easy to automate
(Afghan et al., 1971; Lowry and Mancy, 1978). However, it does have some
shortcomings. Workers testing this method in freshwaters have found that
the photochemical reaction is very pH-sensitive and may not completely
oxidize compounds such as ammonia and urea (Afghan et al., 1971; Henriksen,
19/0; Lowry and Mancy, 1978). Lowry and Mancy (1978) found that
ultraviolet digestion gave good results decomposing C-N but not N-N bonds,
yet felt that most compounds implicated in biological processes would be

recovered satisfactorily. Obviously, for samples containing a large amount
" of nitrate plus nitrite, such as those from the deep ocean, the precision
of DON determination by use of photo-oxidation will be less than that of a




modern Kjeldahl procedure.

c. Persulfate Oxidation. Koroleff (1970; 1976) developed an
alternative wet oxidation procedure for total nitrogen determinations that
is becoming more widely used. He found that under alkaline conditions at
100°C and in the presence of excess potassium persulfate, organic nitrogen
in a seawater sample is oxidized to nitrate. Nitrate is then determined by
the standard photometric procedures used for nitrate determination. D’Elia
et al. (1977) and Smart et al. (1981) have shown that organic nitrogen
determinations by the persulfate and Kjeldahl techniques yield comparable
results and precision for both sea and freshwater samples; they also
discussed the advantages and disadvantages of persulfate oxidation relative
to Kjeldahl oxidation and photo-oxidation. Nydahl (1976) and Solorzano and
Sharp (1980) have suggested some improvements to Koroleff’s original
procedure that alter reaction pH, lower blanks, and provide for the
requisite excess of peroxydisulfate. Nydahl (1976) noted that errors may
result when using persulfate oxidation on turbid samples; he also provided
an in-depth study of reaction kinetics and percentage recovery at varying
oxidation temperatures. Valderrama (1981) reported the simultaneous
determination of total N and total P using alkaline persulfate oxidation.
Goulden and Anthony (1978) have studied kinetics of the oxidation of organic
material using persulfate and have thus provided a basis for still further
retinement of the procedure such that simultaneous determination of C, N and
P may ultimately be possible on the same sample. As in the case of photo-
chemical oxidation, determination of DON by the persulfate technique will
have poor precision in the presence of large quantities of nitrate or
nitrite.

LThe original Koroleff procedure has been improved by Koroleff (see
Grasshoff et al., 1973) and modified recently to provide for increased
precision (Kalff and Bentzen, 1984) and for semiautomation and simultaneous
determination of both N and P (Glibert et al., 1977; Ebina et al., 1983), and
tor determining N and P in particulate matter (Lagner and Hendrix, 1982).
Both reports indicated that satisfactory recoveries were obtained with most
organic nitrogen compounds.

Z. Dry Combustion Procedures

Dry combustion procedures have been generally disappointing or
impractical for determining DON, although a recent report (Suzuki et al.,
1985) suggests that a practical alternative may be at hand. Gordon and
Sutcliffe (1974) reported a dry combustion procedure in which a seawater
sample is freeze dried and the salt residues subsequently ignited in a CHN
analyzer. The obvious disadvantage of this is the need for a freeze drier
and the time involved in sample preparation. Other procedures have been
developed in which small volumes of sample are injected directly into a
combustion tube for evaporation and combustion (Van Hall et al., 1963;
Fabbro, et al., 1971; Hernandez, 1981), but these have not found wide use by
oceanographers because expensive and specialized equipment is required and
sea salt accumulation in the combustion chamber may reduce oxidation
efficiencies.

Kecently, Suzuki et al. (1983) reported on a high-temperature
catalytic oxidation method in which nitrogenous compounds in liquid samples
are oxidized on a platinum catalyzer at 680°C under oxygen atmosphere and
the generated nitrogen dioxide (N02) is absorbed into a chromogenic reagent,
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followed by a spectrophotometric determination. These authors report that
the TPN procedure yielded from 30-90% of the recovery afforded by their
pyrolysis technique. Unfortunately, the required instrumentation for this
procedure, the Sumitomo TN-200 total nitrogen analyzer is not available in
the U.S., and there have been no other published comparisons between results
of this dry combustion technique and wet oxidation procedures. However,
given the results of the Suzuki, et al. (1985) study, more comparisons
should be made between their dry combustion and other oxidation procedures.

