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ABSTRACT

This study was performed to compare standard EPA
techniques for determining nitrogen and phosphor-
us concentrations in natural waters with oceano-
graphic techniques typically employed by estuarine
and marine scientists. The following comparisons
were made using samples collected over a four-
-month period and a wide range of salinities from
~ Chesapeake Bay: (1) particulate nitrogen derived
- from direct determination (oceanographic) on par-
ticulate matter collected on filters vs partlculate
concentrations derived "by difference" (EPA), i.e.
by determining total Kjeldahl nitrogen on whole
and filtered water samples and subtracting the two
to obtain particulate nitrogen; (2) an analogous di-
rect determination (oceanographic) for particulate
phosphorus vs a "by difference" determination
(EPA); (3) dissolved nitrogen and phosphorus deter-
~ mination using alkaline persulfate digestion
% “(oceanographlc) vs Kjeldahl and acid persulfate di-
- gestion (EPA).

Direct determinations of particulate N and P
were more precise (sensitive) than by difference"
techniques. For example, field duplicates for par-
ticulate nitrogen by the direct approach gave a mean
concentration of 0.184+0.011 mg N/L vs 0.17210.125
mg N/L using the "by difference" technique. This
represents a coefficient of variation (CV%) of 5.8%

- 18 72,7%. Alkaline and acid persulfate digestions
- yielded comparable precision for dissolved P, but

- comparisons of two dissolved N techniques were in-
conclusive owing to the high variance of each.

Field duplicates from all sampling periods
showed that the Kjeldahl determination gave a
mean concentration of 0.434+0.068 mg N/L and al-
kaline persulfate determination (less nitrate) a
mean concentration of 0.433+0.062 mg N/L. How-
ever, for a given sampling period the two techniques
gave comparable accuracy, at other times not. The
alkaline persulfate technique provided precision
(CV% = 9.71%) superior to that for the Kjeldahl tech-
nique (CV% = 15.81%).

A cost comparison showed that the more precise
oceanographic protocols provide a better than 30%
savings over EPA-required techniques.

The above technical findings and cost compari-
sons suggest that in estuarine waters the oceano-
graphic procedures provide equivalent or superior
results to those obtained by EPA procedures at a con-
siderable cost savings.

INTRODUCTION
The Chesapeake Bay Program (CBP) was estab-

lished in 1976 by the Environmental Protection
Agency (EPA) as a comprehensive estuarine re-

search and management project. One of the first
major goals of CBP was to determine historical
changes in water quality parameters such as nitro-
gen and phosphorus (Heinle et al. 1980).

In 1984, the scope of effort was increased to include
comprehensive monitoring of bay-wide water quali-
ty parameters of which the various forms of nitrogen
and phosphorus are of prime importance. This com-
prehensive program involves not only EPA, but the
U.S. Geological Service and the state agencies of
Maryland (Office of Environmental Programs,
OEP), Virginia (Water Control Board), and Penn-
sylvania (Department of Environmental Resourc-
es) as well as local agencies including the District
of Columbia and the Metropolitan Washington
Council of Governments. The program includes co-
ordinated monitoring of both the mainstem of the
Bay and major tributaries. Data collected from the
monitoring program will provide useful informa-

- tion for making historical comparisons, character-

izing baseline conditions and projecting future
trends with respect to the "health” of the bay. The
data should also provide information for developing
mathematical models and nutrient budgets and
identify the important processes which affect water
quality. Such scientific information will aid man-
agers in decisionmaking.

In establishing the monitoring program, much at-
tention was paid to selecting sampling times and
stations, but the selection of analytical methods re-
ceived less scrutiny, because it was assumed that
standard EPA procedures are satisfactory. Howev-
er standard EPA methods are oriented to legal re-
quirements. Accordingly, these standard methods
are often not appropriate for the first choice in re-
search studies, particularly when low environmen-
tal concentrations or unusual sample matrices are

~ expected. Thus, the quandry is that most EPA meth-

ods are designed to meet legal constraints for efflu-
ent discharges with high nutrient concentrations.
EPA methods have not been evaluated in the context
of precision, accuracy, cost or suitability to estu-
arine samples. [Precision is defined as the repeata-
bility of a given measurement (e.g. the standard de-
viation of a series of replicate analyses), and accu-
racy refers to the correctness of the data values (Fig.
I

Such methodological distinctions are clearly
made in Sections 106 and 308 of the Clean Water
Act. Methods used for Section 308 requirements per-
tain to legally sensitive aspects of the National Pol-
lutant Discharge Elimination System (NPDES) ef-
fluent monitoring, while Section 106 requirements,
which are applicable to pollution research, are more
flexible.
The Chesapeake Bay Monitoring Program falls
under the latter category, but state and Federal labo-



ratories involved in analyzing both Section 308 and
Section 106 samples prefer to analyze both types of
samples using the Section 308 mandated methods.
. .The rationale is that it is more convenient and less
~  expensive for them to analyze all samples, regard-
~ less of source, using one method than to utilize a va-
riety of different methods. Accordingly, these labo-
atories are reluctant to vary from standard Section
308 methods.
EPA-CBP currently requires all contractors in the
onitoring program to use only EPA-approved, Sec-
tion 308 methods to ensure that comparability is
maintained both with historical data and among
. present programs. Although comparability is clear-
ly a valid concern, it can be argued that if historical
methods are inadequate, then comparability is a
moot point. In fact, many of the historical studies in
Chesapeake Bay, funded in part by EPA, have used
.. the oceanographic techniques. Furthermore, use of
. seemingly comparable methods by different labora-
5 :l;f'tones or by the same laboratory at different times
may also present intercalibration-related problems,
.~ although the’ oceanographxc literature, at least,
shows surprising consistency for observatlons
-~ made by different groups (Kamykowsk1 and Zenta-
' ral985,1986). -

Because the goals of mamtammg historical conti-
nuity and obtaining precise and accurate data are
not gecessa;'ily compatible, the adequacy and appro-
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priateness of using EPA-mandated techniques
alone has been questioned. Clearly, the most pre-
cise and accurate data practically obtainable are re-
quired to obtain adequate scientific information to
make sound management decisions and thereby
reach program objectives.