Methods

1. Sampling and experiments. Samples for comparing TKN and TPN
determinations derived from three sources: (1) samples collected by the
"SONE" program of W.R. Boynton, et al.; (2) samples collected from the large
scale outdoor continuous culture system operated by the Academy of Natural
Sciences at Benedict, MD; (3) samples prepared in an experiment to compare
recovery of spikes of standard compounds in water of different salinity.

All samples were frozen as soon as possible after collection and
were thawed immediately before analysis.

2. TPN procedure. TPN determination was basically that of D’Elia et
al. (19/7), with the following exceptions: (a) the oxidation was done on 10
ml samples in 30-ml glass screw-cap test tubes, and (b) the method used
to determine the nitrate concentration in the digest was the EPA-approved
AutoAnalyzer method (353.2)(USEPA, 1979).

This method with the above modification has been in use at CBL for the
past five years, although some improvements in the methodology have been
proposed by others (e.g. Valderrama, 1981; Soldérzano and Sharp, 1980) that
may help further improve the method.

a. General Description. 15 ml of alkaline persulfate reagent is
added to the 10 ml sample in the 30-ml screw-cap test tube. Samples are
autoclaved at 100-110°C for one half hour and slowly brought back to room
temperature. Each digested sample is neutralized by the addition of 1.5 ml
of 0.3 N HCl and mixed with a vortex mixer. Two ml of borate buffer is then
added to the sample and vortexed. The nitrate concentration of the buffered
samples is then determined.

p. Reagents. Reagents were prepared as follows:

o Oxidizing reagent: 3.0 of NaOH and 6.7 g of low N (<0.0003%)
potassium persulfate, K,S,04, are dissolved in 1 liter with nitrogen-free
distilled water just before use.

o 0.3 N HCL
o Borate buffer solution: 30.9 g of H3BO% are dissolved in distilled
u

water, 101 ml of 1 N NaOH are added, and the solution brought to 1 liter with
distilled water.



3. TKN procedure. We used a semiautomated total Kjeldahl nitrogen
(TKN) procedure-~—EPA method 351.2 (colorimetric, semi-automated block
digestor, AutoAnalyzer II). The TKN procedure we employed was as close to
that used by the EPA’s Central Regional Laboratory in Annapolis (U.S.E.P.A.,
19/9) as possible. On several occasions, we used the identical equipment
used by EPA for analyses. This was done to obtain the most comparable TKN
data,

a. General Description. The sample is heated with a boiling chip
in the presence of sulfuric acid, potassium sulfate, and mercuric sulfate
for four and one-half hours. The residue is cooled, diluted to the original
volume and placed on the continuous flow analyzer for ammonia determination.
The determination of ammonia-N is based on a colorimetric method in which
an emerald-green color is formed by the reaction of ammonia with sodium
salicylate, sodium nitroprusside, and sodium hypochlorite in a buffered
alkaline medium at a pH of 12.8-13.0. The ammonia salicylate complex is
read at 660 nm using a continuous-flow analyzer photometer.

b. Reagents. Reagents were as follows:

o Digestion mixture: 25 ml Hg,S0, + 200 ml conc. sulfuric acid + 133 g
K,80, are diluted to 1l liter with ammonia-free distilled water. Hy50,
solution: 8 g HgO + 10 ml conc. H,S0, diluted to 100 ml with ammonia-free
DW.

o >ulturic acid solution (4%): add 40 ml of conc. sulfuric acid to 800
ml of ammonia-free distilled water, cool and dilute to 1 liter. '

o Stock Sodium Hydroxide (20%): Dissolve 200 g of sodium hydroxide in
90U ml of ammonia-free distilled water and dilute to 1 liter.

o Stock sodium potassium tartrate solution (20%): Dissolve 200 g
potassium tartrate in about 800 ml of ammonia-free distilled water and
dilute to 1 liter.

o Stock buffer solution: Dissolve 134.0 g of dibasic sodium
phosphate (NaZHPOA) in about 800 ml of ammonia free water. Add 20 g of
sodium hydroxide and dilute to 1 liter.

o working buffer solution: Combine the reagents in the stated order;
add 200 ml of stock buffer solution to 250 ml of stock sodium potassium
tartrate solution and mix. Add 120 ml sodium hydroxide solution and dilute
to 1 liter.