Four important concerns that relate to the bay mo-
nitoring program are as follows:

1. Standard EPA limits of detection (i.e. preci-
sion) should be improved because they may be inad-
aquate for many parameters, over much of the Bay,
during much of the year. Differences between EPA
protocols and more precise ones, in most cases, in-
volve only trivial changes (such as increasing the
path length of colorimeters in autoanalyzers). In
other cases, alternate protocols should be used.

2. Standard EPA approaches to the determination
of particulate nitrogen (PN) and phosphorus (PP)

. may not be satisfactory. Significant improvements

may be realized if these constituents are deter-
mined directly by a single analysis rather than "by
difference” of a pair of analyses, as required by
EPA. - ‘

3. Kjeldahl nitrogen determination is not well es-
tablished as precise or accurate enough to provide re-
liable data for estuarine and marine samples. Al-
ternative techniques, which have seen favor in ocea-
nography, such as the total alkaline persulfate tech-
nique, although more precise, are not well estab-

................. '-.-

Precision

Figure 1. Diagram to show the difference between precision and accuracy of an analytical determination.
Precision is the repeatability of a given measurement-since there is statistical error associated with any
analytical procedure, repeated determinations on subsamples of water will not be exactly the same, but will
instead fall in a given range. Accuracy, on the other hand relates to the degree of conformity to a standard,

in essence, the correctness of the determination.
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Figure 2. Partitioning of a water sample into par-
ticulate and dissolved fractions: particulate N
can be determined directly or by determining to-
tal N and dissolved N and subtractmg the latter
, from »the former. '

hshed as accurate EPA standard methods In the
words of Head (1985), "[the Kjeldahl] method is not
without problems when applied to saline samples
and the alkaline digestion procedure developed by
Koroleff (see Grasshoff et al. 1983) seems to offer
considerable advantages." Such alternative tech-

niques should be considered for inclusion in the bay

' monitoring program.
‘4. The analytical costs associated with standard
- EPA-approved protocols may substantially exceed
acceptable alternatives (D'Elia et al. 1986). The use
- of acceptable, more cost-effective techniques should
be considered by EPA.

EPA/CBP provided funds for analytical work so
that CBL and OEP could compare oceanographic an-
alytical techniques with EPA techniques for Chesa-
peake Bay samples from June through September,
1986 to evaluate the above concerns. In addition,
monitoring data collected between July, 1984 and
May, 1986 was also used in the analysis. This re-
port was assembled at CBL's initiative to summar-
ize the results of the methodological comparisons.

Nutrient Fractions in Estuarine Waters

To understand the analytical questions at hand,
one must understand clearly how to determine nu-
trient concentrations in the particulate and dis-
solved phases. For a given water sample, the partic-
ulate phase is operationally defined as that part
which is retained on a filter pad with a nominal
pore size in the range of 0.45-1.2 um (Strickland
and Parsons 1972). The water which passes through
the filter, the filtrate, is defined as the dissolved
phase of a given water sample. Figure 2 demon-
strates the partitioning of a water sample into dif-

ferent nitrogen fractions. The same rationale is
applied for particulate and dissolved carbon and
phosphorus.

The oceanographic, coastal and estuarine scien-
tific communities, have largely chosen direct
measurement of particulate fractions collected on
inert filters using elemental analysis (Sharp 1974;
Williams 1985; Gardner et al. 1984) or other com-
bustion methods (e.g. Flemer and Biggs 1971) for N
and C, and by combustion (Solorzano and Sharp
1980) or wet oxidation (Grasshoff et al. 1983; Wil-
liams 1985) for P. Elemental analysis is extremely
precise and offers the advantage of being a direct
measurement of the particulate fraction collected on
an inert filter. Total nutrient concentrations are
then obtained by summing the concentrations found
in the particulate and dissolved fractions. But prob-
ably the most important reason for collecting and
measuring the particulate fraction directly is the
information that would be lost if only a whole-water
sample were analyzed. The particulate fraction in-
cludes the biological part of the ecosystem and the
temporal and spatial variations associated with this
fraction could be overlooked were the analysis not
made (Head 1985). Moreover, unlike dissolved so-
lute phases which mix conservatively between dif-
ferent water masses, particulate phases may,
through sedimentation, repartition nutrients non-
conservatively between one water mass and anoth-
er.

Another way to determme the amount of a nutnent
present in the particulate fraction is "by differ-
ence." This is calculated by subtracting the results
obtained from a filtered sample from the results ob-
tained from the original unfiltered sample. This is
the standard EPA protocol. Figure 3 illustrates how
analytical error may result in negative values for

N Concentration

Dissolved
Nitrogen

Figure 3. Analytical error can cause negative val-
ues for particulate N when the "by difference" ap-
proach is used. Negative particulate N values occur
when normal analytical error results in higher dis-
solve than total N values.



~ ing negative values for PN concentrations.

particuiate N when these are determined "by differ-
- ence”". When high dissolved nitrogen concentra-
tions are present, there is a greater chance of obtain-
Ana-
~ lytical errors in analysis of carbon and phosphorus

~fractions may also yield negative particulate val-

ues. Figure 4 shows nitrogen and phosphorus frac-

;fractions determined using standard EPA protocols
(Fig. 5A) and using the typical oceanographic proto-
\ cols employed at and advocated by CBL (Fig. 5B).

& PurposeofProJect

- The major purpose of this project was to use field
data to compare "direct” and "by difference” proce-
dures for determination of PN and PP. We com-
pared results obtained by direct analysis of PN and

PP with those obtained by subtraction (EPA meth-

ods) on water samples collected from eight cruises
from June-September, 1986. We also compared the
dissolved Kjeldahl nitrogen with an alkaline per-
-~ sulfate nitrogen technique and the acid persulfate

- technique with the alkaline persulfate technique for
" dissolved phosphorus.

By conducting all analyses
on the same water samples, we were better able to
compare the various methods.

Data from EPA's Central Regional Laboratory
- (CRL) in Annapolis, which analyzed Maryland

- mainstem samples from June, 1984 to May, 1985, are
- also presented to provide additional comparisons.

Speciﬁc questions addressed in this report are:

1. Is the value derived from subtracting dissolved
from unfiltered Kjeldahl analyses comparable to
that obtained by the direct measurement of PN with
an elemental analyzer?

2. Is the precision obtained using the dissolved
Kjeldahl technique comparable to that obtained us-
ing the alkaline persulfate dissolved N technique?

3. Are whole water nitrogen concentrations ob-
tained by these alternative techniques comparable?

4. Is the value derived from subtracting dis-
solved acid persulfate P values from the same
whole-water sample comparable to the direct meas-
urement of PP using a combustion technique?

5. Are the results obtained using the dissolved
acid persulfate technique for dissolved P compara-
ble to those obtained using the alkaline persulfate
technique?

6. Are whole-water phosphorus concentrations

obtained by these alternative techniques compara-
ble?

MATERIALS AND METHODS
Study Site and Duration

A total of 22 stations located in the Maryland
mainstem portion of the Chesapeake Bay were sam-
pled on eight occasions from June to September, 1986
at approximate two-week intervals. This portion of
the Bay spans the range of conditions normally
found in Chesapeake Bay from tidal freshwater to
salinities exceeding 20 ppt. Samples were collected
at surface, bottom, and above and below the pycno-
cline. Field duplicates (subsamples from one water
sample) were also taken, yielding a total of 92 sam-
ples for each of the analyses for each of the eight
cruises.

Sample Collection and Analysis

All water samples were collected using a submer-
sible pump system. Where applicable, samples were
filtered through GF/F glass fiber filters (nominal
pore size, 0.7-um). Particulate samples on filters
were kept frozen until analysis (usually less than 20
days).

Kjeldahl Nitrogen. Filtered and unfiltered sam-
ples were placed in acid washed 50-ml plastic,
screw-cap, centrifuge tubes and two drops of concen-
trated sulfuric acid were added as a preservative.
The samples were then refrigerated at 4 degrees C
until digestion. Twenty-five ml samples were di-
gested using a 40-tube block digestor and analyzed
for nitrogen according to EPA method 351.2
(U.S.E.P.A. 1979) for the June samples. The July-
September samples were analyzed using a slight
modification employed by Old Dominion Universi-
ty personnel of EPA method 351.2, in which Teflon
boiling balls were substituted for boiling chips in the
digestion. :

Alkaline Persulfate Dissolved Nitrogen and
Phosphorus. Filtered, ten-ml samples were placed
in 30-ml glass test tubes and frozen until analysis.
The method used is based on that of D'Elia et al.
(1977), Glibert et al. (1976), and Ebina et al. (1983;
where nitrate and phosphate are hydrolyzed from or-
ganic N and P compounds by oxidation with potas-
sium persulfate.

Acid Persulfate Phosphorus. Twenty ml of fil-
tered or unfiltered water were placed in 30-ml
screw-cap test tubes and frozen until analysis. The
procedure used was that of Menzel and Corwin
(1965) and EPA method 365.2, where phosphate is hy-
drolyzed from organic P compounds by persulfate
oxidation.

Particulate Nitrogen. A known volume of sample
(usually >200 ml) was filtered through a precom-
busted 25-mm GF/F filter. Particulate analyses



WHOLE WATER SAMPLE
TOTAL NITROGEN

Eets (TN)
- N
- “Particulate” Nitrogen ’ Total "Dissolved” Nitrogen
ewm o o (PN) o ix - (TDN)
pag S 1A |
Dissolved” Inorganic Nitrogen Dissolved “"Organic” Nitrogen
. S (DIN) | Ly (DON)
- Nitrate ~ Nitrite ~ Ammonium
- (NO3) (NO3Z) (NHY)
B. ’ '~ WHOLE WATER SAMPLE
S TOTAL PHOSPHORUS
(TP)
|
| o | -
*Particulate” Phosphorus Total "Dissolved” Phosphorus
: (PP) (TDP)
| l ]
*Dissolved” Inorganic Phosphorus Dissolved "Organic” Phosphorus
(DIP) (DOP)

also called
Phosphate or Orthophosphate
(PO,3")

Figure 4. Nitrogen (A) and phosphorus (B) fractions
typically determined in water quality studies.
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were performed using a Control Equipment Inc.
Model 240-XA Elemental Analyzer. Combustion of
the sample occurs in pure oxygen at high tempera-
ture. The combustion products (Ng, COg, and Hy0)

are then analyzed automatically in a self-
integrating, steady-state, thermal conductivity an-
alyzer. All results and calculations are processed
by a Hewlett-Packard model 150 computer.