o Sodium salicylate/sodium nitroprusside solution: Dissolve 150 g of
sodium salicylate and 0.3 of sodium nitroprusside in about 600 ml of ammonia
free water and dilute to 1 liter.

o Sodium hypochlorite solution: Dilute 6.0 ml sodium hypochlorite
solution to 100 ml with ammonia-free distilled water (reagent is made
daily).

c. Digestion procedure. 20- or 25-ml samples are mixed well,
rinsed 3x with ammonia-free DW and the sample plus rinse water are added to
the digestion tube for each sample. 5 ml of digestion solution and 4-8
Teflon boiling stones are added to each tube, which is then mixed on a tube
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vortex mixer. With the block digestor in the "manual" mode, the low and
high temperatures are set at 160°C and preheated until temperature is
reached (verified with a thermometer in sample of digestion solution alone).
lubes are placed in digestor and heated at 160°C for 1 hour. After 1 hour
the "manual" mode is reset to 380°C and samples are heated for 2.5 hours
longer. At the end of 2.5 hours the block digestor is shut off manually.

Samples are cooled to room temperature at which time approximately 20
ml of ammonia-free distilled water is added. Samples are then placed in a
sonicator (Astrason, Ultrasonic Cleaner, Model 13-H) for one-half hour to
break up precipitate. Each sample is mixed with a tube vortex mixer until
complete dissolution of all digestion residue and complete absence of layers
of solutions in the tubes. Ammonia-free distilled water is then used to
dilute samples back to the 25 ml initial sample volume.

During measurement of ammonia~N on the continuous-flow analyzer
(Scientific Instruments Corporation CFA 200) one set of reagents is used
during each sampling series. The continuous-flow analyzer is fitted with a
Kjeldahl manifold (Scientific Instruments Corporation TKN Cartridge No. 116-
540-0), which is used without the dilution loop (Figure 1-3). Reagent lines
are added to the manifold in the order: Working buffer, 47 sulfuric acid,
hypochlorite solution, and nitroprusside. The system is allowed to
equilibrate after the addition of each reagent and prior to running samples.

d. Standards and Blanks. TKN determinations included the following
standards and blanks: :

o Ammonium sulfate standards: 0.0, 15.0, 45.0, 75.0 umol N L1,
o Urea standards: 0.0, 10.7, 32.1, 42.8 umol N L!.

4. Experimental Comparisons. We analyzed samples collected in the
tield and samples prepared in the laboratory to compare TPN and TKN recovery
efficiencies. Since TKN analysis yields organic nitrogen and ammonium
nitrogen and TPN analysis also determines nitrate, nitrite and ammonium,
direct comparisons cannot be made. Accordingly, we also performed nitrate
and nitrite determinations on all samples. The value obtained by
subtracting nitrate and nitrite from TPN is then comparable with TKN. Our
comparative studies included samples from: (1) The SONE program (August and
OUctober, 1984; May, June, August, October, 1985); (2) An experiment in which
standards were added to samples of seawater diluted with distilled water to
different salinities; and (3) A wide range of N concentrations in the
outdoor large-scale continuous cultures at the Academy of Natural Science’s
Benedict Estuarine Research Laboratory.

Results and Discussion
L. General Observations

TKN determination with the EPA-approved block digestor method proved to
be tedious and difficult. We chose to use this block digestion method because
it is often used when large numbers of samples must be processed and because
this is the method used by EPA in the monitoring program. We do not use this
procedure routinely in our laboratory, so much of our work was done at the
-Central Regional EPA Laboratory in Annapolis, particularly until we were able
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to gear up fully at CBL. We encountered a great number of problems
particularly with the digestion phase. The brand-new Technicon Block Digestor
we used failed to heat samples evenly and took a long time to reach
temperature. Analysts at EPA have also reported similar difficulties with
their block digestor. Once we had successfully determined block digestor
preheating times and had calibrated the temperature regime achieved in each
individual position in the digestor, we encountered further problems. The
principal problem was with the use of the Teflon boiling chips recommended in
the EPA procedure. On samples containing appreciable salinity, at the latter
phases of the digestion procedure after most water had boiled off, the chips
floated and failed to prevent bumping and splattering. Such problems are
discussed in greater detail below.

a. Block digestor temperature control. Verification of exact
temperature settings and timing for the block digestor were made by filling
each heating cell with sand and measuring the temperature of the cells
during heating. The temperatures of selected cells were further verified by
measuring the temperature of a sample of digestion solution during heating.