- Particulate Phosphorus. A known volume of wa-
‘ter (>250 ml) was filtered through a 47-mm GF/F
~ filter. Prior to extraction, the filter pad was com-
busted at 550 degrees C for 1.5 h, cooled overnight
and then extracted in 10 ml of 1.0 N HCI for at least
24 hours (Aspila et al. 1976). The supernatant was
then analyzed for phosphate.

A complete description of the methods utilized in
this study can'be found in the CBL Nutrient Ana-
lytical Services Laboratory methods book
(Appendlx C) and D'Elia et al. (1986--Append1x D).

‘ RESUL'I’S AND DISCUSSION
Nltrogen

Dzrect vs By Dtﬁ’erence" Particulate Nztrogen De-
termination. The direct measurement of particu-
late nitrogen (PN) gave better precision and con-
sistently more plausible values than did the "by
difference” technique. This result is to be expected
- ofi the basis of statistical considerations alone.

* When dissolved inorganic nitrogen values are
high, more negative particulate values are likely to
occur with the "by difference" technique because
taking the difference between two large values with
relatively great percentage error often yields nega-
tive values (Fig. 3).

Table 1 is based on CBL/OEP Quality Assurance/
Quality Control (QA/QC) data from duplicate field
samples collected during June-Sept. 1986; it
presents comparative values obtained from the di-
rect measurement of particulate N and from the
"by difference" technique (see also Appendix A).
The use of field blanks in determining detection
limits has been recommended by experts in QA/QC
(Analytical Methods Committee 1987). The over-
all mean particulate N concentrations as deter-
mined by both methods were close, although the di-
rect measurement of PN yielded more than an or-
der-of-magnitude increase in precision. In-
creased precision may be very desirable if one
wants to characterize the particulate material in
bay waters (see below).

The comparison of PN concentrations deter-
mined by the two techniques on the same water
samples between June and September, 1986 is pre-
sented in Figure 6. Negative particulate values oc-
curred when they were calculated "by difference”

from the Kjeldahl measurements but only positive
values were obtained from the direct measure-
ments. The slope of this line is 0.610 (July Sept.
1986; Appendix B).

Comparability varied with sampling period. The
July data, for which an improved Kjeldahl tech-
nique had been implemented, show fewer data
points in the negative range and the data clearly fol-
low the line of 1:1 comparability (Fig. 7A). Note,
however, that July is the period of highest particulate
and lowest dissolved nitrogen levels (i.e. the high-
est "signal-to-noise” relationship), when the "by
difference” technique would be expected to produce
the best data. Data for other months have lower PN
concentrations relative to total N, and show more
negative "by difference" values and poorer correla-
tions with PN determined directly (Fig. 7B). Clear-
ly then, the range of concentrations found affects the
results. When concentrations are higher, such as
for the July data, the relationship between the two
methods is good. However, the relative variation in

_-the EPA method is much more evident in the lower

concentration ranges because the Kjeldahl method
is imprecise and "by difference” errors propagate
additively (Table 1).

Figure 8A presents data analyzed at EPA/CRL
from June, 1984 to May, 1985 in which PN concentra-
tions are calculated "by difference” between whole-
water and dissolved Kjeldahl nitrogen values on
duplicate subsamples of single, field samples. This
is part of the CBL/OEP-QA/QC program and ideally
should result in 1:1 correspondence, high corelation
(r=1.0), and no negative values. However, the cor-
relation obtained by regression of PN duplicates by
difference is obviously low (r2 = 0.03) and many
negative values occur.

Figure 8B presents PN data analyzed at CBL from
May, 1985 to June, 1986 on duplicate samples using
the direct measurement technique. The most impor-
tant differences in protocol between the study periods
represented in Fig. 8A and 8B are the analytical
techniques used and the laboratory performing the
analyses—all field sampling activities remained
identical. As it should in theory do, the direct deter-
mination resulted in a high correlation coefficient

(r2 = 0.91) and no negative values. Thus, precision
in the determination of particulate fractions is vast-
ly improved by direct determination.

A way to test the accuracy of analytical results is to
compare the data obtained with an independent var-
iable. Fig. 9 shows the results of scatterplots of the
above PN data against corresponding PC data. Fig.
9A gives the June, 1984 to May, 1985 data when PC
was also obtained using a by-difference technique.
Fig. 9B gives comparable data analyzed by elemen-
tal analysis at CBL for the study period May, 1985 to
June, 1986. Clearly, the data in Fig. 9A demonstrate



- Figure 6. Scatterplot of particulate nitrogen determined by the "by difference" (EPA) vs "direct”’ (CBL) pro-
- cedures.
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Figure 8. Scatterplots of field duplicates (Le. two independent determinations on duplicate samples) for par-
ticulate nitrogen determined by (A) the "by difference” (EPA) and (B) "direct” (CBL) procedures. Note
that the ideal relationship would be 1:1 with an r? of 1.0,
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the high variability of the two "by difference” tech-
niques and show no obvious correlation. On the oth-
er hand, the data in Fig. 9B show a strong correla-