Initially, the proper temperatures were attained and maintained by the
digestor according to the proper temperature schedule. However, when the
control was set on "automatic" the control box sporadically turned the block
heater off during heating, as well as boiled some samples dry (loss of
boiling chips and sample, which we termed "melt down'"). Melt downs did not
appear predictable, i.e. they did not occur in the same block hole nor did
they occur during every digestion run. Samples were run on "manual" to
avoid the problems with the "automatic" setting. The occasional sample loss
due to melt downs could not be prevented. Due to these inconsistent
differences in temperature and melt downs between successive digestion runs,
standard curves based on ammonium sulfate and urea were constructed for each
set of samples digested.

b. Standards. The EPA Standard Operating Procedure for TKN
Determination recommends the following working standards of ammonium
sulfate: 0.2, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 mg N L7, A standard curve of
these concentrations is non-linear at the higher concentrations and requires
a dilution loop. However, the concentration of total Kjeldahl nitrogen in
field samples is typically much lower than the lowest EPA standard (20 - 70
umol N/L) and the dilution loop, if used considerably reduces the analytical
precision of the TKN method. Due to the previous problems the following
standard curve was used: 0.0, 15.0, 45.0, 75.0 umol N L1 (0.0, 0.21, 0.63,
and 1.05 mg N L'l) based on an ammonium sulfate primary standard. Standard
curves were linear and field sample concentrations consistently fell within
this standard range.

The EPA procedure presents the data of one accuracy test which showed
100% recovery of organic-N from ammonium standards spiked with N-nicotinic
. acid. Recovery of organic nitrogen depends upon the digestion history of
the sample, therefore each digestion run should include an accuracy test for
organic nitrogen recovery. For this reason each TKN run contained a urea
stan?ard curve of 0.0, 10,7, 31.2, 42.8 umol N L1 (0.0, 0.15, 0.45, 0.6 mg
N L™1).

c. Teflon boiling chips. The EPA method recommends cooling
samples 15 minutes, then adding water to the digestion tube up to the
initial volume before digestion (25 ml). The precision of estimation of
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ammonia-N is unavoidably affected because the boiling chips cannot be
removed from the samples before diluting to 25 ml.

d. Dilution loops. The standard Kjeldahl digestion manifold
(Scientific Instruments, TKN Cart. 116-540-01) for ammonia-N determinations
dilutes each sample with distilled water in a dilution loop prior to the
introduction of reagents. Output curves recovered from the manifold with
the digestion loop appeared noisy with standards and samples almost
indistinguishable from background noise. Exclusion of the dilution loop
from the rest of the Kjeldahl manifold produced very distinct peaks for both
samples and standards (0.0 = 75.0 umol N L_l; 0.0 - 1.05 mg N L—l) which
were clearly above background noise. See Figure 1-3 for a diagram of
revised Kjeldahl manifold.

2. TPN and TKN Recovery Efficiencies vs Salinity

Unce we had obtained satisfactory performance with our Kjeldahl
procedure, we performed the following experiment to compare TPN and TKN
recoveries at different salinities and concentrations. Low-nutrient,
continental shelf seawater and various dilutions thereof were spiked with
reference compounds (ammonium, urea, glutamic acid, and nitrate) at
concentrations ranging from O to 75 uM. The original data are presented in
Appendix II, with correlation coefficients for the standard curves in Appendix
LlL. Precision of the total N determination by TKN and TPN taken from the
literature are compared by coefficients of variation in Appendix IV. For
future work with reference compounds, more-difficult-to-oxidize compounds such
as caffeine should also be tested (Suzuki et al., 1985).

a. TPN. Figure 1-4 shows peak heights obtained by the TPN (x-
axis) procedure plotted against seawater dilution (y-axis) and spike
concentration (z-axis). All peak height data are included for a given
percent seawater dilution and spike concentration, regardless of the
nitrogen compound used in the spike. Curves are fitted by eye to the
concentration data for a given seawater dilution--in effect, representing a
standard curve for each dilution. Precision is obviously good at all
seawater dilutions, and the "standard curves'" appear linear.