_studies (Flemer and Biggs 1971). Correlations be-
tween PC and PN obtained by difference seem im-
lausible, whereas those obtained directly provide
interpretable results. \ o b
Dissolved Kjeldahl Nitrogen vs Dissolved Alka-
ine Persulfate Nitrogen. Monthly comparisons be-
tween the dissolved Kjeldahl methodology and al-
kaline persulfate total dissolved methodology
; (minus nitrate and nitrite, for comparability, since
_ the Kjeldahl digestion cannot convert these oxidized
forms to ammonium) are presented in Figure 10.
We felt unsatisfied with our Kjeldahl methodology
through June, which was the same as practiced at
- EPA Central Regional Laboratory and as discussed
by D'Elia et al. (1986). Colleagues at Old Dominion
University recommended that we use their slight
- modifications to the Kjeldahl method for the July-
 September samples; these modifications improved
 the analyses immensely. The July-September data
~ set demonstrates closer comparability of these two
-~ methods. When alkaline persulfate dissolved N
- was compared to dissolved Kjeldahl N plus nitrite
~and nitrate, a slope of 0.849 was determined
-~ (Appendix B, Fig. B.3). The range of dissolved N

- tion between PC and PN, as expected from previous

measured by the two methods was similar, from ap-
proximately 0.2 to 0.8 mg N/L, with the majority of
values between 0.3 to 0.6 mg N/L (Fig. 10A); corre-
sponding total dissolved N values ranged from ca.
0.2 to 1.5 mg N/L (Fig. 10B). Accordingly, analyti-
cal variance (Table 1) is high relative to the range of
values encountered. This variance greatly compli-
cates the comparison.

A convenient way to examine analytical error as

- a function of analyte concentration is to plot the per-

cent coefficient of variation (CV%) of replicates vs
mean replicate concentration. Fig. 11 shows that for
field duplicates, the CV% decreases from approxi-
mately 15% at 0.3 mg N/L to less than ca. 10% at 1.0
mg N/L. In contrast, for Kjeldahl dissolved N, the
CV% appears much higher at all concentrations.
Total Nitrogen Comparisons. Total nitrogen

-comparisons were made from CBL data collected be-

tween July and Sept., 1986 after implementation of

- improved Kjeldahl techniques. Total nitrogen was

calculated first by summing the alkaline persulfate

_ total dissolved nitrogen and PN, and then by sum-

ming dissolved Kjeldahl N, nitrate plus nitrite and
PN. Each of these two calculated values were com-
pared with the total nitrogen calculated from the
sum of whole water Kjeldahl analysis plus nitrate
and nitrite. These comparisons are shown in Fig.

12 for log-transformed data. This transformation

Table L Comparison of field duplicate samples for particulate nitrogen and phosphorus determined by the di-
~-rect and "by difference” techniques, June - Sept., 1986. Also compared are dissolved phosphorus samples us-

ingthe alkaline and acid persulfate techniques, and dissolved nitrogen using the Kjeldahl and alkaline
persulfate techniques for the same time period. The paired comparisons reflect equivalent determinations.
"Kjeldahl" [in quotes] signifies dissolved organic nitrogen plus ammonia, while Kjeldahl [no quotes] sig-

nifies the Kjeldahl procedure specifically.

Number Mean Standard Coefficient Coefficient
of Paired (mg/L) Deviation  of Variation of Determination
Samples
Particulate N :
Direct 63 0.180 0.011 5.80 0.995
"By Difference" 60 0.172 0.125 72.7 0.659
Particulate P
Direct 64 0.021 0.002 10.6 0.990
"By Difference" 61 0.025 0.006 23.9 0.835
Dissolved N :
Alkaline Persulfate 63 0.615 0.060 9.71 0.889
Kjeldahl + Nitrate 61 0.633 0.070 - 11.0 ———-
"Kjeldahl" Dissolved N
Alk. Pers. - Nitrate 63 0433 0.062 14.4 -——-
Kjeldahl 61 0434 0.068 15.8 0.905
Dissolved P
Alkaline Persulfate 63 0.0238 0.0049 20.7 0.929
Acid Persulfate 62 0.0276 0.0037 13.3 0.958
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cciefe;'nﬁned by Kjeldahl digestion (x-axis) or by alkaline persulfate digestion minus nitrate+nitrite (y-
axis), and (B) dissolved nitrogen (i.e. dissolved inorganic plus organic nitrogen) determined by Kjeldahl
digestion plus nitrate+nitrite (x-axis) and alkaline persulfate digestion.

i | JUNE-SEPT., 1986

+

- ALKALINE JPERSULFATE (—NOZS) e

.1 Gt g - |

X . ] T T T T T T T T T T

S0 - 02 .04 - 06 0B T
: DISSOLVED KJELDAHL N

- JUNE-SEPT., 1986
1.5
1.4 -
1.3 4
1.2 -
1.1 -

0.9
0.8
0.7 -
0.6
0.5 -
0.4 1
0.3 -
0.2 -
0.1 4

DISSOLVED N (ALK. PERSULFATE)

] 0 02 04 05 08 1 12 14
© DISSOLVED N (KJELDAHL+NO23)



‘Figure 11. Coefficient of variation vs concentration for field duplicates using (A) alkaune persuirae muo-

gen determination, and (B) Kjeldahl nitrogen determination.
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Table 2. Slope Coefficients for Log/Log Models with unrestricted intercept terms. DF= degrees of freedom; r2
= coefficient of determination; LB = Lower Bound of 95% Confidence Interval for the Slope parameter; UB =
Upper Bound of 95% C.I. for Slope. TN = Total Nitrogen, PN = Particulate Nitrogen (Direct), TDN = Alka-

. line Persulfate Dissolved Nitrogen, TKNT = Kjeldahl Nitrogen unfiltered, NO23 = Nitrate+Nitrite, TKND

~ =Kjeldahl Nitrogen Dissolved, TP = Total Phosphorus, PP = Particulate Phosphorus (Direct), TDP = Alka-

fate Phosphorus Dissolved.