Figure 1-5A through 1-5D present the percentage recoveries of spiked
compounds relative to nitrate standard curves in distilled water for the
same data lumped together in the previous figure. With the exception of
recoveries at the lowest spike concentrations which exceeded 100% (function
of ammonium contamination of the seawater used for the experiment that can
be corrected by subtracting a blank value determined for each salinity),
essentially 100% recovery occurred at all concentrations and dilutionms.

To determine the upper range of the persulfate method, recoveries of
glutamic acid and urea were also determined on 150-750 umole spikes in the
given seawater dilutions. Essentially 100%Z recovery occurred at all
concentrations and dilutions.

b. TKN. Figure 1-6 shows peak heights obtained for TKN plotted as
a function of seawater dilution and spike concentration. As with the TPN
determination, there was no obvious salinity effect for the TKN procedure--
all standard curves clearly had similar slopes and intercepts on the y axis.



Plot of TPN
vs Percent and Concentrat

thle_;,\;J
o

LIIIIILIII

o O o o~

@ w < 8 <
Ndl

Figure 1-4. Three dimensional plot of TPN-determined concentration of
standards (umol N L-l) vs. percent seawater vs. expec

spiked reference standards (umol N L71).

I-13

Percent

ted concentration of



Ammonlum by TPN

Recovery vs Salinity

-1

+

ZAAMMMNIMININNI
A/,
i A\NNNNNNNANNNN

SRR REEE

- v v e v v v v LR LR R o ol

~
.-
N LIS

15

i e
wqs %ol R0e
Qo 31 Wl
ok
1 RS
O0000000020ITIT Tz 0T i
s R =
NN\ T e
ANAANANNANNNNN wmmmSW \V&NNM 5957
e
ELEa OF 99999444444,
o 23,07 AN
77777777777 #5590
o [RXXIIILIIIIXIXXXIXZXR, =) S

(umol N L

7Cx

EEUBEE S

M N -

iy vt

nitrate
25% seawater,

0% seawater, b

I-14

umcl/L AZZa2

1y in different salinity water (a

-5b. Percent recovery by TPN method vs. concentration of
c = 50 % seawater, d = 75 % seawater, e = 100 % seawater).

Figure 1
(umol N L



Glutamie Acld by TPN

Recovery vs Salinity

of glutamic
25%

. s
/////////////A s 7////////////
s M L
2L, 35 o' M
KRS Qs
DN $5aE L0
SN\ R
5280
UL, : \\\\\\\AAAAAE
..//////////////////; BN
: muﬂ.w ﬁlJ ______ u_/J 1
:Xtmmwmwﬁﬁf PEEEEESEEE LGS

e v v v v= = v 11111111

(umol

ater, c =

of urea
aw

ntration
b = 25% se

= 0% seawater,
e = 100% seawater).
15

(a

umal/L Added

ry by TPN method vs. conce
. I_

salinity water
awater,

nt recove
t
r, d = 75Z se

1-5d. Perce

wate

1) in differen

N L™
502 sea

Figure



Plot of TKN
vs Percent and Concentrat

NAL

Figure 1-6. Three dimensional plot of TKN-determined concentration of

standards (umol N L~!) vs. percent seawater vs. expected concentration of
spiked reference standards (umol N L™ %)

I-16



However, precision clearly was not as good by TKN as it was for TPN, and as
expected for the procedure, nitrate was not recovered. The nitrate points
are connected by additional lines fitted to the data.

Figures 1-7A through 1-7D presents the percentage recoveries of the
individual spiked compounds relative to ammonium standard curves in
distilled water analyzed by the TKN method. Clearly the precision was less
than for the TPN analysis, but recoveries appeared complete at all
salinities and spike concentrations. However, a small amount of nitrate
appeared to have been recovered in some samples—--this is anomalous
because TKN should not reduce nitrate to ammonium, and is probably
explained by contamination. Nonetheless, there is the interesting prospect
of some unexplained nitrate reduction occurring, which would be difficult
to explain chemically.

3. Comparison of TPN and TKN Determinations on Estuarine Water Samples

Samples over a range of salinities were collected from August, 1984
through December, 1985 for comparison of results obtained using TPN and TKN
determinations. These data were obtained from the "SONE" monitoring program
conducted for the State of Maryland and in large-scale continuous cultures
drawing water from the mesohaline region of the Patuxent River.

The results of these comparisons were poor and the explanations for the
rack ot comparability between TKN and TPN - nitrate + nitrite (comparable
values) is as yet unresolved, despite exhaustive checking and rechecking of
a1l procedures and calculations. We wish it were as simple as having
1gnored that ammonium sulfate standard has two moles of N per formula
welght, but we did not make that error . We also are aware that refractive
1ndex problems can affect results (Froelich and Pilson, 1978) and that pH
aajustment of the acid digest is critical for proper color development
(Reay, 1985). Figure 1-8a shows the comparison of data from digestions we
aeemed "good" according to the criterion of low rates of bumping and
splattering. Figure 1-8b shows the comparison of data from all digestions
ana determinations we performed. While comparisons of samples containing
less than 30 uM Kjeldahl nitrogen seem close, there appears to be a
systematic difference between the two procedures. The regression equation
best fitting this relationship is: TPN - N023 = 21.79(+1.04) + TKN*0.153
(+0.021). It is not clear from this study whether the discrepancy between the
1PN and TKN data in Figs. 1-8 and 1-8b is "real" or due to a contamination
problem.

4, Precision of TPN Determinations on Replicate Samples

The CBL nutrient analytical services laboratory has been conducting TPN
analyses for the bay-wide EPA-sponsored monitoring program since May, 1985.
These analyses are conducted over a wide range of salinities and total
dissolved nitrogen concentrations and are subjected to a rigorous QA/QC
protocol, as dictated by EPA. To illustrate the achievable precision of the
TPN determination on duplicate samples (each involving separate filtration,
aliquoting and storage), it seemed appropriate to present here the results
from the QA/QC program. Figures 1-9A and 1-9B show the EPA QA/QC plots for
standard deviation of duplicates vs. mean concentration and for coefficient
of variation vs. mean concentration. The mean coefficient of variation for
all samples is approximately 8%, an excellent value considered that it
represents more than analytical error alone. Typical coefficients of
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TKN vs. TDN— (NIU’OIG + Nitrite )
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Figure 1-8a. TDN - (nitrate + nitrite) vs. TKN determinations of estuarine
samples for analyses without bumping and splattering ("good" data).
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Figure 1-8b. TDN - (nitrate + nitrite) vs. TKN determinations of estuarine
samples for all analyses preformed.
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variation for Kjeldahl analyses are given in Appendix IV.

5. Advantages and disédvantages of the two methods.

while this work has clearly not shown the equivalence of the two
analytical determinations, we believe that our analytical inexperience with
the TKN procedure and the poor semiautomated TKN protocol are responsible
for the lack of comparability. We recommend that further comparisons be
made between TKN and TPN determinations. In addition, we also recommend
that a laboratory that routinely runs TKN analysis, not with the block
digestor, split samples with us, so that we can do TPN determinations for
comparison.

It is important to emphasize why it is worthwhile to pursue the
comparative work further. TPN analysis offers a number of advantages over
Kjeldahl analysis that make it a highly desirable alternative to TKN. Such
advantages in cost, ease of use, and excellent precision (cf. Fig 1-9A and
1-9B) means that TPN determination deserves further comparison.

Table 1-II shows the analyst’s time and steps involved in processing a
series of TKN samples. Table 1-III shows a comparison of the analyst’s time
and steps involved in processing a series of TPN and TKN samples.

Table 1-III summarizes the advantages and disadvantages of the two
procedures.

6. Further Considerations

Although there have been reports by Japanese workers that the alkaline
persulfate digestion technique substantially underestimates total nitrogen
in seawater compared to the oxidative pyrolysis technique, several points
should be made regarding comparability between the two methods. First,
results have not been reproduced by others, probably due to the
unavailability of the Japanese instrument in other countries. Secondly,
while the Japanese workers did not state the temperatures at which their
oxidation was carried out, the temperature used may have exceeded that
recommended for optimum digestion. Goulden and Anthony (1978) and others
have cautioned that high temperatures will cause too rapid a breakdown in
the persulfate and poor oxidatioms.