_  line Persulfate Dissolved Phosphorus, APUP = Acid Persulfate Phosphorus unfiltered, APDP = Acid Persul-

C%mparison L . DF. P Slope LB UB
 (TN=PN+TDN) 526 0.66 0.644 0.604 0.684
 vs. (TN = TKNT + NO23)
(TN = TKND + NO23 + PN) 527 0.66 0.724 0.678 0.769
vs. (TKNT + NO23) -
(TP=PP+TDP) | .7 08 . 1150 1108 1192
 (TP=PP+APDP) 730 - 088 1 0988 0957 1.019

Vs APUP

L stabilized variance as well as provided a more even

- distribution of data along the tested range of values.

- Coefficients of determination, slopes and 95% confi-
dence intervals of the slope for linear regressions of
thxs comparison are presented in Table 2. The ap-

_ pfopriate model for comparing these values is a bi-

~ variate normal correlation model which does not

-assume dependent or independent variables. How-
ever, the equivalence of this model with the normal
error regression model permits conditional infer-
ences to be made using standard regression tech-

niques (Neter and Wasserman 1974, p. 402-403).
The slopes for both comparisons are significantly

different from 1 (Table 2) and the least-squares re-

gression line intersects the equivalence line some-
where near the median values. The total nitrogen
calculation using dissolved Kjeldahl nitrogen

(Fig. 12B) appears to provide somewhat better corre-

spondence, although spurious correlation problems

may be responsible for this since both X and Y val-
ues may include nitrate as a major component. For
both comparisons, the differences between tech-
niques are greatest for either low or high values,
suggesting a concentration-related effect. The
causes for this divergence have not yet been exam-
ined. The Kjeldahl analysis would more likely be
affected by changes in concentration than would di-
rect particulate analysis. This occurs because the
quantity of particulate material retained on filters
is determined by the quantity of particulates in the
water at the time the sample is collected. More water
is passed through the filters when particulate sam-

ples are low than when concentrations are high.
Thus, the range in amount of material actually re-
tained on the filter pad is much lower than the range
of concentrations present in the sample.

Direct vs "By Difference” Particulate Phosphorus
Determination. Comparison of these two methods

showed the direct measurement (r2 = 0.990) to be

more precise than "by difference” (12 = 0.835, Table
1). Concentrations determined by the direct meas-
urement of particulate P were generally slightly
lower than those values obtained "by difference,”
but followed the line of 1:1 comparability quite well
(Fig. 13) and a slope of 0.702 was obtained for this
comparison (Appendix B). Several negative values
occurred for PP determined "by difference,” but no
negative values resulted from direct PP determina-
tion. N

National Bureau of Standards (NBS) reference
material 1646 (estuarine sediment) was analyzed
using the direct measurement protocol. The certi-
fied concentration of phosphorus (weight %) was re-
ported by NBS to be 0.054:+0.005. CBL obtained a val-
ue of 0.049, which is within the standard deviation of
the analysis.

A graphical and statistical comparison of dupli-
cate analyses of water samples for particulate P is
presented in Figure 14. Figure 14A presents PP data
determined "by difference” at EPA/CRL for the per-
iod June, 1984 - May, 1985. Fig. 14B presents data
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ahalyzed at CBL using direct PP determination for
the period May, 1985 - June, 1986. The data for PP
duplicates "by difference” produces many negative

alues and is obviously more variable (r2 = 0.10)

than PP determined directly (r2 = 0.92). Thus preci-
sion is vastly improved by PP direct determination.

Appendix A presents r2 values of field duplicates for
the present study.
Acid Persulfate Dissolved Phosphorus vs. Alka-
ine Persulfate Dissolved Phosphorus. Data from
the two alternative methods for determmmg total
dissolved phosphorus are presented in Table 1 and
~ Figure 15. A slope of 0.954 indicates a strong equi-
 valence between the two methods. The acid persul-
fate dissolved phosphorus technique produced
slightly higher values than the alkaline persulfate
dissolved P method. Although both methods give ex-
cellent percent recoveries of organic phosphorus
compounds, the difference may relate to the internal
dilution of the alkaline persulfate method. An in-
ternal dilution factor of 2.85 is used to extend the an-
. alytical range in this method as it is routinely per-
~ formed at CBL. For low concentration periods of the
- year, the precision is less than that obtained using
... acid persulfate digestion. However, in practice, the
- . differences encountered are slight and the internal
-~ dilution factor can be adjusted as needed for future
~work.
. JTotal Phosphorus Comparzsons Comparisons
S between total phosphorus determined directly by the
acid persulfate digestion on a whole water sample
and total phosphorus obtained by summing the di-
rect determination of the particulate fraction with
dissolved phosphorus determined with either the al-
kaline persulfate or acid persulfate methods were
very comparable. Comparisons of the two methods
- with total acid persulfate P are shown in Fig. 16 for
log-transformed data collected on cruises between
June and Sept., 1986. This transformation stabi-
lized variance as well as provided a more even dis-
tribution of data along the tested range of values.
Coefficients of determination, slopes and 95% confi-
dence intervals of the slope for linear regressions of
this comparison, are presented in Table 2. The
slopes of both regression lines are very close to 1
and, in the case of the acid persulfate dissolved plus
particulate P comparison, a slope of 1 is included in
the 95% confidence interval. The very high number
of degrees of freedom produce very tight confidence
intervals, and these intervals should be judged in
light of other sources of variation inherent in the
nutrient determinations. The regression lines are
also very close to the equivalence lines indicating
very close correspondence between these alternative
techniques.
Comparison of PP derived "by difference” (Fig.
17A) and directly (Fig. 17B) with an independent

variable, PN, clearly showed the superiority of di-
rect determination for reasons discussed above.

Cost Comparisons

- In comparison with EPA-mandated methods,

those recommended by CBL and routinely per-
formed in our laboratory (direct measurement of
PC, PN, and PP; alkaline persulfate dissolved N
and P) can result in a substantial savings of ana-
lytical costs while improving sensitivity and turna-
round time.

The reasons are twofold. First, unlike the alka-
line persulfate method, the analysis of Kjeldahl ni-
trogen is a very time-consuming, tedious and haz-
ardous process: the cost per sample reflects this
(D'Elia et al. 1986). An additional carbon analysis
is also required for the whole-water C fraction. Sec-
ondly, particulate C and N concentrations are de-
termined simultaneously, thus eliminating the

need for two separate analyses. The same is true for

the alkaline persulfate technique that is used to di-

_ gest dissolved N and P together.

A cost breakdown is presented in Table 3. During
a one year (20-cruise period), a savings of $76,000
(including 20% overhead) could be realized in
CBL's contract alone. Any additional start-up costs

Table 3. Analytical costs associated with CBL-
recommended methods and EPA-required meth-
ods based on present per-sample charges and re-
quirements of Chesapeake Monitoring Program.

CBL EPA
Inorganic Nutrients2? $17.50 $17.50
Suspended Solids» 3.75 3.75
Dissolved Organic Cab 1500 15.00
Whole-water Organic C2 -—_ 15.00
Dissolved Kjeldahl N2 - 18.50
Whole-water Kjeldahl N2 - 18.50
Acid Persulfate Dissolved P2 - 8.00
Acid Persulfate Whole-water P2 - 8.00
Particulate C and NP 10.00 -
Alkaline Persulfate N and PP 11.50 -
Particulate PP 11.75 -

Total: $60.50 0495

Percent Savings: 33.3%

8Required by EPA.
bRecommended by CBL and OEP.



e X  e.20 - 842 .68 8.88 1.0
Cslstew S o 106 TP = DIRECT ACID

1.4@ 4 >

1.28 -

.
T QO .

1.0
. TR L R
Gt B ae ™ R LIRS Ay
: iy

-

S T LSRN .
8.8@

8.68 -

*

8.48

8.20 - P o8 :
_ Slope=0.988

a‘aa l|'r1-r-v-lvaw‘r—""‘1—T‘r‘l’Tﬂ—|—r..;:l ......... Trrrrrrrrr Tryrrrrrorr Trirrrrrr
e.e0 e.2e .48 2.68 .88 1.0 1.20 1.48

LOG TP = DIRECT ACID

Q=8 oI—

" Figure mparison between (A) total phosphorus determined by the whole-water acid persulfate phosphor-
us p}'g.wc:m'e (x-axis) and by direct paf-tx:’xiabe phosphorus determination plus dissolved phos;.:homs by al-
kaline persulfate determination, and (B) total phosphorus determined by the ?vhqle-water a.cxd persulfate
phosphorus procedure (x-axis) and by direct particulate phosphorus determination plus dxssolved phos-
phorus by acid persulfate determination. Values have been log,, transformed. Solid line is least-

squares best fit. Dashed line denotes equivalence.



cate Sampleé us-

There should be no negative values, and there-

)it

p
tely 7:1orhigher. S

culate phosphorus (PP) on du

arti

trogen (PN) vs p
ple should normally be approxima

determinations.

i

"by difference” and (B) "direct’
lationship between PN and PP for a given sam

Surface and AP = Above Pynocline

ing (A)

Figure 17. Scatterplots of particulate n

PN VS PP (8 + AP VALUKS)—— ULlJULB4— 1OMAILO

0.6 1

8.5 1
&\waﬁﬁe.ﬁ'
N-§0.3 1o, 0

s

Sl

--------- B WA A T LA A A S it d S S S S e SR N S S SN
~ e.eee = B.e25 - 8.ese 8.815 8.180¢
BB Gam AR fed o

: PP ne/L
S . e e R
& § §oemen £ o E P E R S i

PN VS PP (S + AP VALUES)——16MAY85—30SEP&
B .-

zv

<)
n
I

mr\ex
[\~
[\~
1




required for initiating elemental analysis are
quickly offset through more efficient personnel use
and higher sample throughput and convenience.
Furthermore, modern instruments for elemental
analysis are more reliable and easy to operate than
those introduced two decades ago.

Detection Limits

- We emphasize that although using the alternative
. techniques recommended by CBL reduces costs, it
 does not reduce analytical sensitivity: in fact, it
- generally increases precision (Table 4), and accu-
- racy is not affected (Appendix E).

SUMMARY
; 1 Field replicaﬁe déta inidicates that the direct

measurement of particulate N is more precise (for
replicates, r2=0.995) than the "by difference" tech-

nique {for replicates, r2=0.621). When the two meth-"
ods were compared to each other, a slope of 0.610 was

obtained, an artifact of the unequal variances of the
two methods. - : :

2, Kjeldahl and persulfate N techniques deter-
mine different things, and therefore are not directly
comparable without correction. A slope of 0.724 was
obtained when total nitrogen (direct particulate N,

dissolved Kjeldahl N and nitrite plus nitrate) was
compared to Total Kjeldahl N and nitrite plus ni-
trate while total nitrogen (direct particulate N and
alkaline persulfate dissolved N) compared to total
kjeldahl N and nitrite plus nitrate yielded a slope of
0.644. The persulfate technique is more precise than
the Kjeldahl technique, however, when derivative
total N or dissolved organic N values are obtained,
the precision of the two is nearly equal. The persul-
fate technique is much easier to perform and costs
less. Based on the present study, neither can be re-
lied upon to yield quantitative recovery of dis-
solved organic nitrogen, and it is erroneous to as-
sume that the Kjeldahl technique is a true standard
for comparison with other techniques.