One criterion that Suzuki et al. (1985) used in criticism of the
persulfate technique was that it yielded poor recoveries of caffeine.
However, B. Nowicky and M. Pilson (pers. comm.—-cf. Appendix I) have
obtained complete recovery of nitrogen in caffeine.

The persulfate oxidation procedure could be optimized still further--
especially worth checking are (1) the heat of combustion and speed with
which the samples are brought up to temperature, and (2) the ability of the
procedure to oxidize complex rings.
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Table 1-II. Comparison of analyst’s time and steps required for the TPN
and TXd methods.

Method Day Step and Activity Time Involved
(hours)
TP 1 1. Thaw 100 samples (10 ml in 30-ml tubes)
2. Hake up standards and put in 30-ml tubes. 0.4
3. Make up 2 L oxidizing reagents. U.1

4. Add 15 ml oxidizing reagents to all
standards and samples. 1.0
5. Autoclave at 100 - 110 degrees C. 0.5
6. Cool in autoclave. 1.0
7. Remove from autoclave and cool to room
temperature. 1
8. Make up 0.3 N HCLl and borate buffer. 0.
9. Add 1.5 ml 0.3 N HCl and vortex mix. 1
10. Add 2.0 ml borate buffer and vortex mix. 1

2 1. Set up continuous flow analyzer. 1.0
2. Prepare and run nitrate standard curves. 0.5
3. Run samples and standards. 3.0
4, Shut down auto analyzer. 0.5
5. Read charts and calculate concentrations. 2.0
6. Wash tubes and caps. 1.5

Total 14.6

- Time/Sample 9 min
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Table 1-II, cont’d.

iletnod

Day Step and Activity

Time Involved

(hours)

1 or 2 10.

2.

4.
5.
6.

Thaw 45 samples (20-25 ml in 3U-ml tubes)

and put in Kjeldahl digestion tubes.

Prepare ammonium standards.

Put 25 ml samples and standards in

Kjeldahl digestion tubes.

Add 5 ml digestion solution to all

standards and samples.

Add 2 boiling chips to each sample and

vortex mix.

Digest standards and samples in block
digestor at the following temperatures

and times:

Let cool in digestor.

Temperature (degrees C)

90
120
150
180
200
230
360

Remove trom digestor and cool to room

temperature.

Dilute cooled samples and standards to

25 ml with distilled water and
vortex mix.

If solid develops and persists after
dilution to volume, sonicate covered
samples to break up solid, then allow

samples to settle.

Set up continuous flow analyzer.

Run digested ammonium standard curve.
Run digested samples in duplicate.
Shut down continuous flow analyzer

Read charts and calculate concentrations.
Wash tubes and caps.

Total

.
N
W

e o
CuUuuUuu uwm

—NC O CoC oo o
.

[\
.
C

1.0

20.75

to 3.0

Time/Sample 28 min
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Table 1-111.

pump and chart recorder.

Comparison of the TKN and TPN methods for the procedures we
used and assuming the availabllity of an autoanalyzer colorimeter, sampler,

Cheracteristic or Feature TKN TPN
Estimeted Cost
Startup $504 $£250
Block Dligestor $3395 -
Pressure Cooker - $ 80
Autoanalyzer manifold $1000 $430
Total
Per Sample Charge In our
Laboratory $18.00 $5.75
Speciz! Equlpment Fume Hood Pressure Cooker

Eese of Use
Samples per Day

Preclslion (CV%)

Comments

Block Digestor
AutoAnalyzer
Kjeldahl Tubes

Not easy
20
>107
Seawater samples
are more difflcult

--proper bollling
chlps must be used

Autohnalyzer
Test fubes

Very Easy
50
NS%

DON not preclisely

determined In the
presence of high

nitrate concentrations




Summary and Recommendations:

1. The persulfate total nitrogen procedure is easier to perform, yields
better routine precision, requires less expensive and sophisticated
digestion apparatus, and requires less analyst time per sample. This
procedure deserves further evaluation as a potential standard digestion
procedure for total dissolved nitrogen by EPA.

2. Both methods yielded expected and complete recoveries of laboratory-
spiked samples over a wide salinity range. However, results obtained
comparing natural estuarine samples appeared to yield a systematic
difference between the two procedures that is as yet unresolved.

3. The block digestor for the TKN procedure does not perform well and proved
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