3. Comparison of whole water total nitrogen
methods indicated that the precision of field repli-
cates analyzed by the direct measurement of partic-
ulate N combined with dissolved kjeldahl N and ni-

-trite plus nitrate were exactly the same as total N
calculated with particulate N (direct) plus alkaline

persulfate dissolved N (r2=0.954).
4, Field replicate data indicate that the direct

measurement of particulate P is more precise
(r2=0.990) than the "by difference” technique

(r2=0.835). When the data for both methods were
plotted against each other, a slope of 0.702 was ob-
tained. On the average, the acid persulfate method

Table 4. Comparison of CBL/OEP field detection limits, based on actual field duplicates (see Table 1). Field
detection limits are based on 3 standard deviations of field duplicates, accordingly, actual analytical detec-
tion limits at CBL are lower for all analytes. Note that the Chesapeake Bay Monitoring Program analytical
detection limits, which are shown for reference, are more stringent than those required by EPA.

Parameter CBL/OEP Field Duplicate Monitoring Program
: (mg/L) (uM) (mg/L) (uM)
Dissolved Nitrogen
Kjeldahl® 0.204 14.6 0.20 14.2
Alkaline Persulfate® 018 129
Dissolved Phosphorus
Acid Persulfate® 0.011 0.355 0.01 0.32
Alkaline Persulfate® 0.015 0.484
Particulate Nitrogen
By Differenceb 0.375 26.8 0.40 28.4
Direct” 0.033 2.36
Particulate Phosphorus
By Difference® 0.018 0.581 0.02 0.64
Direct® 0.006 0.194
8Required by EPA.

bRecommended by CBL and OEP.



of determining particulate P "by difference” yield-
ed marginally higher results than those values ob-
tained by the direct analysis. However, with direct
- measurement, the greater volume filtered yields a

 more representative sample and negative values

‘cannot occur as they do in the "by difference" tech-

i ~ nique. As would be predicted from a priori statisti-
~ cal considerations, negative particulate values

_were apparent in \nrtually every data set where de-
-termined "by difference.” Most importantly, direct
~measurement results in at least an order-of-
‘magnitude improvement in limits of detection for N
‘and more than twofold improvement for P.

" 5. Field replicate data indicate that the precision

of the alkaline persulfate dissolved P method
(r2=0.929) is virtually identical to that of the acid

persulfate dissolved P method (r2=0.958) and that
when data for both methods were compared with

- each other, a slope of 0.954 was obtained; indicating

that these methods are of comparable accuracy. The

acid persulfate dissolved P technique produced
 slightly higher values than the dissolved alkaline
- persulfate dissolved P method. In practice, the dif-

- ferences probably relate to a dilution factor used to
increase the range of determination. The internal
~dilution factor of the alkaline persulfate procedure
can easily be adjusted for future work. If the alka-
line persulfate procedure for N is adopted, a con-
comitant alkaline persulfate method for P should

o prove satisfactory.

-#6. Comparison of whole water total phosphorus
methods indicated that the precision of field repli-

cates of acid persulfate unfiltered (r2=0.964) was al-
most identical to whole water P determined by direct

particulate P plus acid persulfate dissolved P
(r2=.972) and particulate P plus alkaline persulfate

dissolved P (r2=0.949). Slopes of 0.988 and 1.15 were
determined when direct particulate plus alkaline
persulfate dissolved P were compared to total acid
persulfate phosphorus, respectively.

RECOMMENDATIONS

1. Better precision methods should be adopted as
soon as possible.

2. The direct measurement of particulate N and P
is more precise than determination "by differ-
ence.” We strongly recommend that measurement
of particulate N and P be performed by direct meas-
urement. This also applies to particulate C, which
we did not address in this study; improvements in
precision should approach those obtained for direct
analysis of particulate N. A proof of this obvious
conclusion should not require additional study.

3. Dissolved Kjeldahl N and alkaline persulfate
dissolved N values correlated better than in a previ-

ous study (D'Elia et al. 1986), giving mean concen-
trations of 0.433 and 0.434 mg N/L on over 60 field
duplicates. However, scattergrams of the two parme-
ters plotted against each other show the high variance
of dissolved N, and for given paired comparisons,
one cannot expect close correspondence from these
high-variance procedures. Accordingly, we recom-
mend that the accuracy of the Kjeldahl determina-
tion on salt-matrix samples receive further scru-
tiny. In any case, despite our use of certain improve-
ments in technique, we do not feel satisfied with the
presently used Kjeldahl technique and recommend
that more suitable modifications be sought for sam-
ples with a saline matrix. It cannot be relied on as
an adequate standard with which to compare other
methods.

4. The persulfate N technique should receive fur-
ther scrutiny against an independent (non-
Kjeldahl) dissolved nitrogen determination in order
to provide an adequate test of its accuracy. It may
prove to be more accurate than the Kjedahl N tech-
nlque oy

5. Despite the uncertainties involved, we recom-
mend adoption of the alkaline persulfate digestion
and simultaneous determination of dissolved N and
P on the digest, which will result in substantial cost
savings for the monitoring program without compro-
mising data quality.
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